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Sy mpOSIa—.8.30 a.m. . 48. Uptake, storage, secretion and metabolism I
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Chazrfed by: W.F..Co.lmers ................................................. 1 50.  Auditory system: avian connections and processing ... 114
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6. Seroton.m Lo e e T YA v TITETS | 131
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10. Neur.ogha .......................................................................... 61. Opiates, endorphins and enkephalins:
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12.  Trophic ager.n.s l.: ................ s s 62. Opiates, endorphins and enkephalins:
13. Neural plasticity in adult animals I ......c.cccooccovvvrrrrrne physiological effects I .......c.ccccoriniinininiinniiiins 146
14. Tbe agfng PIOCESS «.covvevrirenneenrenseasnssiesiiesesseesessenns 63.  Pain modulation: CNS pathWays .......cccccccccerrersesserccee 149
IS.  Biological rhythms and sleep: neuroregulators..... 64. Pain modulation: opioid mechanisms ...........ccccccocennnncne 153
16. Trar'lsmltters lr'l invertebrates I ........coccooeevevcnnnnns 65. Cytoskeleton, transport and membrane targeting ... 156
17.  Brain metabolism and blood flow .........cccccoevviniiiniiin.
. Special Lecture—11:45 a.m.
Poster Sessnons 8‘:_*0 a.r.n. 66. Proto-Oncogenes and Transcription Factors in
18. Mental 1llpess: affective disease ........cccevevveeeiiiinncnnnes 29 the Brain: A Role in Adaptation? T. Curran ...... No abstract
19. Comparative neuroanatomy I........cccocvvvvueninininninnnns 31
20. Motivation and emotion L..........cccooviviiiiniiiiinininnnne. 33 Symposia—1:00 p.m
21.  Alcohol, b.arbltyratest benzs)dnaz?pmes | SRR 36 67. New Opportunities for Study of Mechanisms of Central
22. Degene.ra.tlve disease: P.arkmson s .I ................................ 39 Nervous System Ischemia. Chaired by: J.A. Zivin........ 161
23. Isc.hemla. pha@acologlcal Protection .........ccceevvevvevuenene 42 68. From Early Embryogenesis to Circuits: Cellular and
24. Epilepsy: genetic models ..........ccooiinniiiciiiininiinn, 46 Molecular Strategies Applied to the Analysis of Vertebrate
25. Control of posture and movement I ...........cccovvinrinnncnnne. 48 Brain Development
26. Control of posture and movement I .............ccocoeiinnn 52 Chaired by: D. Goldowitz and P. LeVitt c................... 161
27. Motivation and emotion II ..........ccccoiviiinininninininenn. 55
28.  Alcohol, barbiturates, benzodiazepines I ........................ 58 Slide Sessions—1:00 p.m
29.  Acetylcholine I .....covvvvveeesicsicris 62 60 ViSUal COMEX I.rmrrrmrvereerrresseessereeeeeressesessseseseeseeeseesss 161
30. Motor SYStemS L. 65 70 Synaptogenesis L. 163
31.  Motor systems Il .......cocoviviiininninniiee 66 4 Long-term otentiation I ...........ccoerooceereseecrrsessereree 165
32. Motor.sy'stems II1 e 68 4y SECON MESSENZETS [ -vvvrrrrereeeeerres e eeereessseeeee e 168
33.  Association cortex and thalamocortical relations I .......... 70 73 Catecholamine rec EPLOTS —evveeeerereerseereereee 170
34. Association cortex and thalamocortical relations I ......... 72 94 Control of posture and movement Il ..................... 172
35. Potassium channels ) (T e s 75.  Subcortical visual pathways I ...............oeeeeeeeerrreermreneen 174
36.  Ion channels: chloride and rrpscellaneous 76. Ion channel modulation and regulation I ....................... 176
37. Leaming and memory: physiology I ............. 77, Cereb@UUIM [ eeeeoeeeooeoeooeoeoooooo 179
38.  Long-term pOtentiation I ......ccoveesvvvveesssssvssisrssssnnns 78, Pain MOQUIALION <.vrrreeeeeeeeeee oo eeseeeerseeesseeree s 181
39. Endocrine control and development I ............ccccoeeeneni.
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126. Regeneration: GAP43 ...........ccccviiiniiniiiniicne 318
79.  Postsynaptic mechanisms I ..o, 183 127. Regeneration: CNS I .......coooeivuereueniveeneessesssssiensseenseens 319
80. Peptides: biosynthesis, metabolism and biochemical
characterization I.........cccocuevienenicicnnininiccnicienceee 185 Special Lecture—4:15 p.m.
81.  Peptides: anatomical localization I .... 187 128. Genes that Control Aspects of the Development of a
82. Neuroendocrine regulation I ..........cccoviviiiiiiiniiiininnns 188 Nematode. H.R. HOIVIZ oo No abstract
Presidential Symposium—8:00 p.m.
Poster Sessions—1:00 p.m. 129. Visual Pigments, Color Vision, and Color Blindness.
83. Presynaptic mechanisms I .......cccoccvvivniiiininnninnns 190 J. Nathans.
84.  Pharmacology of synaptic transmission.... 193 Mechanisms of Phototransduction in Retinal Rods and
85. Sodium channels I.........ccovininiiinninn. .196 Cones. K.-W. Yau.
86. Excitatory amino acids: receptors I............cccoonniniins 198 Signal Flow in Visual Transduction.
87.  Excitatory amino acids: receptors Il ..........cccocooveerrninns. 201 D.A. Baylor ...t No abstract
88. Retinall
89. Auditory system: hair cells .........ccocovniniininiiiiin
90. Auditory system: cochlea...........cccovevinrininieininenreeenennns TUESDAY
91. Peptides: physiological effects I
92. Pept1de§: physiological effects II Symposia—8:30 a.m.
93. Serotonin receptors I ............ccoueue . S
. 130. Hormones, Neural Circuits and Communication.
94,  Serotonin I ......ccccoeirriiniincniccrecce e .
. . Chaired by: AP. Amold .........cccovevvriiinnniniciccriiinnns 322
95. Interactions between neurotransmitters I ..........cceueene 226 . .
96. Regional localization of tors and 131. The Initial Events in Taste: Chemosensory
’ eglona’ focalizalion OF receplors an Transduction in the Vertebrate Taste Bud.
NeurotransSmMitters I ........ocoevviiiiininiiiiiiiceins 229 Chaired by- S.D. Roper 322
97.  Other biogenic amines and purines: y: S.D. ROPET ..t
o8 ;de{;xeosm.e ;n:, :rlls::;lizz ................................................ Slide Sessions—8:30 a.m.
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99.  Oculomotor system I ..........cccceevennenne . . .
. . 133. Excitatory amino acids: receptors Il ............cccooeinnn. 325
100. Biological rhythms and sleep: sleep . - .
. . 134. Differentiation, morphogenesis and development:
101. Human behavioral neurobiology: ) :
cellular and molecular studies I
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102. Behavioral pharmacology: analgesics and NMDA ....... 247 . s
. h . 136. Process outgrowth, growth cones and guidance
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. . . 141. Learning and memory: anatomy II
109. Psychotherapeutic drugs: dopamine and neuropeptics ..268 .
. 142. mRNA regulationI.......c.c.cccooevninne
110. Stress, hormones and the autonomic nervous system ....272 .
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111. Differentiation, morphogenesis and
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112. Trophic agentsII ............... Poster Sessions—8:30 a.m.
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145. Neuroglia: myelin and myelin-forming cells ................. 349
114, CorteX IT ..ottt 282 . .
. 146. Neuroglia: active membrane responses..............cccooeeeunes 351
115. Basal ganglia and thalamus I ...... ..284 .
. 147. Calcium channels IT........ccccocvinniinininiiiiinn, 354
116. Basal ganglia and thalamus IT ........cccooeivniiiiinninnnne. 287 . oo .
. 148. Ischemia: excitability and neurotransmission ................ 357
117. Auditory, olfactory and other sensory systems .............. 290 . .
. : . 149. Ischemia: mediators of neuronal death ..............c.ce.. 360
118. Biochemical and pharmacological correlates . .
150. Transmitters in invertebrates Il ..........cc.ccocevvviinvnvinennenn 364
of development I ..., 292 . . . . . .
. . Lo 151. Peptides: biosynthesis, metabolism and biochemical
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120. Neural plasticity in adult animals: motor systems ......... 298 . . . L .
. ) 152. Pain modulation: spinal opioid mechanisms.................. 370
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. neuromuscular development ...........cccococeveiniineinnenene. 372
123. Somatosensory cortex and thalamocortical .
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; 155. Hormonal control of behavior I ..........c.ccocevevvvvienencne 377
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159. Spinal cord and brainstem I .........cccceevevvivininiiniiiinnnn. 389  206. Vestibular SYSLEm ........ccceveveerueriererneneeiienieneesesseseessessees 502
160. Control of posture and movement IV ..............c.ccoc.ce.... 392  207. Spinal cord and brainstem I .............cccoocennnininin 504
161. Control of posture and movement V ....... ..395 208. Learning and memory: physiology Il............cccoenurueunene. 505
162. Long-term potentiation III .................. ..398
163. Hippocampus and amygdalal... ..400 Poster Sessions—1:00 p.m.
164. Cerebellum I ...t 404  209. Neuroglia in diSEase .........cccvvvrreermvriirinisiserinisniieennens 507
165. Acetylcholine IL..........cccooeviveininniniiiinicncicinaen 407  210. Neuroglia: structure and biology ..........ccececeeniieniecnnne 510
166. Monoamines and behavior I ... 410  211. Vestibular system: VOR and integration ....................... 513
167. Alcohol, barbiturates, benzodiazepines III .................... 414  212. Vestibular system: receptor organs and
168. Serotonin III ........ccoovveviiniiiniiiniiiiinieiennns 417 vestibular NUCIE ........cocovvvviiiiviiiiiiii 517
169. Serotonin receptors Il..........coceviivinriininnininnas ..420  213. MuscleI...............
170. Catecholamine receptors: dopaminergic (D2) ..... ..423 214, Muscle II .
171. Catecholamine receptors: dopaminergic (D1) ............... 428  215. Postsynaptic mechanisms II ........cc.ccooevirvinniniicnnnnnne. 524
172. Catecholamine receptors: dopaminergic ...........c.ccoceueee. 431 216. Pharmacology of synaptic transmission:
173. Catecholamine receptors: adrenergic ...........ooveveuenvenns 432 amino acids and calcium channels .........c..ccceceoveeninns 528
174. Second messengers Il .........cc.cocovvviviininiinicninniinnns 434  217. Excitatory amino acids: receptors IV ..........ccccoeeeennie. 531
175. Neuronal death: models and mechanisms .. ..436  218. Excitatory amino acids: receptors V ..... ..533
176. Somatic and visceral afferents II .. ..439  219. Sodium channels II........c.cccccneneee . ..536
177. Neuronal death: lesion induced ..........ccocoveeirnirivnnninnnnnes 442 220. Potassium channels III ..........ccocovvivinniinninniniiecnne 538
178. Differentiation, morphogenesis and development: 221. Opiates, endorphins and enkephalins:
fiber guidance and Synaptogenesis ...........coceuevvieveninnnnns 445 physiological effects II..........cccoeniinininininniiiiin 542
179. Brain metabolism and blood flow I.........ccccocerninnnnne. 446  222. Pain modulation: biogenic amines I...........c.cccevveinnnn. 545
180. Brainstem SYStEmMS ........cceoeemeruerrruiruesiuiniiirucsnsnssnsseannes 450 223. Pain modulation: biogenic amines I ................c.cccoeue. 547
181. Epilepsy: Kindling I......cccoooeeiviiinnnniiiniiiiincinicn 453  224. Alcohol, barbiturates, benzodiazepines IV .. ..550
182. Visual system: development and plasticity II ................ 455  225. SerotoninIV ........ ..553
183. Subcortical visual pathways II ...........c.coceveninnen. ..458  226. Acetylcholine III ..................... ..554
184. Biological rhythms and sleep: invertebrates ..... ..461  227. Monoamines and behavior IT ...........c.cccooiinnnnniin. 557
185. Learning and memory—pharmacology: NMDA ........... 463  228. Peptides: anatomical localization II ............ccccooviinienns 561
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event related potentials.........c..coceovevriniiiivinnnniniinenne 476 mechanisms I ..., 573
233. Endocrine control and development III.......................... 576
History of Neuroscience Lecture—11:45 a.m. 234. Endocrine control and development IV ..............cccoie. 578
192. Revolutions and Breakthroughs in Nerve and Muscle. 235. Interactions between neurotransmitters I ...................... 581
Sir A. Huxley ... No abstract  236. Regional localization of receptors and
neurotransmitters IT ..., 584
Symposia—1:00 p.m. 237. Differentiation, morphogenesis and development:
193. Optical Imaging of CNS Development, Organization and neurogenesis and control of neuron number .................. 587
Function. Chaired by: A. Grinvald ............c.cccoveevenennene. 479  238. Differentiation, morphogenesis and development:
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240. Cardiovascular regulation: hypertension..........c.cccceccuune
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253. Drugs of abUSE ....ccccuiueivuiiiiriicciirce s 636  289. Neural-immune interactions Il ..., 713
290. Hypothalamic-pituitary-adrenal regulation I.................. 715
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Receptors and Second Messengers. B. Hille .....No abstract  296. Learning and memory—pharmacology:
acetylcholine IL......c..ccooveiiiiiiiiiininiiiiicine,
297. Transmitters in invertebrates IV ...
WEDNESDAY 298. Peptides: anatomical localization III ..............c.c.ccoceee
299. Auditory system: cochlear nucleus ....................
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256. Progress in Research on D1 Dopamine Receptors. 301. Chem.ical senses: peripheral olfa?tion .................
Chaired by: R.E. ChipKin ........cccceeveuiieniiniiinciiiinienenns 639 302 Ch.emlcal senses: taste and carotid receptors .................
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Physiology with Psychophysics and Computational 304. Hor.monal con.trol of behawf)r 11 s
Theory. Chaired by: C. KOCH ..ccoccroeecserrerscrrieeser 639 305. Excitatory amino acids: excitotoxicity II .....
306. Excitatory amino acids: excitotoxicity III.....
Slide Sessions—S8:30 a.m. 307. Excitatory amino acids: excitotoxicity IV ....................
258. Learning and memory: anatomy IV ... 308. Regional loc.a]ization of receptors and
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260. Excitatory amino acids: anatomy and physiology I ....... 643 309. Legmmg arfd memory: physiology IIT ......ccccovvvevnennnee 773
261. Gene structure and function I ......oeoveeeeeeeeeeeeeeeeeeeeeerenns 645 310. Epllepsy: kmdlmg II........... R IR 777
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Poster Sessions—8:30 a.m. 318. Mesopontine Cholinergic Neurons: The Neuronal
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278. Developmental disorders: genetic and 320. Visual corteX IV ..ot 797
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333. Ligand-gated ion channels: cholinergic .... Symposia—8:30 a.m.
334. Ligand-gated ion channels: glutamate ...... 377. The Basal Ganglia: Structure and Function.
335. GABA and benzodiazepine receptors Il .......... Chaired by: M.R. DELONE ......cccovvveueiriviecrieiciirnnens 952
336. Secqnd messengers: prote{n p!)osphorylatlon ................ 832 378 Instructive Effects of Activity in the Developing Visual
337. PeptldeSZ anatomical localization IV ...........cccoevvvveeeennns 835 Pa[hway. Chaired by M. Constantine-Paton.................. 952
338. Peptides: biosynthesis, metabolism and
biochemical characterization II...........c..cccocooininnn 838 Slide Sessions—8:30 a.m.
339. mRNA regulation Il ..........cccoconviiniiiiie 841 399 TrOphic agents VII ......eoovevvooeeeeeeeeeeeeserececcccceeeeeereeeeeseee
340. Opiates, endorphins and enkephalins: 380. Excitatory amino acids: receptors VI ...
bel'1av10ral ef.fects ......................... e 844 1321 Gene structure and fFUNCHON I ..o
341. Pain modulauonf afferent mechanisms .........cccccocennee. 847 387 Process outgrowth, growth cones and guidance
342. Psychotherapeutic drugs: antidepressants ...................... 850 mechanisms VII ..o 959
343. Brain metabolism and blood fOW IT o, 854 383, Neural plasticity in adult animals II ..................cccco...... 961
344. Alzheimer’s disease: transmitters and behavior............. 858 34, Ingestive behaviors IV ......................
345. Troph?c agents V.o 864 385 Cardiovascular regulation IV
346. Trophic agents VI......... 867 386 Retina IV coovveeveeeeveeeeeeeeeeeeeeerer
347. Regeneration: CNS II ..o 870 387 Ligand-gated ion channels I ......oco.cccovveeesooccccrrrressrne
348. Process outgrowth, growth cones and 388. Peptides: physiological effects IIL ..........ccccooerverrerrunnn. 971
guidance mechanisms V ........ccccocovininiiininiincneeenne. 873 3g9. Receptor modulation: up and down regulation I ............ 974
349. Process outgrowth, growth cones and
guidance mechanisms VI ... 875 Poster Sessions—8:30 a.m.
350. Regeneratfon: cell blOlOgy ............................... ....878 390. Neural plasticity in adult animals: limbic system .......... 976
351, Regeneration: PNS ....c..ccoovvimsvnscscsnse =881 301 Limbic SYStem I..ocosersererceiesntnsmsosnsssnsinsns 979
352. Cell lineage and determination III .. ....884 392. Opiates endorphins and enkephalins:
353. Nutrition and prenatal factors ...........cosisisinsssscs 886 anatomy and chemistry Il ........c..co.coooeveemriecrenineinenerannn.
354. Learning and memory: anatomy V ..........ccoooooooovveeeeees 888 393, MRNA regulation IV .......coooeeeeeeveeeseessesssressesssessssssesese
355. Membrane composition and cell surface 394. Peptides: 1eCeptors IV ......ccccoeuveueririnerneenieneinenncncniionenne
macromolecule§ I 891 395 Potassium Channels IV ..o
356. Ingestlv.e behaviors III e e e 894 396. Potassium channels: modulation and regulation
357. Regulation of autonomic functions IV ...........ccccceuevnee 897 397, GABA and benzodiazepine receptors I1I .............
358. Basal ganglia and thalamus III............. ~+900 " 398 GABA and benzodiazepines III ............c..cccccrsccrriecee
359. Basal ganglia and thalamus IV ... =904 399 Catecholamines Il .........ooccecseerscerrsrrscosssnerscessesc
360. Basal ganglia and thalamus V ..... «-907 400, Second messengers: CalCium ................coooeereereceresiiiis
361. Basal ganglla and thalamus V... 910 401. Second messengers: phosphoinositide turnover ..........
362. Basal gangha and thalamus VII ..o, 912 402. Catecholamines: neurotoxicity
363. Motor systems: reflex function L. 914 403, Catecholamines III ..........ooooovovvveeeeeeeecrsssssresreeessseeernenes
364. M(.)tor systems: reﬂf:x function Il........coceniiniiiniinins 97T 404. Differentiation, morphogenesis and development:
365. Spinal cord and brainstem: cord physiology ... 919 transmitters and ENZYMES .............c..evereereeereeseessesscennnns 1015
366. Retma. TI et s 922 405. Biochemical and pharmacological correlates
367. Chemical senses: olfactory pathways and processing.....926 of development I .........c.ccovvveicinnccnniineiiincnns 1017
368. Chemical senses: gustatory pathways .........ccccecceueenienenne 929 406. Differentiation, morphogenesis and development:
369. Degenerative disease: other I ..........cccccevvvviivininiininnenns 931 ChANNELS ANA CUITENES. wovoeeeeoeeeeeeeeeeeoeeoeeoeeeeoeo 1020
370. Degeneralive dfsease: Othelj II s 934 407 Neurotoxicity: metals and Organics ..................oron.. 1021
371. Deg.enerauve filseas&?: Parkinson’s III ........ s 937 408. Nutrition and prenatal factors: substances of abuse ..... 1023
372.  Excitatory amino acids: anatomy and physiology I1.....940 409 " Blood-brain barrier Il .........oocerocrsrrorcscerrrer 1025
373. Excitatory amino acids: anatomy and physiology III ....943 416 process outgrowth, growth cones and guidance
374. Excitatory amino acids: anatomy and physiology IV ....946 mechanisms VIIL ........cococovvervemvieeiuericsnseiesssssnesenans 1027
375. Neuroendocrine regulation: photoperiod/pineal ........... 949 411. Epilepsy: basic mechanisms IIL.........cccceevvrerrsrrcce 1030
. . . 412. Neuromuscular diS€ase .........c.ceceeeremenvirineericnininnenens 1033
Presidential Special Lecture—4:15 p.m. 413. Process outgrowth, growth cones and guidance
376. Cognitive Illusions in Judgement and Choice. mechanisms IX .......cccevevniniiiinniinnicnens 1036
A. Tversky ......................................................... No abstract 414. Alzheimer’s disease: neuropathology .............. ..1038
415. Circuitry and pattern generation: vertebrates................ 1044
416. Circuitry and pattern generation: invertebrates
and MOdElS .......cccceeirierineniiec e 1046
417. Somatosensory system L.......cccocevivmnininininininnne. 1050
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418. Somatosensory cortex and thalamocortical 460. Monoamines and behavior IV .........cccocoeeiinicnnnnunnnns
relationships III .......cooovviiiniiiiinii 1051 461. Excitatory amino acids: receptors VII
419. Visual comtex V ....ocivniiniiivnininiininneneesseesnnenens 1054 462. Excitatory amino acids: receptors VIII ....
420. Biological rhythms and sleep: other IlI........................ 1058 463. Excitatory amino acids: receptors IX ...........cccceeuennee
421. Interhemispheric relations ............ccccocviveniereennnreenennne 1060 464. Learning and memory—pharmacology: other I........... 1169
422. Behavioral pharmacology: dopamine ..........cccccoeveueene. 1063  465. Learning and memory—pharmacology: other II ......... 1172
423. Neuropeptides and behavior: CCK 466. Behavioral pharmacology: other ........cc.ccceoceeuencnuencnce. 1174
424. Neuropeptides and behavior: CRF 467. Cardiovascular regulation V .......cccccccviininnnininnnns 1177
425. Neuropeptides and behavior: oxytocin and 468. Cardiovascular regulation VI ........cccccoonviininnininnnnn, 1180
VASOPTESSIM ..cvvnrieierenienererienesieseesessensssssnesssnssesssssesesens 1069 469. Drugs of abuse: stimulants
426. Regulation of autonomic functions V .........ccceeveuenee 1071  470. Pain pathways: CNS.......ccccocenvenerennene
427. Epilepsy: benzodiazepines and inhibitor 471. Respiratory regulationII .....
AMINO ACIAS .vveveeeerieierieneee et eeaeene 1073 472, Acetylcholine IV ......cccccceviiivininnineieineeinccneenens
428. Neuroendocrine regulation: neurohypophysial 473. Control of posture and movement VIII ........................ 1198
PEPHAES ...ttt 474. Control of posture and movement IX ...........ccoccevvueene 1199
429. Hypothalamic-pituitary-adrenal regulation III 475. Oculomotor system IV .........ccccceininnincinicniennne 1202
430. Hypothalamic-pituitary-gonadal regulation II . 476. Retina V ..ottt sssaesesesnenens 1206
431. Hypothalamus ... 477. Visual system: development and plasticity V .............. 1210
432. Drugs of abuse: dopamine mechanisms............ccc...... 478. Epilepsy: excitatory amino acids ........c..ccceceeeeecreenenne 1213
433. Transplantation: hippocampus and basal forebrain .....1093  479. Receptor modulation: up and down regulation II ........ 1216
434. Drugs of abuse: CNS pathways ...... 480. Blood-brain barrier IIL........c.ccccecvvirninirnnnininncierennens 1219
435. Hormonal control of behavior III .... . 481. Neural plasticity in adult animals: sensory systems..... 1221
436. Long-term potentiation IV ... 1101  482. Catecholamines IV ..o 1225
437. Leamning and memory: anatomy VI .......ccccooeeinnnan. 1104 483. Catecholamines: anatomy ..........ccoceeverereruenriininrenninnnns 1229
484. Neurotoxicity: MPTP and exCitotoXicC ........cccoeeeveuencne 1231
Warner-Lambert Lecture—11:45 a.m. 485. Psychotherapeutic drugs ........c..cocveviviivninininiicnnnncnens
438. Mechanisms Underlying the Self-Organization of Visual 486. Clinical CNS neurophysiology .........ccccvvmvvecenrincnn
Cortex Functions. W. Singer .........ccccceveviniennne No abstract  487. Transplantation: spinal cord .........c..cccevevnivvincnriinnnes
488. Limbic system II ......ccocoviienininiiniiiinniinciieins
Symposia—1:00 p.m. 489. Hippocampus and amygdala II
439. Neuropeptide Regulation of Reproduction. 490. Hippocampus and amygdala III .............ccccvininnnninnnnns 1249
Chaired by: P.E. MicevycCh........cccccevvvnivniniinnnnnnnn 1106 491. Interactions between neurotransmitters IV .................. 1252
440. Inhibitory Influences on Growth Cones and Cells.
Chaired by: MLE. Schwab ........c.cccoeeviniinninnnninne. 1106 Special Lecture—4:15 p.m.
492. Microtubules and Cell Morphogenesis.
Slide Sessions—1:00 p.m. M. KirSChNer ......coeviirieeiieireeccciiccnniis No abstract
441. Visual cortex VI ...t 1106
442. Biochemical and pharmacological correlates of FRIDAY
development IIT ........cocceviieivininrnccniiinccnicircaeine
443. Alzheimer’s disease II... Symposium—8:30 a.m.
444, Trau.ma ) 8 0 U RUUPR RPN 1112 493. Melatonin: New nght on CNS Mechanisms of Action.
445, Auditory system ........cceceeveeenene s 1114 Chaired by: D.N. Krause & M.L. Dubocovich............ 1255
446. Invertebrate learning and behavior I .. 1116
447. Circuitry and pattern generation ...........cccoceeeeeevenenene. Special Lecture—8:30 a.m.
448. Differentiation, morphogenesis and development: 494. Ton Channel Proteins: Structure from Function.
cellular and molecular studies IL.......ccccovvvvvieisrccsss 1120 C.MIUET ...ttt No abstract
449. Mental ilINeSS .....cccovevecierireneniinicinencnireeeens 1122
. Special Lecture—10:00 a.m.
Poster Sessions—1:00 p.m. 495. Neuronal Organization in the Cerebral Cortex.
450. Gene structure and function Il ....cccoceevvvvvrvcnnivvvinninnen 1124 ALPELETS ...t No abstract
451. mRNA regulation V .......cccccovvviinininnninicennenn
452. Ingestive behaviors V e Special Lecture—11:30 a.m.
453. Monoamines and behavior III 496. Signal Processing and Neural Networks in the Oculomotor
454. Neuroethology III..........cc.cc...... System. D.A. RObINSON .........cccocveevereenienrinennes No abstract
455. Invertebrate learning and behavior II ... 1139
456. Ion channels: cell function .........ccoceceviivinnincnnnennne. 1142 Slide Sessions—8:30 a.m.
457. Calcium channels: modulation and regulation............. 1147 497. Visual psychophysics and behavior Il .......c.cecouee. 1255
458. Ligand-gated ion channels II 498. Regeneration Il..........coevueeueiereenremeeinrenenisemmensneissessnenes 1257
459. GABA and benzodiazepine receptors IV ...........c.c..... 1152 499, Trophic interactions I .........cc.ccoeviiivnnnnnniininnnene. 1259
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500. Process outgrowth, growth cones and guidance 523. Differentiation, morphogenesis and development:
mechanisms X .......ccccooevivninnininniiinins molecular COITelates ..........coeveivnviersnninininniacinnns 1327
501. Invertebrate learning and behavior III ... 524. Differentiation, morphogenesis and development:
502. Pain pathways .........ccoeeeicrinieninnnnnnnnnnenenienens tissue culture models .........cccceveercvinicniiiincniceninicnnee
525. Somatosensory system II
Poster Sessions—8:30 a.m. 526. Developmental disorders: human diseases .................. 1333
503. Gene structure and function IV ..o 1267  527. Visual system: development and plasticity VI............. 1335
504. mRNA regulation VI......ccccovevininiinenccnenniiiinns 1271  528. Hypothalamic-pituitary-gonadal regulation III ............ 1339
505. Uptake, storage, secretion and metabolism IV ............ 1274  529. Ischemia: energy metabolism and ischemic models .... 1342
506. Peptides: biosynthesis, metabolism and biochemical 530. Neurotoxicity IIT .......ccocconiviiiininiiiicicccene 1346
characterization IV .......... 531. Neurotoxicity IV ...... rreeeenrens 1349
507. Ingestive behaviors VI 532. Synaptogenesis: neuromuscular junction . .1351
508. Monoamines and behavior V .........ccccccccoiveinnnninnnne. 1281  533. Transplantation: striatum I ..........ccccoovviiiiniiniicnnnne 1353
509. Invertebrate learning and behavior IV ............c...c...... 1283  534. Transplantation: striatum IL.........ccocoevivvininininnenene. 1356
510. Invertebrate sensory systems I........cccoceeveviiinniiiinnnns 1286  535. Trophic interactions II.........ccccoccininininiiniinincnenens
511. Invertebrate sensory systems Il .........cc.cccoceniiniininnn. 1290  536. Trophic interactions ITI .......c.ccoceviviniineininneninenne
512. Neuroethology IV .....ccocooeinininiinnicicicciiinn 1292 537. Trophic interactions IV ....
513. Invertebrate motor function ...........c.ccceeccvenivinininnins 1296  538. Transplantation: retina .....
514. Ion channel modulation and regulation II .................... 1299  539. Transplantation II................... .
S15. MUSCAriniC TECEPLOTS ....covvuevirrimrreriiunierinistereniireresesnes 1302  540. Neuroendocrine regulation IT .........ccccevviiiniiiinnnne. 1371
516. Postsynaptic mechanisms III...........cocoviiniinninnnin. 1307 541. Alzheimer’s disease: amyloid IT ...........cccccoeeircncnnnn. 1375
517. Catecholamines V ........cccoevevininininnnniinincnienieinens 1310 542, AgINgIL ..ot 1379
518. Catecholamines VI ........ccocoveiiiininininininiiicieinns 1314 543. Infectious diSEASE .......c.ccecemeerenrrenreineniecereerneeeanes 1385
519. Receptor modulation: up and down regulation III ....... 1316  544. SynaptogenesisII ...................... 1387
520. Second messengers: adenylate cyclase ..............ccoeeu. 1320  545. Subcortical visual pathways IV ... 1391
521. Differentiation, morphogenesis and development: 546. Retina VI ...ocooooiniinicicnicncne ... 1395
CYLOSKEIELON ....coiviiiiiiiiiiiinitirce e 547. Visual cortex VII.....coooiviiniiiiiicc 1397
522. Biological rhythms and sleep: other IV
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(Includes slide and poster sessions, and symposia only.)

Session Day and
Number Session Title Type Time
Theme A: Development and Plasticity
106. Aging I Mon PM
542. Aging II Fri AM
117. Auditory, olfactory and other SENSOTY SYSIEIMS ......ccccoviviiiiiiiniiiniiiie sttt ssnssressenes Poster Mon PM
118. Biochemical and pharmacological correlates of development I ...........c.ccocovviivininininniniininn, Poster Mon PM
405. Biochemical and pharmacological correlates of development II..........c.cccccviiiincvninininininnns Poster Thu AM
442. Biochemical and pharmacological correlates of development III ..........ccooeviviiiiiniiinniiinnen Slide Thu PM
9. Cell lineage and determination I .........ccccoceeininiiicinnicnininiiiicnn, Slide = Mon AM
241. Cell lineage and determination II..... ..Poster  Tue PM
352. Cell lineage and determination III ..........cococeviiininnninniiie. ...Poster Wed PM
238. Differentiation, morphogenesis and development: cell surface components ............ccoeveiirnnnns Poster  Tue PM
134. Differentiation, morphogenesis and development: cellular and molecular studies I ...................... Slide Tue AM
204. Differentiation, morphogenesis and development: cellular and molecular studies II...................... Slide Tue PM
448. Differentiation, morphogenesis and development: cellular and molecular studies III ................... Slide Thu PM
406. Differentiation, morphogenesis and development: channels and currents .................... ...Poster Thu AM
521. Differentiation, morphogenesis and development: cytoskeleton .............cccecvvivinininnnnne. ... Poster Fri AM
178. Differentiation, morphogenesis and development: fiber guidance and synaptogenesis .. ....Poster  Tue AM
111. Differentiation, morphogenesis and development: forebrain ..........ccooevvivivieiiinnnnininiiiniiinn, Poster Mon PM
280. Differentiation, morphogenesis and development: glia ..........c.ccooveieiiiinniiinniiciieccen, Poster Wed AM
523. Differentiation, morphogenesis and development: molecular correlates .............ococveiniiiniinnins Poster Fri AM
237. Differentiation, morphogenesis and development: neurogenesis and control
Of NEUTON NUMDET ....ceviiiiiiiiiiiiiicici e Poster  Tue PM
153. Differentiation, morphogenesis and development: neuromuscular development ...Poster  Tue AM
46. Differentiation, morphogenesis and development: position and form .................... ..Poster Mon AM
524. Differentiation, morphogenesis and development: tissue culture models ............cocovvnivieniniiinnns Poster Fri AM
404. Differentiation, morphogenesis and development: transmitters and enzymes............cococvevenrneunne Poster =~ Thu AM
39. Endocrine control and development I ..........ccccoviiiiiiiniiniiiiiiiiiiccircnc Poster Mon AM
42. Endocrine control and development I1 ............ccoooceiniiniiiiiiiie s Poster Mon AM
233. Endocrine control and development II1 ...Poster  Tue PM
234. Endocrine control and development IV Poster  Tue PM
68. From Early Embryogenesis to Circuits: Cellular and Molecular
Strategies Applied to the Analysis of Vertebrate Brain Development Symp. Mon PM
319. Hebbian Synapse: Learning Rules and Mechanisms Symp. Wed PM
440. Inhibitory Influences on Growth Cones and Cells Symp. ThuPM
378. Instructive Effects of Activity in the Developing Visual Pathway Symp. Thu AM
391. LAMDIC SYSIEIM L....cviiiiiiiiiiiiieietie ettt b bbb Poster Thu AM
38. Long-term potentiation I .......c.c.ccoeeciniciinnincnnieniinniinnennns ....Poster Mon AM
71. Long-term potentiation II ...... ...Slide Mon PM
162. Long-term potentiation III .........c.cccooviiiiiininiiniiniiiiniie e Poster Tue AM
436. Long-term potentiation IV ......c.cccceiiiiiininiiiinininiicic e Poster Thu AM
325. Morphogenesis and differentiation .............cccoeevviiivniiiniiniii Slide Wed PM
30. MOLOT SYSIEIMS L ...ttt bbb e Poster Mon AM
31. MOtor SYStEMS II .....couiiiiiiiiiiiiiiiiiiit e Poster Mon AM
32. MOtor SYSIEMS TIL .....ooiiiiiiiiiiiiicitit et Poster Mon AM
13. Neural plasticity in adult animals I .... ...Slide  Mon AM
383. Neural plasticity in adult animals I ............c.cceeevneee ...Slide Thu AM
390. Neural plasticity in adult animals: limbic system ................. ...Poster Thu AM
311. Neural plasticity in adult animals: monoamines and ACH ..........c.ccocoviinvninniniiinnnniniiinns Poster Wed AM
120. Neural plasticity in adult animals: MOLOr SYSIEMS .........cceeriruriiininiiniiiiintiineneeee s neeesreneenens Poster Mon PM
481. Neural plasticity in adult animals: SENSOTY SYSIEMS ......c..ccevuiivuiriiiiniiriniiieericseiee e eresns Poster  Thu PM
177. Neuronal death: 1esion iNAUCEQ .........c.ccccviiriiirininiiiinii s Poster Tue AM
175. Neuronal death: models and mechanisms . ...Poster  Tue AM
279. Neurotoxicity IT.......ccccrveveerecnenennennee ...Poster Wed AM
484. Neurotoxicity: MPTP and excitotoxic ... ....Poster  Thu PM
407. NeurotoxicCity: metals and OFZANICS ........ccevurreriruererrerteeereiereteeterestesesseeeaesestesesseessensessssessesessene Poster  Thu AM
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Number Session Title Type Time
353. Nutrition and prenatal fACtOTS .........coeviruiriiiiiiineiice e Wed PM
408. Nutrition and prenatal factors: substances of abuse ...........ccocueveviieiviiniiiiecini e Thu AM
136. Process outgrowth, growth cones and guidance mechanisms I ..o Tue AM
231. Process outgrowth, growth cones and guidance mechanisms I ...........ccocoooeinninnnniinncnnn.. Tue PM
232. Process outgrowth, growth cones and guidance mechanisms III Tue PM
263. Process outgrowth, growth cones and guidance mechanisms IV Wed AM
348. Process outgrowth, growth cones and guidance mechanisms V ....... Wed PM
349. Process outgrowth, growth cones and guidance mechanisms VI Wed PM
382. Process outgrowth, growth cones and guidance mechanisms VII ..o, Slide Thu AM
410. Process outgrowth, growth cones and guidance mechanisms VIII..........ccccooviiinnninninrinnnnn Poster  Thu AM
413. Process outgrowth, growth cones and guidance mechanisms IX ...........ccccovunvernnnnininneninnennnns Poster  Thu AM
500. Process outgrowth, growth cones and guidance mechanisms X ..........ccccoeevniineinneiieneneennne. Slide Fri AM
137. Regeneration I ..ot Tue AM
498. Regeneration IL...........cccocviiniininiiniiiiicne Fri AM
127. Regeneration: CNS I .... Mon PM
347. Regeneration: CNS 11 ... Wed PM
126. Regeneration: GAP43 .. Mon PM
351. Regeneration: PNS ........c.ccoiiccccccrter s st Poster Wed PM
350. Regeneration: Cell DIOIOZY .......ccccouvuiiiuiiriiiiiiiiiiiiiiitct st Poster Wed PM
125. REZENETAtioN: GENETAL ......c.ciivieininiiiiiiiiiciier ettt s e b es Poster Mon PM
417. SOMAtOSENSOTY SYSEIM L ..c.cimiiiiiiiiiiiiiiiictcce e Poster Thu AM
525. Somatosensory SYSteM I .....c.ccooiiviiiiiiiiiniiiiiceiinic s Poster Fri AM
55. Specificity of Synaptic CONMECHIONS .........c.cccevrurmiiniriieiiriienete e Poster Mon AM
40. Sprouting and sprouting mechanisms I ............c.covivivniiinniiini s Poster Mon AM
41. Sprouting and sprouting mechanisms IL...........cccccccoomiiniii s Poster Mon AM
70. SYNAPLOZENESIS I ...ttt bbb bbb Slide Mon PM
544. SyNaptogenesis II .......cccccvieiiuiininiiiiiiiniiicie e e s Poster Fri AM
532. Synaptogenesis: NEUromusCular JUNCHION .........c.ccccvviiriiniiiinintie et s Poster Fri AM
14. The aging process Mon AM
8. Transplantation I ....... Mon AM
200. Transplantation II Tue PM
539. Transplantation IIL...........ccccoviniiiiniiiiiiicii e b e Poster Fri AM
108. Transplantation: corteX and BrainStem .........c.cceveeeeieriiiinininiiii s Poster Mon PM
433. Transplantation: hippocampus and basal forebrain ............cccoeviviiiiiiiiiiniiiie Poster  Thu AM
538. Transplantation: TEHNA ...........cceceeerieriiriniiieerinireeetet ettt e b e e b e s s b s s s e beanas Fri AM
487. Transplantation: spinal cord .......... Thu PM
533. Transplantation: striatum I ............ Fri AM
534. Transplantation: striatum II..... Fri AM
12. TrOPHIC AZENLS T ..ottt sa bbb ena Mon AM
112. Trophic agents II ... Mon PM
286. Trophic agents L ..o et Wed AM
287. TrophiC aZENES IV ....vimiiiiiiiicii et Wed AM
345. Trophic agents V ...........c..... Wed PM
346. Trophic agents VI................... Wed PM
379. Trophic agents VII Thu AM
499. Trophic interactions I ... Fri AM
53s. Trophic interactions II....... Fri AM
536. Trophic interactions III Fri AM
537. Trophic interactions IV Fri AM
4. Visual system: development and plasticity I..........cccccoeiniininrninnnnne Slide  Mon AM
182. Visual system: development and plasticity II Poster Tue AM
202. Visual system: development and plasticity III ... Slide Tue PM
316. Visual system: development and plasticity IV ... Poster Wed AM
477. Visual system: development and plasticity V .... Poster  Thu PM
527. Visual system: development and plasticity VI........cccoooiimiiiiiniiiniiiiese s Poster Fri AM
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Number Session Title Type Time
Theme B: Cell Biology
331. Blo0d-brain DAITIET I ......covioiiuiiiiirienieieiicte ettt ettt Slide Wed PM
409. Blood-brain barrier IT ...t Poster  Thu AM
480. Bl00d-brain barrier ITL..........cccoiireieiniiireieiencreiieee st Poster  Thu PM
65. Cytoskeleton, transport and membrane targeting ...........cococovvevirierecnineneinininieneenreseee s Poster Mon AM
261. Gene structure and fUNCHON L.....c.ooeiiiiriireieiiee ettt se et ss et s e enesnene Slide  Wed AM
381. Gene structure and function II .... Thu AM
450. Gene structure and function I ................. Thu PM
503. Gene structure and function IV ..o Fri AM
230. Membrane composition and cell surface macromolecules I ............ccoccvvininniiiiiiniiniiiin, Tue PM
355. Membrane composition and cell surface macromolecules II.... Wed PM
142. mMRNA regulation I.......c.cccoiiininnininiinnininiccs Tue AM
205. mRNA regulation II ...... Tue PM
339. MRNA regulation IIL.........ccooiiniiiiniiiiii e Wed PM
393. MRNA 1egulation IV .......ccoiiiiiiiiiiieccct e Thu AM
451. mRNA regulation V Thu PM
504. mRNA regulation VI Fri AM
10. INEUTOZLIA ...t e b et s b bbb Slide  Mon AM
209. Neuroglia in diSEASE ...........ceeviviriiuiininiiiiiiiite b Poster  Tue PM
146. Neuroglia: active Membrane rESPONSES ..........cceueuerueriiriienretireiiinssesieneeesisnessssessesessessens Poster Tue AM
145. Neuroglia: myelin and myelin-forming cells ... Poster Tue AM
210. Neuroglia: structure and biolOZY .........covuvviueeiriniiiiniiiiiiiiitrc s Poster  Tue PM
122. Staining and tracing tEChMIQUES .........cccoueueuiiiiiinieiiiiiiiiiic s Poster Mon PM
Theme C: Excitable Membranes and Synaptic Transmission
11. Calcium ChanDELs T.....c.oovoiiieiieieice ettt sae e s Slide = Mon AM
147. Calcium channels II ..ottt b et Poster Tue AM
264. Calcium channels TIT ......c.coooviviiiiininiiietc e Slide  Wed AM
332. Calcium channels TV ...ttt s Poster Wed PM
457. Calcium channels: modulation and regulation ..............cccvovveiciniiiiiniiie s Poster  Thu PM
76. Ion channel modulation and regulation I Slide Mon PM
514. Ion channel modulation and regulation II Poster Fri AM
456. Ion channels: cell function .........cccccccceveneneene Poster  Thu PM
36. Ion channels: chloride and miscellaneous Poster Mon AM
387. Ligand-gated ion channels I ............cccc...... Slide Thu AM
458. Ligand-gated ion channels IL.........cccccoiiiiiiiii e Poster ~ Thu PM
333. Ligand-gated ion channels: ChOLINEIZIC .........ccocoiivinininiiiiiit e Poster Wed PM
334, Ligand-gated ion channels: glutamate ...... Poster Wed PM
84. Pharmacology of synaptic transmission.... Poster Mon PM
216. Pharmacology of synaptic transmission: amino acids and calcium channels ...........c.ccccoceeiin. Poster ~ Tue PM
79. Postsynaptic mechanisms I ..........cccoeoiiiiimiiiiiniiiicice s Slide Mon PM
215. Postsynaptic mechanisms IT .........cccoeoiiiriiiiiniiiiiicec e Poster  Tue PM
516. Postsynaptic mechanisms III ... Fri AM
35. Potassium Channels L .........cccooiviiiiiniiniireeeeeee ettt sb e st sresne s s sae s saees Poster Mon AM
139. Potassium Channels IL.........ccooiiiriiieiniini ettt s et b g s eat e e b e be e anennes Tue AM
220. Potassium channels IIT ..........ccccoceviiiiiniiiininincncnenns Tue PM
395. Potassium channels IV ..o Thu AM
396. Potassium channels: modulation and regulation Thu AM
83. Presynaptic mechanisms ©.........cccocviiiniiiiniiniininciic e Mon PM
197. Presynaptic mechanisms IL.........cccoccoiiiiiniiiniiiiiiniiic e Tue PM
189. Presynaptic mechanisms: calcium .......c.ccccececeeeiiennnnnnne Tue AM
190. Presynaptic mechanisms: facilitation and depression .... Tue AM
85. Sodium channels I.........cooceiiiiiiinininineninececeneeee Mon PM
219. S0dium channels Il.........oouoviiiieiieiree ettt st Tue PM
105. Synaptic structure and function T .........c..cccoiiiiniiiniiiiiciic e Mon PM
276. Synaptic structure and function I ... Poster Wed AM
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Theme D: Neurotransmitters, Modulators, and Receptors
29. Acetylcholine I ....... Mon AM
165. Acetylcholine II Tue AM
226. ACetylchOlNE TIT ......ooiniiiiiciicece ettt bbb st s s e Tue PM
472 ACELYIChOINE TV ..ttt bbb s Thu PM
102. Behavioral pharmacology: analgesics and NMDA Mon PM
252. Behavioral pharmacology: benzodiazepines and stimulants ...........cccovciiniiiinnnninciene Poster  Tue PM
422. Behavioral pharmacology: dOpamine ............ccoeveeiviiininiiiiiiic s Poster  Thu AM
466. Behavioral pharmacology: Other ... Poster  Thu PM
73. CateChOlAMINE TECEPLOTS ....ccuevivirireintiiiiriniiiesinte ettt s s s b b s se b saeses Slide Mon PM
173. Catecholamine receptors: adrenergic Tue AM
172. Catecholamine receptors: dOPAMINETGIC .....c.ccceverriuiuereriiueiieiereiiiieciseseesressassssssssaessssssacssssens Poster Tue AM
171. Catecholamine receptors: dopaminergic (D1) ...t Poster Tue AM
170. Catecholamine receptors: dopaminergic (D2) .......c.cccccvueveviiveniniccininiiiinniinnneeeneseeenes Poster Tue AM
330. CateChOIAMINES L......cueieveiiriieeeciricetceececte et se e et s b es bbb bbb b a b s Slide = Wed PM
399. Catecholamines IL.........ccccoeiiiiiiiiiiiiiic s Poster  Thu AM
403. Catecholamines IIL .......cc.o.eieirieieiireieeeiieccieiee sttt ettt sese et s sae s s stessesssssesessencs Poster Thu AM
482. Catecholamines IV .........c.ccoiiiiiiinirieer ettt Poster ~ Thu PM
517. CateChOlaAmMINES V ....c.oiiieiiiiiceiececcetttcret ettt sb e b s bt Poster Fri AM
518. Catecholamines VT ..ottt et eae s s s sb s as Poster Fri AM
483. Catecholamines: ANALOMY ........cceccrueerereeermeterinieeeneiereetee et esess st s s e b s b e b s srssaesssse s Poster  Thu PM
402. Catecholamines: NEUTOLOXICILY ....ceovervirerereeiieirtrresteeerreneesressteeese et e stestestesaessessessessessesnsessensessens Poster Thu AM
203. ChOLINETGIC TECEPLOTS .....cueiecuimiinnirrrnsiiie it er s sa s sa st sen s senes Tue PM
260. Excitatory amino acids: anatomy and physiology I .... Wed AM
372. Excitatory amino acids: anatomy and physiology IL.........cccoiivninninininnnnciene Poster Wed PM
373. Excitatory amino acids: anatomy and physiology III ..........cccccccoiiinninniin Poster Wed PM
374. Excitatory amino acids: anatomy and physiology IV ..........ccccevinniinicn Poster Wed PM
195. Excitatory amino acids: excitotoxicity I Tue PM
305. Excitatory amino acids: excitotoxicity II Wed AM
306. Excitatory amino acids: excitotoxicity Il...........cocviriiiiniinininiiniiinicri s Poster Wed AM
307. Excitatory amino acids: excitotoXiCity IV ..o Poster Wed AM
86. Excitatory amino acids: receptors I .............. Mon PM
87. Excitatory amino acids: receptors II ............ Mon PM
133. Excitatory amino acids: receptors III .... Tue AM
217. Excitatory amino acids: 1€CePtors IV ........cccoeoiiviiinineniiiniitineintcsriscns et sasas Tue PM
218. Excitatory amino acids: TECEPLOTS V ......c.ccccviiiniiiiiniiinicincnicc st Tue PM
380. Excitatory amino acids: receptors VI .... Thu AM
461. Excitatory amino acids: receptors VII....... Thu PM
462. Excitatory amino acids: receptors VIII ..... Thu PM
463. Excitatory amino acids: receptors IX ........ccccoeviiiiiiiicniiniiiice s Thu PM
259. GABA and benzodiazepine receptors I..........ccccoeeicviviniininiininicniicnni s Slide  Wed AM
33s. GABA and benzodiazepine receptors II Wed PM
397. GABA and benzodiazepine receptors III Thu AM
459. GABA and benzodiazepine receptors IV Thu PM
199. GABA and benzodiazepines I ...........cccooviviniiiiiiiiiniiiii e Tue PM
272. GABA and benzodiazepines IL..........cccococuemiireiucicrnicinceiencesenesaesessesse s sssessssssssssasesssssssseces Poster Wed AM
398. GABA and benzodiazepines 11 Thu AM
9s. Interactions between neurotranSmitters I .........c.cocoviiiiiniininii Poster Mon PM
235. Interactions between neurotransmitters IL ..o Poster  Tue PM
326. Interactions between neurotransmitters III ...........cccccoiiniv Slide Wed PM
491. Interactions between neurotransmitters IV ... Poster  Thu PM
318. Mesopontine Cholinergic Neurons: The Neuronal Substrate
of the Ascending Reticular Activating System? Symp. Wed PM
515. MUSCATITHC TECEPLOTS ....coveveuieiiuereritiriseirinesesissesesestsassesesssseaesesssnssessssesebessnssbssssensesssasssetessassesensnns Fri AM
275. NICOUNIC TECEPLOTS ....nveuerenrenirieeerreeererententereeseensssesaesesassesssseseseses Wed AM
28S. Opiates, endorphins and enkephalins: anatomy and chemistry I .... Wed AM
392. Opiates, endorphins and enkephalins: anatomy and chemistry II ... Thu AM
340. Opiates, endorphins and enkephalins: behavioral effects ..., Wed PM
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62. Opiates, endorphins and enkephalins: physiological effects I ... Poster Mon AM
221. Opiates, endorphins and enkephalins: physiological effects II ..............cccoceoiiniiiinnnnn Poster ~ Tue PM
270. Opiates, endorphins and enkephalins: physiological effects III ............ccccccoeveviniinncincienenn Slide  Wed AM
61. Opiates, endorphins and enkephalins: tolerance and dependence ...........cccccceeceninicncnecncnnenne Poster Mon AM
97. Other biogenic amines and purines: adenosine and histamine .............cccocccceeiiecniniinicnnincneenne. Poster Mon PM
81. Peptides: anatomical localization I .........cc.cccocceeccncnrnineccnnne. ....Slide Mon PM
228. Peptides: anatomical localization II .... ...Poster ~ Tue PM
298. Peptides: anatomical localization III ... ...Poster Wed AM
337. Peptides: anatomical 10calization IV .........cccoooioriiiiioiiiniiiecceen et enes Poster Wed PM
80. Peptides: biosynthesis, metabolism and biochemical characterization I ...............ccocoeiiinnnnnne Slide Mon PM
151. Peptides: biosynthesis, metabolism and biochemical characterization II .............ccccooivnininae. Poster  Tue AM
338. Peptides: biosynthesis, metabolism and biochemical characterization Il ..............ccocceiiiiinnne Poster Wed PM
506. Peptides: biosynthesis, metabolism and biochemical characterization IV ............cccccococeninnn Poster Fri AM
91. Peptides: physiological effects I ..........cc.coovriiiiniiiiiiic s Poster Mon PM
92. Peptides: physiological effects II .... ....Poster  Mon PM
388. Peptides: physiological effects III ... ....Slide Thu AM
143. Peptides: receptors I ..........ccoueeee. ...Slide Tue AM
229. Peptides: reCePLOrs IL.....c.oouiiiiiiiiieiiiiieeet ettt ettt ettt Poster ~ Tue PM
273. Peptides: reCepLors ITT .........ccirieiriecinieiceiiiteererecr ettt ene et sre st eb e enaen Poster Wed AM
394. Peptides: reCeptors IV ... Poster  Thu AM
256. Progress in Research on D1 Dopamine Receptors Symp. Wed AM
389. Receptor modulation: up and down regulation I..............ccccoviiiiiniinniniiincnccnees Slide Thu AM
479. Receptor modulation: up and down regulation II ...Poster  Thu PM
519. Receptor modulation: up and down regulation III .... Poster Fri AM
96. Regional localization of receptors and neurotransmitters L...........cccocoiiiiininiiiiinincs Poster Mon PM
236. Regional localization of receptors and neurotransmitters IT ..o Poster  Tue PM
308. Regional localization of receptors and neurotransmitters I ... Poster Wed AM
72. Second MESSENEETS T ....c..oiiiiiiiiiiii e Slide Mon PM
174. Second messengers II ... ...Poster  Tue AM
267. Second messengers I .........cccccoceeeeee. ....Slide . Wed AM
520. Second messengers: adenylate cyclase .. ... Poster Fri AM
400. Second MESSENEETS: CAICTUIM ......euiuiiiiiiirieieiee ettt Poster  Thu AM
401. Second messengers: phosphoinositide tUMOVET ..........c.coovcriiinirmiiiiiiieceiere e Poster  Thu AM
336. Second messengers: protein phosphorylation ..............ccccceiciiriiiininncniincceecceseeeeenes Poster Wed PM
6. SErOtONIN L..coiiiiiiiiiiiiiiiiiic b Slide  Mon AM
94. Serotonin I .....cciiiiiiiiiiiiiiiiii e e Poster Mon PM
168. Serotonin TIT c...c..ooiiiiiiiii e Poster  Tue AM
225. Serotonin IV ................ ...Poster  Tue PM
93. SErotonin TECEPLOTS I ....c..o.iiiiiiiiiieiereetei ettt et sa e st be e e e eseeenens Poster Mon PM
169. Serotonin reCePtors Il ... ..ottt ettt Poster  Tue AM
198. Serotonin receptors 1T .......c..oc ittt et ettt e Slide Tue PM
274. Serotonin reCEPLOrS IV ..ottt r e Poster Wed AM
2. The Neurobiology of Neuropeptide Y (NPY) Symp. Mon AM
16. Transmitters in INVErtebrates I .........cccooiiiiiiiiiic e Slidle  Mon AM
150. Transmitters in invertebrates II ... ....Poster  Tue AM
271. Transmitters in invertebrates III ... ..Slide = Wed AM
297. Transmitters in invertebrates IV ...................... ....Poster Wed AM
48. Uptake, storage, secretion and metaboliSm I .........cccceivirieiininicnininiiccninniine e Poster Mon AM
242. Uptake, storage, secretion and metabolism I ...........ccocooiiiiininccceee Poster  Tue PM
328. Uptake, storage, secretion and metabolism ITL.........cccoviviniiininniiiiniiiiccecccceenes Slide Wed PM
505. Uptake, storage, secretion and metabolism IV .........cccociiiiiiiic e Poster Fri AM

Theme E: Endocrine and Autonomic Regulation

277. Adrenal medullary regulation ..o e Poster Wed AM
138. Cardiovascular regulation I .........ccoooiiiimiire ettt Slide Tue AM
239. Cardiovascular regulation IL ... Poster  Tue PM
327. Cardiovascular regulation IIT ... Slide Wed PM
385. Cardiovascular regulation IV ... Slide Thu AM
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467. Cardiovascular regulation V ...........cccoiiiiiiiiinininiiii s Poster ~ Thu PM
468. Cardiovascular regulation VI .................... ....Poster  ThuPM
240. Cardiovascular regulation: hypertension ......... ....Poster  Tue PM
290. Hypothalamic-pituitary-adrenal regulation I ...........ccocoiininiiiniiiiniinccenccs Poster Wed AM
321. Hypothalamic-pituitary-adrenal regulation I ...........cccooooiiiiiiiniiiiniinice Slide Wed PM
429. Hypothalamic-pituitary-adrenal regulation IIL ... Poster  Thu AM

S58. Hypothalamic-pituitary-adrenal regulation: CRH ..........ccocccoiiiiinininniiniiiicne Poster Mon AM
250. Hypothalamic-pituitary-gonadal regulation I.......... ....Poster  Tue PM
430. Hypothalamic-pituitary-gonadal regulation II .... ....Poster  Thu AM
528. Hypothalamic-pituitary-gonadal regulation HI ...........cccccocoviiiiiiinii Poster Fri AM
493. Melatonin: New Light on CNS Mechanisms of Action Symp. Fri AM

7. Neural-immune interactions I .........ccccceviiiiiiiiiniinininiiiec e Slide  Mon AM
156. Neural-immune interactions I ........c.ccccciviiiininininiiiniiicc s Poster  Tue AM
289. Neural-immune interactions I........cc.coovviiiinininini Poster Wed AM
291. Neural-immune interactions IV ........cccocevenenennn. ....Poster  Wed AM
119. Neural-immune interactions: Stress ...........cceveeenene ....Poster  Mon PM

82. Neuroendocrine regulation I .............. ....Slide Mon PM
540. Neuroendocrine regulation II ... e Poster Fri AM
428. Neuroendocrine regulation: neurohypophysial peptides... et Poster  Thu AM
375. Neuroendocrine regulation: photoperiod/pineal .............ccoccceviiiiiiininiiie e Poster Wed PM
292. Neuroendocrine regulation: Prolactin .........cc..cecceeeeuienininiiininiii s Poster Wed AM
439. Neuropeptide Regulation of Reproduction Symp. ThuPM
107. Regulation of autonomic functions I...........ccccccoviiiininiiininiiiniec e Poster Mon PM
251. Regulation of autonomic functions II .... ...Poster  Tue PM
269. Regulation of autonomic functions IIL ............ccccoiciviiiiiiiic Slide  Wed AM
357. Regulation of autonomic functions IV ...........cccocoiiiiiiniininiiicn s Poster Wed PM
426. Regulation of autonomic functions V ...........cccccoivviiiinininiiniicssee s Poster  Thu AM

45. Respiratory regulation I ..o Poster Mon AM
471. Respiratory regulation I ..........cccociiiiiiiiiiiiiiiiiic s Poster ~ Thu PM

Theme F: Sensory Systems
445. AUAITOTY SYSTEITI L.cutiiiiiiiiiiiiieitcie ettt a e s b e a e b sasets e b e b e b e en e beebeebeeasene s Slide Thu PM

50. Auditory system: avian connections and ProCesSINE ...........ccccccoviiruivirinininenieineinireeseceeenenes Poster Mon AM
300. Auditory system: brainstem and higher nuCIei...........cccocoviiiiiniiiiniii Poster Wed AM

90. Auditory system: COChIEA .........coiiuiiiiiiiiiiiiic Poster Mon PM
299. Auditory system: cochlear NUCIEUS ...........ccccuviriiiniiiiiniiiicc s Poster Wed AM

49. Auditory system: cortex and integration ... ...Poster Mon AM

89. Auditory system: hair cells ................ ...Poster Mon PM
368. Chemical senses: gustatory pathways .........c..cc.oevevenene. ....Poster  Wed PM
367. Chemical senses: olfactory pathways and processing..........ccccocecvevereriiniiiriinnninncsenseeenenes Poster Wed PM
301. Chemical senses: peripheral Olfaction ...........c.cccoivriiriiiiiiiiiiicctecce s Poster Wed AM
302. Chemical senses: taste and Carotid TECEPLOTS ........coerueruerriruirirterienieienreniesesesreereeeesesesre e ssesneens Poster Wed AM
257. Computing Motion in Flies, Monkeys and Man: Linking Physiology with

Psychophysics and Computational Theory Symp. Wed AM

3. Functional Organization of the Thalamus Symp. Mon AM
510. Invertebrate SensOry SYStemS I ........ccoiiiiiiiiiiiciiiiiiiii e Poster Fri AM
S511. Invertebrate sensory systems II..... Poster Fri AM

78. Pain modulation ...........cc.ccecnnnnnnn. Slide Mon PM

63. Pain modulation: CNS pathways ........c.ccccoeeriiirinciincrececeeree e ens Poster Mon AM
341. Pain modulation: afferent mechanisSms ..........c.ccocccceiiinniniiiini s Poster Wed PM
222. Pain modulation: biogenic amines I .........c.cococcoiiiiiniiiiiiininiiiincece s Poster  Tue PM
223. Pain modulation: biogenic amines IL..........ccccoiiiriiiiniiiiiiicc Poster ~ Tue PM

64. Pain modulation: opioid mechanisms ........... ....Poster Mon AM
152. Pain modulation: spinal opioid mechanisms ...........cccccoeeininiiininiiiiie e ....Poster  Tue AM
502. PN PALIWAYS ...ttt ettt ettt ettt s et ae sttt ens Slide Fri AM
470. Pain pathways: CINS .....c.cooiiiiciiiriccte ettt as Poster  Thu PM
188. Pain pathways: primary afferents ............cccccooviiiiinniniini e Poster  Tue AM
187. Pain pathways: spinal COTd ..o Poster Tue AM
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51. REUINA L ..ottt b et st sa s b a s bbb st as bbb e ra e Poster Mon AM
88. Retina II Poster Mon PM
366. Retina III Poster Wed PM
386. Retina IV ...Slide Thu AM
476. Retina V ..Poster  Thu PM
546. Retina VI ... Poster Fri AM
268. SEeNSOrIMOLOr INTEGTALION ......cevemruirinireeneeriireirietesistet sttt sae s s s st a st b ss b sasess s esnsesneas Slide  Wed AM
47. Somatic and visceral afferents I ............cccoovciieiiininiininiiiic e Poster Mon AM
176. Somatic and visceral afferents IL ... Poster Tue AM
329. Somatic and visceral afferents III ..........ccccocoovinniniiinininic e Slide Wed PM
123. Somatosensory cortex and thalamocortical relationships ..o, Poster Mon PM
124. Somatosensory cortex and thalamocortical relationships IT ..o Poster Mon PM
418. Somatosensory cortex and thalamocortical relationships III ... ...Poster Thu AM
303. SPINAL COTA ..ottt e b e s r e aenna s Poster Wed AM
157. Subcortical somatosensory pathways I Poster Tue AM
158. Subcortical somatosensory pathways Il ..o Poster Tue AM
75. Subcortical visual Pathways I .........coocceiiiiniiiniicciicccrc et Slide Mon PM
183. Subcortical visual pathways IT ........c.cccoiiiinniiiiiieccc s Poster Tue AM
315. Subcortical visual pathways IIL...........ccoooiriiiniiiiiinietcctetieteeste s Poster Wed AM
545. Subcortical visual pathways IV .......cc.ooiviviiiiicece e enis Poster Fri AM
131. The Initial Events in Taste: Chemosensory Transduction in the Vertebrate Taste Bud ....... Symp. Tue AM
52. VISUAL COMEX L .nrniiiiiiicie ettt ettt sttt sn e e b e enn Poster Mon AM
69. VASUAL COTIEX IL....eiiiniiiteiietce ettt ettt ettt b ettt sac b s s e s s e asabe b ansenis Slide Mon PM
132. ViSUAL COMEX TIT .ttt bt b s b st sbnebens Slide Tue AM
320. ViISUAL COMEX IV Lottt ettt e se et s sttt s bbb b s s Slide Wed PM
419. VISUAL COTEX V .eiiiiiiiiitcicte ettt beas b b sn b seas Poster Thu AM
441. Visual cortex VI ... ...Slide Thu PM
547. Visual cortex VII.....cccoocvvinvcnuecnnnns .... Poster Fri AM
53. Visual psychophysics and behavior I ..... ....Poster Mon AM
249. Visual psychophysics and behavior IT ... Poster  Tue PM
497. Visual psychophysics and behavior III ... Slide Fri AM
Theme G: Motor Systems and Sensorimotor Integration
115. Basal ganglia and thalamus I ..o Poster Mon PM
116. Basal ganglia and thalamus II ... ...Poster Mon PM
358. Basal ganglia and thalamus I .......ccccovoiniiiiiiiinic e Poster Wed PM
359. Basal ganglia and thalamus IV ... Poster Wed PM
360. Basal ganglia and thalamus V ..o Poster Wed PM
361. Basal ganglia and thalamus VI.........cccccooiiiniiiininiiii e Poster Wed PM
362. Basal ganglia and thalamus VII ... Poster Wed PM
77. CerebellUIM L ... .ottt ettt s a s s e et b b e bbb s s b sasasens Slide Mon PM
164. Cerebellum II .... ...Poster  Tue AM
245. Cerebellum III .......cccccoiiinnnnae. ....Poster  Tue PM
447. Circuitry and pattern generation ..........ccceeceveeeeinsucsueercncnnns ....Slide Thu PM
416. Circuitry and pattern generation: invertebrates and models ..., Poster  Thu AM
415. Circuitry and pattern generation: VEIEDIALES ..........cccceeveeruerirueniinininiiierinseesiesiesessetesessenssssssesesns Poster Thu AM
25. Control of posture and movement I ..........ccooccoviiiiiiiiiinniine s Poster Mon AM
26. Control of posture and movement I ... Poster Mon AM
74. Control of posture and movement III ..... ...Slide Mon PM
160. Control of posture and movement IV .... ...Poster  Tue AM
161. Control of posture and movement V ...... ...Poster  Tue AM
243. Control of posture and movement VI ... Poster  Tue PM
281. Control of posture and movement VII .......c.cccviiiiiiiiiiiiiiniiiieccrceee e Poster Wed AM
473. Control of posture and movement VIIL ... e Poster  Thu PM
474. Control of posture and movement IX ..o Poster  Thu PM
113. COTEX I ettt et en ...Poster Mon PM
114. COTEX TL .ttt ssr b ns ...Poster MonPM
313. COTEEX TIL ..ottt ettt st bbb b e emes s e b e s b e s et e e be b es b s eassresssatons Poster Wed AM
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314. COMEX IV ettt e e e rtr e e e e st e e ee s et e e e baasese s s baeesssae s e rssesasassaaaesssssaeesssseneeensnne Poster Wed AM
513. Invertebrate motor function.. Poster Fri AM
363. Motor systems: reflex function I Poster Wed PM
364. Motor systems: reflex function II Poster Wed PM
213. IMIUSCLE L.ttt ettt et e e s et e st e e e be e s sneesaneesaseesaseaesbaesssbesnnaasnsassnsen Poster Tue PM
214. Muscle IT .....oooviiiiiiierecreeee e reereeeeeetreeaees ....Poster Tue PM
99. Oculomotor system I .........ccccoeieviininiinniiniiniiinencniene, ....Poster Mon PM
312. Oculomotor system II...... ....Poster Wed AM
324. Oculomotor system III ... ...Slide Wed PM
475. Oculomotor system IV ...... ...Poster  Thu PM
268. SeNSOrIMOLOr INEEGTALION ......coueeutireieteeieireerenienierie et st st st et et esbe s et s ssesessesaessesssestsssssessossaneas Slide Wed AM
159. Spinal cord and brainstem L.........c.ccccoiriiiiiiiiiiiiiiiiiiticrecreeee e Poster Tue AM
207. Spinal cord and brainstem IT ..........ccccviiiiiiiiiniiniiiiiiiceneeece e Slide Tue PM
282. Spinal cord and brainstem: cOrd anatoMY ...........ccceceeeririeieniniininniiiereeiei e Poster Wed AM
365. Spinal cord and brainstem: cord phySiolOgY .......ccccceeeeueieerrenirerecrntereretrese et Poster Wed PM
377. The Basal Ganglia: Structure and Function Symp. Thu AM
206. VESHDUIAT SYSTEIM ...ttt ettt ettt st e et et s e sa et sa et ae e sae e ae b sentenen Slide Tue PM
211. Vestibular system: VOR and integration ............cccceceeeueueeerinecnierenteenneinieniinesssessesessesessesesseseesencs Poster Tue PM
212. Vestibular system: receptor organs and vestibular nuUClel ........ccccoceecercrviniiniiiiniiininiiiiciene Poster Tue PM

Theme H: Other Systems of the CNS

33. Association cortex and thalamocortical relations I .... ....Poster Mon AM

34, Association cortex and thalamocortical relations II ... ...Poster Mon AM
179. Brain metabolism and blood flow L........coouiiiiiiiiiiec et e Poster  Tue AM
343. Brain metabolism and blood flow II ..........oooiiiiiiiiiiie et Poster Wed PM

17. Brain metabolism and blood flOW ..........oooiiiiiiiiiiiiiec et e Slide Mon AM
180. BrainStem SYSIEIMS ....eoveiiirierieeteitientteie ettt et s sat b saesbs s bt e b e b s b sab s r e e e sab e Poster Tue AM

19. Comparative neuroanatomy I ...... ...Poster Mon AM
154. Comparative neuroanatomy II .... ...Poster Tue AM
163. Hippocampus and amygdalal..... ....Poster  Tue AM
489. Hippocampus and amygdala IL........c.cccccooiiiiiiniiiiniiiiiiiicce s Poster  Thu PM
490. Hippocampus and amygdala Il ..........c.ccoviiiininiiiiiiiiinie e Poster  Thu PM
431. HypPOthalamus .........cccociiiiiiiiniiiii e Poster Thu AM
488. Limbic System II ......ccooiiiiiiiiiiiiiiiii s Poster  Thu PM

Theme I: Neural Basis of Behavior

21. Alcohol, barbiturates, benzodiazepines I Poster Mon AM

28. Alcohol, barbiturates, benzodiazepines II ...Poster Mon AM
167. Alcohol, barbiturates, benzodiazepines III ............cccccoiiiiniiinniniinc Poster  Tue AM
224. Alcohol, barbiturates, benzodiazepines IV .........cc.coceoiiiiiiiiiniinininenenenenecr e Poster  Tue PM
184. Biological rhythms and sleep: INVEIEbrates ..........cccoceeviiviiniiniiniiiniiinc e Poster  Tue AM

15. Biological rhythms and sleep: neuroregulators ..o Slide  Mon AM
201. Biological rhythms and sleep: other I ................. ....Slide Tue PM
293. Biological rhythms and sleep: other II ...... ....Poster Wed AM
420. Biological rhythms and sleep: other III ....Poster  Thu AM
522. Biological rhythms and sleep: other IV ..ot Poster Fri AM
100. Biological rhythms and sleep: SIEEP ........ccccuvueriieninireiiiniritic s Poster Mon PM
253. Drugs Of @DUSE .....cc.coiiiiiiiriiniiiiiiii s Poster  Tue PM
434. Drugs of abuse: CNS pathways........c.cccovuiiiiiiiiiniiiiiiiiccn e Poster  Thu AM
103. Drugs of abuse: biogenic amines .... ...Poster Mon PM
104. Drugs of abuse: cocaine I ...... ....Poster  Mon PM
322. Drugs of abuse: cocaine II...................... ....Slide Wed PM
432. Drugs of abuse: dopamine mechanisms .............ccccoiviiiiiniiiniiiniii Poster  Thu AM
469. Drugs of abuse: SHMUIANLS ........ccocoiviiiiiiiiiiiiiie s Poster ~ Thu PM
155. Hormonal control of Behavior L...........ooo it ee e st e e e rr e e e e ssbe e e s ennees Poster Tue AM
304. Hormonal control of behavior IT ..........ccooiiiiiiiiiiiieecte et sre e Poster Wed AM
435. Hormonal control of behavior II1 ..........coooiiiiiiiiicecee e cte e e e e s rr e s e aee e e s sanes Poster Thu AM
130. Hormones, Neural Circuits and Communication Symp. Tue AM
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191. Human behavioral neurobiology: event related potentials ............ccccccoveeeenrevrnnccniniineiiinnes Poster  Tue AM

5. Human behavioral neurobiology: memory ...........ccccccevueunene Mon AM
101. Human behavioral neurobiology: memory and language Mon PM
196. Human behavioral neurobiology: other I ..........ccoevvuruenn.ne. Tue PM
294, Human behavioral neurobiology: other IL...........ccccccoiiiiiiiiiii Wed AM
246. INGEStive DENAVIOTS T .....c.coviiimiiieciiiiciicieiettccc ettt eas Tue PM
266. Ingestive behaviors II ........ Wed AM
356. Ingestive behaviors III Wed PM
384. Ingestive behaviors IV Thu AM
452. INGESHIVE DENAVIOTS V ...ttt Poster =~ Thu PM
507. Ingestive bEhaviors VI ..ottt as Poster Fri AM
421. Interhemispheric relations ...Poster Thu AM
446. Invertebrate learning and behavior I ... Slide Thu PM
455. Invertebrate learning and behavior IT.........c.ccccoveiriiiiiinini s Poster  Thu PM
501. Invertebrate learning and behavior IIL..........cococooviiiiinniininiiinnnas ....Slide Fri AM
509. Invertebrate learning and behavior IV ..o Poster Fri AM
185. Learning and memory—pharmacology: Poster  Tue AM
186. Learning and memory—pharmacology: Poster  Tue AM
464. Leamning and memory—pharmacology: other L. Poster ~ Thu PM
465. Learning and memory—pharmacology: other II ............... Poster ~ Thu PM
295. Learning and memory—pharmacology: acetylcholine I ...Poster Wed AM
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SYMPOSIUM: THE NEUROBIOLOGY OF NEUROPEPTIDE Y (NPY). W.F.
Colmers, Univ. of Alberta (Chairperson); J. M. Allen, Roy. Postgrad. Med.
Sch.; S.H.C. Hendry, U.C. Irvine; C. Wahlestedt Fidia-Georgetown Inst.
Neurosci.; T.A. Westfall, St. Louis Univ.; R.J. Miller, Univ. Chicago.

NPY, discovered in 1982, is one of the most abundant peptides in the
nervous system, and is distributed broadly throughout phylogeny. This
symposium will examine the present state of knowledge on NPY, its receptors
and their physiological effects. cONA sequences for rat and human NPY are
remarkably well conserved; the deduced amino acid sequences are identical.
These data also permit comparisons with sequences encoding other related
peptides. NPY exists in several classes of neurons: 1) interneurons (NPY +
amines or amino acids) 2) interneurons (NPY + peptide(s)); 3) projection
neurons (NPY + classical transmitters). Actions of NPY in a given system
may be predictable based on its co-transmitters. NPY receptors have effects
by themselves, and mediate interactions with other receptors. In PNS, there
are 2 types of NPY receptors: the postjunctional (Y,) receptor mediates
excitation in smooth muscle and (at lower concentrations) modulates
excitatory effects of other transmitters, while the prejunctional (Y,) receptor
inhibits release of noradrenaline. NPY is involved in many physiological
functions, e.g. cardiovascular control, reproduction, feeding, etc., and may be
associated with major depression/anxiety in patients. Microinjection of NPY
into posterior hypothalamus (which has interneurons 1) and 2) above),
increases blood pressure by sympathetic excitation, but intrathecal injections
reduce blood pressure by decreasing sympathetic outflow. In slices of
hippocampus (intemeurons: NPY + GABA), NPY presynaptically inhibits
transmission at some, but not all, excitatory pathways, probably by reducing
Ca** influx at nerve terminals. This action does not involve a pertussis toxin
(PTX)-sensitive G-protein. In cultured rat sensory neurons, NPY inhibits
voltage-dependent Ca**influx, in part possibly by activation of phosphatidy!
inositide metabolism, an action which is sensitive to PTX.

3

SYMPOSIUM. FUNCTIONAL ORGANIZATION OF THE THALAMUS. S.M.
Sherman, SUNY at Stony Brook (Chairperson); E.G. Jones,
U.C. Irvine; D.A. Prince, Stanford Univ.; H.J.

Ralston, U.C.S.F.

Advances in our understanding of the thalamus have
been dramatic in recent years. We have learned much
about its overall organization and connectivity. We also
now appreciate its role as a variable gateway in the
relay of information to cortex, and we are beginning to
understand the cellular mechanisms underlying this role.
The symposium will cover certain highlights of these
advances. E.G. Jones will begin with an overview of
thalamic organization and thalamocortical relationships.
He will also discuss new findings relating
morphological, functional, and neurochemical
characteristics of thalamic neurons to differential
thalamocortical projections. D.A. Prince will discuss
properties of the low threshold calcium current (LTCC)
which underlies burst generation in thalamocortical
relay neurons and factors controlling it, including
modulation of LTCC by changes in intracellular second
messengers and by anticonvulsant drugs. H.J. Ralston
will use the ventral posterolateral nucleus as a model
to describe details of intrinsic thalamic organization,
and S.M. Sherman will do likewise for the lateral
geniculate nucleus. These latter two talks will
emphasize the wealth and complexity of thalamic
circuitry available to underlie gating functions in the
thalamocortical transmission of sensory information.

VISUAL SYSTEM: DEVELOPMENT AND PLASTICITY I

4.1
TRANSIENT EXPRESSION OF A SUBPLATE-SPECIFIC
ANTIGEN IN CAT VISUAL CORTEX. J.R. Naegele, C.J. Barnstable

and P. Wahle, Dept of Ophthalmology and Visual Sciences, Yale
University School of Medicine, New Haven, CT 06510

Transient neurons of the cerebral cortical subplate are thought to
play a central role in establishing mature connections. No specific
markers have yet been identified that distinguish subplate from
cortical plate neurons. We used a novel immunlogical approach to
generate monoclonal antibodies against subplate neurons. One of these
antibodies stained cortical subplate neurons selectively. This marker,
called Subplate1, has been characterized further using
immunocytochemical double-labeling with antisera against various
neuropeptides and GABA.

On the day of birth (P1) and until P21, Subplate1 stained neurons
restricted to the cortical subplate. The strongest immunoreactivity
appeared within cell bodies, dendrites, axons and growth cones.
Several morphologically distinct types were labeled, including
inverted pyramids and multipolar forms. Fainter immunoreactivity
was also present throughouw the subplate neuropil. The
immunoreactive staining of subplate neurons was strongest between
P1 and P12, diminished by P21 and was absent by adulthood.
Subplate1+ neurons were biochemically heterogeneous; nearly half
were Somatostatin+, but only a minority were Neuropeptide Y+ or
GABA+. These findings indicate that Subplate1 identifies a
developmentally-regulated antigen expressed by early-generated,
transient cortical neurons. (Supported by NIH grants EY07119 and
EY05208).

4.3

RELATION BETWEEN NEUROCHEMICAL PHENOTYPE AND
PROJECTION PATTERNS OF SUBPLATE NEURONS.
i (SPON: C.J.Shatz) Dept. of Neurobiology,

Stantord University School of Medicine, Stantord, CA 94305

During fetal and early postnatal development, the earliest generated
cells of the mammalian telencephalon reside in a region of the white matter
beneath the cortical plate (CP) designated the subplate (SP). Previous
studies in cat (Chun, J.J. etal., Nature , 6105: 617, 1987) have shown
that, although present only transiently during development, SP cells have
features typical of mature CP neurons. They have complex dendritic and
axonal arborizations and can be involved in local circuits or long range
projections. SP cells are also immunoreactive for putative
neurotransmitters such as GABA and for one of several neuropeptides
including neuropeptide Y (NPY) and somatostatin (SRIF). Here we have
examined whether there is a correlation between the neurotransmitter
phenotype of SP cells and the targets of their axonal projections. To do
so we used a double-label technique, with colioidal gold WGA-HRP or
Diamidino-Yellow as retrograde tracer in combination with
immunohistochemical visualization of NPY, SRIF or calbindin (used as a
marker of a subtype of GABAergic neurons). SP cells in neonatal cats and
ferrets were retrogradely labeled from either the thalamus, CP or
hemispheric white matter. SP cells immunoreactive for neuropeptides or
calbindin could be double labeled with retrograde tracers injected into the
cortex or white matter, but never by thalamic injections. On the other
hand, SP cells projecting to the thalamus could be labeled by the
retrograde transport of 3H-aspartate. Thus, during development, SP
neurons, like CP neurons in the adult, can be divided into local circuit
neurons that are peptidergic or GABAergic, and projection neurons some
of which are likely to employ excitatory amino acids as their transmitter.

Supported by NIH Grant EY02858

*Indicates nonmember of the Society for Neuroscience

4.2

SUBPLATE CELLS IN VISUAL CORTEX FUNCTION IN TRANSIENT

SYNAPTIC MICROCIRCUITS.
Dept. Neurobiology, Stanford Univ. Med. Sch., Stanford, CA 94305.

During cat fetal development, the immature white matter below the cortical
plate is filled with waiting axons, synapses and a special class of transient
neurons, the subplate (SP) cells. We investigated whether SP neurons
receive synaptic input and function in neural circuits. Intracellular recordings of
SP cells were performed in cortical slices in vitro. Responses were elicited by
electrical stimulation of the white matter. Subsequently, biocytin was injected
iontophoretically to reveal the location and morphology of recorded celis. At all
ages tested (E50 - P4), short latency EPSP's (average latency: 4.1 ms, range:
2.5-6.0 ms) and orthodromic spikes could be elicited from SP cells. When
depolarized by current pulses, most SP neurons displayed a regular spiking
pattern. The majority of biocytin-injected SP neurons resembled inverted
pyramids. Their axons branched within the subplate; many also entered the
cortical plate and ascended to the marginal zone. At neonatal ages, some
axons collateralized within the cortical plate as well. Thus SP cells receive func-

tional inputs from the white matter and send outputs to the cortical plate.

To examine the spatial and temporal sequence of synaptic activation in the
developing cortex we used current source density analysis in conjunction with
white matter stimulation in vitro. At ES5, a short latency (monosynaptic)
response is present in the SP, most likely mediated by inputs from waiting
axons to SP neurons. A longer latency (polysynaptic) response is present at
the top of the cortical plate. Since at E55, waiting axons have just begun to
invade the cortical plate at its base, the polysynaptic pathway is likely to be
mediated by ascending axons of SP neurons. Thus SP neurons may
participate in a complex circuit during fetal and neonatal life, a circuit that

disappears when waiting axons finally reach their adutt targets.
Supported by NIH grants EY02858, EY06028 and a DAAD-fellowship.

44
SUBPLATE NEURONS TRANSIENTLY EXPRESS NGF RECEPTOR
IMMUNOREACTIVITY. *

Dept. of Neurobiology, Stanford Univ.,
Stanford, CA 94305.

NGF and its receptor (NGFR) are now known to be present in di-
verse embryonic and neonatal CNS tissues including the cerebral
cortex. We have used immunolabeling coupled with thymidine au-
toradiognghﬁw determine the identity of the cortical cells express-
ing the NGFR in cat and ferret brain during development. e an-
tibody used for this study was a polyclonal serum generated to a
synthetic peptide corresponding to a conserved sequence of the

GFR. Western blots show that this antibody recognizes specific
NGFR and precursor proteins. In both species, NGFR immunore-
activity is associated with the transient, early-generated subplate
neuron population, as supported by the following evidence: the im-
munoreactive cells 1) are located directly beneath the developing
cortical plate, 2) have the inverted pyramid shape characteristic of
many subplate neurons, and 3) can be labeled by an injection of 3H-
thymidine at E28, a time when only subplate neurons are beini gen-
erated. In cat, strong immunostaining is seen associated with the
cell bodies of these neurons as early as E30, two days after their
birth, and it remains high for about three weeks. The NGFR
immunoreactivity begins to decline around E52 and has disappeared
from the region altogether by E60. The cellular localization and
timing of expression suggest that the NGFR may play a role in
subplate neuron maintenance and its loss may be involved in the

ubsequent death of subp eurons.

Supported by grants from NIH (EY 02858, NS 04270) and NSF.
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TRANSMITTER-INDUCED CHANGES IN INTRACELLULAR FREE
CALCIUM IN BRAIN SLICES OF DEVELOPING NEOCORTEX. RM.
Yuste® and L.C. Katz (SPON: J. Sparrow). Lab. of Neurobiology, The Rockefcller
University, 1230 York Ave. New York, NY 10021.

Calcium flux through the NMDA channcl may be a critical signal for
establishment of long-term synaptic changes in adult and developing cortices. We
have investigated the effects of putative cortical ncurotransmitters on the intracellular
concentration of frec calcium ([Ca+2];) in slices of developing rat visual and
somatosensory cortices at postnatal days 2-10 (P2-10). Slices were loaded with 1-10
MM Fura-2 AM, and the changes in [Cu*’z]i of individual ncurons in layer 2/3 were
monitored using either a photodiode or a SIT vidco camera.

Ncurons at all ages, even those which had just completed migration, were
highly scnsitive to glutamate and its analogucs. All ncurons responded within 30
seconds of application of drugs to the perfusion medium with a dramatic increase in
[Ca*2)j in the ccll body and proximal dendrites. Threshold for responses were about
30 uM for glutamate, 10 uM for NMDA and ibotenic acid, and 1 uM for quisqualate.
After the agonist was removed, [Ca*+2); returncd to bascline in under 3 minutes. No
persistent clevation of [Ca+2]; in cell bodies was detected. Single electrical shocks of
the underlying white matter caused transient increases in [Ca+2}j; trains of shocks
prolonged the increase, but [Ca+2); still returncd to basclinc after a few seconds.No
clevation in (Ca+2); was detected in responsc to norepinephrine (200 uM), substance
P (10 pM), somatostatin (10 uM), phorbol ecsters (PdAc and PdBu) or caffcinc.
Furthermore, nonc of these clearly potentiated the increase in [Ca*2]j clicited by
glutamate or NMDA. However, accetylcholine (50 uM) markedly increased [Ca"'z]i;
this incrcasc was blocked by auopinc. By combining optical techniques with brain
slices, it is possible to observe the responses of single cells, as well as modulatory
interactions, while preserving much of the intrinsic organization of the cortex.
Supported by the L.P. Markcy Charitable Trust.

4.7

NMDA RECEPTOR DEVELOPMENT IN THE VISUAL CORTEX OF CATS
LI Recynoldsand M.F. Bear, Dept. Pharmacology, Univ. Pittsburgh, Pittsburgh
PA 15261, and Ccnter for Neural Scicnce, Brown Univ. Providence R1 02912,
Ncuronsin th~ visual cortex of the cat display an age dependent plasticity that
can be demonstrated by modifying the visual environment of the animal. Between
3 and 12 postnatal wecks surgically closing one eyc results in a shift in ocular
dominance of ncuronsin area 17 of the visual cortex. These plastic events probably
involve NMDA receptors, as the infusion of an NMDA antagonist into arca 17
will prevent the shiftin ocular dominance (Kleinschmidt ¢t al. Science, 238:355,
1987). Inthisstudy we examined the development of NMDA receptors in visual
cortex of developing cats through the critical period for visual plasticity.
NMDA rcceptor density was monitored using |’H] MK801 binding. Well
washed membranes from arca 17 or arca 6 from cats of different ages were
incubated with 0.6nM [’H] MK801, 100uM Glu and 30uM Gly for 2hr at 24°C.
The binding paramcters obtained are shown below (McanS.E.M. n=3-4).

B... (PMol/mg prot)’ ko (nM)
Age, days Arcal7] Arca6 Area 17 Area 6
7 0.66%0.3 4931272
36 1.54%0.17 1.49%0.17 1.1120.12 1.53+0.14
57 1.49+0.18 1.85%0.38 1.1620.26 1.60%0.25
84 1.34%£0.06 1.59%0.16 0.98+0.06 1.46%0.13
Adult 1.24%£0.27 1.41%0.03 1.0120.15 1.45+0.08

There isclearly an abruptincrease in NMDA receptor density associated with
the onset of the critical period. However, NMDA receptor density remains
relatively high following the end of the critical period. Thus, although NMDA
receptors play a critical role in visual plasticity, their presence does not necessarily
predict the capability for plasticity.

Supported in part by NIH grant NS 06929 to M.F.B.

4.9

DEVELOPMENT OF LOCAL CONNECTIONS IN HUMAN VISUAL
CORTEX. A.Burkhalter and K.L.Bernardo*. Department of
Neurosurgery & McDonnell Center for Studies of Higher Brain
Function, Washington University School of Medicine, St. Louis, MO
63110.

The human visual system is immature at birth. In primary visual
cortex (V1), for example, the synaptic density doubles during the first
year of life, indicating the formation of new connections. Because the
visual system is extremely sensitive to deprivation during this period,
it is important to determine the sequence in which cortical circuits
develop.

We have used the fluorescent dye, dil, to trace axonal projections
within V1 of post-mortem, fixed fetal (gestational age (GA) 168 and
203d) and 14d postnatal (P) human brains. At GA 168, injections into
the cortical plate (CP) label mostly vertical fibers that enter the
intermediate zone. Horizontal projections are confined to layer 1 and
the subplate. At GA 203, the projection from layer 2/3 to layer 5 has
formed within the CP. In addition, long (>2mm) horizontal fibers run
along the layer 3/4 and 4/5 borders and short vertical collaterals are
seen at regular intervals. Labeling in layer 1 persists. At P 14, the
density of the projections in superficial layers of the CP is increased
but their horizontal extent remains unchanged. These results suggest
that connections within cortical columns are generated before those
between columns which largely develop after birth. (Supported by NIH
Grant EY05935).

4.6

EARLY POSTNATAL DEVELOPMENT OF SYNAPTIC AND POTASSIUM
CURRENTS IN THE VISUAL CORTEX OF THE RAT. J.J. LoTurco, M.G,
Blanton, and A.R. Kriegstcin, Dept. of Neurology and the Neurosciences Program,
Stanford Univ. Sch. of Med., Stanford, CA 94305.

Whole-cell voltage-clamp recordings were made in slices of visual cortex from 0
to 20 day old rats. Recorded cells were labeled with either Lucifer Yellow CH or
biocytin so that location and morphology could be determined for each neuron.

During the first postnatal week, spontaneous synaptic currents were present in
neurons within the cortical plate . Thesc spontaneous currents were infrequent,
small, and reversed near the equilibrium potential for monovalent cations (4 mV).
Stimulation within the cortical layers evoked small currents that resembled the
spontancous currents. The pyramidal cells labeled on these earliest days had
descending axons with horizontal collaterals that may be the presynaptic elements
of the observed synaptic currents. Through the second and third wecks the
frequency of spontaneous synaptic currents increases as did the size of the evoked
currents.

By the second week, spontaneous events appeared that reversed at the chloride
equilibrium potential and were blocked by 5 uM bicuculline methiodide (BMI).
At the same age that BMI-sensitive spontaneous events appeared stimulation of
the white matter evoked currents that reversed between the equilibrium potentials
for chloride and monovalent cations. In BMI the evoked current reversed near 4
mV and had a large d-APV-scnsitive component.

Voltage-activated potassium currents were recorded at all ages. Both an
inactivating and a non-inactivating outward current were present at the earliest
ages examincd, both reversed near the potassium equilibrium potential, and
increased in conductance through the first two postnatal weeks.

4.8

BLOCAKDE OF VISUAL CORTICAL NMDA RECEPTORS PREVENTS THE
SHRINKAGE OF LATERAL GENICULATE NEURONS FOLLOWING
MONOCULAR DEPRIVATION. . Center for Neural
Science, Brown University, Providence, RI 02912'

Monocular deprivation of kittens during the second postnatal month leads to
a shift in visual cortical ocular dominance such that few neurons remain responsive
to stimulation of the deprived eye. One correlate of this physiological change is a
shrinkage of the neurons in the lateral geniculate nucleus that receive input from the
deprived eye. Because the morphological changes in the LGN are most tprommem in
the binocular segment, it has been proposed that they reflect a process of binocular
competition. It has been hypothesized that this competition occurs among the
converging geniculocortical axons in layer IV of visual cortex. Recent work has
suggested that intracortical infusion of APV, an NMDA receptor antagonist,
interferes with the physiological consequences of MD. We set out to examine the
possibility that LGN cell size changes were also sensitive to cortical NMDA receptor
blockade.

Kittens were implanted bilaterally with minipumps that delivered either 50
mM D,L-APV or sterile Ringer directly into area 17 at a rate of .1 ul per hour. At the
same time, one eyelid was sutured closed. After 8 days, HRP was injected into
striate cortex 6 mm anterior to the infusion site, where we calculate the extracellular
APV concentration to be ~150 uM. 2 days later, the ammals were perfused and
p d for HRP histochemistry. The cross sectional areas of Nissl-stained LGN
neurons were measured within the projection column defined by the retrograde label.
In the Ringer treated group, lamina A1 neurons ipsilateral to the deprived eye were
18.241.1% smaller that those in lamina A. In contrast, in the APV-treated group,
lamina A1 cells were 13.932.6% larger than those in lamina A. Thus, the effects of
MD on LGN cell size clearly differ in the APV and control groups, and this
difference is significant at P<.001 (t-test).
These data demonstrate that the site of binocular competition in the control

of LGN cell size is the smate cortex and, because NMDA receptors are not

ynaptic, that b 1 petition requires postsynaptic activity. Further, the
dala suggest that the relevan‘ component of postsynaptic activity depends
specifically upon NMDA receptor activation. (Supported by ONR contract N00O14-
81-K0136 and NIH grant NS06929)

4.10

DEVELOPMENT OF CLUSTERED HORIZONTAL CONNECTIONS IN CAT
STRIATE CORTEX: PROGRESSIVE AND REGRESSIVE EVENTS. L. C.
Katz and E. M. Callaway Laboratory of Neurobiology, The Rockefeller University,
1230 York Avenue, New York, NY 10021.

In the striate cortex of adult cats, horizontal axons of pyramidal cells from layers
2/3 and 5 specifically interconnect regions of similar orientation selectivity (Gilbert &
Wiesel, J. Neurosci., in press). Cortical injections of retrograde neuronal tracers label
clusters of cells up to 4mm from the injection site. We have examined the
develop of this intralaminar circuitry based on the pattern of retrograde label in

ial ions of fl d cortex following small (100400 pm diam.) injections

of flourescent latex microspheres in area 17. Following injections at 4-6 days
postnatal (P4-6) the pattern of retrograde label was even, unclustercd and extended up
to 2mm from the injection sitc. Injections at day 8 Ited in a more
pattern of label (3-4mm radius) with clustering just discernable amongst the most
distant cells. These results suggested that after P6 horizontal axon outgrowth was
more directed. By P12-15 clustering was much more apparent both within and
beyond the region labeled at 4-6 days. The changes observed between P6 and P15
appeared to result from two phenomena: a reduction in the number of cells making
inappropriate ions to the injection site, and an i in the number making
appropriate connections. Early (P12-15) crude clusters were gradually refined during
the third through sixth weeks: the proportion of labeled cells between clusters (those
making inappropriate connections to the injection site) declined sharply, and the
characteristic adult pattern of cnsp clusters emerged At all ages the patten of
labeling was similar in suprag and infragranular layers, despite a clear
difference in the develop | ages of lhe Thus, regulation of both the
timing of axonal h and

1ah

of cl d local cc ions is
independent of the ages of the cells involved. These events may be initiated by other
developmental influences common to both populations. Supported by NIH grants EY
07960 and EY 06128 and the L. P. Markey Charitable Trust.
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4.11

DEVELOPMENT OF CLUSTERED HORIZONTAL CONNECTIONS IN CAT
STRIATE CORTEX: ROLES OF PROCESS ELIMINATION AND CELL
DEATH. E. M. Callaway and L. C. Katz. Laboratory of Neurobiology, The
Rockefeller University, 1230 York Avenue, New York, NY 10021.

We have found that regressive events are an important component in the
development of intralaminar horizontal connections. Reductions in the numbers of
cells making inappropriate connections contribute to the appearance of early, crude
clustering during the sccond postnatal weck and to its subscquent refinement during
the third through sixth weeks (see preceeding abstract). The potential contribution of
cell death was assessed by experiments in which fluorescent latex microspheres were
injected in area 17. In the first experiment, animals were injected at P6 and killed at
P16; in the sccond, injections were made at P15 and the animals killed at P40. In the
P6/P16 cxperiment, the pattern of labeling was unclustered, and identical to that of P6
animals killed on P7. Similarly, in the P15/P40 experiment, clusters were as unrefined
as those characteristically observed in P15 animals. These results demonstrate that
specific cell death did not contribute to either establishment or refinement of clusters.
We therefore investigated specific climination of axonal processes as a possible
mechanism for cluster refinement. When an injection of red microspheres was made
on P14, and an injection of green microspheres was made at precisely the same
location on P29, the 2 injections resulted in overlapping clusters of retrogradely
labeled cclls. The double labeled cells were confined almost exclusively to the
regions of densest labeling from the early injection. In one representative tangential
section 33% (350 of 1076) of the cells labeled by the early injection were outside of
clusters, while only 11% (16 of 146) of cells labeled by both early and late injections
were outside clusters. Based on these results, and on observations of intracellularly
stained cells, we conclude that cluster refinement entails specific elimination of
inappropriately projecting axonal collaterals. Supported by NIH grants EY 07960 and
EY 06128 and the L. P. Markey Charitable Trust.

HUMAN BEHAVIORAL NEUROBIOLOGY: MEMORY

5.1

WORD STEM COMPLETION PRIMING ACROSS THE LIFESPAN.
H.P. Davis and M.G. Gandy®. Department of Psychology, University of
Colorado at Colorado Springs, Colorado Springs, CO 80933.

Subjects in each decade of life from the twenties through the eightics,
matched on WAIS-R IQ scores, were administered two verbal recall and
recognition tests, three tests of frontal lobe functioning, and a word stcm
completion test of priming. Subjects from twenty through fifty-ninc years
of age performed similarly on the recall tests and tests of frontal lobe
functioning. Sixty, seventy, and eighty year old subjects demonstrated
impaired performance on the tests of recall and frontal lobe functioning.
Subjects from all decades of life performed similarly on the recognition
tests. Baseline guessing scores on the word stem completion task were
similar across all decades of life. Priming scores were significantly higher
than baseline scores for subjects in all decades of life (p<.01). However,
the magnitude of priming was significantly less for subjects in their
seventies and eighties than for all other age groups (p<.01). The findings
reported here are relevant to previous suggestions that elderly subjects and
amnesic paticnts have qualitatively similar memory deficits because both
are impaired for explicit information, and yet, implicit memory remains
intact in both groups as measured by priming. The present study shows
that priming does decline with age when old-old subjects are tested, and
these results are consistent with the view that amnesic patients and elderly
subjects do not have qualitatively similar memory impairments.

53

COMPUTATIONAL GOALS OF LEXICAL-SEMANTIC PRIMING:
EVIDENCE FROM GLOBAL AMNESIA. JD.E. Gabrieli,

MM. Keane and S, Corkin. Dept. of Brain and Cognitive Sciences and
Clinical Research Center, MIT, Cambridge, MA 02139; and Dept. of
Psychology, Northwestern Univ., Evanston, IL 60208.

The amnesic patient H.M. has demonstrated intact lexical-semantic
repetition priming on word completion, fragment completion, and cate-
gory exemplar production tasks despite severely impaired recall and
recognition memory. We hypothesized that lexical-semantic priming
processes reflect context-free memory of word frequencies that con-
tributes to efficient word retrieval. In two experiments, we examined
the influence of homophone presentation upon subsequent homophone
spelling in H.M. and normal control subjects. In the first experiment,
homophones (e.g., STEAK or STAKE) were presented auditorily in
sentence contexts that disambiguated the meaning and spelling of the
homophone. In the second experiment, homophones were presented
visually, and without sentence context; the visual presentation
precluded spelling ambiguity. In both experiments, the measure of
priming was the number of homophones, relative to baseline, that
subjects spelled in accordance with the prior presentation. H.M.'s level
of priming was severely impaired after auditory (context-dependent)
presentation, but normal after visual (context-free) presentation.
H.M.'s recognition memory for the prior presentation of the homo-
phones was severely impaired in both experiments. The sparing of
lexical-semantic priming in global amnesia may reflect the contrast-
ing computational goals of context-free, cortico-cortical learning
mechanisms subserving word retrieval and context-dependent, cortico-
limbic learning mechanisms subserving recall and recognition.

5.2

A DISSOCIATION BETWEEN LEXICAL-SEMANTIC AND
PERCEPTUAL-STRUCTURAL PRIMING IN ALZHEIMER'S
DISEASE. MM, Keane, J.D.E. Gabrieli, J.H, Growdon, and

S. Corkin. Dept. of Brain and Cognitive Sciences and Clinical
Research Center, MIT, Cambridge, MA 02139; Dept. of Psychology,
Northwestern University, Evanston, IL 60208; and Dept. of Neurology,
Massachusetts General Hospital, Boston, MA 02114.

In previous studies, we reported a dissociation in Alzheimer's disease
(AD) between lexical-semantic priming (word completion) and
perceptual-structural priming (identification of perceptually degraded
pictures or words). In those studies, impaired lexical-semantic
priming and intact perceptual-structural priming were demonstrated
in different groups of AD patients. In the current study, we evaluated
the status of both kinds of priming within a single group of AD patients
(with dementia ranging from mild to severe). High and low-frequency .
words were presented one or three times in a study list prior to each of
two priming tasks: a word completion task (in which subjects had to
complete a 3-letter stem with the first word that came to mind) and a
perceptual identification task (in which subjects had to identify briefly
presented, masked words). In both tasks, half of the stimuli corre-
sponded to words in the study list and half did not; the measure of
priming was the difference between studied and unstudied stimuli in
completion or identification performance. Priming in AD (relative to
normal control subjects) was impaired in the word completion task and
normal in the perceptual identification task. This within-subject
dissociation in AD provides strong evidence for the separability of
cognitive and neural mechanisms mediating lexical-semantic and
perceptual-structural priming.

54

DETERIORATION OF H.M.'S MEMORY FOR REMOTE EVENTS.

i i ieli itis*. Dept. of
Brain and Cognitive Sciences and Clinical Research Center, MIT,
Cambridge, MA 02139.

We used an updated version of Marslen-Wilson and Teuber's (1975)
Famous Faces Test to study the time course of remote memory in the
amnesic patient H.M., who was born in 1926, and received an operation
for intractable epilepsy in 1953, which resulted in severe anterograde
amnesia. The present study explored the effects of aging and passage of
time on H.M.'s recognition of public figures from black and white
newsphotographs. The photographs included 12 assigned to the 1920s, 17
to the 1930s, 17 to the 1940s, 19 to the 1950s, 20 to the 1960s, and 17 to the
1970s. H.M. was tested on five occasions, twice in 1974 and once in 1977,
1980, and 1988. The results show consistently poor unprompted memory
for public figures from the 1970s, 1960s, and 1950s, in contrast to consis-
tently good memory for those from the 1940s. H.M.'s memory for public
figures from the 1930s and 1920s has become progressively worse with
each successive testing. The time course of H.M.'s remote memory
reflects impaired initial acquisition of ongoing events postoperatively
in the 1970s, 1960s, and 1950s; robust initial acquisition of ongoing
events in the 1940s (because at the corresponding ages of 14 to 23 years he
was old enough to be interested in the news, and the wartime news had
heightened importance); and patchy initial acquisition of ongoing
events during his childhood in the 1930s and 1920s. The results indicate
a selective vulnerability of memories from H.M.'s childhood relative to
those from his adolescent and young adult years.
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5.5 5.6

RECOGNITION MEMORY FOR TONES: THE IMPORTANCE OF ROLE OF HUMAN TEMPORAL LOBES IN MUSICAL AND VER-
THE LEFT POSTERIOR-SUPERIOR TEMPORAL REGION. BAL MEMORY. S. Samson* & R.J. Zatorre. (SPON:O

J.M. Tonkonogy, M.D.* (SPON. D. Pollen). Dept.
of Psychiatry, Univ. of Mass. Med. School,
Worcester, MA 01655.

Patients with different types of aphasia were
required to recognize a reference tone of 200 Hz
interspersed among tones ranging between 205 Hz
and 300 Hz. Interstimulus intervals (ISI) ranged
between 2.0 sec. and 15.0 sec. While all aphasic
patients were able to discriminate tone
differences of 5 Hz, when presented with an ISI
of 2.0 sec., only patients with temporal lobe
aphasia showed deficits in recognition memory
for tones. Patients with Wernicke's aphasia
(left posterior-superior temporal lesion) were
impaired on short term memory for tones and
required at least 15 Hz tone difference for
recognition. The transcortical sensory aphasics
(left posterior temporal lesion outside the
Wernicke's area) presented with less impairment
in memory for tone recognition. Patients with
Broca's aphasia (left fronto-central lesion) did
not show any significant impairment in recogni-
tion for memory for tones. These results suggest
that the left temporal lobe region is important
for tone recognition memory.

5.7

ROLE OF THE RIGHT TEMPORAL NEOCORTEX IN AUTOMATIC VISUAL-
CUE LEARNING. J. Doyon and B. Nilper. MNontreal
Neurological Institute, NcGill University, Nontreal,
Canada, H3A 2B4.

The role of the right temporal neocortex in the
learning of a cue-system during tasks requiring visual
discrimination of relavant from irrelevant stimuli vas
investigated in 74 patients vith unilateral temporal- or
frontal-lobe lesions, the amnesic patient H.X., and 20
normal control subjects. Subjects vere tested on both a
letter- and an abstract-design version of Rabbitt’'s (1967)
visual-cue learning task. The material for both versions
comprised tvo packs of cards, each containing a different
set of irrelevant letters or designs. The subject's task
vas to sort a pack of cards into two piles according to
which of two targets vas present on the card. Depending
on the condition in which the subjects wvere to be tested,
they vere given either 3 or 6 learning trials vwith one
pack of cards before they were transferred to the other
pack that contained the nev set of background letters or
designs. The results shoved that vith letters, all groups
and H.X. took longer to complete the task when the
irrelevant information was changed after three learning
trials. With abstract designs, only patients vith right-
temporal lobe lesions failed to shov this interference
after three learning trials, but did so after six. Hence,
it is arqued that the right temporal neocortex plays a
role in automatic visual pattern-discrimination learning.

5.9

MESIAL TEMPORAL LOBE SUBSTRATES OF LEXICAL
RETRIEVAL. R.J.Caselli*,J.R.Duffy* and
R.J.Ivnik* (SPON: A.J.Windebank). Dept. of
Neurology, Mayo Clinic, Rochester, MN 55905.
Two nonepileptic adults with chronic mesial
temporal lobe lesions were studied with linguis-
tic, neuropsychological, and neuroimaging tech-
niques to explore the hypothesis that neuroana-
tomical substrates of memory also subserve
object naming (lexical retrieval). A 40 year
o0ld (yo) right-handed (RH) businessman with
magnetic resonance imaging (MRI) documented
post-anoxic bilateral hippocampal infarctions
had a dense amnesic syndrome and impaired lexi-
cal encoding, but only minimal evidence of
impaired lexical retrieval from auditory,
visual, and somatosensory modalities. 1In
contrast, a 60 yo RH nurse with MRI documented
post-encephalitic left amygdala (and possibly
temporal pole) damage had severe impaired lexi-
cal retrieval as well as impaired lexical
encoding. She could recount episodic memories
associated with a target object, but was unable
to name the object, or in some instances, to
either visually or aurally recognize the target
word. Both hippocampal and amygdala lesions

may impair lexical encoding, but anterior mesial
temporal structures appear £o be more important
for lexical retrieval than the hippocampus.

Floody) Montreal Neurological Inst., McGill
Univ. Canada H3A 2B4

The relative contribution of learning versus
retention abilities in auditory memory was
tested in two analogous tasks using unfamiliar
tunes and nonsense words. Learning on five suc-
cessive trials as well as delayed recognition
was tested. The performance of patients with
anterior right (RT) and left (LT) temporal
lobectomy was compared with performance of
normal control subjects. RT and LT patients were
impaired in learning and delayed recognition of
tunes, although they did show learning over suc-
cessive trials. A similar pattern of results was
obtained in the learning and retention of non-
sense words. Recognition of tunes by LT sub-
jects improved after 24 hours, but word recogni-
tion did not. Conversely, word recognition by RT
subjects improved after the delay, but recogni-
tion of tunes did not. These findings suggest
that the learning of auditory patterns difficult
to associate with a semantic content requires
the contribution of both temporal lobes. The
role of RT and LT lobes in consolidation of such
patterns seems to depend upon the musical or
verbal nature of the material, respectively.

5.8

BRAIN MORPHOLOGY ON MR IMAGES IN KORSAKOFF'S SYNDROME. T.L.
Jernigan, K. Schaffer*, N. Butters and L.S. Cermak. VA
Medical Center, San Diego, CA 92161

Six patients with Korsakoff's Syndrome have been com-
pared to age-matched groups of normal controls and chronic
alcoholic patients using Magnetic Resonance Imaging (MRI).
Quantitative image-analytic techniques were used to esti-
mate volumes of ventricular, cortical, and cerebellar CSF,
and cortical and subcortical grey matter structures., The
results reveal CSF increases, but no significant decreases
in grey matter volumes, in non-amnesic alcoholics. 1In
contrast, patients with Korsakoff's syndrome when compared
to normal controls showed reduced grey matter volumes in
addition to CSF increases, with greatest reductions ob-
served in diencephalic structures. Significant grey mat-
ter reductions in Korsakoff's Syndrome relative to alco-
holics were observed only in subcortical structures, again
most dramatically in the diencephalon. Significantly
greater involvement of right than left diencephalic struc-
tures was also observed in this sample of amnesic Korsa-
koff's patients. Statistical evidence is presented sup-
porting a specific role for diencephalic damage in the
pathogenesis of Korsakoff's Syndrome.
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MONDAY AM SEROTONIN I
6.1 6.2
DEMONSTRATION OF TWO MORPHOLOGIC CLASSES OF SERO- EXCITATORY AND INHIBITORY ACTIONS OF SEROTONIN
TONERGIC FIBERS IN HUMAN CORTEX. N.W. ON NEURONS OF THE RAT MEDIAL PONTINE RETICULAR
Kowall. Neurology Service, Mass General Hosp., Boston MA 02114. FORMATION IN VITRO. D,R. ven R.W. reen
We employed a monoclonal antibody agai kecy phenylalani Harvard Med. Sch./VAMC,

pheny
hydroxylase (PH8, courtesy of Dr. R.G.H. Cotton) which has been
shown to selectively label serotonergic neurons in postmortem human
brain (Haan et al, Brain Res. 426:19). Cortical blocks from patients
diagnosed with autism and other neurological diseases were immersion
fixed in periodate-lysine-p Idehyde within 24 hours of death.
Frozen 50u sections were processed with an indirect immunoperoxidase
method. The density and distribution of labeled fibers varied from one
cortical area to another. Within each cortical field examined, fibers
displayed a spectrum of morphological features. Two classes of fibers
could be identified by virtue of the size and shape of their varicosities:
fibers with small pleomorphic varicosities and fibers with large,
spherical varicosities. In neocortex, the predominant fibers have small,
fusiform varicosities; gradual expansions in axon di , arising at
variable distances along the fiber length. Other fibers are interspersed,
characterized by large, round, darkly staining varicosities which form
abrupt axonal expansions. We performed control experiments to
establish the specificity of PH8 antiserum to selectively label
serotonergic fibers in postmortem human cortex. We conclude that there
are morphologic features that distinguish two classes of serotonergic
fibers in human cortex as in other species (Kosofsky and Molliver,

1987). As in rat, these distinct fiber populations may originate from
different raphe nuclei providing parallel raphe cortical projections
with different structural and functional patterns of organization.

6.3

ACTIVATION OF THE 5-HT ASCENDING FIBERS INHIBITS THE

FIRING OF MEDIAL PREFRONTAL QORTICAL NEURONS. R. Godbout,
. *, J. owi i% -M. i . INSERM U. 114,

Chaire de Neurcpharmacologie, Collége de France,

75231 Paris Cedex 05, France.

The effects of median (MR) and dorsal (DR) raphé nuclei
stimulation on the neuronal activity of medial prefrontal
cortex (PFC) were studied in the rat. Stimulation of MR
and DR respectively inhibited 52.9% (n=210) and 35.0%
(r=60) of spontaneously active PFC neurons. Antidramic

were induced by MR (n=39) and DR (n=5)
stimulations and were followed by inhibitions of firing in
most cases. Neurotoxic lesion of the ascending 5-HT
pathways by microinjections of 5,7-DHT decreased the
proportions of inhibited neurons to 8.8% for the MR
(r=238) and to 5.5% for the DR (n=145). The inhibitory
effect of MR stimulation was blocked reversibly by acute
i.p. administrations of the 5-HT, receptors antagonists
ketanserin (9/11 neurons) and ritanserin (4/5 neurons) at
doses of 2.0 and 4.0 mg/kg respectively.

Excitatory responses could be evoked in most PFC
neurons by stimulating the mediodorsal thalamic nucleus
(MD) at 5 to 10 Hz. This effect was blocked by
stimulation of the MR, 5 to 35 ms prior to MD pulses.

These results show that S5-HT midbrain raphé nuclei
inhibit the spontaneous as well as evoked firing activity
of PFC output neurons, and that the 5-HT, receptors are
involved in this effect.

6.5

THE B-ADRENOCEPTOR AGONIST FLEROBUTEROL ENHANCES
5-HT NEUROTRANSMISSION IN THE RAT BRAIN: AN ELECTRO-
PHYSIOLOGICAL STUDY. A. Bouthillier*, P. Blier and C. de Montigny.
(SPON: L. Vachon). Dept. of Psychiatry, McGill Univ., Montréal,
Canada H3A 1A1. . . )

Flerobuterol is a potent [-adrenoceptor agonist which readily
crosses the blood-brain barrier and which has been reported to be an
effective antidepressant. Acute administration of ﬂerobugerol (up to 2
mgkg, i.v.) to male Sprague-Dawley rats did not modify the firing
activity of dorsal raphe 5-HT neurons. However, a two-day treatment
with flerobuterol (0.5 mg/kg/day delivered s.c. by an Alza minipump)
markedly reduced the firing activity of these neurons. That this
reduction was attributable to an increased activation of somatodendritic
5-HT autoreceptors was suggested by its complete reversal following
the administration of the 5-HT,, antagonist spiperone (1 mg/kg, iv.).
After 7 days of treatment with flerobuterol, there was a partial recovery
of the firing activity of 5-HT neurons and a complete one after 14 days
of treatment. At this point in time, there was a conspicuous attenuation
of the effect of i.v. LSD on the firing activity of 5-HT neurons,
indicating a desensitization of somatodendritic 5-HT autoreceptors. The
responsiveness of postsynaptic dorsal hippocampus pyramidal neurons
to microiontophoretically-applied 5-HT was unaltered following a 14-day
flerobuterol treatment. However, there was a large increase in the
efficacy of the electrical stimulation of the ascending 5-HT pathway in
suppressing the firing activity of these neurons. .

It is concluded that long-term treatment with flerobuterol results in a
marked enhancement of 5-HT neurotransmission. The mechanisms
whereby this (-adrenoceptor produces this effect remains to be
determined. The effect of flerobuterol on the 5-HT system might
underlie its therapeutic efficacy in major depression.

and R.W. McCarley.
Brotkton, Ma. 02401
The striking changes in activity of neurons
of the medial pontine reticular formation (mPRF)
during the sleep-wake cycle may be modulated by
serotonin (5HT). The direct cellular actions of
S5HT in the mPRF are not known. We have examined
the action of 5HT on 34 mPRF neurons in slices.
SHT applied either by superfusion (1-30 uM)
or pressure ejection (0.1-0.2 mM) depolarized
(7.5 ¥4 mV, n=19) or hyperpolarized (7.0 2 mv,
n=11) or had no effect (n=4). Depolarizing
responses were associated with a decrease in
conductance (22 +15%, n=11) and an inward
current (n=5). Hyperpolarizing responses were
accompanied by outward current (n=3) and were
associated with a conductance increase (25 +7%,

n=7) or no conductance change (n=3). Both
responses persisted in the presence of
tetrodotoxin. The reversal potentials of both

responses were insensitive to chloride loading
and consistent with that expected for potassium
ions (-76 to -88 mV, n=3, [K' 1= 5 mM).

We conclude that S5HT acts postsynaptically to
either excite or inhibit neurons of the mPRF by
opposing actions on potassium conductance (s) .

6.4

DIFFERENTIAL RESPONSIVENESS OF THE RAT DORSAL AND
MEDIAN RAPHE 5-HT SYSTEMS TO 5-HT, RECEPTOR AGONISTS
AND p-CHLOROAMPHETAMINE (p-CA). P. Blier, A. Serrano® and B.
%ﬂon. Synthélabo Recherche, Bagneux, 92220 France.
orsal and median raphe 5-HT neurons give rise to projections that
differ in axon morphology and in vulnerability to certain amphetamines.
In the present study, we studied the effects of 5-HT,, or 5-HT,,,
agonists and of p-CA on extracellular levels of indoleamines, using
differential pulse voltammetry with carbon fiber electrodes, in cell body
and nerve terminal regions of these two subsets of 5-HT neurons in
anesthetized male Sprague-Dawley rats. The 5-HT,, agonist 8-OH-
DPAT (30 ug/kg, iv.) produced a 60% decrease in the height of the
300 mV oxidation peak in the dorsal raphe and frontal cortex but was
ineffective at this dose in the median raphe and dentate gyrus. At 150
Ug/kg iv., 8-OH-DPAT produced a 60% decrease of the 300 mV peak
in the median raphe but only a 20% decrease in the dentate gyrus.
The microiontophoretic ication of 8-OH-DPAT was 3 times more
potent in suppressing the firing rate of dorsal raphe 5-HT neurons than
that of median raphe 5-HT neurons. 8-OH-DPAT and buspirone were
10 and 4 times, respectively, more potent in decreasing 5-HT
synthesis in the cortex than in the hippocampus. The 5-HT,,,, agonist
U 24969 (10 mgkg, ip.) decreased by 70% the 300 mV peak in
both raphe nuclei and by 50% in the cortex and dentate gyrus. p-CA
(5 mgkg, ip.) increased the 300 mV peak in the cortex but was
ineffective in the dentate gyrus. In conclusion, the dorsal raphe-frontal
cortex 5-HT system exhibits a greater responsiveness to 5-HT,,
agonists than the median raphe-dentate gyrus 5-HT system. The termi-
nal 5-HT,, autoreceptor seems to play a more important role in the
control of '5-HT release in the dentate gyrus than in the frontal cortex.
Finally, 5-HT terminals in the dentate gyrus appear to be insensitive to
the 5-HT releasing effect of p-CA, consistent with the inability of this
drug to destroy 5-HT terminals in that region of the brain.

6.6

POTASSIUM CHANNELS BLOCKERS AND S-HTIA CONTROL OF
SEROTONERGIC NEURONAL ACTIVITY IN THE DORSAL RAPHE NUCLEUS. L.
Lonfumey, S. Haj-Dahmane*, B. Franc® gnd M. Hamon®, INSERM U288,
Faculté de Médecine Pitié-Salpétriere, 75634 Paris cedex 13, France

S-HT 1A egonists ere known to depress the activity of serotonin (5-HT)
neurons in the dorsal raphe nucleus (DRN), by acting on somatodendritic
eutoreceptors. Stimuletion of these receptors triggers an incressed K*
conductance through a channel which hes yet to be characterized. Attempts
to Identify which type of K* channel is coupled to S-HT IA autoreceptors
were presently made by examining the effects of various K* chennels
blockers on S-HT 1A-evoked response of DRN neurons in rat brain slices.
A single barrel pipette of 1SMQ, filled with NaCl 2M, wes used for
extracellular recording of S-HT neurons, and drugs were added to the
Krebs medium superfusing the slice. The S-HT1A agonist ipsapirone
induced & concentration-dependent inhibition of S-HT spontaneous
neuronal activity, with a ICS0 of 60nM. 4-aminopyridine (4-AP, 1mM),
which blocks both the A type snd G protein-coupled K* channels,
prevented the Inhibitory effect of ipsapirone in low concentration range,
ond significantly reduced that due to higher concentrations of the S-HT 1A
egonist (1C50=110nM). In contrast apamine (SOnM), which blocks
certain K*(Ca2*) conductances did not alter ipsapirone- induced
inhibitfon of S-HT neurons. These results indicate that somatodendritic
5-HT 1A autoreceptors are coupled to 4-AP-sensitive K* channels, which
may belong to those associated with G proteins.
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6.7

DEPOLARIZING ACTIONS OF SEROTONIN ON NEURONS
OF THE GUINEA-PIG ISOLATED INFERIOR MESENTERIC
GANGLION. AG. Meehan” and DL. Kreulen (SPON: S.S.
Hsiao). Department of Pharmacology, College of Medicine,
University of Arizona, Tucson, Arizona 85724.

The effects of serotonin on neurons of the guinea-pig isolated
inferior mesenteric ganglion (IMG) were examined. Intracellular
recordings of membrane potential were made in principal IMG
neurons. Serotonin was applied by pressure ejection from
micropipettes. Responses to serotonin were dependent upon the
concentration of the amine in the pipette. High concentrations
(10 mM) evoked responses of 2-5 s duration, low concentrations
(100 sM) evoked a slow depolarization in 70% of neurons tested.
The slow depolarization was unaffected by: ICS 205,930 (5 sM),
MDL 72222 (1 yM), ketanserin (1 pM), MDL 11,939 (5 sM),
methiothepin (1 M), methysergide (1 uM), and cyproheptadine
(50 uM). The slow depolarization was associated with a 30%
decrease in input resistance. In the presence of léw Na* the
serotonin-evoked slow depolanzatlon was markedly reduced but
was unaffected by low Ca?*/ high Mg**, high K* or low K*
medium. In addition, the slow depolanzauon was not affected by
tetrodotoxin (3 sM) or amiloride (1 mM). Thus serotonin evokes
a slow depolarization in a subpopulation of guinea-pig IMG
neurons through the activation of an as yet unidentified receptor.
Furthermore, the slow depolarization appears to be mediated in
part by Na*-influx. Support: DK36289, HL27781.

6.9
CENTRAL AND PERIPHERAL EFFECTS OF DOI, A SELECTIVE 5-HT,
AGONIST, ON CORTICOSTERONE SECRETION. R.,H. Alper. Dept. of

Pharmacology, Toxicology and Therapeutics, University of
Kansas Medical Center, Kansas City, KS 66103.

The serotonin (5-HT) agonist DOI [(%)-1-(2,5-dimethoxy-
4-iodophenyl)-2-aminopropane] increases corticosterone
secretion. The site of action was determined in conscious,
unrestrained male rats implanted with arterial and venous
catheters. Blood samples (0.25 ml) were obtained via the
arterial catheter. Plasma corticosterone levels were
increased as early as 5 minutes after DOI (500 upg/kg, iv),
and 6-7 fold at 15 to 60 minutes. Pretreatment with the
central 5-HT, antagonist LY 53857 (100 upg/kg, iv) blocked
the effect of DOI on corticosterone secretion at all times.
The peripheral 5-HT, antagonist xylamidine (100 ug/kg, iv)
attenuated the corticosterone response elicited 15 minutes
after DOI but did not alter the 60 minute response. In
contrast, dexamethasone pretreatment (350 pg/kg, sc)
attenuated the corticosterone response at 15 minutes, but
abolished the response 60 minutes after DOI. These data
suggest that DOI initially increases corticosterone
secretion in part through a direct adrenal mechanism not
dependent on ACTH, and at later times via a central,
dexamethasone-suppressible mechanism. [Supported by the
Kansas Affiliate of the American Heart Association]

6.11

SUMATRIPTAN (GR 43175): A SELECTIVE 5-HT, AGONIST WITH
NOVEL ANTI-MIGRAINE PROPERTIES? S.J. Peroutka and B.G.
McCarthy*. Dept. of Neurology, Stanford University, Stanford, CA
94305.

Ergot compounds are the most common class of agents used
in the acute treatment of severe migraine. Dihydroergotamine
(DHE), for example, has been shown to acutely relieve a migraine
attack in approximately 70% of patients. Recently, a novel
pharmacological agent, sumatriptan (formerly called GR 43175), has
been reported to be extremely effective in the acute treatment of
migraine (Doenicke et al, Lancet, 1309, 1988). Unlike DHE,
sumatriptan appears to exhibit few side effects. In the current study,
an attempt was made to assess if DHE and sumatriptan share a
common site of action at the molecular level.

The potency of dihydroergotamine (DHE) was determined at 13
neurotransmitter receptors using radioligand binding techniques.
DHE is a potent agent (i.e. K; < 100 nM) at 5-hydroxytryptamine, ,
(5-HT, ), 5-HT,¢, 5-HT,p, 5-HT,, dopamine,, alpha,- and alpha,-
adrenergic binding sites. DHE displays moderate affinity (K; = 100 -
1000 nM) for beta-adrenergic and dopamine, sites and is completely
inactive (K; > 10,000 nM) at 5-HT,, muscarinic and benzodiazepine
receptors. These results were then compared to similar data on
sumatriptan. Sumatriptan is essentially inactive at ali of the above
sites (K; > 10,000 nM) except for 5-HT,5 (K; = 17 nM) and 5-HT, ,
(K; = 100 nM) receptors. Therefore, these data suggest that 5-
HT,p and/or 5-HT,, receptors may play an important role in the
pathophysiology of migraine.

6.8

LSD ANTAGONIZES 5-HT,-MEDIATED DEPOLARIZATIONS IN CORTICAL
PYRAMIDAL NEURONS. P.A.Pierce and S.J.Peroutka. Department of Neuro-
logy, Stanford University School of Medicine, Stanford CA, 94305.

§-HT has been shown to produce both depolarizing and h Zperpolanzmg
effects on cortical neurons. 5-HT produces an increase in K™ conductance
and cell hyperpolanzauon via the 5-HT,receptor. Membrane depolarization
with decrease in K*conductance appears to be mediated by the 5- HT, recep-
tor. Since lysergic acid diethylamide (d-LSD) interactions with 5-HT, receptors
have been implicated in hallucinosis, we analyzed the effect of d-LSD on the
5-HT,-mediated depolarization in rat cortical pyramidal neurons.

Intracellular recordings of rat cortical pyramidal neurons (n=65) were
performed to determine the membrane effects of 5-HT, d-LSD and the 5-HT, ,
agonist 8-OH-DPAT. S-HT (10 M) produces an initial depolarization of
4.5+0.4 mV with a decrease in conductance of 24+9% (7/9 cells). The
depolarization is immediately followed by a hyperpolarization of 3.9+0.5 mV
below the original resting membrane potential, and a 16+5% increase |n
membrane conductance (6/9 cells). The 5-HT,, agonist 8-OH-DPAT (10
109 M) produces only a hyperpolarizing response (5.9+1.1 mV) and increase
in conductance of 14+3% (12/18 cells). Similarly, d-LSD (108 M) causes only
a hyperpolarization (6 0+1.1 mV) and increase in conductance of 21+6%
(7/9 cells). Application of 8-OH-DPAT does not affect the 5-HT-induced
depolarization (4.2+0.6 mV; 9/13 cells) but slightly increases the 5-HT hyper-
polarizing response (4.8+0.7 mV; 10/13 cells). In contrast, in 13 of 16 cells
d-LSD partially inhibits (6 cells) or completely blocks (7 cells) the 5-HT
depolarizing response (avg = 0.7+0.2 mV), in addition to increasing the 5-
HT hyperpolarization (5.2+0.6 mV; 7/16 cells). These data suggest that while
8-OH-DPAT and d-LSD are both 5-HT, , agonists, d-LSD is a potent antagonist
of 5-HT, receptors mediating cortical neuronal depolarization.

6.10

THE 5-HT3 ANTAGONIST MDL 73,147 RESEMBLES CLOZAPINE, NOT
HALOPERIDOL, IN ITS EFFECT ON DA AUTORECEPTOR SUPER-
SENSITIVITY IN RAT STRIATUM. M. Dudley, S. Sorensen and
A. Ogden Merrell Dow Research Institute, Cincinnati, OH

Chronic administration of MDL 73,147 (MDL) (1H-indole-
3-carboxylic acid-octahydro-3-oxo-2,6-methano-2H-quinol-
izin-8-yl ester), 1like haloperidol (HAL), decreased the
spontaneous electrical activity of A9 and Al0 cells
(Sorensen et al., Eur. J. Pharmacol., in press). This
treatment resulted in significantly reduced striatal
levels of the DA metabolites DOPAC and HVA 24 hr after the
last dose. The effect of HAL can be ascribed to auto-
receptor supersensitivity. MDL was tested in two models
of striatal autoreceptor function to determine if DA
receptor changes occur. HAL (1 mg/kg), MDL (5 mg/kg) and
clozapine (CLZ, 10 mg/kg) were given ip-daily for 21 days.
A challenge dose of HAL (0.1 mg/kg, ip) given on day 22 to
the HAL treated rats did not produce the 40X increase in
DOPAC and HVA that it did in the saline controls. The
challenge after MDL and CLZ gave significant increases in
DOPAC (167 and 170%, respectively) and HVA (150 and 153X,
respectively) above those produced by the challenge in
saline controls. Chronic HAL enhanced the ability of apo-
morphine (APO) to decrease L-DOPA synthesis by activation
of presynaptic receptors in the GBL/NSD treated rat.
Chronic MDL and CLZ did not increase sensitivity to APO.
The biochemical profile of MDL in these two models
resembles CLZ, not HAL. MDL may have antipsychotic
effects without the extrapyramidal liability of HAL.

6.12

CHARACTERIZATION OF SEROTONIN RESPONSES IN
NEURONS OF GUINEA PIG CELIAC AND INFERIOR
MESENTERIC GANGLIA IN PRIMARY CULTURE SR Knoper,

n. Departments of
Internal Medicine, Physiology and Pharmacology, University of
Arizona. Neurons from adult celiac or inferior mesenteric ganglia
were enzymatically dissociated (papain, collagenase-dispase) and
maintained in primary culture for 3-30 days. Voltage responses to
serotonin (10 M) applied by pressure ejection were measured
with intracellular microelectrodes (80-120 megohms; 3M KCl).
Mean resting E,, was -61 mV. All 7 IMG and twenty-eight of 32
celiac cells measured responded with a 2-25 (mean=10.7) mV
depolarization and 1-16 (mean=4) second duration to single
ejection pulses. Some had superimposed action potentials. In 12
celiac and 5 IMG cells MDL 72,222 (5sM) antagonized the
depolarizations (85% mean reduction). Neither hexamethonium
nor atropine antagonized this response. Repetitive ejection pulses
evoked a two phase response consisting of an initial fast phase
blocked by MDL 72,222 and a later slow phase not blocked by
MDL 72,222. Neither methysergide nor methiothepin antagonized
slow serotonin responses in those cells tested (n=3). These
findings suggest serotonin activated SHT, and non SHT; receptor
mediated events on the same neuron. Supponed by DlG6289 and
HIL27781.
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EXPERIMENTAL MODIFICATION OF SEROTONIN EXPRESSION IN

CAUDAL VS. ROSTRAL RHOMBENCEPHALON CULTURES:

IMMUNOCYTOCHEMICAL AND BIOCHEMICAL ANALYSIS. N. Konig, D.
Becquet*, MJ. Drian* and F. Héry*. INSERM U 249 and CNRS
UPR 41, Montpellier; and INSERM U 297, Marseille, France.

This study aimed at the analysis of genetic vs. epige-
netic regulation of serotonin expression in neurons taken
from different regions of the embryonic rat rhombencepha-
lon (RE). The caudal basal-plate (BP) part of the RE
(including groups B1-B3 or B1-B2 alone) and the rostral BP
part (including B4-B9) were dissected from day 14 or 16
rat embryos. The cells were dissociated and plated either
alone or in cultures where 25 X of BP cells were mixed
with 75 % of caudal or rostral alar-plate (AP) cells.
Since the embryonic AP does not contain serotonin
expressing cells, the number of immunostained cells in the
mixed cultures should be reduced to 25 X due to the
dilution. In the rostral RE mixed cultures, the number of
immunostained cells was close to the expected value; in
the caudal RE mixed cultures however, it was significantly
lower. Radio-isotopic assays also showed an overproportio-
nal decrease 1n newly synthesized serotonin, and this
effect was stronger in the caudal than in the rostral RE
mixed cultures. Pharmacological analysis showed that the
B1-B3 as well as the B4-B9 cells were able to negatively
autocontrol serotonin synthesis by type 1 5-HT autorecep-
tors. It is likely that additional mechanisms are implica-
ted in the regulation of serotonin expression in RE
subpopulations. GRANTS: INSERM, CNRS, IRME.

NEURAL-IMMUNE INTERACTIONS I

7.1

BRAIN INTERLEUKIN-1 INDUCED IMMUNOSUPPRESSION: DOSE
RESPONSE INHIBITION BY ALPHA-MSH. J.M. Weiss, S.K.
Sundar*, M.A. Cierpial and J. Ritchie. Dept. of
Psychiatry, Duke Univ. Med. Ctr., Durham, NC 27710.

In recent studies showing that microquantities of IL~1
in brain suppress peripheral cellular immune responses,
we found that alpha melanocyte stimulating hormone (a-
MSH) introduced into the ventricular system blocked
immunosuppressive effects of both exogenous IL-1 and
endogenous IL~1 released in response to
lipopolysaccharide infused into the lateral ventricle.
The present study demonstrated that a-MSH blocks effects
of intraventricular IL-1 in a dose—dependent manner.

Animals were infused intraventricularly with IL-1 (100
Pg) together with ascending doses of a-MSH (0,0.1,1.0, or
10.0 ng). In camparison to vehicle-infused controls, IL-1
alone (i.e., 0 a-MSH) depressed natural killer cell (NK)
activity; increasing concentrations of a-MSH progres-
sively blocked this effect, with the highest dose (10.0
ng) campletely blocking the suppressive effect of IL-1.

IL~1 in brain produces part of its immunosuppressive
effects by stimilating the pituitary-adrenal axis and
elevating plasma corticosteroids. Measurement of plasma
steroids showed that the ability of intraventricular IL-1
to stimulate the pituitary-adrenal axis was also blocked
by alpha-MSH in a dose-d t manner, which may
account, in part, for how alpha-MSH blocks the
immnosuppressive effects of brain IL-1.

73

THE EFFECT OF DIFFERENT NUMBERS OF MICE PER CAGE ON IL-1
AND BONE MARROW STEM CELLS. B, S. Rabin and S, B. Salvin,
Dept. of Pathology, Univ. Pittsburgh, Pittsburgh, PA 15261.

A number of studies have been conducted in our laboratories
for the purpose of examining immunologic changes which
occur when different numbers of animals are housed per cage.
The studies indicate that an alteration of immune reactivity
occurs when certain mouse strains are housed either 1 or 5 per
cage. C3H/HeJ male mice and CD-1 mice of either sex, when
housed individually, have an enhanced immune response to
sheep erythrocytes, produce more IL-2 , and respond more
vigorously to mitogenic stimulation. We now report that IL-1
production, macrophage phagocytosis, as well as changes
occurring as early as bone marrow precursor cells, have an
enhanced activity in individually housed C3H/HeJ male mice.
Peritoneal exudate cells were collected and incubated with LPS.
The supernatants and cell lysates were tested in a mouse
thymocyte stimulation assay. The individually housed mice
produced more IL-1 in the supernatant (P<0.005) and cell lysate
(P<0.02). Phagocytic activity was increased 50% and colonies of
macrophages developing from bone marrows of individually
housed mice were 1.5 times more abundant than from group
housed mice. The production of macrophage colony
stimulating factor from spleen cells was twice that of
individually housed mice. The data suggest that housing can
influence multiple factors relating to resistance to infection.
Environment appears to be an important modulator of
immunity.

72

BRAIN INTERLEUKIN-1 (IL-1) INDUCED IMMUNOSUPPRESSION:
MEDIATION BY CRF AND SYMPATHETIC ACTIVATION. S.K.

Sundar*, M.A. Cierpial, C.D. Kilts & J.M. Weiss. Dept.
of Psychiatry, Duke Univ. Med. Ctr., Durham, NC 27710.
We recently demonstrated that infusion of picogram
quantities (i.e. 3.1 X 10715 moles) of IL~1 into the
lateral ventricle of rats results in a rapid decrease in
peripheral cellular immune responses. This study
investigated whether corticotrophin releasing factor
(CRF) in brain and the sympathetic nervous system (SNS)
mediates immunosuppression produced by IL~1 in brain.
Rats received either ventricular infusion of affinity
purified anti-CRF IgG or i.p. injection of the ganglionic
blocker chlorisondamine prior to central IL~1 infusion.
Fifteen minutes after IL-1, in vitro immune responses of
blood and splenic lymphocytes were analyzed.
Immunoneutralization of brain CRF attenuated the

immnosuppressive effects of IL-1 completely in blood
lymphocytes but only partially in splenic lymphocytes.
Conversely, chlorisondamine blockade of the SNS
atternuated immunosuppression campletely in splenic but
not blood lymphocytes. These results indicate that brain
IL~1 affects immunological cells via CRF pathways in
brain and the SNS, and that these pathways differentially
affect different populations of lymphocytes.

74

INTERLEUKIN-1 POTENTIATES THE SECRETION OF B-ENDORPHIN INDUCED BY SECREYAGW‘S
VIA PROTEINZKINASES IN 5 MOUSE P”U”::; CFLL LINE (AtT-20). M.O.Fagarasan ,
M.S.Rinaudo’ J.F.gl‘shgg and J.Axelrod”. 'Clinical Nwros%ience Branch, NIMKH
and Peptide Design; “Experimental Therapeutic Branch, NINDS; “Laboratory of Cell
Biology, NIMH.

Interleukin-1 (Il-1) enhances the release of B-endorphin induced by
corticotropin releasing factor (CRF), vasoactive intestinal peptide, forskolin,
norepinephrine, isoproterenol and phorbol ester in the AtT-20 mouse anterior
pituitary cell line. The effect is apparent after 12 hours of pretreatment with
11-1, reaches a maximum at 24 hours and is dose dependent. Desensitization of
protein kinase C abolishes the potentiation of the secretory action of phorbol
esters by Il-1, but only partly reduces Il-1 enhancement of the secretory
effects of CRF and other secretagogues. Treatment of the cells with
staurosporin, an inhibitor of protein kinases, resulted in further decreases in
the enhancement of CRF-induced B-endorphin release produced by Il-1.

To examine the role of protein phosphorytﬁlion in I1l1-1 receptor mediated
events, AtT-20 cells were preloaded with P and stimulated with IL1-a.
Cytosolic phosphoproteins were identified using two dimensional gel
electrophoresis ﬁith subsequent  autoradiography. Il-1 increased the
incorporation of ““P into several proteins in a time-dependent manner.

After a 15 minute treatment of the cells with Il-1, an increase in the
phosphorylation of a 19 kDa protein asociated with secretory activity was
observed. After nbnlis.h)‘na protein kinase C activity by pretreating the cells
with phorbol ester (10 ' M, 24 hours), the effect was still apparent indicating
that this phosphorylation event does not occur via the protein kinase C pathway.
11-1 also increases early phosphorylation of a 60 kDa protein. After 1 hour of
treatment with Il-1, an increased phosphorylation of the 87 kDa protein, which
has been previously characterized as a protein kinase C specific substrate,
appeared.

These results indicate that [1-1 potentiates the effects of secretagogues in
AtT-20 cells possibly by acting on protein kinases in sequential fashion.
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7.5
HYPEREXPRESSION OF INTERLEUKIN 1 mRNA BY PERIPHERAL MACRO-

PHAGES OF CEREBELLAR MUTANT MICE STIMULATED IN VITRO BY LPS.

B. Kopmels®, E.E. Wollmgn®, J.M. Guastavino®, N. Delhaye-
Bouchaud”, D. Fradelizi and J. Mariani. Lab. Immunologie,
Institut Gustave Roussy, Villejuif (94) and Institut des
Neurosciences, Univ. P. et M. Curie. 75005- Paris (France).

Several mutations in mice produce complex patterns of
neuronal degeneration of the cerebellum and of its afferent
pathways. In the staggerer (sg/sg) mutant, atrophy of the
lymphoid organs and immunological abnormalities have been
recently described (Trenkner and Hoffman, 1986). To search
for a possible link between the neurological and the immune
disorders in this mutant, we studied the production by
peripheral monocytes of interleukin 1 (IL-1), whose roles
in both immune and nervous system are well established.

Suspensions of peritoneal and/or spleen monocytes from
mutants and their controls were stimulated in vitro by LPS;
total RNA was prepared and Northern and dot blots were
performed by using murine recombinant IL-1a and B probes.
They revealed an up to tenfold expression of IL-1a and
mRNA in staggerer macrophages. A similar phenomenon was
detected using bioassay of IL-1 activity. The hyperexpres-
sion was found in 3 week to one year old staggerer and also
in heterozygous +/sg. A similar phenomenon existed in
cerebellar mutants lurcher, pcd and to a lesser extent in
reeler but was absent in weaver and jimpy.

Work 1s 1in progress to disclose a possible hyper-
expression in brain microglia of these mutants and to
unravel the mechanisms involved.

7.7

A DEFECT IN CORTICOTROPIN RELEASING HORMONE (CRH)
BIOSYNTHESIS IS ASSOCIATED WITH SUSCEPTIBILITY TO

STREPTOCOCCAL CELL WALL (SCW) ARTHRITIS IN LEWIS

(LEW/N) RATS. EM. Sternberg* W.S. Young III, A.E. Calogero*, R.
ini* W i ijevich* ith*

W k* * 1 *

(SPON:N.H.Spector) NIMH, NIH, Bethesda, MD, 20892.

A CNS-immune system feedback loop has recently been described in
which immune mediators stimulate the hypothalamic-pituitary-adrenal
(HPA) axis, and the resultant glucocorticoid release suppresses excessive
inflammation. We have found that a defect in this feedback loop is
associated with susceptibility to development of SCW arthritis in LEW/N
rats, while resistance to SCW arthritis in histocompatible F344/N rats is
related to intact HPA axis responses to the same inflammatory mediators

L. 86:2374, 1989). We now report that the
depressed LEW/N ACTH and corticosterone responses to both
inflammatory mediators and behavioral stresses are related to a defect in
CRH biosynthesis in the paraventricular nucleus (PVN) of the
hypothalamus. In contrast to F344/N rats, there was no increase in
LEW/N total hypothalamic CRH content in response to intra-peritoneal
(i.p.) SCW or recombinant interleukin-1 alpha (rIL-1). CRH secretion
from LEW/N hypothalamic explants increased 10% over baseline in
response to riL-1 compared to 150% from F344/N hypothalami. LEW/N
rats also exhibited depressed expression of CRH mRNA in the PVN in
response to i.p. SCW, as evidenced by irn situ hybridization
histochemistry. The additional finding of deficient expression in the PVN
of the co-regulated enkephalin gene suggests that the primary defect is
not in the CRH gene but is in its inappropriate regulation.

7.9

INTERLEUKIN-1 ADMINISTRATION PRODUCES A STRESS-LIKE
REDUCI'ION OF EXPLORATORY BEHAVIOR IN MICE.

(SPON: C.S. Sebastian).
Depanmcnt of Pharmacology, Louisiana State University Medical Center,
Shreveport, LA 71130-3932.

The time for which rats and mice investigate novel stimuli in the
multicompartment testing chamber (MCC) is reduced by various stressful
treatments. This effect is mimicked by corticotropin-releasing factor
(CRF) injected intracerebroventricularly (ICV). Because interleukin-1 has
been shown to activate the hypothalamic-pituitary-adrenal (HPA) axis, an
effect that is presumed to involve secretion of hypothalamic CRF, we
have investigated whether IL-1 has any related behavioral activity.

Human recombinant IL-1a was injected ICV in doses of 100-100,000
Units. Each of these doses produced reductions in the time mice spend in
contact with the stimuli in the MCC. At the higher doses, locomotor
activity was also reduced, but this effect was not observed at the lower
doses. Although IP administration of IL-1 activates the HPA axis, we
only observed seemingly nonspecific reductions in all behaviors at doses
of 105-108 Units. Similar responses were observed following IP
administration of bacterial endotoxin (lipopolysaccharide), a known
stimulator of endogenous IL-1 production. Thus our results suggest that
central administration of IL-1 may elicit cerebral CRF secretion that elicits
the behavioral response. This hypothesis is consistent with the reported
role of CRF in ICV IL-1-induced fever.

Supported by grants from NIMH (MH 45270) and NINCDS (NS27283)

7.6

CORTICOTROPIN-RELEASING FACTOR (CRF) RECEPTORS ARE
PRESENT ON MOUSE SPLENIC MACROPHAGES. E.L. Webster,

D.E. Tracey*, S.A. Wolfe, Jr. MA, Jutila® and £.8, De Souza,
Neurobiology Laboratory, NIDA/ARC, Bailtimore, MD 21224; The
Upjohn Co., Kalamazoo, MI; Department of Pathology, Stanford
University School of Medicine, VA Medical Center, Stanford, CA.

Previous studies in our laboratory have identified CRF binding sites
in mouse spleen with kinetic and pharmacological characteristics
comparable to the well-characterized CRF receptors in pituitary and
brain. In addition, splenic CRF receptors have been demonstrated to be
functionally coupled to a guanine nucleotide protein mediating
stimulation of adenylate cyclase activity. In autoradiographic studies,
1251.0CRF binding sites were localized to the red pulp and marginal
zones of splenic follicles known to be enriched for macrophages. In the
present study, the identity of spleen cells bearing 1251-0CRF binding
sites was elucidated. The autoradiographic distribution of 1251-0CRF
binding sites in spleen was similar, if not identical, to the histological
distribution of phagocytic cells in spleen as indicated by uptake of India
ink particles in vivo. Furthermore, when splenic cells were
fractionated on the basis of density, adherence, and phagocytic activity,
125(.0CRF binding significantly correlated with the percentage of cells
phagocytosing latex beads and staining with a monoclonal antibody
(MONTS-4) specific for resident splenic macrophages. The presence of
CRF binding sites on adherent, phagocytic, light density cells, and the
histological localization of CRF binding to areas of the spleen known to
be enriched in macrophages strongly suggests that splenic macrophages
are targets for direct immunomodulatory actions by CRF.

7.8

CLASS 11 MHC GENE EXPRESSION IN THE MOUSE BRAIN IS
ELEVATED IN THE AUTOIMMUNE MRL/Mp-Lpr/Lpr STRAIN.
K.R. Mcintyrel, C, Ayer-LeLievre2, H, Perssonl(SPON: M.
Schalling). !Dept. of Mecdical Chemistry, Lab. Molecular
Neurobiology and 2Dcpl. of Histology and Neurobiology,
Karolinska Institute, Box 60400, S-10401, Stockholm, Sweden.
Class II MHC gene expression in the brain of several normal and
autoimmune mouse strains has been quantified by RNA blot analysis
using murine I-A and I-E genomic probes. We have detected Ia-A and
B mRNA in the brain of every mouse strain examined, albeit at levels
30-50-fold lower than those found in the spleen, with the exception of
the autoimmune MRL/ strain, in which la transcripts in the brain are
elevated to a level comparable to that found in normal mouse spleen.
The elevation of Ja mRNA in MRL/1 as compared to control C3H mice
also extends to other organs, being most pronounced in kidney and
brain but not significant for thymus and lung. Evidence against a major
role for blood cells as the source for la mRNA comes, among other
things, from the finding that Ila mRNA in MRL/l as compared to
control C3H mice is elevated to a greater extent in the poorly
vascularized diencephalom than in the richly vascularized choroid
plexus. Further experiments with normal rats demonstrated a large
quantitative variation in Ia mRNA in different brain regions, with the
highest levels being found in the olfactory bulb, followed by the
cerebellum, the superior colliculi, and the pons/medulla. The findings
are discussed in relation to an animal model for central nervous system
(CNS) involvement in systemic lupus erythenatosus.

7.10

RELEASE OF INTERLEUKIN-6 FROM RAT HYPOTHALAMUS.

. Login*, AM Is: n* and RM. M
Departments of Medncme, Neurology and Pharmacology and the Center for
Cancer Research, University of Virginia Health Sciences Center,
Charlottesville, Virginia 22908.

We have reported that the inflammatory cytokine, interleukin-6 (IL-6),
stimulates anterior pituitary hormone release in vitro. We therefore
hypothesized that IL-6 may be released from the hypothalamus, thus
functioning as a pituitary hormone releasing factor in vivo. Female
Sprague-Dawley rats were sacrificed and their brains rapidly removed and
placed on an ice-cold surface. Medial basal hypothalami were removed
to a depth of 3 mm, halved, weighed and placed in 1 ml RPMI-1640
containing 10% serum (complete medium) in a metabolic shaking water
bath (1 half/well) under an atmosphere of 95% O,/5% CO,. After a 1-hr
preincubation, the tissues were removed and pfaced in %‘resh complete
medium (vehicle) or complete medium containing lipopolysaccharide (LPS)
or IL-1. After 2 and 4 hr, aliquots of incubation medium were removed
and assayed for IL-6 activity in the hybridoma 7TD1 growth factor assay.

Hypothalamic tissue released an IL-6 activity in a time-dependent
manner (2-4 hr; 5.29-18.5 U/mg). LPS (10-100 ng/ml) significantly
increased this release after 2 (2.7-fold) and 4 (3.1-fold) hr of incubation.
IL-1 (200 U/ml) significantly reduced the basal release of IL-6 by 44%.
Sensori-motor cortex released smaller amounts of IL-6 (2-4 hr; 2.38-12.1
U/mg), but this release was not stimulated by LPS.

These data suggest that IL-6 is released from the hypothalamus and
cortex. In the presence of LPS, the release of this cytokine from the
hypothalamus is much greater than that from the cortex. Hypothalamic
production of IL-6 suggests that it could function as an anterior pituitary
releasing factor in vivo. [Supported by NCI grants CA-07535 to RM.M.
and CA-38228 to 1.S.L., and a new initiative grant from the University of
Virginia DERC (AM22125) to P.C.L}
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7.11

DIFFERENTIATION OF TRANSPLANTED FETAL NEURAL CELLS
AND IMMUNOLOGICAL RESPONSES IN THE HOST BRAIN.
K.Shimizu®*, M.vyamada®, Y.Matsui® S.Moriuchi®,

H.Mogami*. Dept.of Neurosurg., Osaka Univ., Sch.of
Med., Osaka 553, Japan (SPON: E. Senba)

Attempts of neural transplantation have been
done in patients with Parkinson disease, who become
inexorably progressive disability regardiess of
administration of drugs. To examine whether or not
some immunological responses are induced in the
recipient’s brain in which some kinds of neural
tissues were transplanted, we established Parkinson
models which were made the unilateral 6-OHDA
lesions in the nigrostriatal pathway of C57BL/6 (H-
2°) mice. A complete recovery of methamphetamine-
induced rotational response was shown about 60 days
after transplantation of embryonic DA-rich cells
from syngeneic or allogeneic (C3H/HeN, H-2¥) mice.
Immunohistochemistry showed that TH-immunoreactive
cells were deeply embedded in the ipsilateral
striatum, with a dense network of neuronal
processes, and that the NSE, NFP(200K), GFAP or
MBP-positive cells mingled among these grafted
cells. The FACS IV analysis revealed no H-2 (H-2Kk
and Ia*) antigens on the embryonic cells of C3H/HeN
mice. However, H-2KX antigens could be induced on
these embryonic cells by mouse IFN-gamma. Now, we
investigate H-2 antigens on the grafted cells
survived in the host brain.

7.12

MOLECULAR CLONING AND CHARACTERIZATION OF NEUROIMMUNE
GENES. A, Ericsson* ", W, Friedman and H, Persson’.
(SPON: M.E. Ehrlich). Lab. of Molec. Neurobiol., Dept. of Med.
Chem., Karolinska Institute, Stockholm, Sweden.

Recent neuroimmunological research has detected the presence of
common sets of signalling substances and receptor systems among
the neuroendocrine and the immune systems, thus providing a
possible mechanism for communication. In order to explore the
neuroimmunological interplay, we have isolated several genes from
rodent cDNA libraries that are expressed predominantely within the
neuroendocrine and immune systems, using a combination of
subtractive hybridization and cDNA cloning. Northern blot analysis
and in situ hybridization revealed that these genes, encoding high
molecular weight mRNAs, are expressed by neurons over the entire
CNS as well as in various immune tissues from rodents and man.
Other tissues examined showed a low or insignificant expression.
One clone, termed NI-1, was analyzed in further detail and in CNS
this gene was highly expressed in the pyriform cortex, various
nuclei in the limbic sysem and in some hypothalamic nuclei. A
tenfold increase in total brain mRNA expression was detected around
birth. Mitogen stimulation of mouse spleen cells induced a massive
mRNA expression. Also, the gene appears to be under negative
control by adrenal steroids as adrenalectomy in rat resulted in a
tenfold increase in CNS, thymic and splenic expression. The DNA
sequence of this cDNA clone showed no significant homology to any
other known genes.

TRANSPLANTATION 1

8.1
NONINVASIVE LASER-LESIONING OF MOUSE NEOCORTICAL NEURONS IN
VIVO. Madison, R.=, and Macklis, J.D.°. Division of

Neurosurgery, Duke University, Durham, N.C. 27710, and 2 Dept.
of Neurology, Program in Neuroscience, Harvard Medical School
and Children's Hospital, 300 Longwood Ave., Boston, MA. 02115
The ability to selectively label neurons on the basis of
their connections for subsequent lesioning would constitute a
powerful tool for studying the roles of cell-cell interations
in development and adult reorganization. Toward that aim, we
have labeled neuronal subpopulations in vivo and subsequently
lesioned the targeted neurons via noninvasive exposure to
unfocused 650 nm laser illumination. Sixty-seven mice were
used for these studies. Approximately 50-70% of the surface
energy at 650 nm is transmitted through mouse skull and brain.
Porty animals served as controls for laser exposure alone.
Through intact skull, mice received fractionated unilateral
exposures that totaled 12.5, 25, 50, or 160 Joules/cm“.
Animals were perfused 3 hr. - 7 days later and histologically
processed, using a silver degeneration stain to demonstrate
damaged neurons. Experimental animals received unilateral
injections into motor cortex of latex nanospheres with an
incorporated cytolytic chromophore (see Macklis and Madison
Abst.). Pollowing 2-3 months animals received laser exposure
as described above. Variable numbers of damaged neurons were
evident in layers II/III and V of lased cortex within the area
of laser exposure. Control animals which received either laser
exposure alone, or nanosphere injection alone, did not display
equivalent damage. Whitaker Fdn., NS26311, HD00859, Alz. Fdn.
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RETROVIRUS-MEDIATED ONCOGENE TRANSFER INTO FETAL BRAIN
TRANSPLANTS - A NOVEL APPROACH TO NEURO-ONCOGENESIS.
0.D, Wigstler, P. Kleihyes* and A. Aguzzi*. Laboratory of Neuropathology,
University of Zurich, CH-8091 Ziirich, Switzerland.

Using a neural transplantation model and retrovirus-mediated gene
transfer, we have introduced activated oncogenes into the developing rat
brain. With mock-infected donor cells, the transplants gave rise to highly
differentiated neuroectodermal tissue containing all major CNS cell types. A
high percentage of transplants exposed to the polyoma medium T
oncogene developed endothelial hemangiomas which expressed factor Vill-
related antigen. No abnormalities were seen in neurons and glial cells. By in
situ hybridization, transcripts of the medium T oncogene were detectable in
hemangiomas and in morphologically normal neuroectodermal cells.
Medium T protein was also identified in hemangioma-derived cell lines by
immunoprecipitation and in vitro kinase assay. In order to assess the cell-
specificity of the oncogene, analogous experiments were carried out with
retroviral constructs harboring the v-src, c-src-Phe527, v-Ha-ras and v-myc
oncogenes, respectively. Transplants Infected with the v-src construct
developed astrocytic tumors and mesenchymal neoplasms, but no vascular
abnormalities. in these grafts, v-src transcripts were detectable in the
tumors, but also in non-transformed neuroectodermal and endothelial cells.
Coexpression of v-ras and v-myc cDNAs yielded highly malignant,
polyclonal leslons apparently derived from poorly differentiated precursor
cells. These observations indicate that activated oncogenes are capable of
transforming specific target cells in the developing brain. Experiments to
uncover the molecular basls of cell-specific oncogene action and to identify
target cell lineages are in progress.

8.2

NONINVASIVE LESIONING OF MOUSE NEUROBLASTOMA CELLS BY DYE-
TARGETED LASER PHOTOLYSIS AFTER GRAFTING INTO MOUSE NEOCORTEX IN
VIVO. J.D.Macklis> and R.Madison®, Dept. of Neurology, Prog. Tn
Neuroscience, Harvard Medical School, Children's Hosp., Boston,
MA and °*Div. of Neurosurgery, Duke Univ., Durham, NC

We are developing methods by which neurons targeted by
retrograde incorporation of photoactive chromophores can be
noninvasively lesioned within the rodent CNS without injury to
intermixed neurons, glia, axons, or vascular and connective
tissue. At long wavelengths between 650 and 800 nm, laser energy
can penetrate nervous system tissue several millimeters without
absorption by unpigmented tissue. Illumination at these long
wavelengths damages cells containing latex nanospheres with
incorporated cytolytic chromophores (chlorin e6, e.g.). We
studied damagen_gv this process of laser photolysis (PL) to C1300
neuroblastoma (NE) cells grafted into mouse neocortex in vivo.

NB cells were cultured by standard methods, labeléd {n vitro
by brief exposure to latex nanosgheres containing rhodamine™as a
f{uorescent label and chlorin e6, and repeatedly washed for 24
hours. Young adult mice were injected with labeled NB cells-
within deep layers of motor cortex bilaterally, and overlylng
skull was replaced. After 24 hours, mice were expose
unilaterally through intact skull to pulsed 650 nm wavelength
laser energy to total doses of aggroximately 120 Joules/cm”.
Control mice had either labeled injections without laser
exposure, unlabeled NB injections with laser exposure, or laser
exposure alone. Serial sections of brains were examined
histologically after 2, 7, and 14 days. Injected control mice
and the unlased experimental hemispheres typically showed large
NB tumors at 7 and 14 days with areas of necrosis and hemorrhage.
Surrounding tissue was undamaged by these laser energies.
Injected hemispheres exposed to laser ‘energy showed absence or
reduction of NB tumor volume with degenerating NB cells,
lymphocytic and macrophage infiltrate, and normal surroundin
cellular architecture. ese results su%gest that prelabele
neurons could be noninvasively removed following transplantation
into rodent CNS. HDO0859, NS26311, Alzheimer's Assn, Whitaker Fdn

84

GENE TRANSFER INTO NEURONS OF THE ADULT RAT BRAIN.

BA. Sabel. C. Martin". C. Waldmann®, A, Freese and A, L Geller. Inst. Med.
Psych. U. Munich Med. Sch. F.R.Germany, Div. HST., MIT, Cambridge MA, and
Div. Cell Growth & Regulation, Dana Farber Can. Inst. Boston, MA 02115.

Genes were delivered into neurons of the adult rat brain using a defective
Herpes Simplex Virus (HSV-1) vector. This approach could be used to alter
normal neuronal physiology to study learning and memory or perform gene
therapy on neuronal diseases, such as Parkinson's Disease.

We have previously described a HSV-1 vector, pHSVlac, which stably
expresses B-galactosidase from the E. coli Lac Z gene in cultured neurons
from throughout the nervous system (Science 241, 1667, 1988). We now
demonstrate stable expression of B-galactosidase in neurons following
stereotaxic injection of purified pHSViac virus into the adult rat brain.
Following injection of pHSViac virus into the anterior medial secondary
visual area, dorsal hippocampus, stratum opticum of the superior colliculus,
red nucleus, and substantia nigra, B-galactosidase immunoreactive (B-Gal-
IR) cells were observed around the injection site and in neurons projecting to
it, presumably due to retrograde transport of the virus. Furthermore, some
B-Gal-IR cells also contained neurofilament-IR.  Expression of B-
galactosidase was stable; injection of pHSViac virus into the superior
colliculus resulted in expression of B-galactosidase in layer 5 pyramidal
neurons of primary visual cortex for at least 1.5 months. In contrast to wild
type HSV-1, pHSVlac virus did not spread throughout the brain; persistent
pHSViac DNA was not reactivated. Therefore, the location of the injection
site and amount of virus in the innoculum determines which neurons are
infected. Finally, the Lac Z gene in pHSViac can now be replaced by other
coding sequences whose products affect neuronal physiology, such as second
messenger enzymes or components of neurotransmitter release.
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8.5

MYELIN FORMATION IN MYELIN-DEFICIENT RAT SPINAL
CORD AFTER TRANSPLANTATION OF NORMAL FETAL

SPINAL CORD CULTURES. J.Rosenbluth, M.Hasegawa-,
N.Shirasaki», C.Rosen & 7. Liux. Depts. Physiol.
& Rehab. Med., N.Y.U. School of Med., NY 1001¢
Normal E15-18 d. rat CNS glial cells culturcd
2 or 7 d. and injected into juvenile mdr spinal
cord resulted in equal myelin formation in the
host 11-14 d. later. In both cases, more myelin
formed than after injection of spinal cord frag-
ments, but the area myelinated was still largely
restricted to the injection site. Immunostains
showed no galactocerebroside in cells cultured
2 d., but after 7 d., ~10-15% of cells were GC+.
At both times, ~25% were GFAP+, but none showed
neurofilament staining. Injection of donor
tissue that had been frozen and thawed, heated
to 60°C, or fixed in formaldehyde resulted in no
myelin formation. Nor did injection of fetal
mouse spinal cord, adult rat cord or a solvent
extract of adult rat cord. Thus, we were unable
to induce host oligodendrocytes to form normal
myelin by injecting killed or disrupted donor
cells or tissue extracts. The results imply that
the wmyelin formed after injection of cultured
fetal glia 1is generated by donor glia rather
than by host glia that have incorporated injec-
ted cell components. Supported by NIH & NMSS.

8.7

TRANSPLANTATION OF RODS TO RODLESS RAT RETINA.
P. Gouras, J. Du*, M. Gelanze*, R. Lopez* and H.
Kjeldbye*. Columbia Univ. Dept. Ophthal. New
York, N.Y. 10032

Photoreceptors are highly specialized neurons
which can be easily identified in the retina.
They can be dissociated from their contacts with
other cells and maintained viable in vitro where
they can form synapses with other neurons
(MacLeish and Townes-Anderson, Neuron 1:751,
1988). We have dissociated rat rods and mixed
thenm with previously dissociated retinal
epithelial cells from normal pigmented rats from
a strain congenic to an ocular albinotic mutant
for retinal dystrophy. The dystrophic rats lose
their photoreceptors at 2-3 months of age. We
have transplanted the rods and retinal
epithelial cells to the subretinal space of 4-5
month old dystrophic rats. The normal pigmented
epithelium both corrects the phagocytic defect
in the mutant strain and allows tracking of the
rods by light microscopy. Electron microscopy
reveals the presence of rods, with outer
segment, inner segment and nucleus in close
apposition to transplanted pigment retinal
epithelial cells for at least 24 hours after
transplantation. These are transplanted rods
because none are found in retinas of con-
tralateral control eyes.

8.9

INTRAPARENCHYMAL GRAFTING OF CEREBELLAR CELL SUSPENSIONS TO THE
DEEP CERFBELLAR NUCLEI OF ped MITANT MICE: RATIONALE AND HISTO-
CHEMICAL ORGANIZATION. L.C. Iriarhou, W.C. Low and B. Ghetti.
Dept. Pathol. (Neuropathol.) and Physiol. & Biophys., Med. Neu-
robiol. Pgm, Indiana Univ. Sch. of Med., Indianapolis, IN 46223
In transplanting embryonic cerebellar grafts to the cerebel-
lar cortex of 'Purkinje cell degeneration' (ped) mutant mice to
replace missing Purkinje cells (Pec), donor Pc leave the graft
and migrate to the molecular layer of the host. However, Pc
axons do not reach the deep cerebellar nuclei (DCN) of the host,
which would be a key element in providing the necessary inhibi-
tory cortico-nuclear projection associated with cerebellar fumc-
tion in normality. Rather, grafted Pc often leave their axon
inside the transplant, while the perikaryon migrates to the host
molecular layer. In the present study, aiming at re-establishing
a Pc innervation of the DCN, we implanted E12 cerebellar cell
suspensions intraparenchymally to the DCN of the hosts. The
development of grafted Pc was monitored with 28~kDa calcium~
binding protein (CaBP) immmocytochemistry. Donar Pc were found
in clusters both deeply in the DCN parenchyma and aligned along
cortical folia. A CaBP immmoreactive fiber plexus innervated
the host DCN. Physical continuity between Pc in the DCN and in
the cortex was seen, indicating the possibility that donor Pc
establish their axonal contacts in the DCN and then move to
their final cortical locality, thus recapitulating a migratory
path normally taken during embryonic development. It appears,
therefore, that DCN may be an important site for Pc implantation
both fram the ontogenetic and pathophysialogical standpoint.

8.6

MYOBIAST TRANSFER THERAPY AND NUCLEAR TERRITORY IN DYSTRO-
PHIC MICE. P.K. lLaw, H-J. Li*, T.G. Goodwin*, G.
Ajamoughli*, X. Y. Zhang*, and M. Chen*. Depts. of
Neurology, and Physiology/Biophysics, Univ. of Tennessee,
Memphis, TN. 38163.

A therapy has been developed to treat hereditary muscle
degeneration. Injection of histoincompatible normal
mydblasts into dystrophic muscles improved the structure
and function of the muscles to almost normal. Immuno-
suppression of the dzzj/dz2J hosts was induced by daily
subcutaneous injection of cyclosporin-A at 50mg/kg body
weight for 6 months. Eleven out of nineteen mice that
received myoblast injections in their leg and intercostal
muscles on both sides showed locomotive patterns similar
to normal. Life spans of the myoblast-injected dystrophic
mice were extended from nine to eighteen months. Using
dimeric isozymes of glucosephosphate isomerase as genotype
markers for host and donor cells, the demonstration of
parental and hybrid isozymes inside the injected muscles
substantiated the survival and development of donor
mycblasts into normal myofibers, and the fusion of normal
myoblasts with dystrophic satellite cells to form geneti-
cally mosaic myofibers. Immunocytochemical analyses of
host and donor nuclei within mosaic myofibers indicated
that normal~appearing fibers contained at least 20% of
randanly-distributed nomal nuclei. The therapy reple-
nishes lost cells and repairs degenerating cells and is
based on muscle developmental processes universal to all
mammals. (Supported by USPHS N5-20251,26185)

8.8

NEURAL TRANSPLANTZ [N AN EXPERIMENTAL MODEL OF
AMYUTR?PHIC LATERAL SCLEROSIS FE. Nothias® J.C.
t-Do ine¥ ira*
[ : i INSERM U 161.

Univ. Paris V, Inst. Neurosc. CNRS. Paris France.

Amyvotrophic lateral sclerosis is a moto-
neuronal degenerative disease leading to paralysis
and muscle atrophy. Deep intra-spinal iniections
of excitotoxic substances reproduce some aspects
of the disease. The present study was undertaken
to determine whether fetal spinal neurons
transplanted into the lesion as a cell suspension
may reconstruct parts of the disrupted circuitry.

Transplanted neurons developed and
differentiated although few motoneurons were
immunocvtochemically identified. Afterent fibers
from the host innervated the transplants:
descending monoaminergic fibers grew into the
transplants and formed a loose network: cortico-
and rubro-spinal fibers were few in number and
contacted neurons only in the peripheral areas of
the grafts: primary CGRP-immunoreactive C-fiber
arferents contacted transplanted neurons mostly in
their usual localization in the dorsal horn.

Grafted neurons did not grow axons into the
host ventral roots. In contrast, axonal outgrowth
was obtained when a piece of sciatic nerve was
implanted at one end into the neural graft.

These experimental results are presented as a
first step in the search for a palliative therapy

against motoneuronal degenerative diseases
Swupporins vy APA grenvs TCRE-0 ane A -8B002-1
8.10

ISOCHRONIC TRANSPLANTATION OF NEONATAL GRAFTS IN THE
VISUAL CORTEX OF CATS: RESPONSIVENESS, OCULAR DOMINANCE
AND SPECIFICITY OF THE QELLS TO VISUAL STIMULATION.
U.Yinon and S. Gelerstein . Physiol. Lab., Goldschleger
Eye. Res. Iast., Tel-Aviv Univ. Fac. Med., Sheba Med. CTR,
Tel-Hashomer, 52621, Israel.

Neonatal isochronic cortical transplants were studied
physiologically in order to reveal possible functional
integration within the host cortex. Extracellular unit
recording was made in cortical areas 17 and 18 of 3
homograft cats with transplants between brothers (N=225
cells), 4 cats with reimplanted autografts (N=133), and
pseudograft controls with analogous sectioning (3 operated
kittens, N=173; 5 adults, N=204). Cellular activity was
indicated by typical bursts of action potentials in the
transplanted sites and 1in the host tissue. Visual
responsiveness in the transplanted sites was the highest
in the adult pseudografts (>60%) and the smallest 1in the
homografts (<20%Z). Ocular dominance distribution of cells
showed the highest performance (similarity to the host
tissue) 1in the kitten autografts and the lowest in the
homografts. Orientation nonspecificity was the least in
the adult pseudografts (<5Z) and the most in the kitten
autografts (>35%) while directional specificity showed no
consistency in the various cats. It is concluded that
cells in the transplanted site of the visual cortex showed
partial functional recovery; their exact proportions,
however, will be known after determining anatomically the
boundaries of the transplant.
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8.11

VASOPRESSIN NEURONS IN TRANSPLANTED PARAVENTRICULAR (PVN)
AND SUPRACHIASMATIC (SCN) NUCLEI ESTABLISH DISTINCT SETS OF
EFFERENT CONNECTIONS WITH THE HOST BRAIN. i

DM, Gash. Dept. of Neurobiology and Anatomy, University of Rochester Medical
Center, Rochcslcr NY 14642.

Vasopressi eactive (VPir) in tr d fetal hyp
exhibit several distinct morphological phenotypes. In particular, two types of
parvicellular VPir neuron are often present in significant numbers, one of which
develops from the anlage of the SCN and the other from the PVN. Previous work
with grafts of whole anterior hypothalamus indicated that these morphologically
distinct types of VPir neurons established discrete sets of efferent connections with
the host brain. The present study was designed to confirm and extend these
observations by separately transplanting microdissected PVN and SCN.

Donor tissue was obtained from normal Long Evans rat fetuses (E15-17), and the
SCN or PVN from one donor was transplanted to the periventricular hypothalamus of
an adult, VP-deficient Brattleboro host. Developing ncocortex served as a tissue
control. Host animals were sacrificed 6-12 weeks after transplantation; viable grafts
were recovered in all cases. All SCN grafts contained VPir cells that resembled
those of the endogenous SCN and which projected to areas of the host periventricular
diencephalon that ordinarily are innervated by this nucleus. The subparaventricular
zone, thalamic paraventricular nucleus and host SCN were especially likely to be
densely inncrvated by SCN grafts. Conversely, transplanted PVN contained VPir
neurons that resembled the parvicellular neurosecretory component of this nucleus.
VPir neurons in PVN grafts projected to vasculature in the graft and host brain, and
also 10 a well defincd sct of neural targets that were largely distinct from those
innervated by SCN grafts. The medial and dorsal prcoptic area, and the rostral
paraventricular nucleus of the host brain were most consistently innervated by PVN
grafts. Fewer VPir fibers were found in the periaqueductal gray, lateral hypothalamus
and basal forebrain areas (especially the bed nucleus of the stria terminalis).

Supported by NIH grant NS 19900.

8.13

AN ANALYSIS OF IMMUNE RESPONSE TO CELLULAR AND
ACELLULAR NERVE ALLOGRAFTS AND THEIR USE IN
NERVE REPAIR. A.K. Gulati* (Spon: T.A. Harrison). Department
of Anatomy, Medical College of Georgia, Augusta, GA. 30912.

The present study was designed to determine the
immunogenicity of acellular basal lamina allografts and their
potential as bridging material for nerve gap repair. Inbred strains of
Fischer and Buffalo rats were used. Acellular grafts were prepared
by repeated freezing and thawing of 6 week in situ predegenerated
nerve. Non-frozen predegenerted nerves were used as cellular grafts
for comparison. Fischer rats served as hosts and received 2 cm long
cellular or acellular isografts (genetically identical) and allografts
(genetically different). Grafts were morphologically evaluated at
1,2,4 and 12 weeks after transplantation for rejection and their ability
to support regeneration. The cellular isografts supported axonal
regeneration best. The cellular allografts were invariably rejected.
Acellular allografts, in spite of their mild immunogenicity were
successful in supporting regeneration, as were the acellular isografts.
The rate of host axonal regeneration and recovery of target muscle
was reduced in acellular allografts and isografts as compared to
cellular isografts. Itis concluded that acellular allografts exhibit
reduced immunogenicity and are suitable for supporting axonal
regeneration and may be used to bridge gaps in injured peripheral
nerves.

(Supported by NIH grant NS24834)

8.12

MAJOR HISTOCOMPATIBILITY ANTIGEN EXPRESSION AND CELLULAR
RESPONSE IN SPONTANEOUS AND INDUCED XENOGRAFT REJECTION. L F.
Pollack®, R. D. Lund and K. Rao. (SPON: E. M. Nemoto). Department of Neurobiology,
Anatomy, and Cell Science, Univ. of Pittsburgh, Sch. of Med., Pittsburgh, PA 15261

Embryonic mouse retinal transplants placed in the midbrains of neonatal rats generally
survive for prolonged periods without immune suppression. Only 10 - 20 % of such grafts
undergo "spontaneous" rejection, however, rejection can be induced by skin grafting, host eye
removal (producing optic tract degeneration), and disruption of the blood-brain barricr with
mannitol. In this study, the pattern and time course of major histocompatibility (MHC)
antigen expression and the nature of the ccllular response m each of lhesc four rejection
models were ined in detail hi ically and i

Embryonic CD-1 mouse retinal grafts (E13 14) were imp dinthe dorsal
of neonatal Sprague-Dawley rats. One month later, host rats received skin grafts, eye lcsmns
or intracarotid mannitol infusion. Control animals (for evaluation of spontaneous rejection)
received none of these sensitizing stimuli. After appropriate survival times, fixation, and
tissue preparation, adjacent sections were stained with cresyl violet, OX-6 (for MHC class
11), OX-18 (for MHC class I), OX-42 (for microglia), W3/25 (for reactive microglia), anti-
lymphocyte antibody, and GFAP (for astrocytes), and examined by light microscopy.

Spontaneous rejection (8 animals) was accompanicd by diffusc expression of class I and
1T antigens (Ags), and widespread infiltration of inflammatory cells throughout the transplant
and in the surrounding brain well rostral and caudal to the graft. Skin graft-induccd rejection
(16 animals) produced a much more localized cxpression of MHC Ags and infiltration of

y cells that involved only the transp itself and a small rim of surrounding host

brain associated with a profound degree of graft necrosis. After cye removal (18 animals),
prominent class I and II Ag expression was scen at 7 days in the optic terminal arca of the
superior colliculus, within the projections of the graft to the colliculus, and around the graft
itself, well in advance of any lymphocytic infiltration. With longer survival times, widesprcad
MHC Ag expression associated with astrocytosis, microgliosis, and perivascular cuffing by
lymphocytes, were found within the graft, the optic terminal region, and the surrounding
colliculus. Involvement of distant areas of the brainstem, typical of spontaneous rcjection,
was not seen. Following mannitol infusion (8 animals), widespread MHC Ag expression and
cellular infiltration were seen, closely resembling spontaneous rejection. These results suggest
that the pattern of MHC Ag expression and cellular infiltration associuted with rejection is
critically dependent on the mechanism by which graft rejection is induced.

CELL LINEAGE AND DETERMINATION I

9.1

USE OF Dil TO TRACE THE MIGRATION OF NEURAL CREST-DERIVED
CELLS TO THE BOWEL H.D.Pomeranz. T.P, Rothman, and M.D. Gershon,

Department of Anatomy and Cell Biology, Columbia University, P & S, New
York, NY 10032.

Although the enteric nervous system (ENS) has been shown in avian embryos
to be formed by emigrés that migrate to the bowel from the neural crest, the axial
levels from which these precursors originate is controversial. Experiments with
chick-quail chimeras have suggested that both the vagal and sacral crest contribute
precursors to the gut. In contrast, the use of morphological markers to study
enteric neuronal development in situ and in explants of short segments of bowel
has failed to confirm a sacral origin of enteric crest-derived cells. The non-
deleterious fluorescent probe, Dil, was therefore employed to trace the migration of
crest cells by means that do not involve the construction of chimeras. Dil (2.5%
in 100% ethanol) was injected with pressure through a micropipette (tip diameter
= 10 pm; 1-2 pulses [100 msec] of N7 at 8 psi) into the neural crest of chick
embryos (10 to 28 somites). The embryos were incubated for 24-96 hrs post-
injection. Dil-labeled cells were found in the region of the injection site and also
in distant locations. Injections into the vagal crest led to the appearance of Dil-
labeled cells in the bowel. Some of these cells were round or polygonal, while
others had the appearance of neurons with varicose fluorescent nerve fibers. The
fluorescent cells were located in the outer gut mesenchyme. Injections of thoracic
or lumbar crest did not label cells in the bowel; however, Dil-labeled cells were
found in the sympathetic and dorsal root ganglia, peripheral nerves, adrenal glands,
and undemeath the epidermis. These observations indicate that microinjections of
Dil into the neural crest can be used to identify the specific levels of origin of
crest-derived cells in target organs, such as the gut. Experiments involving the
injection of Dil into the neural crest caudal to somite 28 are now in progress to
test the hypothesis that the sacral crest contributes to the formation of the ENS.
Supported by NIH grants GM 07367, HD 17736, and NS 15547.

9.2

DEVELOPMENTAL POTENTIAL OF TRUNK NEURAL CREST
CELLS IN SITU. Marianne Bronner-Fraser and Scott E. Fraser, Devel.
Biol. Center, U.C. Irvine, Ca. 92717

Trunk neural crest cells migrate extensively and contribute to diverse
cell types including cells of the sensory and autonomic nervous system.
To analyze the develepmental potential of individual neural crest cell
precursors, we have microinjected a vital dye, lysinated rhodamine
dextran (LRD), into the dorsal neural tube. Previously, we
demonstrated that some trunk neural crest cells give rise to descendants
in muitiple derivatives (Bronner-Fraser and Fraser, 1988, Nature
335:6186). Here, we examine the phenotypes derived from LRD-
labelled cells using neurofilament expression as a marker for neurons.
By two days after injection, the LRD-labelled clones contained from 2
to 73 cells, which were distributed bilaterally in the majority of
embryos, and extended over 20 to 530 microns in the rostro-caudal
dimension. Individual labelled precursors gave rise to both sensory and
sympathetic neurons (neurofilament positive), non-neuronal cells
(neurofilament negative), and cells with the morphological characteristics
of Schwann cells or pigment cells (neurofilament negative).
Furthermore, in some cases, a single labelled precursor contributed to
both neural crest- and neural tube-derived neurons. This suggests that
the neural crest is not a presegregated population, but shares a common
lineage with some neural tube cells. Several LRD-labelled clones,
including three derived from emigrating neural crest cells, contributed
only to neural crest derivatives; many of these clones were multipotent.
Our data demonstrate that premigratory and emigrating trunk neural
crest cells can give rise to multiple neural crest derivatives, and can
contribute to both neuronal and non-neuronal elements within a given
structure. (Supported by USPHS HD-25138 and BNS 8608356).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 15, 1989



12 CELL LINEAGE AND DETERMINATION I MONDAY AM

9.3

WITHDRAWN

9.5

ENVIRONMENTAL CUES INFLUENCE DIFFERENTIATION OF RAT
RETINAL GERMINAL NEUROEPITHELIAL CELLS. T.A. Reh,
Dept. Medical Physiology, Univ. Calgary, Calgary, Alta,
CANADA T2N 4N1.

Previous studies in amphibians and fish have shown that
local environmental cues play a role in determining the
types of neurons produced by the retinal germinal
neuroepithelial cells. We have devised an in vitro
strategy to demonstrate that the same processes are
involved in regulating neurogenesis in the mammalian
retina. By co-culturing E15 rat retinal cells,
labelled with H3-thymidine, and retinal cells from
various postnatal ages, we can determine whether the
postnatal cells can influence the types of neurons that
the E15 germinal cells differentiate into. We have
found that the E15 germinal cells can be induced to
form rods when co-cultured with Pl and P3 cells, but
not when cultured alone or with Pll cells. Thus, we
conclude that the local environment plays a role in
determining the phenotypic expression of germinal
neuroepithelial cells during rat retinal development.
Supported by MRC and Retinitis Pigmentosa. T.A.R is a
Sloan Fellow and an AHFMR Scholar.

9.7
CONTROL OF NEURONAL FATE BY THE HOMEOTIC GENE MAB-5IN THE

NEMATODE C. ELEGANS C. M, Loerand C. K, Kenyon*. Dept. of Biochem.

and Biophysics, Univ. of California, San Francisco, CA 94143.

The gene mab-5 is required to determine posterior-specific cell

fates in neuronal, epidermal, and mesodermal cells in the posterior
body of the nematode C. elegans (Kenyon, 1986, Cell 46: 477). For

example, cells V5 and V6 divide postembryonically to produce neuronal
sensilla called rays, whereas their anterior homologs, V1-V4, produce
epidermal seam cells. Loss of mab-5 activity causes V5 and V6 cells to
divide and differentiate like V1-V4. Mutations in the gene /in-22 cause

the opposite changes in cell fate: V1-V4 produce rays instead of seam

cells. Varying the dosage of wild-type mab-5 and lin-22 can shift the

boundary between anterior and posterior cell fates, suggesting that

these genes may mutually inhibit one another. The gene encoding mab-5

has been cloned and partially sequenced (Costa et al., 1988, Cell 55:
747). The sequence suggests that mab-5 may act by regulating other
genes: it encodes a homeodomain, a putative DNA-binding motif, in

which 44 of 60 amino acids are identical to those of the homeodomain of
Antennapedia from Drosophila. In situ hybridization with mab-5 cDNA

probes reveals that expression of mab-5 RNA is restricted to the
posterior of larvae (Costa et al., ibid.) and embryos. We will test

whether the expression of mab-5 message is altered in /in-22 mutants.

It wild-type lin-22 gene product acts to restrict mab-5 to the
posterior, then mab-5 expression is predicted to extend anteriorly in

lin-22 mutant worms. We also plan to examine the expression of mab-

5 protein during development of wild-type and pattern-formation
mutant worms. We have generated a B-gal/mab-5 fusion protein that
will be used to produce antisera to the mab-5 protein.

9.4

RELATIONSHIP BETWEEN TRANSLOCATING PITUITARY PRECURSOR
CELLS AND BRAIN CELLS IN THE EXPRESSION OF POMC mRNA IN
EMBRYONIC FROG: W.P, Hayes and Y.P. Loh. Laboratory of
Developmental Neurobiology, NICHD, Bethesda, MD 20892.

To determine the sequence of events involved in the activation of the
proopiomelanocortin (POMC) gene in brain and pituitary, the cells that first
express POMC were identified in Xenopus laevis embryos using in situ
hybridization Intronic and exonic 48-mer oligonucleotide probes encoding
regions of the Xenopus POMC gene (Martens, G., Eur. J. Biochem. 165:
467, 1987) were used to differentiate primary transcript RNA from mRNA.

POMC gene expression was first seen at developmental day 1.3 (Stage
28) in cells of the embryonic stomodeal-hypophyseal plate. In 1.5 to 2 day
old embryos (Stage 29/30 to 33/34), this entire structure, which is
homologous to Rathke's pouch of amniotes, was fabeled by exonic, but not
intronic, probes. In frog, these cells undergo a poorly understood process
translocating caudally from the oral ectoderm between the brain and
foregut. By day 2.3 (Stage 37/38), they near the notochord, where they
are presumed to form the anterior and intermediate lobes of the pituitary. It
is now clear from these in situ findings that many pituitary precursor cells
are already differentiated as they pass in proximity to the developing brain.
Labeling in neural tube showed that cells are expressing POMC in the
diencephalon by Stage 31. These cells were in the most ventral part of the
tube just adjacent to the labeled hypophyseal plate. More labeled cells
were seen in the dorsolateral part of the ventral diencephalon at Stages 32
and 33/34. These cells appeared to radiate from the point at which the
hypophyseal plate made its closest pass with the embryonic brain.

The possibility that the onset of POMC gene expression in brain is
somehow dependent on interactions with these hypophyseal cells is being
explored. (W.P.H. is supported by an Associateship from the National
Research Council.)

9.6

Determination of total segment number in the leech. Katering Markopoulou® and
G.S, Stent. Dept. of Molecular and Cell Biology, University of California,
Berkeley, CA 94720.

The cetodermal and mesodermal lincages in the leech derive from five bilateral
pairs of blastomeres called teloblasts. Each teloblast divides asymmetrically giving
ris¢ o a bandlet composed of several dozen primary blast cells. The five
bilaterally paired bandlets form the germinal bands, which later coalesce along the
ventral midline to form the germinal plate. Each teloblast produces more blast
cells than are needed to form the 32 segments of the matuore leech. These super-
numcrary cells do not become incorporated into the germinal plate and
degenerate. Previous work (Shankland, M. Nature, 307: 541-543, 1984) has shown
that positional signals are probably necessary for the correct termination of blast
cell incorporation into the germinal plate. One hypothesis regarding these signals
maintains that a progressive disparity in relative developmental age between the
various blast cell lincages serves as an indicator of position along the longitudinal
enbryonic axis. which determines total segment number. The results of pre-
liminary experiments aimed at disturbing the relative developmental age between
the bandlets by causing a delayed production of blast cells in one of the lincages
appear 1o support this hypothesis. The injection of the polypeptide antibiotic
mithramycin, a non-specilic transcription inhibitor, into a teloblast retards blast
ccll production, which in turn results in the formation of an abnormal number of
segments. A varicty ol other abnormalitics arc also observed. depending on the
blast cell lincage whose production was delayed, such as transfating of elements
normally derived from one lincage (o) into clements normally derived from
another lincage (p). and changes in the number and position ol identificd ncurons
normally derived from a predominantly ncural lincage (). These findings suggest
that determination of segment number may be associated with segment-specilic
deflection of a general metamerice developmental pathway.

9.8

GENERATION OF ENTERIC NEURONS FROM AN EPITHELIAL
PLACODE DURING INSECT EMBRYOGENESIS P.F, hav

H T r{. Department of Anatomy & Neurobiology, Box 8108
Washington University School of Medicine, St. Louis, MO 631

We have been examining the program of neurogenesis that gives rise to
the Enteric Plexus, a discrete region of the Enteric Nervous System of the
moth, Manduca sexta. The Enteric Plexus spans the foregut-midgut
boundary and contains approximately 400 neurons (the EP cells) of diverse
morphological and biochemical phenotypes, including one class that
expresses peptides related to the molluscan peptide FMRF-amide.
Previously we have shown that during embryogenesis, these neurons
achieve their mature distributions by a stereotyped sequence of migration,
and that the delayed expression of peptidergic phenotype is regulated by
post-migratory cellular interactions. We have now characterized the
neurogenic events that precede the onset of migration, and we have
analyzed the mitotic relationships giving rise to this neuronal population.
All of the EP cells arise from a common placode in the dorsal lip of the
foregut epithelium; this placode first appears at 30% of embryogenesis and
subsequently evaginates onto the dorsal foregut surface (between 30-40%)
to form a discrete packet of several hundred premigratory cells. During
this process, columnar epithelial cells cease to be mitotically active, lose
their dye coupling with adjacent cells, and round out of the epithelium.
Labels for DNA synthesis activity and intracellularly injected lineage
tracers indicate that individual epithelial cells undergo a limited number
of symmetric divisions prior to their extrusion onto the foregut surface.
However, the vast majority of EP cells appear post-mitotic during their
subsequent migration and differentiation. Experiments using an in vitro
culture preparation have shown that these events can proceed even when
the foregut epithelium has been isolated prior to the onset of placode
evagination. We are currently studying the role of cell lineage in the
differentiation of these placode-derived neurons. Supported by an NIH
postdoctoral fellowship to PFC (F32NSO7957) and NIH grant #NS21749.
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9.9

MULTIPOTENT NEURAL CELL LINES, GENERATED VIA
RETROVIRAL-MEDIATED GENE TRANSFER, INTEGRATE
IN VIVO FOLLOWING TRANSPLANTATION INTO
DEVELOPING MOUSE CEREBELLUM (CB), E.Y.Snyder'.
D.L.Deitcher’. C.Walsh. C.L.Cepko’. Dept. of Genefics. Harvard
Medical School. Boston. MA Uli 5.

We previously reported generation of immortalized neural ccli
lines via retroviral-mediated v-myc transfer into neonatal mouse
CB cells (Soc.Neurosci.Abstr13:700.1987). Infection established
families of clonally-reTated Tines with neuronal-glial multipotency.
some lines evincing heterogeneity & plasticity of phenotype. We
now report that. when transplanted into neonatal mice. these lines
become integrated into the developing CB. Cells from a given line
were marked by infection in vitro with virus containing the lacZ re-
porter gene. Concentrated helper-free cell suspensions were
transplanted into Pl mice. After 9-22 mos.. sections of CB.
processed to locate labeled cells. revealed integration of
transplanted cells in a cytoarchitectonically  appropriate.
nontumorigenic manner. In some animals. 5-10x103cells spanning
1.7mm were incorporated. Furthermore. lines which were
multipotent in vitro retained their multipotential nature in vivo
within the same animal. Some cells migrated to the internal
granular layer & possessed neuronal morphology: others localized
to the molecular layer & possessed glial morphology. These lines
may have potential for repair or for gene transport into CNS.
Future work will establish the functional integrity of these
transplanted cells. the extent of their temporal & anatomic
plasticity. & their ability to reconstitute deficits in mutant mice.

9.11

EXPRESSION OF A NEURONAL PHENOTYPE BY PANCREA-
TIC ISLET CELLS OF ADULT MOUSE IN VITRO. G. Teitelman
and M. Moustakos, Neurobiology, Comell U. Med. Coll., NY, NY 10021

Pancreatic islet cells of embryonic and adult mouse contain the
catecholamine biosynthetic enzyme tyrosine hydroxylase (TH) and
several other neuronal specific antigens. In this study we sought to
determine whether endocrine cells of pancreas can express not only
neuronal markers but also a neuronal morphology. Pancreatic islets from
adult white outbred (CD-1) mice were dissociated into single cells and
maintained in vitro in culture media [90% RPMI 1640, 10% fetal calf
serum (Gibco), 20mM Hepes buffer, 16.7mM glucose and antibiotics]).
Two weeks later cells were fixed and processed for immunocytochemical
staining. Many cells were found to contain insulin (B cells), while others
remained unstained. Some stained cells were round or elongated while
others formed neuritic-like processes, did not fasciculate, were often
branched, and extended long distances in the culture dish. Preliminary
experiments indicate that these elongations also stained with neurofila-
ment antisera (gift of P. Levitt). To test the role of cellular interactions
on process formation, adult mouse pancreatic islets were isolated, main-
tained in vitro without dissociation and immunostained 2 weeks later.
Transplanted islets contained all endocrine cell types characteristic of
islets in vivo but did not extend processes. Other cells had a neuronal
morphology. Presumably, these cells are the pancreatic parasympathetic
neurons, since they were found outside the islets and did not contain
pancreatic hormones. Our studies, therefore, indicate that B cells of adult
mouse pancreas can form neurite-like processes and that this ability is
inhibited by normal histotypical associations. Since islet cells arise from
endoderm, this suggests that cells originating in non-ectodermal cell
layers may express neuron-like biochemical and morphological traits.
Supported by NIH #HL 18974 and DK 38171.

9.10

NEURONAL LINEAGES |IN CHIMERIC FOREBRAIN ARE
COMPARTMENTALLY SEGREGATED. i o

D. van der Kooy Neurobiology Research Group, Department of Anatomy and
§Sinai Hospital Research Institute, Department of Medical Genetics,
University of Toronto, Toronto, Ontario, Canada, M5G 1X5.

The mammalian forebrain is comprised of two major structures, the cortex
and the striatum. These structures can be further subdivided
developmentally and biochemically into compartments. The cortex can be
subdivided into deep versus superficial layers and the striatum into patch
versus matrix compartments. Interspecific chimeric Mus musculus/ Mus caroli
mice were used to determine the contribution of lineage to cellular position
within these forebrain compartments. Cells from either strain could be
unambiguously identified in adults using in situ hybridization with a sateliite
DNA probe specific to the Mus musculus strain. Qualitative analysis did not
reveal any obvious segregation of the ratio of genotypes among forebrain
compartments. In contrast, a statistical analysis revealed evidence of both
spatial and compartmental lineage segregation. A significant difference
depending on chimeric specimen was observed between areas (regardiess
of compartment) that were separated by greater than 300 um in the
rostrocaudal plane. Perhaps most remarkably, differences were observed
between early born (striatal patch and deep cortex) and late born ( striatal
matrix and superficial cortex) neurons, but not between cortex and striatum,
as awhole. On a smaller scale of analysis, ditterences in genotype ratios were
seen between radially aligned deep and superficial cortical areas, in both the
neuronal and glial populations. This evidence supports the existence of early
lineage restrictions to time of neurogenesis and thus to forebrain
compartment.

9.12

Stage-Specific Mechanisms Regulate Transmitter Pheno-
type in Developing Rat Sensory Ganglia. D,M, Katz and
MLJ4_E:h., Dept. Medicine and Center for Neuroscience,
Case Western Reserve Univ., School of Medicine,
Cleveland, OH 44106.

A subpopulation of petrosal ganglion (PG) sensory
neurons express catecholaminergic properties, including
functional tyrosine hydroxylase (TH). Most TH cells
are also distinguished by innervation of a single peri-
pheral target, the carotid body (Katz, D.M. and Black,
I.B., J, Neurosci., 6:983, 1985). During development,
however, two different populations of TH neurons appear
in the PG; early cells, in which TH is transiently ex-
pressed between embryonic day (E) 11.5 - 15.5, and late
cells in which expression begins on E16.5 and is sub-
sequently maintained. To elucidate mechanisms of
sensory neuron differentiation, immunocytochemical and
tissue culture methods were used to determine whether
TH expression is triggered by common mechanisms,
including neuron-target interactions, at these two
stages of development. In culture, TH expression by
the transient population occurs in the absence of peri-
pheral target tissues. In contrast, neuron-target
interactions appear important for expression after
E16.5. Our data suggest that distinct mechanisms may
regulate expression of a single transmitter trait at
different stages of sensory ganglion development. Grant
PL653 (Am. Heart, OH) and Dysautonomia Fndtn., Inc.

NEUROGLIA

10.1

CULTURED HUMAN OLIGODENDROCYTES ARE SUSCEPTIBLE TO LYSIS
BY MHC CLASS I-DIRECTED CYTOTOXIC LYMPHOCYTES. T.C.G.
Ruijs*, A. Olivier*, M.S. Freedman*, J.P. Antel.
Montreal Neurological Institute,McGill University,
Montreal, Quebec, Canada H3A 2B4.

Adult human oligodendrocytes (0GC) in culture express
major histocompatibility complex (MHC) class I antigens,
suggesting a potential susceptibility to cytolysis by
MHC class I restricted cytotoxic lymphocytes. This inter-
action could contribute to the tissue injury seen in
multiple sclerosis, where abundance of activated T-1lympho-
cytes of all phenotypes, and damage to OGC and myelin are
f?und in CNS lesions. We have previously established a
Slchromium release assay with 0GC-enriched cultures of
adult human glial cells, derived from surgically resected
tissue. In this study, lymphocytes were allo-activated
with peripheral blood-derived mononuclear cells from the
glial cell donors. Activated lymphocytes exhibited a mean
specific lysis of labelled OGC of 30% (n=4, range 19-42%
at a 10:1 effector:target ratio). Lysis by the CD8* (MHC
class I restricted) subset exceeded lysis by CD4+ (MHC
class II restricted) cells and could be partially blocked
by the anti-MHC class I antibody W6/32. Lymphocytes acti-
vated against mononuclear cells bearing MHC class I epi-
topes discordant with the glial cell donor's MHC class I,
showed significantly less cytotoxicity (mean 12%, range
8-15%, p<.02).

10.2

PROLIFERATION OF MATURE ASTROCYTES IN RESPONSE TO
TUMOR NECROSIS FACTOR. K.W,Selmaj”, M.Farooq™,
W,T.Norton, C,S.Raine and C.F.Brosnan .(SPON: DC
Miller) Dept. of Path., Albert Einstein Coll. Med.
Bronx, NY 10461.

The effect of cytokines on primary cultures of
mature bovine astrocytes was determined in
chemically-defined medium with or without the addition
of serum. The results show that in serum-free medium
human tumor necrosis factor (TNF) and, to a lesser
degree lymphotoxin (LT) and incarleukig-& (IL-6), are
mitogenic for astrocytes. Uptake of [“H]-thymidine
could be detected within 36h in vitro. In contrast
neither IL-la nor IL-18 induced astrocyte
proliferation in serum free medium. The proliferative
effect of TNF and LT was also observed in
serum-containing medium and was confirmed by
autoradiography and cell counting. Analysis of mRNA
for GFAP by Northern blotting demonstrated a complex
response that was both dose- and time-dependent.

None of the cng¥ines tested was toxic for astrocytes
as measured by ““chromium release. No mitogenic
effect for oligodendroglia, purified from the same
source, was detected. The results support a role for
TNF and LT in the development of reactive gliosis such
as that found in diseases like multiple sclerosis
(MS). Supported by NS 11920 and NMSS 1089.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 15, 1989



14

NEUROGLIA

10.3

DISTINGUISHING CELLS FROM THE MAMMALIAN NERVOUS SYSTEM BY
PROTON NMR SPECTROSCOPY. R.Small, D.Gadian*,P.Patel*,
N.Van Bruggen* and S.Williams*. Institute of Neurology and
Royal College of Surgeons of England, London WCIN 3BG, UK.
Proton NMR spectroscopy provides a sensitive non-invasive
method for analysing localised regions of brain. Signals
obtained include lactate, N-acetyl-aspartate(NAA), choline-
containin% compounds(Cho) and creatine+phosphocreatine(Cr).
Abnormal '‘H spectra have been reported in patients with
CNS disorders involving neuronal degeneration and/or
proliferation of non-neuronal cells. To understand the
processes underlying such alterations, we have examined
the *H spectra of purified astrocytes, oligodendrocytes,
meningeal cells and types of neurons. After assessing sam-
ples purity by immunostaining with specific antibodies,
cells were washed in PBS and extracted into 12% perchloric
acid. Each cell preparation showed a characteristic 1H pro-
file, marked either by the presence of unique peaks or by
distinct concentration ratios between compounds. Cortical
astrocytes, for example, showed a Cho/Cr ratio of 0.49+0.07
and no detectable signal from NAA. This ln spectra from
astrocytes is remarkably similar to *H spectra recently
reported from astrocytomas (Gadian et al, Soc. Magn. Reson.
1989) showing elevated Cho/Cr ratios, and no NAA signals.
Different neuronal-types could also be distinguished by
their NMR profiles. These data suggest that in vivo NMR
offers a powerful technique for examing alterations in
cellular constituents during CNS diseases.

10.5

INDUCTION OF MYELIN SCHWANN CELL PHENOTYPE IN VIVO AND IN
VITRO. R. iMirsky*, K.R. Jessen* and L. Morgan*. (SPON:
Brain Res. Assoc.) Dept. Anatomy, Univ. CoTl. London

The two mature Schwann cell phenotypes seen in mature
peripheral nerves, myelin-free and myelin Schwann cells,
arise from a common early Schwann cell. Axonally induced
developmental events occur in both pathways. The molecu-
lar differences between the two mature Schwann cell types
all result, however, from axonally regulated events
restricted to the myelination pathway. Thus the myelin-
free pathway is constitutive. The development of the
myelin Schwann cell requires not only induction of myelin
proteins but also down-regulation of proteins e.g.
N-CAM, ASE3, 217c(Ran-1) and GFAP, associated with the
constitutive myelin-free pathway. Schwann cells in short
term cultures which express proteins typical of the
constitutive pathway, can be induced to up-regulate the
myelin protein P, and down-regulate N-CAM, A5E3, 217c and
GFAP after treatment with cAMP analogues or cholera toxin
for a total of 3 days. In induced cells, P, is expressed
in all areas of the Schwann cell membrane. Furthermore,
cells expressing high levels of P, show down-regulation
of the proteins GFAP, 217¢, N-CAM and A5E3. Thus a
series of molecular events related to induction of myelin
Schwann cells in vivo can be reproduced in early Schwann
cell cultures.

10.7

FURTHER EVIDENCE FOR THE EXISTENCE OF TYPE 2 ASTROCYTES IN
VIVO. BA, Barres, LL.Y, Chun®*, and D.P, Corey, Program in Neuroscience,
Harvard Med School; Dept of Neurology, HHMI, Mass Gen Hosp. Boston, MA.

Two types of astrocytes have been described in cul!utes of rat optic nerve and
other white matter; these are morphologically, antig lly, and develop tally
distinct (Raff et al., 1983), and also electrophysiologically distinct (Barres et aI
1988; in preparation). In neuron-free cultures, type 1 astrocytes are polygonal
and A2BS5 negative, while type 2 astrocytes are stellate and A2BS positive. Two
classes of astrocytes are also found in Golgi impregnations and after HRP
injections: one with radial processes terminating on blood vessels, the other with
longitudinal processes terminating at nodes of Ranvier (Miller, Fulton, and Ralff,
1989). They suggested that these longitudinal cells are type 2 astrocytes because
they develop only after 2 weeks postnatal and because perinodal astrocyte
processes in vivo are antigenically similar to type 2 astrocytes in vitro.

To determine whether a subclass of astrocytes exists in vivo with the
electrophysiological properties of the type 2 astrocytes in culture, we recorded
from acutely isolated cells in a new preparation called a tissue print. Cells were
prepared by gently touching papain-treated optic nerve tissue to nitrocellulose-
coated glass coverslips. A thin layer of viable cells--still bearing extensive
processes--adhered tightly to the glass. Adberent cells were identified using

>fluor Ionic currents in labelled cells were studied using
whole-cell patch recording.

These experiments have revealed the existence of a subclass of astrocytes,
arising only after the 2nd week of postnatal life, that express the same
complement of ion channels observed in typc 2 astrocytes that develop in serum-
free culture: NaN, C Consistent with the observations of
ffrench-Constant and Raff l(1985, lhcsc %s are not A2BS5 surface positive, nor
are any other astrocytes in the tissue prints. These results further confirm the
existence of a distinct subclass of astrocytes in white matter.

10.4

MICROGLIAL CELLS IN THE RABBIT RETINA AND THEIR RESPONSES
FOLLOWING GANGLION CELL DEGENERATION. Jutta Schnitzer* and
Jirgen Scherer. MPI fir Hirnforschung, Abt. Neuroanatomie
D-6000 Frankfurt/M. 71, F.R.G.

Microglial cells are thought to be involved in phagocy-
tosis of cellular debris when cell death occurs during on-
togenesis. The intension of this study was to see whether
and how microglial cells would respond to transection of
the optic nerve of adult rabbits, which is known to lead to
retrograde degeneration of ganglion cells in the retina.

Microglial cells have been studied by using the enzyme-
histochemical method for nucleoside diphosphatase (NDPase).
In the normal retina, regularly scattered NDPase-positive
microglial cells were found throughout the inner plexiform
layer (IPL). Their radially oriented processes gave them a
star-shaped appearance, processes of individual cells did
not overlap. In the nerve fiber layer (NFL), microglial
cell density was highest at and close to the medullary ray
region, but low in the peripheral retina. Two days after
transecting the optic nerve, the number of NDPase-labeled
cells began to increase in the NFL as well as in the IPL.
This increase continued with longer survival times. Micro-
glial cell density was considerably higher after four weeks
compared to controls. Although their density is higher in
the IPL of the degenerating retina, each microglial cell
still occupies its own territory, which is smaller compa-
red to controls. It is concluded that microglia are in-
volved in processes accompanying ganglion cell death, their
particular role needs further studies.

10.6

NEUROGLIAL CELL LINEAGE: IN VIVO AND IN VITRC DIFFERENCES.
R.P. Skoff, P.E. Knapp and d M.S. Ghandour. Dept. of
Anatomy and Cell Biology, Wayne State University School of
Medicine, Detroit, MI L48201.

Astroglial and oligodendroglial (OL) specific antibodies
have been used to trace the lineage and differentiation of
macroglia in vivo and in vitro. Our work has shown the
following differences between the glial lineages in rodent
CNS. Immunocytochemistry was combined with 3H-thymidine
autoradiography or bromodeoxyuridine (BAU) immunostaining
to determine the origin of OLs in postnatal development.
In vivo, one hour after an injection of 3H-thymidine,
galactocerebroside (GC) and sulfatide positive cells are
thymidine labeled. The GC+ and sulfatide+, thymidine
labeled cells are moderately immunostained, indicating
recent expression of these markers. GC is a specific
marker for OLs and our preliminary morphologic studies
indicate that sulfatide is also specific for OLS in vivo.
These findings indicate that cells expressing OL specific
markers divide in vivo. In vitro, after a one hour pulse
with the thymidine analogue BdU, sulfatide+, BdU+ cells are
present but GC+ cells are postmitotic. The in vitro
studies support the conclusion that OLs don't divide
during development, however, the in vivo studies indicate
that they do. Since newly formed OLs in vivo can arise
from GC+ OLs, bipotential progenitor cells are not the only
source for OLs in postnatal rodent CNS. Supported by
NS 15338.

10.8

GAP JUNCTIONS BETWEEN LEPTOMENINGEAL CELLS IDENTIFICATION OF
GONNEXIN PROTEINS AND mRNAs AND CHARACTERIZATION OF MACROSCOPIC
AND SINGLE CHANNEL CURRENTS.
Hertzberg®, and JLA. Kessler (SPON: H. Buschke). Depts.
Neuroscience & Neurology, Einstein Coll. Med., Bronx, NY 10461
Leptomeningeal (LM) cells form the boundary between the CSF and
the extracerebral compartment; they are interconnected by abundant
gap junctions, which could function in signal relay and in the
regulation of osmotic or ionic balance. We identified
immunoreactive gap junction proteins using antibodies specific for
the 21 and 27 kDa liver gap junction proteins (connexins 26 and 32),
the 43 kDa cardiac gap junction protein (connexin 43) and a 34 kDa
antigen localized to junctional regions of brain. Indirect
immunofluorescence on cultured LM cells indicated immunoreactive
puncta at regions of cell contact as well as intracellularly with
antibodies to the 21 and 43 kDa proteins; no binding of the other
antibodies was detected. Western  blots with anti-43 kDa
antibodies demonstrated the presence of crossreacting proteins
with mobilities similar to that observed in heart samples. At the
EM level, the anti-21 and anti-43 antibodies stain junctional
membranes. Freshly dissociated cell pairs from intact tissue or
from cultures as old as two weeks were electrically coupled.
Junctional conductance (g;) averaged 8.6 + 1.1 nS (n= 37) and was
reversibly reduced by exposure to 2 mM halothane, 1 mM heptanol or
100% CO,. Forskolin (10 uM) or 8 Br-cAMP (1 mM) increased, and 1 uM
phorbol ester (PDBu) irreversibly decreased g.. Single channel
analysis revealed two classes of unitary events with conductances
of about 50 and 80 pS. The 50 pS conductance is comparable to that
we have observed from 43 kDa-containing junctions in heart cells;
perhaps the 90 pS cond is due to ch Is formed with the 21
kDa protein.
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10.9

MODULATION OF INTRACELLULAR CA'* IN ASTROCYTES: STUDIES
USING FURA-2 AND INDO-1. B.A. MacVicar, S. Weiss and
M. Delay, Neuroscience Research Group, University of
Calgary, Calgary, Alberta T2N 4N1.
. ++

Astrocytes have voltage activated Ca channels that
can be modulated by p-adrenergic stimulation. Primary
cultures of mouse cortical astrocytes were loaded usig&
the AM form of indo-1 or fura-2. Intracellular Ca
levels were calculated from fluorescence images of
stained cells obtained with a SIT camera and digitized
for fura-2 studies or from fluorescence intensities
measured using photomultiplier tubes for indo-1 studies.
Intracellular Ca varied widely between cells but
avigaged 144uM. Perfusion of K (55mM) alone decreased
Ca in most cultures (1-2+weeks old), how%\ier perfusing
Bay K-8644 (1pM) with K increased Ca . The Bay
K-induced increase was++blocked by nifedipine (1upM)
indicating that the Ca channels are of the L-type.
Cells from cultures that were +pretreated with
dibutyryl-cAMP (0.5mM) demonstrated a K -induced increase
without the addition of Bay K. Met-enkephalin (1luM),
which has been reported to inhibit cAMP synthesis in

X . ++

astrocytes, Lnduc+ed a small decrease 1n++Ca and
inhibited the K -induced increase in Ca . These
experiments support the }_}Xpothesis of an important role
for cAMP in modulating Ca channels in astrocytes.

Supported by the Medical Research Council of Canada.

10.11
AXONAL MODULATION OF MYEUN PROTEIN mRNA LEVELS IN OPTIC
NERVE. G.JKidd", P.Hauer* and B.D.Trapp* (SPON: S.M.Logan)
Neurology, Johns Hopkins Univ. Sch. of Med., Baltimore MD, 21205.
Previous studies from this lab have demonstrated that significant
expression of myelin protein mMRNA by myelinating Schwann cells is
dependent on axonal influences (Trapp et al, J.Neurosci,, 8:3515,
1988). In this study, we have investigated the effect of axonal
transection on myelin protein mRNA levels in the CNS. Optic nerves of
21 day old rats were transected and levels of mMRNA encoding proteins of
CNS myelin were compared with levels from control nerves at 5,10,
20 and 40 days post transection. Specifically, total RNA was extracted
from transected and age matched control optic nerves, slot blotted onto
nitrocellulose and hybridized with 32P labeled cDNA probes
complementary to mRNA encoding proteolipid protein (PLP) and myelin
basic protein (MBP). In transected nerves, PLP and MBP mRNA levels
were approximately 90%, 75% and 10% of control values at 5, 20 and
40 days post transection. |n situ hybridization studies using 35S labeled
cDNA probes detected PLP and MBP mRNA in control and transected
nerves at all time points. Compared to control nerves, hybridization
signal was significantly decreased in sections of 20 and 40 day
transected nerves. The distribution of these mMRNAs (PLP- in
oligodendrocyte perinuclear regions, MBP- distributed diffusely) was
similar in control and transected nerves. In contrast to Schwann cells,
therefore, oligodendrocytes continue to express significant levels of
myelin protein mRNA following loss of axonal contact.

10.10

Anomalous stimulation of pH regulation by ethylisopropyl amiloride in cultured

lian astrocytes. G. Boyarsky, B.R. Ransom®, W-R. Schlue, M. Davis, W.E.
Boron. Depts. of Cell. and Mol. Physiol. and Neurology® Yale Univ. Sch. of Mcd.,
New Haven, CT 06510.

Intracellular pH (pH;) regulation in the nominal absence of HCO3- was studied in
single cultured rat astrocytes using the pH-sensitive fluorescent dye BCECF. In other
cell types, application of S0uM ethylisopropyl amiloride (EIPA) in HCO3 -frec
solution causes an inhibition of Na-H exchange, resulting in either no pH; change or
an abrupt decline. Application of SOuM EIPA 10 astrocytes caused a triphasic change
in pHj: (1) a rapid pH; decrease of ~.1 within 20 sec., (2) an alkalinization of ~.6
within 2-3 min., and (3) a slow return to baseline over ~20 min. Similar results were
observed with as little as SO nM EIPA. Unexpectedly, qualitatively similar triphasic
responses occurcd either following removal of external glucose (10.5 mM) or
chloride, or following exposure to 100nM arginine vasopressin,10 uM epincphrine or
10mM lactate, suggesting that some common cellular mechanism may underly this
stereotypic pHj response to such diverse perturbations. Removal of cxternal Na*t,
which causes a profound acidification, blocked the pH; response to addition of EIPA,
suggesting that the EIPA-induced alkalinization is Na*-dependent. In the presence of
EIPA, recovery from an acid load (pulsing with 20mM NHg4* for ~3min) was ~2-fold
greater during the phase-2 alkalinization, suggesting that EIPA stimulated a Na*-
dependent acid-cxtrusion mechanism. Pulsing with NH4* in the absence of cxternal
Nat* revealed a Na*-independent recovery which caused pH; to recover to ~6.3. The
subsequent readdition of Na* caused pHj to recover to near the initial level of ~6.8. In
the presence of 50 uM EIPA, the Na-independent recovery was only modestly

timulated, whereas the Na-dependent recovery was as much as 4-fold faster, driving
pH; to ~7.1. These results suggest that, in contrast to the effect of EIPA on other cell
types, in astrocytes EIPA anomalously stimulates a Na-dependent acid-extrusion
mechanism, perhaps Na-H exchange.

10.12

STRUCTURE AND EXPRESSION OF PLP mRNA IN THE PNS.
M. Sessa*, P.L. Baron*, T. Behrman*, D. Pleasure and J. Kamholz.
University of Pennsylvania School of Medicine and Children’s
Hospital of Philadelphia, Philadelphia, PA 19104

PLP is expressed in Schwann cells (SC), but is not incorporated
into PNS myelin. We have characterized two overlapping PNS
PLP cDNA clones which contain the entire PLP coding region,
and a portion of the 3’ untranslated region. The sequence of
the PNS PLP mRNA was identical to that previously determined
from a rat CNS cDNA except for a 250 bp portion at the far
3’ end of the non-coding region. Polymerase chain reaction (PCR),
performed on sciatic nerve mRNA and genomic DNA with two
sets of synthetic oligonucleotides primers specific for either
the CNS or PNS sequence, suggests that alternative splicing
within the 3’ untranslated region of the PNS PLP mRNA can
account for this sequence divergence. In situ hybridization studies,
performed on adult rat sciatic nerve and spinal cord sections
using PLP cRNA probes, demonstrate PLP transcripts diffusely
distributed within the endonerium. This pattern is similar to
that found for the extrinsic membrane protein MBP, which is
synthesized on free ribosomes. In contrast, PLP mRNA’s in spinal
cord were found in clusters around oligodendrocyte nuclei. This
pattern is similar to that found for the major PNS intrinsic
membrane protein PO, which is synthesized on membrane bound
ribosomes. These data suggest that PLP message is differentially
distributed within myelinating glial cells in the PNS and CNS.
Alternative splicing within the 3’ untranslated region of the PLP
mRNA may, in part, determine the different tissue distributions
of the PLP message in Schwann cells and oligodendrocytes.
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11.1

VOLTAGE-DEPENDENT EFFECTS OF PROSTAGLANDIN D,
AND HISTAMINE ON CALCIUM CURRENTS IN ADULT RAT
SENSORY NEURONES IN CULTURE.
R.J. Docherty® and J.F. Fiekers. Sandoz Institute for Medical Research,
5 Gower Place, London WCIE 6BN, UK. and Dept. Anatomy and
Neurobiol., Univ. of Vermont Coll. of Med., Burlington, VT. 05405.
Prostaglandin D, (PGD,) and histamine (HIS) are inflammatory
mediators which increase excitability of sensory neurones - an effect
thought to be mediated via an increase in intracellular CAMP levels'.
We have studied the effect of HIS and PGD, on whole-cell
voltage-clamped calcium currents (Ic,) in freshly plated adult rat
dorsal root ganglion neurones in culture. In about 50% (n=46) ot cells
either HIS (0.05-10uM) or PGD, (0.01-1uM) increased the size of I,
recorded at command potentials (V) near threshold (= -40mV) but
decreased I, near the peak of the IV curve (V. = OmV). The threshold
for activation of Ic, was shifted to more negative potentials. This
effect was rapid in onset, not reversed by washing and mimicked by
forskolin (1uM). Pretreatment of cells with pertussis (PTX) or cholera
toxin (CTX) did not alter the proportion of cells sensitive to HIS or
PGD2.

The results show that these inflammatory mediators modulate I¢, in a
potential-dependent manner which may be secondary to an increase in
intracellular cAMP. This effect may be important in the regulation of
transmitter release during neurogenic inflammation as well as in
control of sensory neuronal excitability.

(JFF supported by an IBRO McKnight Fellowship)
1. Weinreich, D & Wonderlin, W.F. J.Physiol. 394 415-427 (1987)

11.2

BRADYKININ INHIBITS VOLTAGE-DEPENDENT BARIUM

CURRENT IN A CLONAL POPULATION OF DORSAL ROOT

GANGLION X NEUROBLASTOMA HYBRID CELLS.

L.M. Bolan I Dingledine, Curr. Neurobiology,
ept. Bioc emistr{i egt. harmacology, University of Nort

Carolina, Chapel Hill, NC, 27599.

Currents through voltage-dependent Ca channels in a rat DRG
cell line, F-11, were studied using the whole-cell Batch clamp tech-
nique. Inward currents were carried bé 30 mM Ba. An internal Cs
solution containing 100 uM GTP and Ca was buffered to 15 nM.
F-11 cells have sustained and transient Ba currents, both of
which have multiple components based on sensitivity to Cd, Ni,
and omega-conotoxin. Both currents were larger when Ba rather
than Ca carried the current. Since the F-11 cell line is
heterogeneous, we isolated more homogeneous subclones for use in
biochemical and electrophysiological experiments. The F11-B9
subclone does not express the sensory neuron antigens SSEA-3
SSEA-4, nor the antigen recognized by B23D8. Bradgkinin B
100 nM) reduced the whole-cell Ba current in 73% of the F11-B!
cells. In most cells, block of the sustained was more prominent
(39 * 4% block) than that of the transient current (12 £ 4%
block). The block began within 5 sec. of BK application and was
maximal within 10 sec. F11-B9 cells were prelabelled with
3H-arachidonic acid and then stimulated with 100 nM BK. An
8 sec. exposure to BK produced nearly a 3-fold increase in
diacylglycerol but only a small increase in arachidonic acid
release, Current studies are investigating the %ossible role of
diacylglycerol in regulation of the Ba currents by BK.

55‘1'}?&%')'“ by NS23804 and a predoctoral fellowship from NIDA
0 .
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1.3

BRADYKININ MODULATION OF CALCIUM CURRENTS AND [Ca2+],
RAT DORSAL ROOT GANGLION NEURONES N VITRO. David Bleakman *,
d iller. Department of Pharmacological and
Physiological Sciences, University of Chicago, Chicago, IL 6063.
ln dorsal rat ganghon (DRG) neurones, the nonapeptide bradykinin (BK) has been
dasa ptive information. In the present study we have
made simultaneous measuremems of both calcium currents (ICa) and intracellular
calcium concentrations ([Ca2+]i) from primary cultures of rat DRG neurones using a
combined patch clamp/fura-2 microfluorimetry technique. BK (100nM) reduced both
the ICa and the subsequent rise in [Ca2+]; evoked at OmV from a holding potential
of -80mV in 22 of 32 cells examined (Whole-cell patch clamp with (in mM) 140
Cs, 1 Mg, 10 HEPES, 3.6 ATP and an ATP regenerating system in the pipettc and
140 TEA , 2 Ca and 1 Mg bathing the neurones). BK was more effective in
inhibiting lCa than the rise in {C22+]| for Ionger depolarization steps. In 6 of 32
cells tested, BK (100nM) additi in basal [Ca2+};
(1.7 +/- 0.4 fold, n=6) presumably due 10 BK- sumulau‘d IP3 release.

In current clamp studies, repetitive action potentials were evoked in DRG cells by
short duration injection of current and the concomitant rise in [Ca2+]i measured
(Whole-cell patch clamp with (in mM) 144 K, 1 Mg, 10 HEPES , 3.6 ATP and an
ATP regenerating system in the pipette and 140 Na, 2 Ca in the bathing solution).
BK (100nM) reduced the rise in [Ca2+]i, its effect being more pronounced for
shorter spike trains. The resting membrane potential of the DRG cells ranged
between -50 and -70 mV. With the resting membrane potential set to approximately
-60mV we also observed that BK (100nM) depolarized 69% of cells tested from a
membrane potential of -61.7 +/- 1.1 0 51.1 +/- 2.6 mV (n=13).

Thus the actions of BK on the peripheral processes of DRG neurones jn_situ
would reduce [Ca2+); and the Ca2+ -activated K+ and CI- currents which normally
serve to limit the excitability of these cells. These effects, together with BK-induced
depolarization may be responsible for BK-induced excitation in sensory neurones.

11.5

CHANGES IN RAPID GATING KINETICS UNDERLYING
NOREPINEPHRINE INHIBITION OF UNITARY N-TYPE Ca
CHANNEL ACTIVITY IN SYMPATHETIC NEURONS. R.W. Tsien &
D. Lipscombe. Dept. Mol. Cell. Physiol., Stanford CA 94305.
Norepinephrine (NE) inhibits Ca channels and transmitter release in frog
sympathetic neurons via interaction with an o,-like receptor linked to the
channel by a G-protein. Our previous recordings of whole cell Ca channel
currents indicated that a-stimulation selectively inhibits N-type Ca
channels. We now describe the inhibitory effect of NE at the single
channel level. Cell-attached patch recordings (110 mM Ba) with 10-100
UM NE in the pipette were compared to drug-free patches. Activity of N-
type and L-type Ca channels could be studied separately with appropriate
voltage protocols: N-type channels were selectively activated by
depolarizing from a holding potential (HP) of -80 mV to -10 mV; setting
HP=-40 mV largely inactivated N-type channels, but left L-type channels

available for opening with stronger pulses to +20 mV. With 30 uM (n=10)

and 100 pM NE (n=5) in the pipette, average N currents fell to 45% and
14% of N current without drug (n=33). In contrast, the average L current
in the same patches was not significantly affected by NE. Analysis of
patches with few overlapping openings indicated that NE did not alter the
unitary flux through N-type channels but markedly changed their gating
kinetics. The mean open time decreased from 0.87 ms in control to 0.40
ms in 100 pM NE, while the percentage of blank sweeps increased from
8% to 24%. These changes largely account for the overall inhibition of
averaged N current records. In contrast to its effects in the patch pipette,
100 pM NE did not affect the average N current in the patch (n=5) when
applied to the bulk of the cell, arguing against involvement of a readily
diffusible second messenger. The activity of N-type channels was neither
increased by cyclic AMP nor decreased by PKC stimulation. A relatively
direct G-protein-mediated coupling to the N-type Ca channel seems likely.

11.7

INTRACELLULAR [Ca**] AND TRANSMITTER RELEASE FROM
SYMPATHETIC NEURONS STIMULATED WITH K*, CAFFEINE OR
ISOPROTERENOL. S. Kongsamut, D.D. Friel, D. Lipscombe &

R.W, Tsien. C & M Physiol., Yale and M & C Physiol., Stanford.

We asked how closely transmitter release is correlated with changes in
[Ca*), in frog sympathetic neurons. Transmitter release was measured
from sympathetic ganglia (presumably cell bodies) preloaded with ["H]-
norepinephrine. K" depolarizations produced Ca entry through Ca channels
and transmitter release that was (1) stee gly dependent on [K*], over the
range 30-80 mM, (2) dependent on [Ca*], (EC50 ~ 0.5 mM), (3)
completely inhibited by cadmium (IC50 ~10 uM). Release was dominated
by Ca entry through N-type Ca channels: it was not affected by selective
block of L-type channels with dihydropyridines, but it was strongly
reduced by ot-adrenergic agents which selectively inhibit N-type Ca
channels. Evidently, some pathways for Ca delivery are more effective
than others in producing release.  Caffeine-evoked Ca release from
internal stores represents another means of Ca delivery. In isolated
neurons loaded with fura-2, caffeine (10 mM) produced a large [Ca™},
transient (even with 0 Ca), comparable to that produced by voltage-gated
Ca entry. However, in contrast to the pronounced release evoked by high
K*, caffeine was unable to produce detectable transmitter release from
ganglia. This provides further illustration that rises in bulk [Ca™]; do not
always produce transmitter release.

Conversely, high concentrations (30-100 pM) of NE or isoproterenol
were capable of evoking some transmitter release with little or no change
in [Ca™}. The isoproterenol-induced release was not abolished by removal
of external Ca. This suggests that cells with voltage-gated channels also
have mechanisms for transmitter release that do not require Ca entry.
Overall, transmitter release is not necessarily correlated with changes in
bulk [Ca™],

114

PHORBOL ESTERS INCREASE UNITARY CALCIUM
CHANNEL ACTIVITY IN CULTURED HIPPOCAMPAL
NEURONS. Daniel V. Madison, Department of Molecular and
Cellular Physiology, Stanford School of Medicine, Stanford, CA
94305-5426.

Phorbol esters, activators of protein kinase C, modulate the
activity of several ion conductances in hippocampal neurons and
cause potentiation of excitatory synaptic transmission in hippocampal
slices. We have been investigating mechanisms by which this
potentiation might occur. In this study we show that application of
phorbol esters causes an increase in the unitary activity of voltage-
dependent calcium channels in cultured hippocampal CA3 neurons,
recorded with cell-attached patch clamp methods. In preliminary
analysis, this increase in activity appears to consist of an increasc in
both the number of openings and the average length of openings
evoked by a depolarization. Phorbol ester appears to affect both the
N- and L-types of calcium channel in similar ways. This effect is
similar to that recorded in frog sympathetic neurons (Lipscombe et.
al.). In these neurons, phorbol ester increases unitary calcium
channel activity in cell-attached patches, but decreases I, in dialyzed
whole-cell recordings. Thus, is interesting that in hippocampal cell,
phorbol ester also decreases I, in whole-cell recordings (Doemer, et.
al). This suggests that dialyzed cells may lack a cytosolic
component nccessary to express the phorbol ester-induced increase.

11.6

ANTIBODIES TO THE G-PROTEIN, Gg, ATTENUATE THE INHIBITION
OF CALCIUM CURRENTS BY NORADRENALINE IN NG108-15 CELLS.
1. McFadzeanl™, I. Mullanex?*, D.A. Brown! and
G. Milligan?”. Tyniversity College London, London WC1E
68T and ZUniversity of Glasgow, Glasgow G12 8QQ, U.K.
Noradrenaline (NA) acting on o,-adrenoreceptors inhibits
the whole-cell calcium current in“NG108-15 cells. The
response is mediated by a pertussis toxin sensitive GIP-
binding (G) protein. To identify this G-protein we have
studied the response to NA in cells pre-injected with
specific antibodies raised against the C-terminal deca-
peptides of the a-subunits of the G-proteins G
(recognising both G.1 and G,2) and G . Control cells were
injected with pre-immune rabbit serum. We found that the
response to NA in cells pre-injected with the antibodies
against G_ was attenuated by over 50%. The response in
cells injected with the antibodies raised against G. was
unchanged despite the ability of the same antisera to
inhibit the agonist-induced inhibition of adenylate cyclase
in NG108-15 cells. We conclude that the NA-induced
inhibition of the calcium current in NG108-15 cells is
mediated by Go.

Supported by the M.R.C. IMcF, is a Beit Memorial fellow.

11.8

EFFECT OF RUTHENIUM RED AND RYANODINE ON THE CAFFEINE
INDUCED RISE OF INTRACELLULAR CALCIUM IN VERTEBRATE
SYMPATHETIC NEURONS. N.V, Mardon*. S.J. Marsh*#, B.J, Burhach*, D.A.
Brown*# and PR, Adams. (SPON: W. G. Van der Kloot) Howard Hughes Medical In-
stitute, SUNY at Stony Brook, Stony Brook, NY 11794, USA. #Department of
Pharmacology, University College London,London,WC1E 6BT,England.

Image analysis of intracellular calcium levels (Ca®*i ) and simultaneous membrane
current recording was performed on fura 2-loaded whole-cell voltage-clamped dis-
sociated bullfrog sympathetic neurons. Bath application of caffej ine (10 mM) evoked
al rge outward current which was associated with a rise in Ca**i. This increase in
Ca“'j was independent of extracellular calcium and w. presumed to arise from in-
tracellular stores. Both the outward current and Ca”*; increase subsided during
caffeine’s application although their time-courses differed. The transient outward
current declined within 2-10 secs to a net inward current, which was as |atul with
suppression of the voltage- and time-dependent M current. The rise in Ca**; decayed
over a longer time than the outward current. Ca”*jincreased to appr ?nmamly 300nM
from a resting level of 60 nM. This increase declined leaving a Ca”*i near to 150 nM
while the M-cumnt was suppressed. Removal gf caffeine produced an initially rapid
fall in Ca**; which slowed to transiently take Ca”* ; below resting conditions, recover-
ing within 5 minutes.

Inclusion of ruthenium red (30 uM) in the electrode solution increased the
amplitude and greatly prolonged the duration of both the calcium transient and the out-
ward current evoked by caffeine. Incubation with ryanodine (1-10 uM) was found to
block caffeine’s response in both corx!rol and ruthenium red-treated neurons, leaving a
slowly rising residual increase in Ca™"i . This inhibition occurred with the second ap-
plication of caffe;{w the first being lmle affected, implying the presence of caffeine
and/or raised Ca“*; was required for its effect. Ryanodine partiaily antagonized
ruthenium red’s effect, reducing the amplitude amu)rolonged duration of caffeine’s
response. These results suggest that the release of C iated by caffeine is inhibited
by ryanodine and the sequestration of the raised Ca**; is modulated by ruthenium red.
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11.9

DYNAMICS OF CA-RELEASE FROM CAFFEINE-SENSITIVE INTRACEL-
LULAR STORES IN AMPHIBIAN SYMPATHETIC NEURONS. A, Heman-
dez-Cruz*, F. Sala* and P, R. Adams. (SPON: J. Fenstermacher) Howard Hughes
Medical Institute, SUNY 2t Stony Brook, NY 11794,

The dynamics of Ca”* mobilization from internal stores were studied with
confocal Ca-imaging ang membrane current recording in isolated bullfrog
sympathetic neurons. [Ca“'}; was monitored by directly loading the cell with the

b impermeant  indi fluo-3 and rhod-2 (200 pM). Macroscopic
Ca-activated K currents, IK(Ca), were sim&lllaneously measured as an independent
indi of ch n sub b [Ca”*}i . (Vh=-30 mV). Caffeine (10 mM),
pressure-ejected from a puffer pipette, produced varied responses depending upon
the duration of the pulse. A gradual, transient increase of IK(Ca) (50-200 pA) was
produced with short (10-100 ms) applications. Thesc responses were additive and
showed no refractory period. Pulse durations about 100 ms or longer evoked, on top
of the gradual response, a transient, large all-or-none activation of IK(Ca) (0.8-8
nA). These responses exhibit a refractory period of several minutes, suggesting
depletion and subseq plenish of an internal store. The development of an
inward current, lasting tens of seconds, contributed to the termination of this
response (see Marrion et al., this volume). High-speed imaging during large caffeinc
responses revealed that the Ca signal starts earliest in the region where the caffcine
first reaches the cell and then propagates throughout the cell, reaching the opposite
site within 600 to 1.}00 ms. This pattern is in marked contrast to the symmetrical,
radial spread of Ca”* seen following electrical stimulation). Changes in [Ca™*];
appeared to be most prominent in the nucleus and other unidentified structures,
suggesting regional variations in density of release sites. Bath application of
Dantrolene Na (100 puM), an agent that bloks Ca-release from sarcoplasmic
reticulum, produces a reversible, partial inhibition of caffeine-induced IK(Ca)
responses. Procaine (2 mM), which inhibits Ca-induced Ca-release in skeletal
muscle, suppresses completely and reversibly the all-or-none component of the
caffeine response, leaving the gradual component less affected. These data suggest
that the gradual component of the caffeine response may result from a direct effect
on localized Ca-release site(s), whereas the all-or-none component may result from a
generalized response involving a Ca-induced Ca release process.

1.1

TWO TYPES OF CALCIUM CHANNELS PROVIDE
DIFFERENT TEMPORAL CONTRIBUTIONS TO Ca2+ ENTRY
IN VERTEBRATE NERVE TERMINALS Marth:
Dept. Anatomy, Med. Coll. Penn., Philadelphia, PA 19129.
Nerve terminals isolated from the neurohypophysis are 1-10
microns in diameter and can be studied with patch clamp
techniques. Two types of Ca2+ channels coexist in these
terminals (Lemos & Nowycky, Neuron, vol. 2, 1989), a typical,
dihydropyridine-sensitive, non-inactivating current (L-type) and
a second high-threshold transient current (N-like).
Neurohypophysial terminals release the peptides oxytocin and
vasopressin most effectively when stimulated with characteristic
bursts of action potentials (APs). To test the contribution of the
two Ca2+ channels to Ca2+ entry during such bursts, nerve
terminals were voltage clamped and stimulated with various
test patterns. Both current types have the same voltage range
of activation and contribute to Ca2+ influx at the beginning of a
burst of APs. After 16-32 simulated APs of 1 msec duration, N-
current amplitude diminishes. Once inactivated, N-type
channels recover very slowly, requiring about 1 to 2 sec at -90
mV to regain full amplitude (stimulation rate = 0.1 Hz). In
contrast, the L-type current amplitude changes little even during
1 sec long depolarizing pulses, implying that its contribution will
be constant even during hundreds of APs. Thus, different Ca2+
channel types may contribute to the temporal shaping of the
Caz2+ transient which underlies neurosecretion.

11.10

SUSTAINED INCREASES IN CYTOPLASMIC Ca ION CONCENTRATION
MEDIATED BY TRANSIENT Ca CHANNELS IN CULTURED EMBRYONIC
AMPHIBIAN NEURONS. Michael E. Barish (Spon: W.J. Moody). Department of
Physiology and Biophysics, University of California, Irvine, CA 92717.

Three components of Ca current corresponding to T-, N- and L-types are
found in neurons that differentiate in cultures of dissociated Xenopus neural plate
cells. T-type current is activated at voltages more positive than -45 mV and
blocked by Ni. Its activation and steady-state inactivation curves overap
between -40 and -30 mV, and within this region a small sustained component of
inward current can be recorded. Additional Ca currents are a more slowly
inactivating component (N-type) reduced by met-enkephalin (met-ENK), and a
nonrelaxing component (L-type) activated at voltages more positive than -10 mV.

Using the Ca-sensitive fluorescent dye fura-2 and a video-interfaced
fluorescence microscope, | have investigated the changes in intracellular Ca ion
concentration ([Caz*]i) that occur in these neurons during K*-induced
depolarizations. Images were acquired at 10 sec intervals. Typically, application
of 50 mM K* (determined to depolarize these neurons to about -15 mV) resulted
in an increase in [Caz‘]i that rose rapidly to a peak and then decayed over 10's
of seconds. The peak amplitude of [Caz*]i was reduced when 200 M Ni or
17.5 tM met-ENK were added along with 50 mM K*, and the peak was almost
completely removed when both of these agents were added together. In
contrast, depolarization to about 40 mV (using 20 mM K* external solution)
elicited a slowly rising but sustained increase in [Ca2*]i. This maintained
increase in [Caz*]i was sensitive to Ni but not met-ENK.

These observations suggest that sustained Ca®*  infiux through the
population of transient channels active in the voltage region where activation and
inactivation curves overlap may be important in regulating resting levels of
cytoplasmic Ca?* at subthreshold voltages.

(Supported by grants from the N.I.H., March of Dimes, and Am. Heart Assoc.)

11.12

A NEW APPROACH TO OPEN VOLTAGE SENSITIVE CALCIUM
CHANNELS AND EVOKE TRANSMITTER RELEASE. D. Przﬂara*,
T. Wakade*, S. Bhave*, J. Ram and Arun R. Wakade, Dept.
of Pharm., Wayne State Univ., Detroit, MI 48202.

Sympathetic neyrons (SN) cultured3frcm chick embryos
were loaded with ~“H-norepinephrine (“H-NE) and washed
for 1 h. After SN were bathed in Ca/Mg free medium for
15 min, release of "H-NE was determined in 2 min period
(1.78 + 0.1 x 10 “). Switchover to Ca-containing medium
causgg massive release in next 2-min period (17.1 + 4.4
x 10 ©); release remained elevated for 30 min. Release
was related to Ca concentration and blocked by verapa-—
mil. Resting membrane potential (Em) of SN averaged
=26 + 1 mV in 2.5 mM Ca medium. In Ca/Mg free medium
Em averaged +4 + 2 mV and recovered to -26 + 1 mvV
during 30 min in Ca medium. Intracellular Ca concen—
trations were determined in Indo-1-loaded SN by laser
cytametry. Ca increased from 83 + 13 nM in Ca/Mg free
medium to 597 + 72 nM following switchover to 2.5 mM Ca
medium. Magnitude of Ca influx was similar in cell
body and nerve terminal. Excess K (35 mM) produced less
depolarization (Emg-13 + 3 mV) and smaller increases in
Ca and release of "H-NE in camparison to those seen
after changeover of the media. We conclude that in
addition to elevated K, electrical stimulation or drug
application, the present method offers new approach to
open voltage sensitive Ca channels and to stimulate
transmitter release in cultured SN.

TROPHIC AGENTS I

12.1

NEUROTROPHIC ACTION OF PHORBOL ESTERS AND EXCESS K IS
MEDIATED BY A MESSENGER OTHER THAN PROTEIN KINASE C.
Arun R. Wakade*, S.V. Bhave*, R.K. Malhotra* and T.
Wakade. Dept. of Pharm., Wayne State Univ., Detroit, MI
Phorbol esters have become the drugs-of-choice in
studying intracellular signalling because of their
stimulatory effect on protein kinase C (PKC). Phorbol
12, 13-dibutyrate (PDB) supported survival of sympathe-
tic neurons (SN) in culture. Effect was related to
concentration of PDB and activation of PKC. Excess KCl
(17.5 to 75 mM) supported SN and produced concentration—
dependent increase in PKC activity (Wakade, et al., J.
Neurochem. 51:975, 1988)., 1In this study, we have inves-
tigated effects of H. and sphingosine, on survival and
PKC activity of SN oz chick embryo supported in culture
by NGF, PDB and 35 mM K. Incubation of SN for 15 min
with H, (0.3 to 1 uM) and sphingosine (1 to 100 uM)
caused 'dose~dependent inhibition of 100 nM PDB-induced
activation of PKC. 1 uM H, or 100 uM sphingosine almost
campletely prevented the egfect of PDB. Survival of SN
in culture by 100 nM PDB, 40 ng/ml NGF or 35 mM K was
unaffected by simultaneous presence of 1 to 30 uM H_I for
3 to 7 days, although PKC activity of SN remained
campletely inhibited. Sphingosine proved to be very
toxic and killed SN in a day. 1,2~ oleoylacetylglycerol
(1 to 100 uM) did not support the survival. These
results indicate that phorbol esters and excess K may
have targets other than PKC to affect survival of SN.

12.2
IN VITRO BIOLOGICAL EFFECT OF NERVE GROWTH FACTOR INHIBITED
BY SYNTHETIC NGF PEPTIDES. o

Depts. of Neurology, Pediatrics and Neuroscience Program, UCSF School of
Medicine, San Francisco, CA 94143.

Nerve growth factor (NGF) is a neurotrophic polypeptide which acts via
specific receptors. The molecular domain(s) of NGF which triggers biological
activity is as yet undefined. One strategy for identifying polypeptide regions
which interact with their receptors consists of synthesizing short peptides with
sequences corresponding to the potential active site. At relatively high
concentrations (uM or mM), peptides containing the active site may block or
mimic biological activities of the native polypeptide (Nature 309:30, 1984).
We synthesized small peptides corresponding to sequences within three
regions of NGF which are hydrophilic and highly conserved: Region A, mouse
NGF sequence 64-76; Region B, 199-107 and Region C, 26-40. Peptides
were synthesized in the C-terminal amide form by solid-phase methods,
purified by reversed phase and cation-exchange HPLC and characterized by
analytical HPLC, amino acid analysis and sequencing and FAB-mass
spectrometry. We reasoned that inhibition of NGF effects may be more readily
achieved than NGF agonist responses. Peptides were assayed for NGF
antagonist activity by adding them to low density cultures of chick dorsal root
ganglia neurons supported by NGF. Four peptides from Region A and 3 from
Region B did not inhibit NGF activity. In contrast, 3 out of 8 peptides from
Region C inhibited NGF-induced neurite outgrowth with an IC50 of
approximately 1mM. Inhibition was overcome by increasing the concentration
of NGF. Peptides did not block the neurotrophic activity of ciliary
neuronotrophic factor or phorbol 12-myristate 13-acetate. Inhibitory activity
was lost when the sequence of residues was randomized or a sterically
nonconservative substitution was made. Inhibitory peptides did not decrease
neuronal binding of radiolabelled NGF to DRG cells. These studies define
one region of NGF which may be required for neurotrophic activity.
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12.3
FUNCTIONAL EXPRESSION OF THE NGF RECEPTOR IN A NON-
NEURONAL CELL LINE. =Y., Wu* *

Hormone Res. Inst., UCSF Sch. of Med., SF, CA 94143,

Nerve Growth Factor-responsive neurons express two
apparent types of NGF receptors. The larger population binds
NGF with relatively low affinity (Kd 2 nM), whereas the
smaller population binds with high affinity (Kd 20 pM).
Expression of the cloned reccptor ¢DNA in a variety of
ncuronal cell lines has previously conferred high-affinity
NGF binding and biological responsiveness. Expression of
receptor in the non-neuronal mouse fibroblast L929 cclls has
conferred only low-affinity binding.  Because the mechanism
of signalling by the NGF receptor remains unclear (the
sequence shows no substantial homology to know signalling
elements) and may require the action of another, neuron-
specific protein which confers both high-affinity binding and
biological responsiveness, we have introduced the human NGF
receptor into CHO fibroblasts. We have established three stably
transformed CHO cell lines, with varying levels of NGF receptor
mRNA. Preliminary characterization of the highest
expressing cell line shows high affinity NGF binding and
transient induction of c-fos. This suggests that the cellular
apparatus involved in transducing the NGF signal is not
neuron-specific.  The appearance of cell lines with only low-
affinity NGF receptors (e.g., L929, Schwann cells) may then be
due to down-regulation of high-affinity receptors through
simultaneous secretion of NGF by the same cell, or to low
numbers of receptors which may make a small high-affinity
component difficult to detect.

12.5

INTERLEUKIN-1 INJECTED INTO NEOSTRIATUM OF
ADULT RAT BRAIN STIMULATES SYNTHESIS OF NERVE
GROWTH FACTOR
U. Otten', H.P. Lorez”?, R. Gadient™ and C. Boeckh™?
> Dept. of Pharmacology, Biocenter, University of Basel,
CH-4056 Basel; 2’ Pharmaceutical Res. Dept., Hoffman-La
Roche & Co., Ltd., Basel, Switzerland; *> Dept. of Phar-
macology, University of Freiburg, 7800 Freiburg, FRG.
Interleukin-1(IL-1) has been shown to be a potent in-
ducer of nerve growth factor (NGF) synthesis in peri-
pheral tissues. Since IL-1 and NGF have been found to
accumulate at sites of brain injury it was interesting to
study whether IL-1 acts as a stimulator of NGF synthesis
in rat brain. We found that stereotactic intracerebral in-
jection of recombinant human IL-18 into the neostriatum of
adult rats elicited a transient increase in NGF synthesis in
a dose-dependent fashion. Within 24 h IL-18 (1.2 U)
maximally increased NGF and NGF mRNA levels by 4- and
2-fold, respectively, as compared to vehicle-treated con-
trols. 5 days after IL-1 treatment NGF and NGF mRNA re-
turned to control levels. The IL-1 effect is specific, since
other brain areas including neocortex, hippocampus and
hypothalamus, showed only minor changes. Thus, our re-
sults suggest a role of IL-1 as a regulator of NGF syn-
thesis in rat brain. Since IL-1 functions as a growth fac-
tor for astrocytes it is possible that activated astrocytes
are the cellular sites of IL-1 stimulated NGF-synthesis.

12.7

7-INTERFERON PROMOTES MATURATION OF MAMMALIAN CENTRAL
NEURONS IN CULTURE. S. Sherry Raissdana*, Michael E. Barish, Neil B.
Mansdorf* and Jennifer Kerin*. Department of Physiology and Biophysics,
University of California, Irvine, CA 92717.

We have examined the effect of the lymphokine v-interferon (IFN-y) on the
development of embryonic mouse brain cells. Cells isolated from the
hippocampal region of embryonic day 15-16 CD-1 mice were cultured on poly-L-
lysine-coated coverslips in defined medium. By three different measures of
properties characteristic of differentiated neurons, recombinant IFN-y (rat and
mouse) promoted neural development.

1. Increase in the number of cells expressing the 160 kD neurofilament protein
epitope recognized by monoclonal antibody NN18. Cells cultured in 1-10 U/ml
(murine units) IFN-y for 1-4 days showed increases of up to 250% over control.

II. Increase in the number of neurites per NN18(+) soma. NN-18(+) cells were
photographed individually after 18-24 hr of growth, and the negatives were
projected onto a digitizing tablet for analysis. IFN-y at 10 U/ml increased the
mean number of processes per soma from about 2.5 to about 4.0. The mean
length of individual processes was not affected.

1ll. Increase in the number of cells expressing NMDA-type glutamate receptors.
Cells were grown in the presence of up to 50 U/ml IFN-y for 20-48 hr. NMDA
receptor expression was quantified using a video-interfaced fluorescence
microscope by stimulating fura-2-loaded cells with NMDA and measuring
changes in cytoplasmic Ca ion concentration. More than 1000 cells were
analyzed for each data point. IFN-y increased the proportion of cells showing
responses to NMDA by up to 50%.

These data indicate that lymphokines can promote the differentiation of
embryonic brain cells, and add to evidence suggesting linkage in the
development of fetal immune and nervous systems.

(Supported by grants from the N.L.H., March of Dimes, and Am. Heart Assoc.)

124

DETECTION OF mRNA HOMOLOGOUS TO NERVE GROWTH FACTOR RECEPTOR
(NGFR) IN RAT DERMAL FIBROBLASTS. P.A Barker®, F. Miller, J.
Haskins, R.J, Riopellet, A, Acheson, R.A, Murphy, Dept of Anatomy and Cell
Biology, University of Alberta, Edmonton, Alberta, Canada. tDivision of
Neurology, Queens University, Kingston, Ontario, Canada.

cDNA molecules representing both rat and human NGFR have been cloned
(Nature.325.593. Cell.47.545). In the rat, NGFR mRNA (3.4 kb) encodes
a 42.5 Kd protein that has an apparent molecular weight of 82 Kd on SDS-
PAGE. NGFR mRNA has been detected in dorsal root ganglia, sympathetic
ganglia, brain and Schwann cells.

In this study, riboprobes prepared from a cDNA encoding nucleotides
400 to 3200 of the rat NGFR have detected a mRNA of approximately 3.0
kb in cultured dermal fibroblasts prepared from neonatal rats. To
characterize the protein product, we carried out immunocytochemistry
using a monoclonal antibody against rat NGFR (192-1gG).
Immunoreactivity was apparent throughout the cytoplasm and was visible
only when the cells were permeabilized, suggesting that the
immunoreactive protein is not located on the cell surface. Under identical
conditions, cell surface staining of NGFR was apparent on Schwann cells.
Equilibrium binding studies on intact cells with 125|-NGF revealed
specific binding sites on Schwann cells but not on fibroblasts. EDAC-
mediated crosslinking of 125I-NGF to cell surface receptors followed by
immunoprecipitation with 192-1gG revealed a 95 kd complex in PC12 and
Schwann cells. A similar complex was detectable when binding was done on
detergent solubilized cell extracts. However, no crosslinked
immunoprecipitate has so far been identified in fibroblast extracts.

These data suggest that fibroblasts express a 3.0 kb mMRNA homologous to
NGFR mRNA. Fibroblasts also express a 192-gG immunoreactive protein
that is distributed throughout the cytoplasm but not localized on the cell
surface. Further characterization of this mMRNA and this protein are
underway.

12.6

STRIATAL HOMOGENATES TAKEN FROM RATS CHRONICALLY TREATED WITH HALOPERIDOL
STIMULATE CELL GROWTH AND DA UPTAKE IN VENTRAL MESENCEPHALIC CULTURES.
-R. Ptak*, L.C. Kao, D.H. Lin*, T.J. Zhang, H.L. Klawans*, and P.M. Carvey.
(SPON: R. Zimmerman). Rush University, Chicago, IL, 60612.

Pharmacologic denervation of striatal tissue induced by haloperidol (HAL),
leads to DA receptor site hypersensitivity in a fashion analogous to that ob-
served following denervation of muscle. However, denervation of muscle also
leads to an increase in a muscle-derived neuronotrophic factor (NTF) capable
of stimulating neuron growth. Using ventral mesencephalic cultures, we exam-
ined whether or not chronic pharmacologic denervation of rat striatum
similarly leads to an increase in a target-derived NTF.

8 rats were rendered behaviorally hypersensitive to apomorphine challenge
by 2 months chronic treatment with HAL (0.75 mg/kg). The striata and cere-
bella of these, and 8 saline treated animals, were homogenized in Hank’s Bal-
anced Salt solution. The supernatants from these samples were diluted to
achieve equivalent protein content and 250 ul of each were incubated with
E-13 ventral mesencephalic cultures for 6 days. Cultures incubated with HAL
treated striatal homogenates exhibited an overt increase in cell number as
well as process growth relative to cultures incubated with HAL treated
cerebellar or saline treated homogenates. Cultures incubated with HAL
treated striatal homogenates also exhibited a statistically significant
elevation in DA uptake relative to all other culture conditions suggesting
increased DA neuron growth. This data would imply that a target-derived,
soluble, NTF exists in the adult striatum and further, that it is inducible
by chronic pharmacologic denervation. This raises the possibility that al-
terations in behavioral responsiveness resulting from chronic DA antagonist
treatment is the result of an increase in a DA target-derived NTF in addition
to the established alterations in DA receptor sensitivity.

12.8

PREVENTION OF MOTONEURON DEATH IN VIVO BY A PUTATIVE CNS-
DERIVED NEUROTROPHIC FACTOR. R. Oppenheim, U. Dohrmann*,
D. Prevette* and Y. Qin-Wei*. Department of Anatomy,
Wake Forest University Medical School, Winston-Salem, NC
27103 and Department of Neurochemistry, National
Hospital, London, U.K.

Previous studies have shown that partially purified
extracts from skeletal muscle promote motoneuron survival
both in vitro and in vivo. Spinal cord and brain (CNS)
extracts and conditioned media (CM) from CNS tissues also
enhance motoneuron survival in vitro and these distinct
CNS and muscle-derived factors interact synergistically
on motoneuron survival (Dohrmann et al., Dev. Biol.,
124: 145, 1987). Neither the muscle nor the CNS-derived
activities appear to be mediated by NGF, BDNF or FGF. We
have now shown that crude or partially purified extracts
from embryonic day (E) 10 and E17 chick brain and spinal
cord also prevents normal motoneuron death in vivo.
Daily treatment from E6 to E9 resulted in 25-30% more
surviving spinal motoneurons on E10. Similar effects on
survival were found following in vivo treatment with CM
from astrocyte cultures. Studies are in progress to
determine whether the muscle- and CNS-derived factors
interact synergistically in vivo to promote motoneuron
survival. Normal motoneuron survival may require trophic
support from both targets and CNS cells. Supported by
NIH Grant NS20402.
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12.9

TROPHIC SUPPORT OF SOMATOMEDIN C (IGF-I) AND MSA
(IGF-II) ON CENTRAL NEURONAL CELLS IN VITRO. D.D.
SVRZIC! | LF. CONGOTE? D. SCHUBERT® (SPON: DM.
SIMMONS) 1) MBVL, The Salk Institute, San Diego, CA
92138, 2) Endocrine Laboratory, Royal Victoria Hospital, 687
Avenue des Pins Ouest, Montreal, Quebec, Canada H3A I[Al,
3) SSL, The Salk Institute, San Diego, CA 92138.

Trophic support by bovine serum albumin (BSA) and
ovalbumin (OA) of pure cultures of central ncutons was
observed. Our experimental model was monolayered cultures
of cells obtained as dissociates of chick forebrain on
embryonic day 8 and sceded in serum-free medium. All cells
stained positive witk monoclonal antibody to neurofilaments.
Regardless of the substratum on which they were grown
(untreated tissue culture (TC) plastic, polyornithin (PORN) or
PORN-laminin pretreated TC plastic or glass) these cells
showed not only an unusual longevity (34 days in culture
without any condition medium changes), but also the normal
maintenance with appropriate ncuronal sprouting in the
presence of BSA. When we fractionated BSA by HPLC, the
activity copurified with somatomedin C (insulin-like growth
factor, L.F. Congote et al, In Vitro Develop. Cell Biol.
45:245, 1986). To confirm this finding, the necurotrophic
effect was blocked with a neutralizing monoclonal antibody to
IGF-1 (gift from Dr. Van Wyk, J), and two batches of
recombinant human IGF-I exerted the same effect as the BSA
purified material. This trophic support on these particular
cells has not been described betore.

12.11

EPIDERMAL GROWTH FACTOR INDUCES A FOS-LIKE
NUCLEAR ANTIGEN IN PRESUMPTIVE MULLER CELLS.
S.M. Sagar and F.R. Sharp+, Departments of
Neurology and +Physiology, Univ. of California,
and VA Med. Ctr., San Francisco, CA 94121.

Epidermal growth factor (EGF) is a mitogen
for astrocytes and may be a trophic factor for
CNS neurons. To identify retinal cells that
respond to EGF, 500 ng EGF was injected intra-
vitreally into the eyes of light adapted adult
rabbits; phosphate-buffered saline was injected
into the opposite eye as a control. 1-3 hr
later, the retinas were processed for Fos
immunocytochemistry using a polyclonal antiserum
raised to a synthetic peptide representing
residues 132-154 of Fos.

Specific Fos immunostaining was seen in EGF-
injected retinas in numerous nuclei at the
middle of the inner nuclear layer. Because of
their size, abundance and position, they are
presumably nuclei of Muller cells.

We conclude that (1.) Muller cells respond
to EGF in vivo, although the response may not be
direct; and (2.) Fos immunocytochemistry may be
useful for mapping responses to growth factors
in a manner similar to its use in mapping
neuronal responses to synaptic input.

12.10

PARTIALLY PURIFIED MEMBRANE-ASSOCIATED
FACTOR DIFFERENTIALLY REGULATES
TRANSMITTER PHENOTYPIC EXPRESSION. J-M. Lee,

.E. Adler, and LB. Black, Division of Developmental Neurology,
Cornell University Medical College.

Cell-cell contact appears to play a critical role in the expression
of transmitter traits in developing neurons. We have previously shown
that cell membrane contact induces the de novo appearance of choline
acetyltransferase (CAT), the enzyme catalyzing acetylcholine synthesis,
in virtually pure cultures of dissociated sympathetic neurons. This
CAT-inducing activity has been purified 5000-fold from adult rat spinal
cords and appears to be a membrane-associated protein factor.

To further characterize the scope of biological activities of this
factor, we have examined its effect on a number of different transmitter
traits in sympathetic neurons. After three days in vitro, cultures
exposed to the factor showed 40-fold higher levels of the neuropeptide
substance P than controls. The neuropeptide somatostatin was also
dramatically elevated by the factor (270pg/well compared to
undetectable levels in controls). In contrast, the factor produced the
opposite effect on the neuropeptide leu-enkephalin, decreasing levels to
half that found in controls. Finally, the specific activity of tyrosine
hydroxylase, the rate limiting enzyme in catecholamine biosynthesis,
was reduced to 10% of control activity in factor-treated cultures. These
effects occurred in the absence of significant changes in cell number.
Thus, it appears that cell contact via membrane-associated factors may
exert differential effects on phenotypic expression. (Supported by NIH
grants HD 22315, NS 10259, and a grant from the Bristol Myers Co.
Inc.)

12.12

Vasoactive Intestinal Peptide Regulates Mitosls, Neurite
Outgrowth and Survival of Cultured Rat Sympathetic
Neuroblasts i iCicco- . Div. Dev.
Neurol., Cornell Univ. Med. Coll., New York, N.Y., 10021.

While the acute, msec to msec actions of neurotransmitters are well-
recognized, diverse, longer-term effects have been discovered only
recently. We now present evidence that a single, putative transmitter,
vasoactive intestinal peptide (VIP), exerts multiple, long-term effects
simultaneously. VIP stimulates mitosis, promotes neurite outgrowth and
enhances survival of sympathetic neuron precursors in culture.

Dissociated embryonic rat sympathetic neuroblasts were cultured in fully
defined medium and assayed for mitotic activity, neurite elaboration and
long-term cell survival. Cells were identified immunocytochemically by
detection of neurofilament and the catecholamine biosynthetic enzyme,
tyrosine hydroxylase (TH). VIP treatment more than doubled the proportion
of TH-positive cells entering the mitotic cycle, as indicated by
autoradiography of 3H-thymidine incorporation into nuclei. In addition to
regulating mitosis, VIP markedly increased the number and complexity of
neurites. The peptide evoked a 6-fold rise in the number of process-bearing
cells 10 hours after plating. VIP also increased the percentage of
neuroblasts exhibiting long processes at 24 hours. Finally, VIP influenced
neuroblast survival: peptide treatment resulted in a 3-5 fold increase in cells
per culture after 4 days. The above effects of VIP on sympathetic precursors
are highly specific. Two closely related peptides, secretin and growth
hormone releasing factor were devoid of effects on SCG cultures.

In sum, our observations suggest that a single neurotransmitter, ViP,
influences a spectrum of processes composing early neuronal ontogeny.
Since the peptide appears to be a normal presynaptic transmitter in the
sympathetic system, synaptic transmission may exert heretofore
unexpected effects. (supported by NIH grant HD 22315)
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13.1

LONG-TERM RESCUE OF DAMAGED FRONTAL CORTEX NEURONS AND
SPARING OF VISUALLY GUIDED BEHAVIOR BY ACUTE ADMINISTRATION
OF CORTEX CONDITIONED MEDIUM FRACTION. F. Haun, R. Perry, T.J.
Cunningham. Dept. of Anatomy, Medical College of Pennsylvania, Phila.,PA
19129,

This study tested both neurotrophic and behavior effects of a
macromolecular fraction of conditioned medium (CM) derived from embryonic
cortex cultures, compared to a similarly prepared fraction of unconditioned
medium (UM). Osmotic pumps (2wk capacity) containing either CM or UM are
implanted in adult Long-Evans rats immediately after making a discrete rostral
visual cortex lesion unilaterally. At 3-4 mos post-lesion, UM animals show a
31% loss of 3-H thymidine labeled neurons in layers 2,3, and 5 of the caudal
third of medial frontal cortex (area 8), a region containing cells of origin of the
fronto-occipital pathway. These animals are also impaired in learning a visual
discrimination that requires spatially discontiguous responses, a deficit
attributable to a 250% increase in the frequency of incorrect responses to the
side contralateral to the lesion, compared to normals. In contrast neuron loss is
only 9% and visual learning is normal in animals with comparable lesions that
received the CM fraction. These results demonstrate a long-term neurotrophic
effect on damaged cortical neurons, coupled with a related behavioral
improvement, after an acute dosage of a cortex-derived CM fraction, results
suggestive of reorganization in the fronto-occipital pathway in response to the
trophic agent. Supported by NINDS Grant NS16487 to TJC.

13.2

LESIONS DISRUPTING CORTICAL CHOLINERGIC INNERVATION PREVENT
PLASTICITY OF SOMATOSENSOF‘!Y MAPS IN CAT SOMATOSENSORY
CORTEX. S.L. Juliano, D.E. Eslin, W. Ma. Dept. of Anatomy, USUHS,
Bethesda, MD 20814.

A number of recent studies have demonstrated that the organization of maps
in the somatosensory cortex (SSC) undergo dramatic changes after
manipulations to peripheral somatic input. The mechanisms that produce such
changes are only beginning to be understood. Experiments in sensory systems
suggest that acetyicholine (ACh) may play a significant role in mediating the
capacity of the CNS to adapt to changes in the environment. Previous
experiments in our lab demonstrated that disruption of cortical cholinergic
innervation substantially reduced the pattern of stimulus-evoked activity in cat
somatosensory cortex during a 2-deoxyglucose (2DG) experiment. In contrast
to the reduction of metabolic activity, amputation of a single digit in a cat's
forepaw causes dramatic expansion oi the metabolic pattern evoked by
stimulation to an adjacent digit. This change in metabolic pattern was
determined using bilateral stimulation to digit 3 in cats that received a unilateral
amputation of digit 2, either 2, 4, or 6 weeks prior to a 2DG experiment. The
normal, reconstructed pattern of 2DG label produced by stimulation to digit 3
occurs as a broken strip of activity extending through the SSC. The metabolic
label evoked in the hemisphere contralateral to the digit amputation was of
greater areal extent than that in the normal hemisphere. The reconstructed
pattern tended to fill in regions of low activity, thereby making the normally
occurring broken strip of activity continuous. Additional strips of activity also
occurred. Further experiments performed unilateral digit 2 amputations and
concurrent NBM lesions in the same cat. In this situation, which depleted the
SSC of ACh, the expansion of stimulus-evoked metabolic activity by stimulation
to digit 3 did not occur. These findings suggest that ACh is an important
component in mediating the plasticity of somatotopic maps.
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NEONATAL NUCLEUS BASALIS LESION-INDUCED PERTURBATION OF
CORTICAL DENDRITIC MORPHOLOGY IN THE ADULT RAT. D.E.
Stearn*, R.F. Mervis, R. Dvorak*, and G.W.Arendash#.
(SPON: L. Liss). Div. Neuropathology, The Ohio State
Univ. College of Medicine, Columbus, OH. 43210,#Dept.
Biol.,Univ. South Florida, Tampa, FL.

Neonatal lesions of the nucleus basalis
magnocellularis (nBM) will prevent subsequent cholinergic
innervation of the neocortex. Adults show prolonged
cholinergic hypofunction and cognitive deficits. Two-day-
old Sprague-Dawley rat pups had their nBM bilaterally
lesioned using ibotenic acid. When 8 months-old, the rats
were killed. The parietal cortex was stained using the
rapid Golgi method. Controls were sham-lesioned. Analysis
of the basilar tree of layer V pyramidal cells showed
that nBM-lesioned subjects had significantly more
dendritic material and more branching (p<0.05); however,
dendritic fields retained substantially normal
morphology. Long-term nBM lesions appear to result in
dropout of cortical neurons. In neonates it produces a
transient abnormal cortical cytoarchitecture. The present
findings suggest that in the absence of normal extrinsic
cholinergic innervation, both neuronal plasticity and a
compensatory dendritic response (to neuronal loss) may be
important factors influencing neuronal development.
[Supported in part by Sigma Kappa Sorority Foundation]

13.5
RELATIONSHIP BETWEEN BRAIN CATECHOLAMINES AND BEHAVIOR FOLLOWING

EXPERIMENTAL TRAUMATIC BRAIN INJURY. A.W.Deckel, A.Merians. B. Femmelly*,

P.Freeswick®*. and B.Levin. Depts. of Psychiatrv, pPhysical Therapy and
Neurology, UMDNJ—N.J. Medical School and Sch Allied Health, Newark,
N.J.. 07103; Dept. Neurology. E.Orange V.A. Med. Center, E. Orange. N.J.
Twenty-three adult male Sprague Dawley rats, including control (n=7),
moderately lesioned (n=8) ard severely lesioned (n=8) were amalyzed on a
variety of behaviors at 1 and 3 weeks post lesion. These measures
included assessment of spontaneous locomotor activity in the horizontal
and vertical plane and tuming behavior following injection with
apororphine (0.2 mg/kg s.c.). At the completion of the 3 week reasures,

brains were removed and CNS catecholamine (CA) analysis was done via HPLC

biochemistrv. Severely lesioned animals tumed 10 tines more frequeutly
to the left side than controls following apamorphine injection (p<.017),
but less often to the right side (p<.002): moderately lesioned amirals
turmed approximately 5 times more often to the left side than contiols,

vhile controls tumed 3.2 times more often to the right. Controls showed

twice as mxch vertical activity as did severely and moderately lesioned
at 1 week post injury (p<.05). No statistically significant biochemical
differences were seen between controls and lesioned. Nonetheless, left-
hemisphere cortical NE "predicted" horizontal locomotor activitv in
controls when forward stepwise regression analysis was emploved, while
right-side brainstem DA "predicted' vertical locamotor activity. In
contradistinction to controls, in lesioned animals right-sided anterior
NE levels accounted for the majority of the variance in most measures of

spontanecus locomotion, These results suggest that left cortical NE has

a close association with locamotor activity in controls and that this
relationship "shifts'' following TBI:

13.7

AUTOMATED COMPUTER RECOGNITION AND
QUANTIFICATION OF NEURONS AND NEURITES IN HUMAN
BRAIN. T. El_Rashid n .__Rogers. Institute  for
Biogerontology Research, Sun City, . .

euron and neurite losses are one of the more likely bases
for cognitive changes associated with aging and dementia.
Unfortunately, techniques for quantifying perikaryal and,
especially, neurite alterations remain extremely labor “intensive.
Currently available "computer assisted” methods often amount
to little” more than using the computer as a_glorified adding
machine, because the operator must still, in one way or
another, help identify the quantified elements S.l.e,, by pointing
or tracing each one or by setting parameters for thresholding).
To the extent that these techniques rely on gray scale
thresholding, they are also error prone: the gray levels of
neurons, neurites, and background overlap too extensively for
accurate segmentation based on thresholding alone. We ~ have
developed an  automated approach that incorporates both gray
scale information and_information about spatial frequencies. In
a first step, acquisition and preprocessing, adjacent fields of
the entire sample (or restricted areas traced by the operator)
are automatically digitized and optimized. In a second phase,
two original algorithms are used to segment the fields into
their different components: cell bodies, neurites, and field
background. .. A specially  constructed lowpass, local
neighborhood filter preserves "perikarya while eliminating high
frequency components such as neurites and back%;ound debris,
Neurites ~ are then separated from background by a second
spatial domain algorithm that, in tandem with a highpass filter,
analyzes gray level variance along fixed length bars rotated in
32 (directions.  Conventional measurement programs are then
used to quantify the results. Operator assistance is needed
pnl?/ to monitor performance. Advantages of the method
include higher sampling rates, objectivity, and precision than
currently available techniques for counting neurons and neurites.

134

NUCLEUS BASALIS LESIONS IN THE AGING RAT: EFFECT ON
DENDRITIC BRANCHING IN CORTICAL PYRAMIDAL CELLS. R.F.

Mervis, M. Bedo-Wierdl*, R. Dvorak*, & G.W. Arendash#.

Div. NeuropathoTogy, The Ohio State University College of
Medicine, Columbus, Ohio 43210, and #Dept. Biology, Univ.
South Florida, Tampa, Florida 33620.

To help develop an animal model for Alzheimer's
disease, the effect of long-term excitotoxic lesions of
the nucleus basalis (NB) on neocortical branching of
pyramidal cells was evaluated in Golgi-impregnated
preparations, Sprague-Dawley rats (21 months-old) were
infused unilaterally with ibotenic acid in the NB. The
subjects were killed 5 months later. The Sholl method of
concentric circles was used to evaluated extent of
dendritic branching of the basilar tree of layer III
pyramidal cells from the frontal cortex. There were two
Control groups: neurons from the contralateral
(unlesioned) hemisphere and from sham-lesioned rats.
Results showed that there was a significant increase in
the amount of dendritic branching in the neurons from the
NB-lesioned rats compared to controls. There was also a
significant increase in the radius of the dendritic domain
in neurons from the lesioned hemisphere. Previously, it
had been found that long-term NB lesions resulted in loss
of cortical neurons. The present findings suggest that
the surviving cortical neurons express compensatory
dendritic hypertrophy.

(Supported in part by the Sigma Kappa Sorority Foundation)

13.6

DIFFERENTIAL EFFECT OF DOPAMINERGIC DEAFFERENTATION ON THE
MORPHOLOGY OF STRIATAL TARGET NEURONS IN YOUNG AND OLD
MICE. T.H. McNeill, S.A. Brown*, B. J. Davis and L.L.Koek*. Andrus
Gerontology Center, Univ. of Southern California, Los Angles, CA 90089
and the Dept. of Neurology, Univ. of Rochester, Rochester, NY 14642.

A recent study from our laboratory has provided morphological evidence
for the dendritic regression of striatal target neurons in Parkinson’s disease
(PD) (Br.Res. 455:148,1988). Since it is known that PD is characterized by a
partial dopaminergic (DA) deafferentation of the striatum (ST) we
hypothesized that the lack of an appropriate compensatory response of
striatal target neurons in the aged brain to DA cell loss may underlie the
regression of striatal dendrites found in PD. To test this hypothesis we
examined by Golgi impregnation the morphology of medium spiny | (MSI)
striatal neurons, a principle target population for DA fibers, following a
unilateral lesion of the SN using the DA neurotoxin 6-OH-DA. For our study
adult (6 mo.) and old (20 mo.) C57B1/6N mice were given unilateral
injections of 6-OH-DA (4.5ug). Mice were killed at 14 days postinjection and
tissue blocks containing the ST were processed according to the Golgi Cox
procedure of Van der Loos. DA lesions were confirmed by immunocyto-
chemical staining. We found that there was a differential response of
individual dendritic segments to DA cell loss and the response was age
dependent. Specifically, there was a significant increase in the length and
number of distal dendritic segments of MSI neurons in adult (6 mo.) but not
old (20 mo.) mice following the 6-OH-DA. These data suggest that MS|
neurons of aged mice lack the ability to compensate or modify their
dendritic arbor in response to DA cell loss and that the absence of a similar
compensatory response in the aged brain of man may contribute to the
regression of MSI dendrites found in PD. Supported by AG00300, AG05445.

13.8

IN VIVO OBSERVATION OF MOTOR NERVE TERMINAL REMODELLING
IN REINNERVATED NEUROMUSCULAR JUNCTIONS OF THE FROG.
A.A. Herrera, M.J. Werle, & N. Nagaya, Dept. of Biol.
Sci., Univ. of Southern Calif., Los Angeles, CA 90089.

The polyneuronal innervation (PI) that forms at
adult neuromuscular junctions during reinnervation is
reduced by subsequent synapse elimination (SE). We are
using electrophysiology, histology, and repeated in
vivo observation to examine this process in the
reinnervated sartorius of Rana pipiens. Although SE is
extensive, PI remains higher than normal even after 2
years. Histology shows that reinnervated junctions are
larger and have abnormally-shaped nerve terminals; they
also have more axonal inputs, abandoned synaptic sites,
and doubly innervated sites than normal junctions. We
have posed two hypotheses to explain the persistence of
higher PI and the apparent synaptic remodelling: 1) SE
may cease after a certain time, freezing the pattern of
innervation into a deceptively plastic state. 2) SE may
be ongoing, but is balanced by enhanced synapse
formation to maintain higher PI in a dynamic
equilibrium. We are observing identified reinnervated
junctions in yivo to test these hypotheses. Our goals
are to explore the validity of this form of SE as a
model for development, test the precision of
reinnervation of synaptic sites, better define the
sequelae of nerve injury, and characterize a convenient
preparation for studying pre— and postsynaptic change
during synaptic remodelling. Supported by NIH.
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13.9

REEULATION OF CONNECTIVITY IN THE ADULT SPINAL OORD. By
G.R.Lewin* and S.B.McMahons, Dept. Physioogy, St Thomas'
Hospital Medical School, London SE1 7EH. (SPON: BRA).

We have previously shown that some properties of
unmyelinated muscle primary afferents change when they
reinnervate a new target. We have now asked whether the
connectivity of these afferents has changed in the spinal
cord. In adult rats the nerve to the gastrocnemius muscle
(@) and the cutaneous sural nerve (SN) were self- and
cross-anastomosed on left and right, so that they
regenerated to either appropriate or inappropriate targets.
Ten to 12 weeks later, symmetrical recording tracts were
made with a tungsten microelectrode to map L4, L5 and L6
spinal segments in these animals under urethane
anaesthesia. The microelectrode was advanced to a depth of
720 pm in 6pm steps at 0.5 Hz whilst repetitively
stimulating the GN at C-fibre strength, every 2 seconds.

Comparisons between the control and experimental side
were made on the basis of estimates of the number of cells
activated at C-fibre latencies and quantitative counts of
the number of C-evoked spikes in each track. By both these
measures the GN now innervating skin showed an average
increase of 200% over control which was seen in all 7
animals studied and was significantly different (p<0.01).
One explanation for this increased connectivity may be the
altered peptide content of muscle afferents
innappropriately innervating skin (McMahon and Gibson,
Neurosci. Lett. 73, 9-15).

13.11

MECHANISM OF RECOVERY OF FUNCTION AFTER SPINAL CORD

TRAUMA: NEW EVIDENCE J.B. Walker, B.Scroggins* Lab of Bio-
electronics, Walker Inst. 881 Alma Real Drive, Pacific Palisades,
CA. 90272

Recovery of function after brain or spinal cord injury as a
function of administration of certain drugs or hormones, fetal
t.z'ansplants or exposure to enriched enviromments or electric
fields has been described in animals.

A proportion of human subjects with chronic spinal cord injury
recover voluntary motor function, below the lesion (Walker,J.
Neurosci. 22 S:1669, 1987).

In order to investigate the mechanism by which recovery occurs,
we examined muscles that appeared paralyzed by conventional
clinical examination using quantitative electramyography.
Quantitative electromyography using the Biocamp 1000 system can
detect myoelectric activity at a threshold at .5 microvolts. BG
examination of paralyzed muscles hopefully would differentiate
between several log-
ical alternatives that could explain recovery of function. These
alternatives are:

(1) regeneration

(2) voluntary movement present but '"masked" by spasticity

(3) the nerves to the ruscle are intact but not fi~ctioning
because of same reversible or irreversible metabolic deficiency
(4) voluntary muscle function is present but is too weak to be
detected with clinical examination.

Electramyograph examination revealed that over 50% of
"paralyzed muscles" showed "minipotentials" with recruitment
patterns on voluntary effort. We therefore conclude that even in
apparently paralyzed muscles, "minipotentials" are present and may
represent a mechanism by which this apparent recovery of function
occurs. The present data are inconsistent with the existence of
regeneration, masking of voluntary function by spasticity as has
been suggested by several authors, and any peripheral neurcpathy.
The present data are also consistent with autopsy data indicating
that even with so called camplete lesions, much of the spinal cord
is

13.10

RECOVERY OF MOTOR FUNCTION AND PLASTICITY OF
DORSAL ROOTS FOLLOWING SPINAL CORD HEMISECTION
IN ADULT CATS._ M.E. McBride and M.E. Goldberger. Mcdical
College of Pennsylvania, Philadelphia, PA. 19129.

Hemisection sparing the dorsal columns results in a loss of
monopedal postural reflexes and locomotion, followed by partial
recovery. To test the hypothesis that recovery is associated with
increased dorsal root projections we used quantitative densitometry
of immunocytochemically identified subpopulations of dorsal roots.
Large fibers were labeled with monoclonal antibody Rat 102 (Martin
& Hockfield, 1988 Soc.Neurosci.Abst.14693) and small fibers with
CGRP. Descending serotonergic (5-HT) and noradrenergic (DBH &
TH) systems were similarly examined. On the hemisected side Rat
102 immunoreactivity increased 4 fold in the medial dorsal horn and
in lateral lamina V and 3 fold in medial lamina VII and the mcdial
ventral horn. CGRP increased in laminae I & II. 5-HT decrcased 2
fold in laminae I & II and lamina V, 7 fold in the IML and 3 fold in
the medial ventral horn. One interpretation of the increase in
immunoreactivity of Rat 102 and CGRP is collateral sprouting of
dorsal roots. Reactive reinnervation of spinal neurons deaffcrented
by hemisection is consistent with enhanced reflex activity in
chronically hemisected cats.

Supported by NIH grants NS24707,NS16629 & NSF grant NS8605441.

THE AGING PROCESS

14.1

INCREASED NEUROTROPHIC ACTIVITY IN THE
AGING BRAIN. B._ A. Yapkner and P. Dikkes" Dept.
of Neurology, Chlldrens Hospital and Harvard
Medical School, Boston, MA (2115.

The dynamics of aging in the CNS and the
mechanisms by which the brain repairs itself are
unknown. We have identified a substratum-associated
neurotrophic activity in the murine CNS that
increases adhesion, viability and neurite outgrowth in
cultured cortical neurons. This activity is enriched in
grey matter and present at high levels in the

ippocampus, amygdala and associative regions of thc
cortex. Low levels are present in spinal cord and
peripheral nerve. The highest levels of activity are
present during fetal development with a subsequent
decline postnatally. In the aging brain, there is a
significant resurgence of neurotrophic activity
througout the CNS but with considerable regional
variation. The activity is sensitive to digestion with
proteinase K and trypsin but resistant to heparinase.
Neurite outgrowth was partially inhibited by NCAM
antibody but was unaffected by laminin antibody or
antibodies to the amyloid precursor protein. Neuronal
cell death in the aging brain may trigger the release
of neurotrophic factors resulting in compensatory
process outgrowth from remaining viable neurons.

14.2

THE MICRENCEPHALIC RAT: AN ANIMAL MODEL FOR THE STUDY OF
ACCELERATED AGING ASSOCIATED WITH DEVELOPMENTAL BRAIN
DEFECTS. M.H. Lee, A. Rabe, P. Wang* and J. Currie. New
York State Institute for Basic Research in Developmental
Disabilities, Staten Island, NY 10314,

The rat with prenatally induced hypoplasia of the
cerebrum is an animal model of congenital brain defects
and mental retardation. Born with profound morphological
and neurochemical changes in the brain, these rats show
retarded d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>