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159. Somatic and visceral afferents: 195. Genetic models I ......ccoviviniiiiiiiiniiiiiiiinnnnenes 473
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Neural plasticity in adult animals:

induced effects II ....cccuveninviinninrenreninninnnns 832
Ion channels: sodium channels II .................. 834
Invertebrate learning and behavior II ............. 837
Invertebrate learning and behavior III ............ 840
Neural plasticity in adult animals:

CErebral COTLEX ....iveveveiernininreeenenenanceconnses 843
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339. Serotonin, histamine and other biogenic
amines VI ...cooiiiiiiiiiiiiiiiiniiinenn, eeeeee veeenen 845

340. Behavioral pharmacology: dopamine .............. 849

341. Pain modulation: biogenic amines ................. 851

342. Pain modulation: central pathways II ............. 854

343. Hippocampus and amygdala III .................... 857

344. Learning and memory: physiology IV ............. 860

345. Epilepsy IV coniiiiiiiiiiiiiiiiiinicniccne e 863

346. Process outgrowth, growth cones, and
guidance mechanisms VI ............cccevvuiennnnee 867

347. Process outgrowth, growth cones, and
guidance mechanisms VII .............ccceveeneees 869

348. Interactions between neurotransmitters II ........ 872

349. Peptides: biosynthesis, metabolism and
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351. Epilepsy: hippocampus and neocortex II ......... 881
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Presidential Special Lectures — 4:15 p.m.
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abstract
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abstract
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Chaired by: X.0. Breakefield .................... 891
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371. Cerebral metabolism and blood flow II .......... 917 Symposia — 1:00 p.m.
372. Membrane composition and cell 416. Development of Functional Heterogeneity
surface macromolecules I .........cceevveevnnnnnnn. 919 Among Sensory Neurons.
Chaired by: S.A. SCOtt .....ccvevrirurnininineninns 1042
417. Coding and Execution of Movement in
Poster Sessions — 8:30 a.m. Three Dimensions. Chaired by: B. Cohen .... 1042
373. Limbic system II .......cccooiiiiiiiiiiiiiiiiinininnnn., 921
374. Adrenergic receptors II ........cocoeiiinininiiinnin. 924
375. Dopamine receptor modulation and Slide Sessions —1:00 p.m.
TGUIALION ....ovviviiieiiniirietieiiee e 926 418. Human behavioral neurobiology IV ............... 1042
376. Catecholamines IV .......c.cooevveiivnreneeeeienennennn. 928 419. Ion channels: ligand-gated II ...............c...ccs 1044
377. Catecholamines: electrophysiology II .............. 930 420. Degenerative disease: other I ............cceienenne. 1046
378. Dopamine receptors ITI ...........cceevvevevvennennnns 933 421. Excitatory amino acids IX ...........ccooeeinnin. 1048
379. Respiratory regulation IIT ..........ccocviniininnnnns 935 422. Hypothalamic-pituitary-adrenal regulation I ..... 1050
380. Excitatory amino acids VII ........ccecceveeeeiinunns 938 423. Receptor modulation and regulation III .......... 1052
381. Excitatory amino acids VIII .........ccceeeeeennnnnn. 941 424. Regeneration: general II .......c.cocoevieiiinniinans 1054
382. Potassium channels II ...........covvviveeririvnnnnnnns 945 425. Neuroglia: biology of astrocytes II ................. 1056
383. Muscle: function and biochemistry ................. 947 426. Neuroendocrine controls: other II .................. 1058
384. Motor systems and sensorimotor integration: 427. Spinal cord and brainstem ..........c.cceveuiinninnnns 1060
posture and movement VI .......ccccceeeeerrenenn. 950 428. Chemical senses: peripheral mechanisms I ....... 1062
385. Motor systems and sensorimotor integration: 429. Cerebral ischemia V ......cccooviviiiiiiiiiininieiinnne. 1064
posture and movement VII ........cccceeeeeeenee. 953 430. Basal ganglia and thalamus: motor systems VI . 1066
386. Motor systems and sensorimotor integration: 431. Hypothalamic-pituitary-gonadal regulation III .. 1068
oculomotor system III ........ccoevviiieinininenne. 955
387. Motor systems and sensorimotor integration:
oculomotor system IV ........cccvvvieeeereevnnnnnn. 958 Poster Sessions —1:00 p.m.
388. Drugs of abuse IV .....ccovuiviiiiieeciinerecennennnnn. 960 432. ACetylchOlNE ......cvvueiuiienienrinnenrenrenenencennnn 1070
389. Feeding and drinking VI .......c.ccoveeiniininninnnnes 964 433. Catecholamines V ........ccceveiirinreiinininininienenes 1073
390. Monoamines and behavior V ......ccceevvvveneennnnn 967 434. Dopamine receptors IV .......cccocveviiiniiiniennnnnes 1076
391. Cardiovascular regulation VI ...........ccccvvveneee 970 435. Characterization of muscarinic receptors II ..... 1078
392. Cardiovascular regulation VII ..........ccceuveeneen. 973 436. Neurotoxicity III .....cccvvviiiiiiiiiiirieniiiceienannes 1081
393, Amino acids: GABA and benzodiazepines VI .. 976 437. Alzheimer’s disease: neuropathology ............... 1083
394. Peptides: receptors IV .....cccvevvviieiieneenennnnn. 979 438. Ion channels: modulation and regulation V ..... 1088
395. Peptides: anatomical localization III .............. 982 439. Presynaptic mechanisms I ........c.ccceeeiiieiiieiins 1091
396. RetiNd V ooviiiiiiiiiiieniieiiiiiieeniienrerereeeneneneaes 986 440. Presynaptic mechanisms: modulators .............. 1094
397. Subcortical visual pathways IV .............c..c...... 990 441. Sensory systems: auditory systems VII ............ 1095
398. Cerebral ischemia IV ........ccccvvvveiviiinieniinennnnns 993 442. Sensory systems: auditory systems VIII ........... 1099
399. Cerebral metabolism and blood flow III ......... 995 443. Motivation and emotion I .........c.ccoveiiinnanne. 1100
400. Invertebrate motor function ...........ceeveeenenenn. 998 444, Motivation and emotion II ...........ccccenieenen.. 1103
401. MoOtor SYStEmS I ...cevvvvveneerrennneeeeerrnnneneerenns 1001 445. Feeding and drinking VII ...........cccciieeennnnnnn. 1106
402. Transplantation I .......ccccceeeeieiiimniiinnienieennnes 1004 446. Drugs of abuse V ......ccocvvviiiinviniennicinininnnne. 1108
403. The aging process I ......cccvvveiiiiiiienineninennnnnns 1007 447. Visual system: development and plasticity V .... 1110
404. Behavioral pharmacology: monoamines .......... 1010 448. Trophic agents VI ....oooiiiiiiiiniiiiiiiieiincinnnns 1113
405. Human behavioral neurobiology III ............... 1012 449. Neuronal death IT .......ccccooviiniiiiiniiiinnn, 1116
406. Membrane composition and cell surface 450. Retina VI ...c.ooivininiiiiiiiiiiiiiiiiiiniicinieaeaes 1119
macromoleculess IT ........ccoceieiiiiiiiiienennnnne. 1016 451. Visual cortex VI ...coiniiiiiiiiiiiiiiiieceiiieneens 1122
407. Differentiation and development VI ............... 1019 452. Process outgrowth, growth cones, and
408. Basal ganglia and thalamus: motor systems IV . 1022 guidance mechanisms VIII ............cooceeeeee 1125
409. Basal ganglia and thalamus: motor systems V .. 1025 453. Cell lineage and determination III ................. 1129
410. Learning and memory: pharmacology IV ........ 1029 454. Neural plasticity in adult animals:
411. Epilepsy: peptides .....cccvvveiiniiiiiiiiiiinnennnnns 1031 anatomy and behavior .........cccceceeieiininnnen. 1132
412. Epilepsy: GABA and benzodiazepines ............ 1034 455. Behavioral pharmacology: acetylcholine .......... 1135
413. Blood/brain/nerve barrier Il ........................ 1036 456. Interhemispheric relations ...........cccceeeeuenenenn. 1137
414. Differentiation and development VII .............. 1040 457. Transplantation II .........coocviniininiininiinnininnas 1141
458. Motor systems II .....cooieiiiniiiiiiiiiiiieneiinenncnes 1144
459. Epilepsy: substantia nigra and amygdala ......... 1147
Special Lecture — 11:45 a.m. 460. Trauma II ..coooiniiiiiiiiiii e reeeenees 1151
415. Several Faces of Specificity By Thin Primary 461. Opiates, endorphins and enkephalins:
Afferent Fibers and their Relationship physiological effects IV ......c.coeeieiiirennnnne. 1155
to the Spinal Dorsal Horn. 462. Peptides: biosynthesis, metabolism and
1230 (U o= ¢ LN No biochemical characterization IV .................. 1158
abstract 463. Messenger RNA regulation IV ..........ccoeeeene. 1161
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464. Pain pathways: trigeminal system .................. 1163 Poster Sessions — 8:30 a.m.
465. Subcortical somatosensory pathways: 490. Catecholamines VI .......cccoeiviviieiininininnnnnnennns 1213
trigeminal SYStem .......c..ccoveuieniiniiiniiniiniines 1165 491. NeurotoxicCity IV ....ccoceiiuiiiiiiiiiiiinienrnneninenns 1216
466. Chemical senses: peripheral mechanisms II ...... 1167 492. NeurotoxiCity V ...ccccevviiiiiiiiiiiiiiiiieienininnannn, 1218
467. Sprouting and sprouting mechanisms II .......... 1169 493. Alzheimer’s disease: transmitters .................... 1221
468. Developmental disorders ........c.ccoovvvivineninnnnn. 1171 494, Learning and memory: anatomy III ............... 1225
469. Neuroendocrine controls: other III ................. 1174 495. Muscle: structural characteristics ................... 1231
470. Hypothalamus I .........cccoveviiiiiiiiiiiinninnnn 1178 496. Motor systems and sensorimotor integration:
471. Hypothalamus II .........ccccoviiiiiiiiiiiiiiineninnnnn, 1180 posture and movement VIII ....................... 1233
472. Brainstem SYSLEMS ......cccveereineneninrrnencnrncaennns 1182 497. Motor systems and sensorimotor integration:
473. Chemical senses: gustatory pathways .............. 1185 cerebellum III .....coovevinieiiiiiiiiiiinnieeinen, 1237
474. Chemical senses: olfactory pathways .............. 1187 498. Effects of chronic drugs .........cceevevivnininnnnnn, 1240
499. Visual system: development and plasticity VI ... 1243
500. Trophic agents VII .....cccooeviiiiiiiininiiiiinnennnnn, 1245
Warner-Lambert Lecture — 4:15 p.m. 501. Gene structure and function III ............c........ 1249
475. Penfield’s Supplementary Motor Area 502. Visual corteX VII ...ccueeeevuveeeenneeeennnneeeenneees 1250
Re-Examined: Associations Between 503. Cerebral ischemia VI .........ccoceereereereerenrennnns 1254
an Area of Cerebral Cortex and 504. Comparative neuroanatomy: cerebral cortex .... 1256
Movement Performance. 505. Behavioral disorders ........ccccceveveniennrenrennennes 1257
R. POIter coovuinirieieiiiieiccce e No 506. Behavioral pharmacology: miscellaneous ......... 1261
abstract 507. Neurotoxicity: studies in tissue culture ............ 1264
508. Membrane composition and cell surface
macromolecules IIT .........coooeiiiiiiniininnann, 1266
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Ganglion Cells. 514. Hypothalamic-pituitary-adrenal regulation II ... 1284
Chaired by: E.V. Famiglietti ...................... 1189 515. Hypothalamic-pituitary-adrenal regulation III .. 1286
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485. Second messengers VII .....ccoceeviviiiviinininennnnns 1204 526. Degenerative disease: other IT ....................... 1313
486. Presynaptic mechanisms II ............cc.eenenenene. 1206 527. Regulation of autonomic function III ............. 1314
487. Neural plasticity in adult animals: peripheral ... 1208 528. Neural control of adrenal function ................ 1320
488. Cerebral metabolism and blood flow IV ......... 1210 529. Messenger RNA regulation V ........cccceveenenenen. 1323
489. Interactions between neurotransmitters III ....... 1211 530. Acetylcholine: receptors and choline uptake ..... 1327



Thematic List of Sessions

(Includes slide and poster sessions, symposia, and workshops only.)

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
509. Aging: physiology Poster Fri AM
167. Biochemical and pharmacological correlates of development I Poster Tue AM
258. Biochemical and pharmacological correlates of development II Poster Wed AM
518. Biochemical and pharmacological correlates of development III  Poster Fri AM
132.  Cell lineage and determination I Slide Tue AM
359. Cell lineage and determination II Slide Thu AM
453.  Cell lineage and determination III Poster Thu PM
416. Development of Functional Heterogeneity Among Sensory
Neurons Symp. Thu PM
39. Differentiation and development I Poster Mon AM
69. Differentiation and development II Slide Mon PM
171. Differentiation and development III Poster Tue AM
291. Differentiation and development IV Poster Wed AM
311. Differentiation and development V Slide Wed PM
407. Differentiation and development VI Poster Thu AM
414. Differentiation and development VII Poster Thu AM
483. Differentiation and development VIII Slide Fri AM
510. Differentiation and development IX Poster Fri AM
112.  Endocrine control and development I Poster Mon PM
113.  Endocrine control and development II Poster Mon PM
282. Endocrine control and development III Poster Wed AM
478. Endocrine control and development IV Slide Fri AM
354. Limbic system I Poster Wed PM
401. Motor systems I Poster Thu AM
458. Motor systems II Poster Thu PM
12.  Neural plasticity in adult animals: LTP I Slide Mon AM
225. Neural plasticity in adult animals: LTP II Poster Tue PM
454. Neural plasticity in adult animals: anatomy and behavior Poster Thu PM
245. Neural plasticity in adult animals: central Slide Wed AM
338. Neural plasticity in adult animals: cerebral cortex Poster Wed PM
197. Neural plasticity in adult animals: induced effects I Poster Tue PM
334. Neural plasticity in adult animals: induced effects II Poster Wed PM
277. Neural plasticity in adult animals: neuromuscular and autonomic Poster Wed AM
487. Neural plasticity in adult animals: peripheral Slide Fri AM
150. Neuronal death I Poster Tue AM
449. Neuronal death II Poster Thu PM
290. Neurotoxicity in development I Poster Wed AM
352. Neurotoxicity in development II Poster Wed PM
$07. Neurotoxicity: studies in tissue culture Poster Fri AM
122. New Approaches to the Functional Development of the
"“Neocortex Wksh. Tue AM
235. Nutritional and perinatal factors in development Poster Tue PM
108. Process outgrowth, growth cones, and guidance mechanisms I Poster Mon PM
184. Process outgrowth, growth cones, and guidance mechanisms II  Slide Tue PM
231. Process outgrowth, growth cones, and guidance mechanisms III Poster Tue PM
240. Process outgrowth, growth cones, and guidance mechanisms IV  Slide Wed AM
300. Process outgrowth, growth cones, and guidance mechanisms V  Slide Wed PM
346. Process outgrowth, growth cones, and guidance mechanisms VI Poster Wed PM
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347. Process outgrowth, growth cones, and guidance mechanisms VII Poster Wed PM
452. Process outgrowth, growth cones, and
guidance mechanisms VIII Poster Thu PM
267. Regeneration: CNS I Poster Wed AM
482. Regeneration: CNS II Slide Fri AM
322. Regeneration: GAP-43 Poster Wed PM
70. Regeneration: PNS Slide Mon PM
266. Regeneration: functional recovery Poster Wed AM
265. Regeneration: general I Poster Wed AM
424. Regeneration: general II Slide Thu PM
203. Regeneration: influencing factors Poster Tue PM
204. Regeneration: nerve guides Poster Tue PM
323. Regeneration: other growth-associated proteins Poster Wed PM
170. Sensory systems I Poster Tue AM
196. Sensory systems II Slide Tue PM
77. Specificity of synaptic connections I Slide Mon PM
230. Specificity of synaptic connections II Poster Tue PM
47. Sprouting and sprouting mechanisms I Poster Mon AM
467. Sprouting and sprouting mechanisms II Poster Thu PM
210. . Synaptogenesis I Poster Tue PM
330. Synaptogenesis II Poster Wed PM
360. Synaptogenesis III Slide Thu AM
403. The aging process I Poster Thu AM
517. The aging process II Poster Fri AM
402. Transplantation I Poster Thu AM
457. - Transplantation II Poster Thu PM
5. Transplantation for movement disorders Slide Mon AM
308. Transplantation: biology Slide Wed PM
511. Transplantation: eye Poster Fri AM
233. Transplantation: hippocampus Poster Tue PM
172. Transplantation: spinal cord Poster Tue AM
292. Transplantation: striatum I Poster Wed AM
353. Transplantation: striatum II Poster Wed PM
123. Trophic agents I Slide Tue AM
149. Trophic agents II Poster Tue AM
276. Trophic agents III Poster Wed AM
331. Trophic agents IV Poster Wed PM
364. Trophic agents V Slide Thu AM
448. Trophic agents VI Poster Thu PM
500. Trophic agents VII Poster Fri AM
103. Trophic interactions I Poster Mon PM
211. Trophic interactions II Poster Tue PM
310. Trophic interactions III Slide  Wed PM
81. Visual system: development and plasticity I Poster Mon PM
188. Visual system: development and plasticity II Slide Tue PM
272. Visual system: development and plasticity III Poster Wed AM
298. Visual system: development and plasticity IV Slide Wed PM
447. Visual system: development and plasticity V Poster Thu PM
499. Visual system: development and plasticity VI Poster Fri AM
Theme B: Cell Biology
Session Day and
Number Session Title Type Time
232. Biology of neuroglia Poster Tue PM
251. Blood/brain/nerve barrier I Slide Wed AM
413. Blood/brain/nerve barrier II Poster Thu AM
124.  Cytoskeleton and axonal transport I Slide Tue AM
234. Cytoskeleton and axonal transport II Poster Tue PM
131.  Gene structure and function I Slide Tue AM
254. Gene structure and function II Poster Wed AM
501. Gene structure and function III Poster Fri AM
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372. Membrane composition and cell surface macromolecules I Slide Thu AM
406. Membrane composition and cell surface macromolecules II Poster Thu AM
508. Membrane composition and cell surface macromolecules III Poster Fri AM
11.  Messenger RNA regulation I Slide Mon AM
302. Messenger RNA regulation II Slide Wed PM
350. Messenger RNA regulation III Poster Wed PM
463. Messenger RNA regulation IV Poster Thu PM
529. Messenger RNA regulation V Poster Fri AM
62. Molecular Biological Approaches to Study Neuropeptide
Biosynthesis Symp. Mon PM
173. Neuroglia: biology of astrocytes I Poster Tue AM
425. Neuroglia: biology of astrocytes II Slide Thu PM
317. Neuroglia: myelin forming cells Poster Wed PM
48. Neuroglia: myelin mutants Poster Mon AM
219. Staining and tracing techniques I Poster Tue PM
220. Staining and tracing techniques II Poster Tue PM
Theme C: Excitable Membranes and Synaptic Transmission
Session Day and
Number Session Title Type Time
121. At Last! Potassium Channels: Expression and Regulation Symp. Tue AM
54. Ion channels: calcium channels I Poster Mon AM
55. Ion channels: calcium channels II Poster Mon AM
56. Ion channels: calcium channels III Poster Mon AM
363. Ion channels: calcium channels IV Slide Thu AM
117.  Ion channels: cell function I Poster Mon PM
118. Ion channels: cell function II Poster Mon PM
261. Ion channels: chloride and other Poster Wed AM
260. Ion channels: ligand-gated I Poster Wed AM
419. Ion channels: ligand-gated II Slide Thu PM
57. lon channels: modulation and regulation I Poster Mon AM
64. Ion channels: modulation and regulation II Slide Mon PM
262. Ion channels: modulation and regulation III Poster Wed AM
303. Ion channels: modulation and regulation IV Slide Wed PM
438. Ion channels: modulation and regulation V Poster Thu PM
484. Ion channels: potassium, chloride and other Slide Fri AM
241. Ion channels: sodium channels I Slide Wed AM
335. Ion channels: sodium channels II Poster Wed PM
358. Non-Uniformity of Synaptic Physiology and Implications for
Plasticity in the Nervous System Wksh. Thu AM
207. Pharmacology of synaptic transmission I Poster Tue PM
325. Pharmacology of synaptic transmission II Poster Wed PM
110.  Postsynaptic mechanisms I Poster Mon PM
111.  Postsynaptic mechanisms II Poster Mon PM
369. Postsynaptic mechanisms III Slide Thu AM
186. Potassium channels I Slide Tue PM
382. Potassium channels II Poster Thu AM
439. Presynaptic mechanisms I Poster Thu PM
486. Presynaptic mechanisms II Slide Fri AM
31. Presynaptic mechanisms: ions Poster Mon AM
440. Presynaptic mechanisms: modulators Poster Thu PM
30. Presynaptic mechanisms: toxins Poster Mon AM
44. Synaptic structure and function I Poster Mon AM
252. Synaptic structure and function II Slide Wed AM
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Theme D: Neurotransmitters, Modulators, and Receptors

Session Day and
Number Session Title Type Time
432.  Acetylcholine Poster Thu PM
257.  Acetylcholine: basal forebrain and brainstem Poster Wed AM
530. Acetylcholine: receptors and choline uptake Poster Fri AM
523. Adrenergic receptor modulation and regulation Poster Fri AM
166. Adrenergic receptors I Poster Tue AM
374. Adrenergic receptors II Poster Thu AM
63. Afferent Regulation of the Locus Coeruleus Wksh. Mon PM
71.  Amino acids: GABA and benzodiazepines I Slide Mon PM
143. Amino acids: GABA and benzodiazepines II Poster Tue AM
144. Amino acids: GABA and benzodiazepines III Poster Tue AM
183. Amino acids: GABA and benzodiazepines IV Slide Tue PM
326. Amino acids: GABA and benzodiazepines V Poster Wed PM
393. Amino acids: GABA and benzodiazepines VI Poster Thu AM
125. Behavioral pharmacology Slide Tue AM
455. Behavioral pharmacology: acetylcholine Poster Thu PM
340. Behavioral pharmacology: dopamine Poster Wed PM
506. Behavioral pharmacology: miscellaneous Poster Fri AM
404. Behavioral pharmacology: monoamines Poster Thu AM
91. Behavioral pharmacology: psychostimulants Poster Mon PM
16. Catecholamines I Slide Mon AM
163. Catecholamines II Poster Tue AM
293. Catecholamines III Poster Wed AM
376. Catecholamines IV Poster Thu AM
433. Catecholamines V Poster Thu PM
490. Catecholamines VI Poster Fri AM
164. Catecholamines: electrophysiology I Poster Tue AM
377. Catecholamines: electrophysiology II Poster Thu AM
294. Catecholamines: in vivo measurements Poster Wed AM
242. Characterization of cholinergic receptors Slide Wed AM
94. Characterization of muscarinic receptors I Poster Mon PM
435. Characterization of muscarinic receptors II Poster Thu PM
95. Characterization of nicotinic receptors Poster Mon PM
107.  Cholinergic receptor modulation and regulation Poster Mon PM
375. Dopamine receptor modulation and regulation Poster Thu AM
165. Dopamine receptors I Poster Tue AM
185. Dopamine receptors II Slide Tue PM
378. Dopamine receptors III Poster Thu AM
434, Dopamine receptors IV Poster Thu PM
40. Excitatory amino acids I Poster Mon AM
97. Excitatory amino acids II Poster Mon PM
98. Excitatory amino acids III Poster Mon PM
198.  Excitatory amino acids IV Poster Tue PM
199, Excitatory amino acids V Poster Tue PM
318. Excitatory amino acids VI Poster Wed PM
380. Excitatory amino acids VII Poster Thu AM
381.  Excitatory-amino acids VIII Poster Thu AM
421. Excitatory amino acids IX Slide Thu PM
480. Excitatory amino acids X Slide Fri AM
168. Excitatory amino acids: excitotoxicity I Poster Tue AM
169. Excitatory amino acids: excitotoxicity II Poster Tue AM
299. Excitatory amino acids: excitotoxicity III Slide Wed PM
46. Interactions between neurotransmitters I Poster Mon AM
348. Interactions between neurotransmitters I1 Poster Wed PM
489. Interactions between neurotransmitters III Slide Fri AM
2. Interleukin-1: Immune and Neural Modulator Symp. Mon AM
182. Neuronal Gene Expression: Physiological Activation,
Transcriptional Control and DNA Binding Proteins Symp. Tue PM
218. Opiates, endorphins and enkephalins: anatomy and chemistry I  Poster Tue PM
280. Opiates, endorphins and enkephalins: anatomy and chemistry II Poster Wed AM
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18. Opiates, endorphins and enkephalins: physiological effects I Poster Mon AM
162. Opiates, endorphins and enkephalins: physiological effects II Poster Tue AM
191.  Opiates, endorphins and enkephalins: physiological effects II1I Slide Tue PM
461. Opiates, endorphins and enkephalins: physiological effects IV Poster Thu PM

146.  Peptides: anatomical localization I Poster Tue AM
271. Peptides: anatomical localization II Poster Wed AM
395. Peptides: anatomical localization III Poster Thu AM
13. Peptides: biosynthesis, metabolism and biochemical
characterization I Slide Mon AM
161. Peptides: biosynthesis, metabolism and biochemical
characterization II Poster Tue AM
349. Peptides: biosynthesis, metabolism and biochemical
characterization III Poster Wed PM
462. Peptides: biosynthesis, metabolism and biochemical
characterization IV Poster Thu PM
58. Peptides: physiological effects I Poster Mon AM
59. Peptides: physiological effects II Poster Mon AM
60. Peptides: physiological effects III Poster Mon AM
370. Peptides: physiological effects IV Slide Thu AM
10.  Peptides: receptors I Slide Mon AM
145.  Peptides: receptors 11 Poster Tue AM
270. Peptides: receptors III Poster Wed AM
394. Peptides: receptors IV Poster Thu AM
45. Receptor modulation and regulation I Poster Mon AM
229. Receptor modulation and regulation II Poster Tue PM
423, Receptor modulation and regulation III Slide Thu PM
43. Regional localization of receptors and transmitters I Poster Mon AM
73. Regional localization of receptors and transmitters 11 Slide Mon PM
314. Regional localization of receptors and transmitters III Poster Wed PM
315. Regional localization of receptors and transmitters IV Poster Wed PM
35. Second messengers I Poster Mon AM
36. Second messengers II Poster Mon AM
37. Second messengers III Poster Mon AM
52. Second messengers IV Poster Mon AM
53. Second messengers V Poster Mon AM
175. . Second messengers VI Poster Tue AM
485. Second messengers VII Slide Fri AM
129. Serotonin receptors I Slide Tue AM
247. Serotonin receptors II- Slide Wed AM
15. Serotonin, histamine and other biogenic amines I Slide Mon AM
88. Serotonin, histamine and other biogenic amines II Poster Mon PM
89. Serotonin, histamine and other biogenic amines III Poster Mon PM
221. Serotonin, histamine and other biogenic amines IV Poster Tue PM
222. Serotonin, histamine and other biogenic amines V Poster Tue PM
339. Serotonin, histamine and other biogenic amines VI Poster Wed PM
99. Transmitter uptake, storage, secretion and metabolism I Poster Mon PM
275. Transmitter uptake, storage, secretion and metabolism II Poster Wed AM
479. Transmitter uptake, storage, secretion and metabolism III Slide Fri AM
17. Transmitters in invertebrates I Slide Mon AM
155. Transmitters in invertebrates II Poster Tue AM
216. Transmitters in invertebrates 111 Poster Tue PM
76. Transmitters in invertebrates: gastropods Slide Mon PM
365. Transmitters: acetylcholine Slide Thu AM

Theme E: Endocrine and Autonomic Regulation

Session Day and
Number Session Title Type Time
14. Cardiovascular regulation I Slide Mon AM
82. Cardiovascular regulation II Poster Mon PM
136. Cardiovascular regulation III Slide Tue AM
206. Cardiovascular regulation IV Poster Tue PM
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250. Cardiovascular regulation V Slide Wed AM
391. Cardiovascular regulation VI Poster Thu AM
. 392. Cardiovascular regulation VII Poster Thu AM
422. Hypothalamic-pituitary-adrenal regulation I Slide Thu PM
514. Hypothalamic-pituitary-adrenal regulation II Poster Fri AM
515. Hypothalamic-pituitary-adrenal regulation I1I Poster Fri AM
176. Hypothalamic-pituitary-gonadal regulation I Poster Tue AM
177. Hypothalamic-pituitary-gonadal regulation II Poster Tue AM
431. Hypothalamic-pituitary-gonadal regulation III Slide Thu PM
528. Neural control of adrenal function Poster Fri AM
93. Neural control of immune system I Poster Mon PM
304. Neural control of immune system II Slide Wed PM
512. Neural control of immune system III Poster Fri AM
513. Neural control of immune system IV Poster Fri AM
209. Neuroendocrine controls: other I Poster Tue PM
426. Neuroendocrine controls: other II Slide Thu PM
469. Neuroendocrine controls: other III Poster Thu PM
33. Neuroendocrine controls: pituitary I Poster Mon AM
126. Neuroendocrine controls: pituitary II Slide Tue AM
256. Neuroendocrine controls: pituitary III Poster Wed AM
130. Regulation of autonomic function I Slide Tue AM
217. Regulation of autonomic function II Poster Tue PM
527. Regulation of autonomic function III Poster Fri AM
189. Respiratory regulation I Slide Tue PM
255. Respiratory regulation II Poster Wed AM
379. Respiratory regulation III Poster Thu AM
297. Specificity in the Control of Regional Sympathetic Outflow:
Physiological, Neurochemical and Anatomical Approaches Symp. Wed PM
Theme F: Sensory Systems
Session Day and
Number Session Title Type Time
473. Chemical senses: gustatory pathways Poster Thu PM
474, Chemical senses: olfactory pathways Poster Thu PM
428. Chemical senses: peripheral mechanisms I Slide Thu PM
466. Chemical senses: peripheral mechanisms II Poster Thu PM
296. Coding of Visual Signals at the Photoreceptor Synapse Wksh. Wed PM
476. Form and Synaptic Function in Retinal Ganglion Cells Symp. Fri AM
3. Functional Properties of Somatic Sensory “Barrel Field” Cortex Wksh. Mon AM
153. Invertebrate sensory systems I Poster Tue AM
154. Invertebrate sensory systems II Poster Tue AM
341. Pain modulation: biogenic amines Poster Wed PM
75. Pain modulation: central pathways I Slide Mon PM
342. Pain modulation: central pathways II Poster Wed PM
284. Pain modulation: opioid mechanisms Poster Wed AM
134.  Pain modulation: pharmacology Slide Tue AM
283. Pain modulation: stress and sensory stimulation Poster Wed AM
368. Pain pathways Slide Thu AM
49. Pain pathways: central mechanisms Poster Mon AM
224. Pain pathways: inflammation, sensitization and hyperalgesia Poster Tue PM
223. Pain pathways: long-term changes Poster Tue PM
464. Pain pathways: trigeminal system Poster Thu PM
19. Retina I Poster Mon AM
68. Retina II Slide Mon PM
147. Retina III Poster Tue AM
244. Retina IV Slide Wed AM
396. Retina V Poster Thu AM
450. Retina VI Poster Thu PM
133.  Sensory systems: auditory systems I Slide Tue AM
200. Sensory systems: auditory systems II Poster Tue PM
201. Sensory systems: auditory systems III Poster Tue PM
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263. Sensory systems: auditory systems IV Poster Wed AM
264. Sensory systems: auditory systems V Poster Wed AM
321. Sensory systems: auditory systems VI Poster Wed PM
441. Sensory systems: auditory systems VII Poster Thu PM
442. Sensory systems: auditory systems VIII Poster Thu PM
289. Somatic and visceral afferents Poster Wed AM
159. Somatic and visceral afferents: dorsal root ganglion cells Poster Tue AM
285. Somatic and visceral afferents: somesthetic afferents Poster Wed AM
92. Somatosensory cortex I Poster Mon PM
286. Somatosensory cortex II Poster Wed AM
306. Somatosensory cortex III Slide Wed PM
279. Spinal cord Poster Wéd AM
50. Subcortical somatosensory pathways: brainstem and thalamus Poster Mon AM
465. Subcortical somatosensory pathways: trigeminal system Poster Thu PM
20. Subcortical visual pathways I Poster Mon AM
127.  Subcortical visual pathways II Slide Tue AM
333.  Subcortical visual pathways III Poster Wed PM
397. Subcortical visual pathways IV Poster Thu AM
8.  Visual cortex I Slide Mon AM
85.  Visual cortex II Poster Mon PM
187.  Visual cortex III Slide Tue PM
243.  Visual cortex IV Slide Wed AM
362. Visual cortex V Slide Thu AM
451.  Visual cortex VI Poster Thu PM
502. Visual cortex VII Poster Fri AM
Theme G: Motor Systems and Sensorimotor Integration
Session Day and
Number Session Title Type Time
34. Basal ganglia and thalamus: motor systems I Poster Mon AM
66. Basal ganglia and thalamus: motor systems II Slide Mon PM
287. Basal ganglia and thalamus: motor systems III Poster Wed AM
408. Basal ganglia and thalamus: motor systems IV Poster Thu AM
409. Basal ganglia and thalamus: motor systems V Poster Thu AM
430. Basal ganglia and thalamus: motor systems VI Slide Thu PM
417. Coding and Execution of Movement in Three Dimensions Symp. Thu PM
400. Invertebrate motor function Poster Thu AM
202. Motor systems and sensorimotor integration: cerebellum I Poster Tue PM
305. Motor systems and sensorimotor integration: cerebellum II Slide Wed PM
497. Motor systems and sensorimotor integration: cerebellum III Poster Fri AM
9. Motor systems and sensorimotor integration: circuitry
and pattern generation I Slide Mon AM
104. Motor systems and sensorimotor integration: circuitry i
and pattern generation II Poster Mon PM
67. Motor systems and sensorimotor integration: cortex I Slide Mon PM
142. Motor systems and sensorimotor integration: cortex II Poster Tue AM
208. Motor systems and sensorimotor integration: cortex III Poster Tue PM
274. Motor systems and sensorimotor integration: cortex IV Poster Wed AM
329. Motor systems and sensorimotor integration: cortex V Poster Wed PM
248. Motor systems and sensorimotor integration:
oculomotor system I Slide Wed AM
320. Motor systems and sensorimotor integration:
oculomotor system II Poster Wed PM
386. Motor systems and sensorimotor integration:
oculomotor system III Poster Thu AM
387. Motor systems and sensorimotor integration:
oculomotor system IV Poster Thu AM
28. Motor systems and sensorimotor integration:
posture and movement I Poster Mon AM
29. Motor systems and sensorimotor integration:
posture and movement 11 Poster Mon AM
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105. Motor systems and sensorimotor integration:
posture and movement III Poster Mon PM
106. Motor systems and sensorimotor integration:
posture and movement IV Poster Mon PM
192. Motor systems and sensorimotor integration:
posture and movement V Slide Tue PM
384. Motor systems and sensorimotor integration:
posture and movement VI Poster Thu AM
385. Motor systems and sensorimotor integration:
posture and movement VII Poster Thu AM
496. Motor systems and sensorimotor integration:
posture and movement VIII Poster Fri AM
74. Motor systems and sensorimotor integration:
vestibular system I Slide Mon PM
137. Motor systems and sensorimotor integration:
vestibular system II Poster Tue AM
138. Motor systems and sensorimotor integration:
vestibular system III Poster Tue AM
383. Muscle: function and biochemistry Poster Thu AM
495. Muscle: structural characteristics Poster Fri AM
319. Reflex function: general Poster Wed PM
521. Reflex function: human I Poster Fri AM
522. Reflex function: human II Poster Fri AM
427. Spinal cord and brainstem Slide Thu PM
140. Spinal cord and brainstem: anatomy Poster Tue AM
78. Spinal cord and brainstem: electrophysiology Poster Mon PM
139. Spinal cord and brainstem: immunocytochemistry Poster Tue AM
32. Spinal cord and brainstem: lesion studies Poster Mon AM
79. Spinal cord and brainstem: motor output Poster Mon PM
Theme H: Other Systems of the CNS
Session Day and
Number Session Title Type Time
328. Association cortex and thalamocortical relations Poster Wed PM
472. Brainstem systems Poster Thu PM
23.  Cerebral metabolism and blood flow I Poster Mon AM
371.  Cerebral metabolism and blood flow II Slide Thu AM
399. Cerebral metabolism and blood flow III Poster Thu AM
488. Cerebral metabolism and blood flow IV Slide Fri AM
26. Comparative neuroanatomy: amphibians, reptiles, birds Poster Mon AM
504, Comparative neuroanatomy: cerebral cortex Poster Fri AM
25. Comparative neuroanatomy: fish Poster Mon AM
51. Hippocampus and amygdala I Poster Mon AM
100. Hippocampus and amygdala II Poster Mon PM
343. Hippocampus and amygdala III Poster Wed PM
470. Hypothalamus I Poster Thu PM
471. Hypothalamus II Poster Thu PM
373. Limbic system II Poster Thu AM
181. New Insights into the Functions of the Basal Forebrain
Cholinergic System Symp. Tue PM
Theme I: Neural Basis of Behavior
Session Day and
Number Session Title Type Time
21. Alcohol I Poster Mon AM
83. Alcohol 11 Poster Mon PM
281. Alcohol III Poster Wed AM



212.
158.
156.
190.

24,
524.
366.
519.
213.
268.
309.
388.
446.
498.

84.
148.
215.
249.
307.
389.
445.
481.
238.

41.
109.
174.
193.

301.
405.
418.
456.
246.
336.
337.
367.

316.
494,

96.
516.

27.
101.
288.
410.

72.
160.
226.

-

344.
152.
214.
269.
324.
390.
443,
444,

38.

86.
128.
278.
114.
115.
116.

Alcohol, barbiturates and benzodiazepines
Behavioral aspects of aging

Biological rhythms: cellular mechanisms
Biological rhythms: mechanisms

Biological rhythms: neuroanatomical aspects

Biological rhythms: sleep
Biological rhythms: systems I
Biological rhythms: systems II
Drugs of abuse I

Drugs of abuse II

Drugs of abuse III

Drugs of abuse IV

Drugs of abuse V

Effects of chronic drugs
Feeding and drinking I
Feeding and drinking II
Feeding and drinking III
Feeding and drinking IV
Feeding and drinking V
Feeding and drinking VI
Feeding and drinking VII
Feeding and drinking VIII

Hippocampal Cellular Activity and Spatial Cognitive Processing

Hormonal control of behavior I
Hormonal control of behavior II
Hormonal control of behavior III
Hormonal control of behavior IV
Human behavioral neurobiology I
Human behavioral neurobiology 11
Human behavioral neurobiology III
Human behavioral neurobiology IV
Interhemispheric relations
Invertebrate learning and behavior I
Invertebrate learning and behavior II
Invertebrate learning and behavior III
Invertebrate learning and behavior IV

Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:
Learning and memory:

anatomy I
anatomy II
anatomy III
hippocampus
human brain
pharmacology I
pharmacology II
pharmacology III
pharmacology IV
physiology I
physiology 11
physiology III
physiology IV

Monoamines and behavior I
Monoamines and behavior II
Monoamines and behavior III
Monoamines and behavior IV
Monoamines and behavior V
Motivation and emotion I
Motivation and emotion II

Neuroethology 1

Neuroethology II
Neuroethology 111
Neuroethology IV

Neuropeptides and behavior I
Neuropeptides and behavior II
Neuropeptides and behavior III

XX

Poster
Poster
Poster
Slide

Poster
Poster
Slide

Poster
Poster
Poster
Slide

Poster
Poster
Poster
Poster
Poster
Poster
Slide

Slide

Poster
Poster
Slide

Wksh.
Poster
Poster
Poster
Slide

Poster
Slide

Poster
Slide

Poster
Slide

Poster
Poster
Slide

Slide

Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Slide

Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Slide

Poster
Poster
Poster
Poster

Tue PM
Tue AM
Tue AM
Tue PM
Mon AM
Fri AM
Thu AM
Fri AM
Tue PM
Wed AM
Wed PM
Thu AM
Thu PM
Fri AM
Mon PM
Tue AM
Tue PM
Wed AM
Wed PM
Thu AM
Thu PM
Fri AM
Wed AM
Mon AM
Mon PM
Tue AM
Tue PM
Mon PM
Wed PM
Thu AM
Thu PM
Thu PM
Wed AM
Wed PM
Wed PM
Thu AM
Mon AM
Wed PM
Fri AM
Mon PM
Fri AM
Mon AM
Mon PM
Wed AM
Thu AM
Mon PM
Tue AM
Tue PM
Wed PM
Tue AM
Tue PM
Wed AM
Wed PM
Thu AM
Thu PM
Thu PM
Mon AM
Mon PM
Tue AM
Wed AM
Mon PM

‘Mon PM

Mon PM



477. Neuropeptides, Steroids and Behavior Symp. Fri AM
22. Psychotherapeutic drugs I Poster Mon AM
87. Psychotherapeutic drugs II Poster Mon PM

151.  Psychotherapeutic drugs III Poster Tue AM

239. Sex Differences and Hormonal Influences on Cognitive

Brain Function Symp. Wed AM

178.  Stress, hormones and autonomic nervous system I Poster Tue AM

179.  Stress, hormones and autonomic nervous system II Poster Tue AM

Theme J: Disorders of the Nervous System
Session Day and
Number Session Title Type Time
42. Alzheimer’s disease I Poster Mon AM
65. Alzheimer’s disease II Slide Mon PM

259. Alzheimer’s disease: amyloid Poster Wed AM

437. Alzheimer’s disease: neuropathology Poster Thu PM

361. Alzheimer’s disease: protein Slide Thu AM

493.  Alzheimer’s disease: transmitters Poster Fri AM

505. Behavioral disorders Poster Fri AM
80. Cerebral ischemia I Poster Mon PM

205. Cerebral ischemia II Poster Tue PM

327. Cerebral ischemia III Poster Wed PM

398. Cerebral ischemia IV Poster Thu AM

429. Cerebral ischemia V Slide Thu PM

503. Cerebral ischemia VI Poster Fri AM

141.  Clinical CNS neurophysiology I Poster Tue AM

312. Clinical CNS neurophysiology II Poster Wed PM

7. Degenerative disease: Parkinson’s Slide Mon AM

525. Degenerative disease: Parkinson’s (nonprimates) Poster Fri AM

157. Degenerative disease: Parkinson’s (primates) Poster Tue AM

420. Degenerative disease: other I Slide Thu PM

526. Degenerative disease: other II Poster Fri AM

468. Developmental disorders Poster Thu PM

6. Epilepsy I Slide Mon AM

102. Epilepsy II Poster Mon PM

194. Epilepsy III Slide Tue PM

345. Epilepsy IV Poster Wed PM

412. Epilepsy: GABA and benzodiazepines Poster Thu AM

227. Epilepsy: hippocampus and neocortex I Poster Tue PM

351. Epilepsy: hippocampus and neocortex II Poster Wed PM

411. Epilepsy: peptides Poster Thu AM

228. Epilepsy: second messengers and mRNA Poster Tue PM

459. Epilepsy: substantia nigra and amygdala Poster Thu PM

195. Genetic models I Slide Tue PM

332.  Genetic models II Poster Wed PM

520. Infectious diseases Poster Fri AM

273. Neuromuscular diseases Poster Wed AM

135.  Neurotoxicity I Slide Tue AM

313. Neurotoxicity II Poster Wed PM

436. Neurotoxicity III Poster Thu PM

491. Neurotoxicity IV Poster Fri AM

492. Neurotoxicity V Poster Fri AM

357. New Genes from Old Diseases Symp. Thu AM

253. Trauma I Slide Wed AM

460. Trauma II Poster Thu PM

xxi






MONDAY AM SYMPOSIUM/WORKSHOP

2
SYMPOSIUM: INTERLEUKIN-1: IMMUNE AND NEURAL
MODULATOR. D. Felten, Univ. of Rochester, (Chairperson), C.A.

inarello*, Tufts Univ., C. Blatteis, Univ. of Tenn., C.

River, Salk Inst., C.B. Saper, Univ. of Chicago, M. Schultzberg,
Univ. of Stockholm.

Interleukin-1 (IL-1) is a lymphokine that is secreted by monocytes
and macrophages during inflammation, resulting in a variety of neu-
rally mediated responses including fever, sleepiness, and cortico-
steroid secretion. This symposium will explore the recent advances
in understanding the role of IL-1 in modulating interactions between
the immune and nervous system.

D. Felten will address the field of immune-neural interactions,
and place the role of IL-1 into perspective. C.A. Dinarello will
then describe the basic cellular and molecular biology of IL-1.

C. Blatteis will describe the effects of IL-1 on hypothalamic
neurons involved in thermoregulation and sleep. C. Rivier will
focus on the effects of IL-1 on neuroendocrine function in the
hypothalamus.

The final two speakers will examine the possibility that IL-1
may serve as a neuromodulator as well as a circulating hormone.
C.B. Saper will describe the organization of IL-18 immunoreactive
neurons in the central nervous system, and M. Schultzberg will
address the distribution of IL-la immunoreactivity in the peripheral
nervous system.

The twin roles of IL-1 as a circulating hormone and as a
neuromodulator underscore the close coordination of immune and
neural function. The dual role for this peptide may reflect a
general organizing principle of the nervous system.

3

WORKSHOP. FUNCTIONAL PROPERTIES OF SOMATIC SENSORY "BARREL FIELD"
CORTEX. E.E. Ebner, Brown Univ (Chairperson); B.W, Connors, Brown Univ; M,
Armstrong~James*, Univ of London; D.J, Simons, Univ of Pittsburgh; R.B. Masterton,
Florida State Univ.

The "barrel field" region of S cortex that receives sensory information from
the contralateral mystacial vibrissae has emerged as an important model system for
studying 1) normal mechanisms of cortical function, 2) the effects of sensory
deprivation and 3) the response of cortex to central and penpheral m]ury Thxs
workshop will provide a forum for d ion of recent physi and b
results on barrel field cortex.

Dr. Connors will describe techniques for the study of the barrel
thalamocortical system in vitro. He will discuss thalamic activation of cortical circuits
as well as the mechanisms and functions of multiple forms of intrinsic GABAergic
inhibition. Dr. Armstrang«lames will discuss the receptive field organization of barrel
field 3 1) f that d d upon thalamic inputs with those
dependem upon comcal cm:unry and 2) the vesponses of cells in the barrel to those of
cells in the septa. In addition, he will explore the role of NMDA-type amino acid
receptor mechanisms in regulating cortical cell exc«tabllny Dr. Simons will discuss
the thalamocamcal response transformatlon m normal and neonatally sensory

the lati of a thal barreloid with its
oonespondmg cortical barrel, the role of GABAerglc neurons in shaping the spatial
and temporal aspects of receptive field properties and the effect of sensory
deprivation on the development of these propemes Dr. Ebner will discuss the
response of barrel field cortex to direct injury andlor lnfraorbnal nerve damage;
whether such lesions affect the innervation and t sensory resp
properties of embryonic neurons implanted into the cortical lesion site. Dr. Masterton
will illustrate the distinction between barrel field-dependent and -independent vibrissal
discriminations. He will summarize recent results on the agnosia-like deficits
produced by aspiration of barrels and their use as a behavioral assay of barrel field
function. An open panel discussion of issues raised during the sessions will follow the
last presentation.

)

LEARNING AND MEMORY: ANATOMY I

4.1

LAYER IV ENTORHINAL PATHOLOGY DISRUPTS HIPPOCAMPAL-
CORTICAL FEEDBACK IN ALZHEIMER’S DISEASE. W.G. Tourtellotte,
G.W. Van Hoesen, B.T. Hyman and A.R. Damasio. Depts. of Anatomy and
Nﬁurol.‘\ogh Univ. of Iowa, Iowa City, IA 52242.

cimer’s disease (AD) laminar specific neurofibrillary tangles are a
consistent feature in the entorhinal cortex (EC) of the parahippocampal gyrus.
In addition to layer II, the pyramidal neurons of layer IV (nomenclature of
Lorente de N6, 1933) are selectively affected. Little is known regarding the
extent of their involvement or the functional relationships they have with hip-
pocampal processing. Neurons in this region were examined for disease related
involvement in 18 AD cases and 5 age compatible nondcmented controls utilizing
thioflavin S to detect neurofibrillary tangles (NFT) and Alz-50 to detect AD
related immunoreactivity. In all cases studied, these neurons were extensively
involved throughout the rostral-caudal axis of the EC. In addition, Alz-50 neu-
ropil staining in the layer IV zone was 1 noted in many cases. Thls was particularly
prominent in cases with lar and CA1 invol and suggest
strongly that the subicular-entorhinal pathway may be compromised as well.

To highlight some of the connections established by these neurons, 6 rhesus
monkcys were injected with neural tracing compounds. One case injected with
*H leucine/lysine highlights the subicular-entorhinal pathway terminating in layer
IV. Retrograde fluorescent tracers demonstrate direct projections from layer IV
to rostral superior temporal, anterior cingulate, and posterior parahippocampal
gyri as well as the temporal polar cortex. Labeled neurons were topographically
distributed within the EC with very few double labeled in those cases receiving
two tracers. Finally, a retrograde tracer placed in the superficial layers of the EC

intrinsic port to layer IV.
These data ate invol of layer IV neurons in AD and
I studies d ate projections to some unimodal and multimodal

association arcas as well as an intrinsic entorhinal pathway. It is expected that all
may be compromised in AD. Focal pathology of this nature may be devastating
for hippocampal feedback to higher order association areas. (Supported by
NS 14944, PO NS 19632, and the Mathers Foundation.)

4.3

LONG-TERM EFFECTS OF NEONATAL TEMPORAL CORTICAL AND LIMBIC
LESIONS ON HABIT AND MEMORY FORMATION IN RHESUS MONKEYS.
J. Bachevalier and M. Mishkin. Lab. Neuropsychol., NIMH,
Bethesda, MD 20892.

Assessment of the effects of neonatal damage to
temporal cortical area -TE and limbic structures on the
early development of habits and memories pointed to
greater compensatory potential after the neonatal cortical
removals (Bachevalier and Mishkin, Soc. Neurosci. 12:22,
1986). To determine the long-term effects of these early
lesions, we retested 3 animals with neonatal area TE
lesions and 3 others with neonatal limbic lesions at the
age of 4 years on the same behavioral tasks, i.e. object
discrimination learning with 24-hr ITIs to measure habit
formation, and delayed nonmatching-to-sample with trial-
unique objects to measure memory formation. The
performance of the animals was compared to that of
4-year-olds that received the same lesions in adulthood.
At 4 years of age, neonatal damage to area TE yielded a
significant sparing of both habit and memory formation
that was of the same magnitude as that found earlier when
the animals were 3 to 12 months of age. By contrast, at 4
years of age, both neonatal and adult limbic lesions left
habit formation intact but severely impaired memory
formation. Apparently compensatory mechanisms operate
early to promote permanent recovery from neonatal temporal
cortical lesions but not from neonatal limbic lesions.

* Indicates nonmember of the Society for Neuroscience.

42

LIMBIC CORTICAL PROJECTIONS TO SENSORY AND MULTI-MODAL
ASSOCIATION AREAS IN THE OLD-WORLD MONKEY. S.E. Arnold*,
D.R. Brady, G.W. Van Hoesen, B.T. Hyman and A.R. Damasio. Depts. of
Neurology and Anatomy, Univ. of Iowa, Iowa City, JA 52242.

It is well-known that the entorhinal cortex (EC) is a convergence zone for
limbic and association cortex projections that can influence the hippocampal
formation via the perforant pathway. Less well-appreciated is the fact that
hippocampal output, from the subiculum and CA1 zone is directed toward layer
1V of the EC (nomenclature of Lorente de N6, 1933) and that neurons of this
layer project widely to cingulate, temporal polar, perirhinal and posterior
parahippocampal cortices. We have investigated the cortical projections of
temporal cortical areas that receive direct projections from layer IV of the EC
using autoradiographic methodology. Although topographical differences exist,
the cortical projection of these areas are remarkably similar, and two or more
project to the gollowing cortical areas: medial frontal; orbitofrontal; anterior
cingulate; anterior insular; superior temporal; inferior (cmporal; and infcrior
peristriate. The posterior parahippocampal cortex projects in addition to the
inferior parictal and dorsolateral prefrontal cortices. Together these connections
form a host of cortical neural systems via which hippocampal-entorhinal output
feeds back to widespread limbic and association cortices. (Supported by
NS 14944 and PO NS 19632.)

4.4
PLASTICITY OF VISUAL MEMORY CIRCUITS IN DEVELOPING
MONKEYS. M.J. Webster, J. Bachevalier, and L.G.
Ungerleider. Lab Neuropsychol., NIMH, Bethesda, MD 20892.
Object recognition, as measured by delayed
nonmatching-to-sample, is severely impaired in monkeys
that receive lesions of temporal cortical area TE as
adults but not in those that receive the same lesions as
infants. This sparing of function in animals with
neonatal lesions appears to be permanent since such
animals were found to perform well not only at one but
also at four years postsurgically. Because object
recognition normally depends on interactions between area
TE and limbic structures, we investigated whether other
visual cortical areas connected with limbic structures but
not necessary for object recognition become necessary if
area TE is removed in infancy. Thus, areas PG, TF, TEO,
and STP were ablated in a 2-year-old rhesus monkey that
had undergone neonatal area TE removal and had shown
sustained recovery of object recognition. Following the
secondary removals, the monkey demonstrated significant
impairment, which became progressively greater with
increasing delays and list lengths. Apparently, one or
more areas removed in the secondary lesion had assumed a
¢ritical role in object recognition as a result of the
neonatal TE lesion. Presumably, such compensation ‘is
possible because visual cortical areas are not yet fully
mature at birth and possess significant functional
plasticity.
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4.5

FUNCTIONAL MATURATION OF INFERIOR TEMPORAL CORTEX IN
INFANT RHESUS MONKEYS. 'C. Hagger, J. Bachevalier, K.A.
Macko*, C. Kennedy, L. Sokoloff, and M. Mishkin. Lab. of
Neuropsychology, and Lab.. of Cerebral Metabolism, NIMH,
Bethesda, MD 20892.

Although lesions of area TE in adults yield severe
impairment in visual discrimination learning and
recognition memory, the same lesions in neonates result in
significant sparing of function, suggesting that area TE
is still immature early in life (Bachevalier and Mishkin,
Soc. Neurosci., 12:22, 1986). Support for this conclusion
was provided by tracing the functional development of area
TE by use of the 2-deoxyglucose method. Before local
cerebral glucose utilization (LCGU) was measured, eight
infant monkeys were subjected to unilateral optic tract
section and forebrain commissurotomy at 1 day, 1 week, 3
weeks, and 1, 2, 3, and 5 months of age. The weighted
average of LCGU for area TE was calculated by means of a
computerized image-processing system. Differences in
rates of glucose utilization between the '"seeing" and
"blind" hemispheres were small until 3 months of age and
reached adult levels only at about 5 months. These
results also help account for the recent finding that
electrophysiological activity in area TE does not show the
adult pattern before about 4 to 6 months of age (Rodman et
al., Soc. Neurosci., 14, 1988).

4.7

ROLE OF THE AMYGDALA AND HIPPOCAMPUS IN VISUAL-VISUAL
ASSOCIATIVE MEMORY IN RHESUS MONKEYS. E.A. Murray, D.
Gaffan, and M. Mishkin, Lab. of Neuropsychology, NIMH,
Bethesda, MD 20892, and Dept. of Expt. Psychology, Oxford
University, Oxford OX1 3UD, UK.

Naive normal monkeys (Macaca mulatta) were trained in
an automated apparatus at the rate of 100 trials per day
to associate in memory a set of 10 pairs of visual
stimuli, i.e. 10 paired associates. Each trial began with
the presentation in the middle of a TV screen of a single
visual stimulus which disappeared when the monkey touched
it. 0.5 s later, two other stimuli appeared on the sides
of the screen, one the paired associate, and the other a
member of a different pair. The monkey could obtain a
food reward only by touching the paired associate.
Following training to a criterion of 3 consecutive days of
90% correct responses, the monkeys received bilateral
amygdalectomy (A), hippocampectomy (H), or both (AH), or
were left unoperated (C), and were then retrained. Groups
C and H relearned almost immediately (X = 80 errors each),
Group A was retarded in relearning (X 2 800 errors),
whereas Group AH did not relearn within the training limit
of 5000 trials (X £ 2000 errors). The results suggest
that the retrieval of recently learned visual-visual
associations as well as their reacquisition are mediated
by both the amygdala and the hippocampus.

4.9
MNEMONIC CAPACITY IN SPLIT-BRAIN MACAQUES.
J.D. Lewine and R.W. Doty, U. of Rochester, Roch., N.Y.

Two macaques, ®ach with transected optic chiasma and
forebrain commissures, were tested on a probe recognition
task. When required to determine if a monocularly viewed
probe image is a member of a previously viewed target list,
for which all targets were presented to the probed eye and
hemisphere, the accuracy of the evaluation decreases as a
function of the number of initial targets. For example,
animal ART, working with left eye and hemisphere and right
hand, performs at 907 with 2 targets, 83% with 4 targets,
and 77% with 6 targets. As expected, ART performs at
chance levels when classifying monocular probes on the
basis of target information initially presented to only the
contralateral hemisphere. For all animals, when the target
11st is divided between the hemispheres, the accuracy of
monocular probe evaluations still reflects the total
memory-~load rather than the load of the probed hemisphere
(e.g., When ART is given 2 targets to the left hemisphere,
4 to the right, and probed on the left with a positive
probe matching one of the left hemisphere's targets,
performance 1s only 75% rather than 90%). Thus, while the
performance deficit caused by an increase in memory-load
cannot be attributed to direct interference between memory
traces, transection of the commissures is not sufficient to
completely dissociate the mnemonic systems of the two
hemispheres. The data suggest that performance depends
upon a limited resource, allocated by the intact brainstem.

4.6

DEVELOPMENTAL TIME COURSE AS WELL AS NATURE OF
SOCIO-EMOTIONAL DISTURBANCES IN RHESUS MONKEY FOLLOWING
NEONATAL LIMBIC LESIONS RESEMBLE THOSE IN AUTISM, P. M,
Merjanian, J. Bachevalier, K. D. Pettigrew, and M.
Mishkin. NIMH, Bethesda, MD 20892.

To investigate further the development of
socio-emotional .disturbances in animals with limbic
lesions, we analyzed behavior at 2 months of age and
compared it with-a previously reported analysis of
behavior at 6 months of age in the same group of 18
monkeys (Soc. Neurosci. Abstr., 12, 1986), Six monkeys
had received combined amvgdalo-hippocampal lesions (AH)
neonatally, 6 were normals (N/AH) reared with monkeys from
Group AH and h were normals reared with other normals
(N/N). At both ages, each animal from Group AH was paired
in a play cage with its age-matched control (N/AH), and
their behavior was observed for 12, 5-minute intervals on
6 days. Similarly, each N/N was paired with another N/N.
At 2 months only, the animals of Group AH had more temper
tantrums when first placed in the novel plav cage, showed
more passive behavior, and manipulated objects less than
the controls. On the other hand, Group AH animals at 2
months of age did not display the more striking pathology
they exibited at 6 months, namelv, lack of social contact,
extreme submissiveness including active withdrawal, and
gross motor stereotypies. The developmental time course
and the nature of these disturbances in animals with
limbic lesions resemble those seen in autism.

4.8

PERFORMANCE ON A NONSPATIAL SELF-ORDERED TASK
AFTER SELECTIVE LESIONS OF THE PRIMATE FRONTAL
CORTEX. M.Petrides.Dept.Psychology and Montreal
Neurological Institute,McGill Univ.,Montreal,
Quebec,Canada.

It has been shown that patients with damage to
the frontal cortex are impaired on tasks in which
they have to monitor the execution of a series of
self-initiated responses (Petrides and Milner,
Neuropsychologia,20:249,1982). The frontal cortex
is a structurally heterogeneous region of the
brain. To establish the critical area within the
dorsolateral frontal cortex for the performance
of such responses,a nonspatial self-ordered task
modelled on those that had been used with the
patients was developed for monkeys. Nine monkeys
(macaca nemestrina) were trained on this task.
Three monkeys were subjected to a bilateral exci-
sion of the dorsolateral frontal cortex lying
within,around and dorsal to the sulcus principa-
lis (areas 46 and 9),three monkeys had the.poste-
rior dorsolateral frontal cortex within and around
the arcuate sulcus removed (area 8 and rostral
area 6),and three animals served as unoperated
controls. Postoperatively,the monkeys with exci-
sions of areas 46 and 9 were impaired,whereas
those with lesions of areas 6 and 8 performed as
well as the normal control animals.

4.10

DOUBLE-DISSOCIATION OF EGOCENTRIC AND ALLOCENTRIC SPACE
FOLLOWING MEDIAL PREFRONTAL AND PARIETAL CORTEX LESIONS IN
THE RAT. R.P. Kesner, Dept. of Psychology, University of
Utah, Salt Lake City, Utah 84112,

Animals with medial prefrontal cortex, parietal cortex
lesions, or sham-operated and nonoperated controls were
tested for the acquisition of an adjacent arm tas that
accentuated the importance of egocentric spatial localiza-
tion and a cheese board task that accentuated the import-
ance of allocentric spatial localization. Results indi-
cated that relative to controls and animals with parietal
cortex lesions, animals with medial prefrontal cortex
lesions are impaired on the adjacent arm task, but dis-
played facilitation on the cheese board task. In contrast,
relative to controls and animals with medial prefrontal
cortex lesions, rats with parietal cortex lesions are im-
paired on the cheese board task, but show no impairment
on the adjacent arm task. The data suggest a double dis-
sociation of function between medial prefrontal cortex
and parietal cortex in terms of coding of egocentric
versus allocentric spatial information.
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4.11

REFLEX MODIFICATION (RM) AND CLASSICAL CONDITIONING OF THE
RABBIT'S NICTITATING MEMBRANE RESPONSE (NMR) TO ELECTRICAL
STIMULATION OF BRAINSTEM STRUCTURES AS AN UNCONDITIONED
STIMULUS (UCS). A. J. Nowak and I. Gormezano, Dept. of
Psychology, Univ. of Iowa, lowa City, Iowa 52242.

An impressive body of research has accumulated
indicating that the cerebellum may contain the neural
circuitry necessary for NMR conditioning. Nevertheless,
the possibility that the brainstem may also contain the
circuitry sufficient for NMR conditioning has not been
eliminated from consideration. The present study employed
electrical brain stimulation (EBS) of the pars oralis of
the spinal trigeminal nucleus (TRIG), accessory abducens
nucleus, abducens nucleus and reticular formation to
determine their role in elicitation, RM (i.e., alteration
of UCRs by a preceding neutral stimulus), and classical
conditioning of the NMR. The major findings were that
robust and significant levels of RM and CR acquisition
occurred with EBS of TRIG but there were no significant
effects of EBS upon RM or CR acquisition at each of the
other three sites. These results indicate a convergence
of CS and UCS pathways at TRIG and are in agreement with

the well-documented findings that CS-UCS interactions’ occur

at sensory nuclei. However, whether the convergence at
TRIG reflects neural plasticity at this brainstem
structure or at sites efferent to TRIG (e.g., inferior
olive, cerebellum, red nucleus) remains to be determined.
(Supported by NSF Grant BNS-8419772 to I.G.)

4.12

LOSS OF CONDITIONED RESPONSES FOLLOWING CEREBELLAR
CORTICAL LESIONS IS NOT A PERFORMANCE DEFICIT.

C.H. Yeo and M.J. Hardiman. Dept. Anatomy, University
College London, London WCIE 7JG, U.K.

Lesions of cerebellar cortical lobule HVI (Yeo et al
Behav. Brain Re. 13:261,1984) or cerebellar deep nuclei
(McCormick and Thompson, Science 223:296,1984) abolish
classically conditioned nictitating membrane responses
(NMR) in rabbits. Welsh and Harvey have recently reported
deficits in the unconditioned NMR to airpuff. Loss of
conditioned responses may be due to a geheral performance
deficit.

Here we made aspiration lesions of cerebellar cortex.
NMR conditioning to light and white noise conditioned
stimuli (CS) was abolished and there was no sustained
reacquisition within 6000 trials over 30 sessions though
some responses were emitted erratically in some sessions.
Unpaired presentation of the CS did not reveal any extra
long latency responses. In contrast to nuclear lesions,
these cortical lesions elevated NMR amplitudes and
reduced response thresholds to periorbital stimulation,
consistent with a loss of cortical inhibition upon the
deep nuclei.

We may conclude that loss of conditioned responses is
not due to a simple performance deficit. The cerebellar
cortex may be crucial for the formation of conditioned
responses, their expression, or both.

(SPON:EBBS)
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5.1

THE EFFECT OF INTRAVENTRICULAR DA INFUSION ON ROTATION
AND STRIATAL BIOCHEMISTRY IN THE RAT. L.C. Kao, P.M.
Carve; Kroin*, T.J. Zhang* R. Penn and H.L. Klawans*.
Neur opﬁarmacolo§y Reséé?cﬁ'[aﬁarafories. RUSh URTversity,
Chica IL 606

1 as been assumed that autologous adrenal medulla
transplants will secrete SIgniflcant quantities of DA,
and therefore have therapeutic_benefit in the treatment
of Parkinson’s Disease (PD), To examine this hypothesis
we evaluated the effect of |ntraventr|cular (VENT) or in-
trastrlatal (STR) DA infusion for 10 days in animals that
had unilateral 6-OHDA lesions of the medial forebrain
bundle (MFB) and compared them with animals with MFB le-
sions only (UNI).

8 animals with stable contralateral rotation rates
for 1 month (a rphine 0.2 mg/kg) were assigned to 1 of
the 3 treatment groups. Cannulae were placed in the stri-
atum or the latera) ventr)c!e ipsilateral to the lesion
and connected to 14 dan nlpumgs delivering 10 mcg
DA/hr. In contrast to UNI d VENT animals, STR animals
exhibited spontaneous contralateral rotations which

radually diminished over the 4 days Fo\\owing implanta-

ion. After 7 days UNI and VENT animals did not exhibit
significant reductions in apomorph|ne—|nduced rotation
rate while STR animals exhibited a 58% reduction. After

10 days _all animals were sacrificed and the brains frozen
in liquid freon within 90 secs of sacrifice, HP
analysis of | mm striatal punches revealed that DA on the
ipsilateral side was only able to diffuse a distance of
approximately | mm in either STR or VENT animals and in
neither group was contralateral DA content elevated in
any striatal punch. These results strongly suggest that
striatal tissue acts as a barrier to DA penetration and
that mechanisms other than medullary DA release must be
responsible for the clinical efficacy observed in pa-
tients following medullary transplants.

53
AUTOLOGOUS ADRENAL HEDULLA TR?NSPLANTS REDUCE A DA NEURON
wan

SPECIFIC CSF ANT]BO H.L. K P.M R.D.
Penn, C.G. Goetz' C.H.‘TEﬁﬁéF'T‘KT‘ﬁEﬁTEtFEﬁ’TT;'E‘a A.

CRaE s Cago, 6123 (1) U. Gotebord,

weder 40033.

It has been previous1y observed that the CSF from 2
Parkinson’s Disease (PD) patients contains an antibod¥
(ab) which reacts with depamine (DA) neuronal populat ons
in the CNS. We have examined the ventricular CSF of

tients undergoing autologous adrenal medulla transplan—
ation for the resence of this ab. Rat brains were per-

fusion fixed wi glutaraldehyde. coronally sectioned,
and incubated overni? t_with the CSF from gatlents. Prior
to transplantation a 7 transplant patients exhibit

immunocytochemical_reactivity against rat substant1a ni-
ra (SN) neurons. This reactivity radually decreased in
he months Followlng surgery and, 4/7 patients,.disap-
peared. ln contrast, ventricular CSF collected from 7
non-parkinsonian ?atien s did not exhibit this reactiv-
ity., In additional studies, 6/7 lumbar CSF samples col-
lected from non-transplanted PD patients exhibited this
reactivit whereas lumbar CSF from non- neurologic con—
trols (n=20) did not, In addition, 50 Alzheimer’s and
multi-infarct dementia as well as 2 multiple sclerosis
CSF samples have been examined and were found immuno~
negative in the rat SN,
aken together this data suggests that PD patient CSF
contains an ab which appears to react with SN neurons and
g?y therefore participate in the patho-physiology of this
sease.

5.2
THE EFFECT OF INTRAVENTRICULAR ADRENAL HEDULLA TRANS—
RATS. P.M. Carv

PLANTS INTO INTACT RA . » J. Kroin*, L.C.
Kao, R. Singh*,T.J. Zhang™, R. Penn and H.L. R awans”.
Eggfgpﬁarmaco ogy Research [abs. Rush U. Chicago, Il -
Rat-pup adrenal medulla was transplanted into the
lateral ventricle of adult rats in an effort to examine
the mechanisms responsible for the reported efflcacy of
autologous adrenal medulla transplants in Parkinson’s
Disease patients. Stereotypic behavior (SB) induced by
apomorphine (0.6 mg/kg) was decreased in medulla
transplant- ed annmals (n=6) relative to sham-operated
controls (n=6) 3 s following implantation. DA and
DA activity ([HVA]/%DA]) were increased in the striatum
bilaterally (ipsi eral > contralateral although both
sides were elevated relative to shams. A-2 receptor
numbers were decreased in the striatum (ipsilateral >
contralateral) althou?h both sides were reduced relative
to shams. This profile of decreased SB and DA-2 recep-
tor number with 1ncreased DA activity is consistent with
an increase in striatal DA tone subsequent to medulla
transplantatvon In a second study alterations in
14)C-2 deoxyglucose incorporation were evaluated in
intraventricular medulla transplanted animals (n=4) and
compared to animals in which sciatic nerve was trans-
planted into the ventricle (n=4). After 2 months, 3 of
4 medulla transplanted animals exhibited a dispropor-
tionate increase in glucose metabolism in the striatum
ipsilateral to the transplant (primarily in the
dorso-lateral quadrant). Other asymmeiries were also ob-
served in the lateral habenula and substantia nigra
whereas sciatic implanted animals exhibited no as e—
tries. This data also suggests that adrenal medu
transplants increase striatal DA tone. The lack effect
in sciatic implanted animals argues against the prob-
ability that the effects observed following adrenal me-
dulia transplant are a nonspecific injury potential.

5.4

IMPLANT INDUCED CATECHOLAMINERGIC SPROUTING IN MPTP PARKINSONIAN MONKEYS:
BFHAVIORAL AND HISTOCHEMICAL STUDIES.
K.S.BANKIEWICZ,R.J . PLUNKETT* ,D.M. JACOBOWITZ, I.J .KOPIN,
A.CUMMINS*, E.H. OLDFIEID¥, NIH,NINCDS/NIMI,Bethesda,MD, 20892

We used MPTP hemiparkinsonian (HPD) monkeys as recipients of the brain
implants. Tissue was implanted into preformed cavities in the medial
caudate nucleus using an open microsurgical technique. We Implanted fetal
dopaninergic tissue (n=4), fetal nomdopaminergic tissue (n=6), adrenal
medullary allografts (n=4) and autografts (n=3), non~dopaninergic adult
allografts (n=2). Cavities were left unfilled in six monkeys. Two monkeys
were implanted stereotaxicly with an adrenal medulla cell suspension,
seven HPD monkeys were left unoperated. Three months after the
implantation animals fell into three groups:(1) non—operated and needle
implanted monkeys did not change their apomorphine-induced turning over
seven months, (11) 30-60% recovery was observed in animals in which
cavities were left unimplanted, non-dopaminergic and adrenal allo and
autografted animals,(i11) 70-95% recovery was observed in the fetal
tissue-implanted monkeys. Only animals implanted with fetal dopaminergic
tissue regained the use of the parkinsonian arm. When examined
histochenically we found no tyrosine hydroxylase (TH) activity in the
group (1), some TH-positive fibers in group (ii), abundant TH fiber
sprouting in the caudate mucleus in the fetal tissue implanted animals
[group (11i)]. The sprouted fibers appeared to emanate from the ventral
asepect of the striatum in praximity to the n.accumbens. We belive that
the sprouted fibers arise from the A-10 cells. These obsrvation indicate
that neural sprouting may account for recovery of patients and animals
with Parkinson”s syndrome after surgical implants.
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5.5
MAGNETIC RESONANCE IMAGING OF BLOOD BRAIN BARRIER
DISRUPTURE AFTER CATECHOLAMINERGIC IMPLANTS TO THE CAUDATE
NUCLEUS OF HEMIPARKINSONIAN MONKEYS. R.S. Miletich,K.
Bankiewicz,R.J. Plunkett*,J. Alger*,A. Brunetti*,J. Frank#,
G. Di Chiro,E.H. Oldfield*. NINCDS,NIH,Bethesda,MD 20892.
Human trials with adrenal implants for Parkinson's
Disease are ongoing with some early favorable results.
Several mechanisms have been proposed to explain the post-
operative improvement, including blood brain barrier
disrupture (BBBD). We investigated the presence of BBBD at
the implant site of rhesus monkeys using Magnetic Resonance
Imaging with the contrast agent Gadolinium-DTPA,O.lmmol/kg.
Animals studied included adrenal autografts, fetal
mesencephalic grafts, cavitation without implant and
unoperated hemiparkinsonian monkeys. BBBD was manifested
as a thin rim of contrast enhancement surrounding the graft
bed. BBBD was present within the first 3 months after
cavitation or implantation only at the operative site. In
one adrenal autograft monkey studied 1 and 3 months after
surgery the degree of contrast enhancement decreased over
time despite a stable clinical state. After 3 months, no
contrast enhancement was seen in any of the animals. The
behavioral improvement sometimes seen within a few days of
implantation may be partly explained by BBBD. However,
these results suggest that BBBD is not the primary
mechanism responsible for the long-term clinical
improvement seen after certain catecholaminergic implants
to the caudate nucleus of hemiparkinsonian monkeys.

5.7

IMMUNOHISTOCHEMISTRY OF ADRENAL AUTOGRAFTED AND
CAVITATED HEMIPARKINSONIAN MONKEYS.
WM_MJMJJJMMMM
Cummins*(SPON: A.M. DeLuca) SNB, NINCDS, NIH, Bethesda, Md.
20892 Four hemiparkinsonian Macaque monkeys received
adrenal autografts (AM) via an open microsurgical delayed
implantation technique; four others had a surgical cavity
(CAV) created in the head of the caudate but no tissue implant.
In each group, the response to 0.2 mg/kg apomorphine
decreased over the ensuing months to less than 50% of the
pre-implantation level. Neither group regained use of the
MPTP-affected extremity. The AM monkeys were sacrificed 10
days to 8 months after implantation; only the 10 day animal
had a significant number of surviving chromaffin cells
visualized by tyrosine hydroxylase (TH)
immunohistochemistry. The predominant cell at the implant
site was the macrophage; there was also a prominent glial
response surrounding the site when antibody to gliofibrillary
acidic protein was utilized. In 2 of the AM monkeys, and in 3 of
the 4 CAV monkeys, there was significant TH reactivity on
fibers in the MPTP-lesioned caudate. These TH-positive fibers
appeared to be sprouted from the mesolimbic dopaminergic
system, in the region of nucleus accumbens. We believe the
sprouted fibers are responsible for the behavioral
improvement seen.

5.9

131-I-META-IODOBENZYLGUANIDINE SCINTIGRAMS OF ADRENOMEDUL-
LARY AUTOTRANSPLANTS TO THE CAUDATE NUCLEUS OF PARKINSO-
NIANS. A. Graef*)’ R.E. Franco-Bourland*, A. Mirquez*, I.
Madrazo, R. Drucker-Colin, C. Torrées*, F. Alvarez*, and E.
Manzano* (SPON: V. Aleman). Especmlldades "La Raza™ IMSS
02990 DF, Inst Nal Nutricién SZ 14000 DF, UNAM 45000 DF
MEXICO

The autotransplantation of adrenomedullary tissue to
the caudate nucleus has been reported by Madrazo et al, (N
Engl J Med 316:831,1987; Surg Forum 38:510,1987) to ame -
liorate Parkinson's disease symptoms in humans. We now re-
port on the location and viability of the graft after sur-
gery using 131-I-meta-iodobenzylguanidine (131-I-MIBG).
This radiopharmaceutical is used to locate pheochromocytoms.
It is selectively taken up by storage granules of chromaf-
fin cells by an active, ouabain sensitive mechanism (J Nucl
Med 25:P124,1984). Three autotransplanted parkinsonians(P)
one patient who underwent neurosurgery of the right frontal
lobe(FL) and one suspected of having a pheochromocytoma (PH)
received iv 2.5 mCi (P,FL) or 1.25 mCi (PH) 131-I-MIBG.
131-1 thyroid uptake was blocked with oral Isodine (5ml,3/
d) before (3d) and after (7d) receiving the tracer. The
48h and 72h scintigrams were obtained with a scintillation
camera (360 keV, 15% window, high energy parallel collima-
tor) and a Scintiview data processor. Only the brain ima-
ges of the autotransplanted parkinsonians showed the speci-
fic uptake of the label to the caudate nucleus, thus demon-
strating the viability of the adrenomedullary graft.

MONDAY AM
5.6
GRAFTING OF HUMAN SYMPATHETIC GANGLIA INTO THE BRAIN OF MPTP-
TREATED MONKEYS. P. Pasik. LF. Martinez*. M.D, Yahr, T, Pasik, G.Holstein and H.
M Depts. Neurol., Anat. &.S\n'g Mount Sinai Sch. Med., CUNY, N.Y., N.Y., 10029.
heti gmg)u were evaluated as a source of dopumme-pmducmg neurons for brain
lants i k It was expected that the dop contrary
to the long-nxoned nundrenereglc cells, might not be mdx]y danuged by the excision of the
ganglia. Two adol keys were rend MPTP

Paravertebral sympathetic-ganglia were removed from a pmem for the treatment of severe
R d's d After a pathologist verified the nature of the specimen, the remainder was
dissected free of connective n.ssue and divided into small fragments which were deposited
stereotaxically into 2-3 loci of the right p after producing a bed by aspiration of i

tissue and injecting 10 pl of 0.01% nerve growth factor. One of the monkeys was sacrificed 5.6
months later by aldehyde perfusion, and brain sections were p d for tyrosine-hy
(TH) immunocytochemistry using the PAP technique.

Animals developed parkinsonism after MPTP hypokinesia, kyphotic posture,

rigidity and tremor, and required feeding by nasogastric tube. They recovered spontaneously in
about six weeks, and after a second course of MPTP, the full syndrome reappeared. One week
following the plant, they showed impr and became progressively better, remaining
with muum:l hypokinesia by 34 weeks, and appearing normal by 6-7 weeks. Light microscopy
showed: (1) A space at the end of the needle track, partly filled with cells, some of which had
neuronal characteristics, lightly stained globular somata, and broad processes. Occasionally, a

deeply immunoreactive neuron could be ized, exhibiting bipolar dendritic branching and an
axon penetrating into the host tissue. (2) The neostriatum contained few labeled fibers and,
contrary to the n. accumbens sepu, appeamd very pale. (3) The substantia mgu h;d few TH+

l ares, h

neurons, but the ventral P and locus )!
labeled cells.
Conclusions: (1) Cross species (hi -monkey) grafis of sympathetic ganglia into brain can

survive for long periods. (2) Some of its neurons retain the cupu:lty to produce TH. (3) Most
probably these neurons are d (4) The behavioral impr may or may not be
attributed to the function of the implant.

Aided by NIH Grants # NS-22953, NS-11631 and the S. & H. Leung Fund.

5.8
ELECTROPHYSIOLOGICAL ASSESSMENT OF REACTION TIME AND MOVEMENT TIME IN
PARKINSON DISEASE PATIENTS UNDERGOING ADRENAL-CAUDATE TRANSPLANTATION.
R,L, Watts, A.S. Iundir", 8. Hirschfield*, R.A.E Bakay, J.C. Hemphill
I11*, E.B. Montgomery, Jr. Emory Univ. Sch. of Med., Atlanta, GA 30322
and Washington Univ. Sch. of Med., St. Louis, MO. 63110.
Transplantation of lutologous adrenal medullary tissue into the
caudate nucleus is a new therapeutic approach for Parkinson disease
(PD) patients. Prolonged Reaction Time (RT; a measure of pre-movement
neural processing) and Movement Time (MT; the physiological correlate
of bradykinesia) are characteristic of PD and are quantitative corre-
lates of functional disability. We are employing a visually instructed
RT/MT wrist flexion paradigm in patients both prior to trensplantation
and at 3, 6, and 12 months post-operatively. We have studied 4 pa-
tients with stage IV-V PD when off drugs (ages 48,56,57 & 62), as well
as age-matched control subjects for comparison. We measure RT from a
"GO" signal both to movement onset (RT/MO) and to onset of agonist EMG
(RT/EMG), and MT is measured from movement onset to achievement of a
final target. For control subjects, RT/MO is 252+17 (x+SEM msec),
RT/EMG is 171#23, and MT is 239+26. At time of RT/MT testing, all
patients are examined clinically using a Parkinson disability rating
scale. In each patient, pre-op RT/MO (#1-413+26, #2-475+29, #3-434%
27, #4-380+432) and RY/EMG (#1-285+47, #2- 375437 #4- fawm were
significantly prolonged from normal “controls. Pre-op MT for three of
the four patients (#1-418+28, #2-460440, #3-517+31, #4-220+38) was
also significantly prolonged from the control population. At 3 and &
months post-op, preliminary results from Pt #1 reveal improvement in
all movement parameters (3 mo. RT/MO 323+35, RT/EMG 194#46, and MT
348+15; 6 mo. RT/MG 210+16, RT/EMG 120422, and NT 290+28). Results at
3 and 6 months post-op will be presented for all patients.

5.10

BIOCHEMICAL ANALYSES OF LUMBAR AND VENTRICULAR CSF FROM
PARKINSONIANS BEFORE AND AFTER ADRENOMEDULLARY AUTOTRANS-
PLANTATION TO THE CAUDATE NUCLEUS. R.E. Franco-Bourland*,
I. Madrazo, R. Drucker~Colin, C. Torres*, F. Alvarez*, P.
Carvey*, D. O'Connor*, R. Sierra & J. Tama (SFUN J.
ViTlarreal). Inst. Na]. Nutricidn SZ 1400 “La Raza"
IMSS 02990 DF, UNAM 45000 DF, MEXICO; Rush-Presbyterian
Chicago IL 60612, Vet Adm Med Ctr San Diego CA 92161 USA.
Madrazo et al. (N Engl J Med 316:831,1987; Surg Forum
38:510,1987) have reported on the amelioration of Parkin-
son's d1sease symptoms after adrenomedullary autografting
to the caudate nucleus in humans. In order to acquire an
insight into the biochemical mechanisms underlying the be-
neficial effects of this procedure we have undertaken a
collaborative study to assess in 6 operated parkinsonians
their pre- & post-transplantation levels of HVA, 5-HIAA,
MHPG (by HPLC-ED, PC), chromogranin A (by RIA, DO) & CAMP
(by RIA, RS & JT) in lumbar (L) and ventricular (V) CSF o-
ver a period of 3-4 months. Pre- & post-surgery,L & V le-
vels of HVA & 5-HIAA were not significantly different; L
levels ranged between 20 & 120 ng/ml, & between 20 & 60 ng/
ml, respectively; V levels ranged between 120 & 300 ng/ml
& between 60 & 100 ng/ml, respectively. Pre- and post-sur-
gery, L & V levels of MHPG were indistinguishable & fluc-
tuated between § & 20 ng/m1. L & V levels of chromogranin
A also remained unchanged after surgery. L levels varied
between 20 & 80 ng/ml and V levels between 0 & 20 ng/ml.
Pre and post cAMP,L & V levels were similar(20-60 pm/m1)
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5.11

HUMAN FETAL SUBSTANTIA NIGRA AND ADRENAL MEDULLARY TISSUE
HOMOGRAFTS TO..THE CAUDATE NUCLEUS OF PARKINSONIANS.

I. Madrazo, R. Drucker-Colin, R.E. Franco-Bourland*, F.
Ostrosky*, M.C. AGuilera*, and C. Torres*. Especialidades
[a Raza, IMSS, 02990 DF, UNAM, 45000 DF, INNSZ, 14000 DF,
México.

We recently made a preliminary report (N Engl J Med :
318:51,1988), of two cases of human fetal transplants to
relieve Parkinson's disease (PD). One case iz a 50-year-old
man yith a 9 year history of PD. who received a substantia
nigra fetal homograft to *..= caudate nucleus. At the
time of surgery he had a UPRS score of 59 points and was
cn a dose of Sinemet of 1000 mg. Three months after surgery
he had a score of 45 points. Now, 6 months after surgery he
has a score of 5 points, and is receiving 375 mg Sinemet to
control the remaining tremor and an oral dose of cyclospori
ne of 1 mg/ka hy/day.

The second case is a 35-year-old voman vith a 5 year his-
tory of PD, who had a preoperative UPRS score of 71 points,
vhile under treatment vith 750 mg Sinemet. She received a
fetal adrenomedullary homograft to the caudate nucleus.
Three months after surgery her score vas 35 points and nov
she has a score of 13 points, and is receiving a dose of
375 mg Sinemet, and 1 mg/kg bw/day cyclosporine.

The excellent postoperative tolerance t o the procedure
in these patients, and the extensive neurobiological data
appear to support human fetal qraft1nq as the best procedu-

re to treat PD, but further experience is needed to confirm
this contention.

5.13

IMPLANTS OF HUMAN VENTRAL MESENCEPHALIC NEURONS
AND PERFUSED ADRENAL MEDULLARY TISSUE INTO THE
CAUDATE NUCLEUS OF PARKINSON'S PATIENTS PRELIMINARY
RESULTS. Juan J. Lopez-Lozanol,2, G. Bravo3*, J. Abascal4* and CPH Neural
Transplantation Group”. Dept. of Exp. Surgeryl, Neurology2, Neurosurgery3 and
Surgery 4. Clinica Puerta de Hierro. University Autonoma. Madrid. Spain.

The encouraging results obtained by Madrazo et al., Jiao et al, Molina et al. and
Lopez-Lozano et t al., after pl ion of autol adrenal medulla (AM) into
the caudale nucleus of pauems with Parkmsons disease seem to indicate this

h nt of the disorder. Since the clinical improvement
reporwd has not been completely sausfactory, because of the hlgh morbidity and
mortality, we attempt new sources of donor tissue. This report examines and compare
the effect of lanting perfused 1 adrenal medullary or fetal ventral

mesencephalic (VM) tissue into right caudate nucleus of Parkinson's patients. VM
was dissected from human fetuses of different ages of gestation. In the case of AM
ussue the adrenal gland was cannulated and perfused (JJLL,'88) to improve the

jon p of either ventral mesencephalon or adrenal medulla
were selecv.ed to be 1mplanwd into the right caudate nucleus, in contact with the
lateral ventricle wall, of immunosuppresscd Parkmson's patients. To analyze the
viability and purity of the impl ussue. the g VM or AM tissue was

P by an enzymatic- dure. The recovered cell suspensnon were
cultured or implanted into 6-OHDA lesioned rats and sub quently studied by
catecholami ining histofl and TH-ICC, showing that they contained

hal

and exp d TH. All patients have been evaluated pre- and post-
operative with video, Columbia rating scale, NWDS, Unified Parkinsonism rating
scale. Catecholamines and their bolites have been d in CSF by HPLC
before and after transplantation. Thxs report will show the clinical and neurochemical
data obtained after tr 1 ion and will luate and dis: the clinical
usefulness of cited source donors vs planting adrenal medullary tissue.
Supported by FIS 87/687, CACYT grants to JJLL. CPH-NT group: A. El Barkani3,

5.12
CATECHOLAMINES AND METABOLITES IN TISSUES AND IN CSF OF
PATIENTS WITH PARKINSON'S DISEASE AFTER AUTOLOGOUS
TRANSPLANTATION OF ADRENAL MEDULLA TO CAUDATE NUCLEUS.
G. M. Tyce, J. E. Ahlskog*, S. W. Carmichael, S. L.
Chritton*, S. L. Stoddard, J. A. van Heerden*, and P. J.
Kelly*. Dpts. of Physiology, Neurology, Anatomy, Surgery,
Neurosurgery, Mayo Clinic, Rochester, MN 55905.
Measurements were made of the concentrations of norepi-
nephrine (NE), epinephrine (E), and dopamine (DA) in host
and in transplanted tissues in seven patients who were
undergoing autologous transplantation of adrenal medulla
to caudate nucleus as treatment for Parksinson's disease.
In addition, free and sulfated NE, E, and DA, 3-methoxy-4-
hydroxyphenyiglycol (MHPG) and homovanillic acid (HVA)
were measured in lumbar CSF taken before and at two
6-weekly intervals after the surgery. Quantitation of
analytes was by HPLC with electrochemical detection. The
concentrations of DA in small samples of caudate (removed
to create a donor bed) and in samples of adrenal medulla
were similar (v4 pg/g). NE and E were barely detectable
in caudate but were ~502 and 3,492 ug/g, respectively, in
adrenal medulla. In all CSF samples the concentrations of
MHPG and free and sulfated NE and E were in the normal
range. Free DA was never detected (<40 pg/ml) in CSF.
After the transplant sulfated DA increased modestly in
CSF, but HVA was unchanged. In summary, analyses of
catecholamines in lumbar CSF suggested that the adrenal
graft did not produce NE and E after the transplantation,
and that production of DA sulfate was modestly increased.
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6.1

ABNORMALITIES IN TEMPORAL LOBE EVENT-RELATED
POTENTIALS PREDICT HIPPOCAMPAL CELL LOSS IN TEM-
PORAL LOBE EPILEPSY. C.C. Wood, G. McCarthy, J.H. Kim, D.D.
Spencer, and P.D. Williamson. VA Medical Center, West Haven, CT 06516
and Yale University School of Medicine, New Haven, CT 06520.

Relationships between task-related Event-Related Potentials (ERPs) recor-
ded intracranially from sites in the temporal lobes of epileptic patients and
the side of seizure onset have been noted by a number of investigators (e.g.,
Squires et al., 1983; McCarthy et al., 1987; Meador et al., 1987). Here we
demonstrate that abnormalities in task-related ERPs predict the severity of
hippocampal cell loss in the affected temporal lobe.

Twenty-four patients in whom both temporal lobe ERPs and cell counts
on excised temporal lobe tissue were available were studied. Cell counts
(neurons per mm?® in CA1, CA2, CA3, CA4, and dentate gyrus) and ratings
of ERP normality were made blind with respect to each other. Correlations
(Pearson r) between ERP ratings and cell counts in the four CA fields and

. dentate gyrus ranged from .57 — .67 and were all statistically significant (P
< .01). Corresponding rank-order correlations were lower by about .05 and
were again all significant (P < .01). Cell counts in the CA fields and dentate
gyrus were themselves highly correlated (.5 < r < .7); mean cell count across
fields was correlated .72 with ERP ratings (P < .01).

These results demonstrate that task-related ERPs recorded from the me-
dial temporal lobe are as highly correlated with cell counts in the hippocam-
pal CA fields and dentate gyrus as the cell counts are among themselves.
Such ERPs may therefore be of value in estimating the severity of hippocam-
pal pathology before temporal lobe excisions. These results also implicate
the hippocampal CA fields and dentate gyrus as generators of, or part of the
circuit which generates, task-related ERPs in the medial temporal lobe.

6.2

INCREASED AMYGDALA ACTIVATION OF SUBICULAR NEURONS IN
HUMAN TEMPORAL LOBE EPILEPSY. M, Isokawa-Akesson, C.L. Wilson
and T.L, Babb. Brain Research Institute and Dept. Neurology, UCLA, Los
Angeles, CA 90024-1761.
In our previous study (Isokawa-Akesson et al., 1987, NS Abstr. 13:365),
interictal dings showed a d d neurotransmission in hippocampal-
bicul hways of human temporal lobe epilepsy based on extracellular single
unit recording and single pulse stimulation. The present study was designed,
using the same experimental procedure, to investigate whether another afferent to
the subiculum, i.e. the amygdalo- sublcular _path, lS altered in its
ission in lation with the d pp bicul pathm
temporal lobe epilepsy. Single pulse electrical stimulation was admini d to
the amygdala (AMYG) and single unit recordings were obtained from the
presubiculum (PRESUB). In controls (in the temporal lobe contralateral to the
seizure origin), 3 out of 14 (21.4%) PRESUB neurons responded to AMYG
stimulation and the responses were only inhibitory with an average latency and
duration of 75 msec and 273 msec, respectively. By contrast, in the epileptic,
AMYG stimulation evoked PRESUB responses in 6 out of 8 neurons (response
probability: 63.6%), and the responses were characterized by excitation (3/6cells),
inhibition (2/6cells), or preceding excitation followed by inhibition (1/6cells).
The average latency of excitation was 32 msec and the average latency of
inhibition was 52 msec. Mean inhibition lasted 165 msec. Interestingly, this
response pattern in PRESUB by epllepuc AMYG stimulation could be elicited in
the normal PRESUB 56% of the time by normal hippocampal (HIPP)
lati (When ," ptic HIPP was stimulated, neither itati
inhibition was evoked in any of the 7 ded from the adj;
PRESUB) Our results suggest that AMYG activation of the PRESUB is
il human h I formation during interictal periods.
Supported by NIH Grant NS 02808.
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6.3

SOMATOSTATIN AND B-ENDORPHIN LEVELS IN INTERICTAL AND
POSTICTAL CSF OF EPILEPTIC PATIENTS. A. Pitk#nen* and P.J.
Riekkinen. Dept. of Neurology, Univ. of Kuopio, P.0.Box 6,
SF-70 211 Kuopio, Finland.

Neuropeptides are proposed to play a role in the regu-
lation of interictal behavior and seizure threshold in ex-
perimental models of epilepsy. In this study we, firstly,
compared the levels of somatostatin (SLI) and B -endorphin
(BEP) by radioimmunoassay in interictal CSF of unmedicated
(n=18) and medicated (n=24) epileptic patients with the
levels of peptides in controls (n=20). Patients with chro-
nic medicated epilepsy had SLI level 80 % (p=0.003, Mann-
Whitney U-test) that of the controls and 76 % (p=0.011)
that of the unmedicated patients. BEP in the interictal
CSF did not differ in unmedicated, medicated and control
patients. Secondly, to study the peptidergic systems in
postictal stage of human epilepsy we collected CSF from
nine patients within two hours after generalized tonic-
clonic convulsion (GM), and the second sample from the sa-
me patients was obtained interictally after 1-4 days with-
out any kind of clinically observable seizures. BEP was
elevated postictally (p=0.044, Wilcoxon’s test) compared
with the interictal level. SLI was similar in both samples
The present study suggests that BEP is released into ext-
racellular space during GM and may be involved in the
depression of seizures. Instead, during the period when
epilepsy becomes chronic the somatostatinergic cells are
affected.

6.5

PRINCIPAL COMPONENT ANALYSIS OF LAMINAR
CURRENTS PRODUCED BY PENICILLIN SPIKES IN RAT
CORTEX. D.S.Barth., $.Di* and C. Baumgartner*(1) Dept. of
Neurology and Psychology, Univ. of California, Los Angeles,
CA 90024. (1).Neurological Univ. Clinic, Vienna, Austria.

Recent studies using laminar microelectrode recordings have
suggested a systematic sequence of neuronal activation in distinct
cortical lamina during both normal evoked responses and epileptic
spiking. In the present study, we mapped laminar field potentials
from the temporal cortex of 5 rats during the direct cortical
response (DCR) produced by electrical stimulation and during
electrically evoked interictal spikes (EIIS) of the penicillin focus.
Current source-density (CSD) distributions were computed from
the field potentials to highlight laminar changes in transmembrane
currents during the time course of the evoked responses. Finally,
the spatial and temporal pattern of CSD was studied with principal
component analysis (PCA).

PCA indicated that cellular currents overlapping in space and
time during both the DCR and the EIIS are produced by a highly
stereotyped interaction between neurons in the upper and the
deepest cortical lamina, The sequence, polarity, and location of
neuronal activation was not altered by penicillin. The main effect
of penicillin was to triple the duration and amplitude of membrane
currents during the EIIS as compared to the DCR. These data
suggest that penicillin spikes use the same neuronal circuitry as the
DCR, but with pathologically enhanced synaptic currents.

6.7

DIFFERENTIAL RESPONSES OF SOMATOSTATIN, NPY, CCK-8 AND VIP
IN KAINIC ACID-INDUCED EPILEPSY IN THE RAT. G. Sperk*, J.
Marksteiner* and™D.K.Meyer* (SPON: O. Hormykiewicz). Dept.
of Pharmacology, Univ. of Innsbruck, Innsbruck, Austria.

Somatostatin, neuropeptide Y (NPY), cholecystokinin
octapeptide (CCK-8) and vasoactive intestinal polypeptide
(VIP) were measured in various brain areas after limbic
seizures induced by kainic acid (10 mg/kg, i.p.) in the
rat. Reversible decreases (20-60%) in immunoreactivities
of the peptides were found 3 h after injection of the
toxin suggesting significant release during the preceding
acute seizures. In contrast to this, marked increases of
somatostatin, NPY and CCK-8 occurred in the frontal cortex
(somatostatin by 60%; NPY, 200%; CCK-8, 35%) and of NPY
and CCK-8 in the hippocampus (150% and 50%, respectively)
after 10-60 d. The time course of maximal elevation of
these peptides was slow but long 1lasting and was
accompanied by an increase of glutamate decarboxylase
(Vmax, 22%) in the frontal cortex. This was contrasted in
the cortex by an only transient increase of VIP (50%)
already 3 d after kainic acid which was again normalized
after 10 d. Whereas the reversible increase in VIP (partly
contained in local cholinergic neurons) may relate to the
acute seizures, the late and non-reversible increases of
somatostatin, NPY, CCK-8 and of glutamate decarboxylase
may reflect activation of a family of neuropeptide/GABA
neurons as a response to the long lasting decreased
seizure threshold in the animals.

6.4
ELECTROGRAPHIC RECORDINGS DURING AUDIOGENIC SEIZURES
IN FREELY MOVING RATS. N. Ludvig* and S.L. Moshé,
Dept. of Neurology, Albert Einstein College of
Medicine, Bronx, NY 10461

The EBG changes during audiogenic seizures (AS)
have not been well described in freely moving rats
because of the technical difficulties introduced by
the movement artifacts. With the use of a special
recording apparatus equipped with a field effect
transistor and a liquid commutator we were able to
eliminate most of the movement artifacts and could
study the EEG of the AS in the genetically AS-
susceptible GEPR-9 rats. Recordings were made from
the inferior colliculus (IC) which is considered to
be a crucial structure in the pathogenesis of AS. We
found that 7.6 + 1.7 (mean * S.E.M.) sec after the
acoustic stimulus (104 dB), repetitive spike and wave
discharges occurred lasting 20-50 sec. The
epileptiform discharges were initially associated
with wild running seizures and later on with clonic-
tonic convulsions. One - two minutes after the end
of the convulsions interictal spikes appeared. During
this period the rats were immobile with fixed gaze.
The data indicate that AS are associated with
paroxysmal electrographic discharges recorded from
the IC.

6.6

CHRONIC EFFECTS OF SYSTEMIC APPLICATIONS OF KAINIC ACID ON
mRNA LEVELS OF NEUROPEPTIDES IN RAT BRAIN. D.K. Meyer*
C. Olenik* and G. Sperk* (SPON: D.J. Dooley). Dept. of
Pharmacol., University of Freiburg, D-7800 Freiburg -(FRG);
Dept. of Pharmacol., University of Innsbruck, A-6020
Innsbruck (Austria).

Intraperitoneal injection of kainic acid causes in rats
acute limbic motor seizures and subsequently long-lasting
changes in levels of ‘the neuropeptides somatostatin and
cholecystokinin in substantia nigra, striatum, frontal cor-
tex and hippocampus. To find out whether these changes are
concomitant with altered gene transcription, concentrations
of mRNA's coding for the respective prepropeptides were
measured with a filter hybridisation technique.

In all areas investigated, concentrations of mRNA's coding
for both prepropeptides were enhanced 2 days after Kkainic
acid. This suggested an increased synthesis of both pepti-
des subsequent to their presumed enhanced release during
the acute seizures. With the exception of the frontal
cortex, levels had returned to control values 8 days later.
In frontal cortex, the increases in mRNA concentrations for
both prepropeptides persisted up to 30 days.

These changes in mRNA together with the previously observed
increases in peptide levels indicate that somatostatin- and
cholecystokinin-neurons in frontal cortex have a persis-
tently increased activity, which may be related to the
enhanced seizure susceptibility of these rats.

6.8
SEIZURE ACTIVITY OF TWO PEPTIDES DERIVED FROM DIAZEPAM
BINDING INHIBITOR (DBI) AFTER INTRAHIPPOCAMPAL INJECTION
IN RATS. C.Ferraresel!, M.A.Stasi® R.Samanin®and A.vezzani.
Iclinica Neurologica,Universita di Milano,Ospedale S.Gerar
do, Monza and Istituto "Mario Negri",Milano,Italy 20100
Fragments (FR) 42-50 and 43-50 are products of tryptic
digestion of DBI (104 aminoacids), an endogenous peptide
that modulates GABAergic neurotransmission. The two pepti
des were unilaterally injected into the dorsal hippocampus
(granule cells of dentate gyrus) of freely-moving adult
rats. The EEG pattern was continuously recorded from bil-
ateral hippocampal and cortical electrodes. 100 nmol
FR 42-50 induced in all the rats seizures and EEG alter
ations quantitated as follows: total No seiz.11#2.5 with a
latency of 11 3.5 min, a total time in seiz. of 9474322
sec and a total time of EEG alterations (seiz.+spikes) of
1338%+289 sec (n=7). 150 nmol FR 43-50 induced a qualita_
tively similar but less intense EEG pattern. During EEG
seizures the rats had the typical "frozen appearance" and
"wet dog shakes" often occurred. Tonic-clonic seizures
were not observed. Protection from seizures induced by
FR 42-50 occurred with 90 mg/kg PK 11195, a selective an_
tagonist of the peripheral-type of the benzodiazepine re_
ceptors. Blockade of the N-methyl-D-aspartate-type recep
tors in the hippocampus did not suppress seizures. The two
fragments induced only marginal, possibly non-specific,
neuronal degeneration. The possible role of DBI-related
peptides in the pathophysiology of epilepsy will be dis_
cussed.
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6.9

MODULATION BY SMS 201-995, A SYNTHETIC ANALOG OF SOMATO__
STATIN (ST), OF LIMBIC SEIZURES INDUCED BY INTRAHIPPOCAMPAL
INJECTION OF QUINOLINIC AND KAINIC ACIDS IN RATS.
A. Vezzani, M.A. Stasi’ R. Serafinif M.G. De Simoni’, F. Fo-
drittc¥and R. Samanin¥ Istituto "Mario Negri", Milano,Italy

One hundred twenty and 60 nmol quinolinic acid (QUIN) or
0.19 nmol kainic acid (KA) were unilaterally injected in
the dorsal hippocampus of freely-moving adult rats. Fifteen
min later, 5 ug SMS 201-995 (SMS), a ST analog highly re _
sistant to enzymatic degradation, were delivered at the
same site. The EEG pattern was continuously recorded from
bilateral hippocampal and cortical electrodes. SMS dis_
played neither anticonvulsant nor proconvulsant activity
when EEG seizures were induced by 120 and 60 nmol QUIN in_
jected in stratum radiatum (SR) CAl. SMS significantly pro_
tected from seizures induced by 0.19 nmol KA injected in
SR CAl (PBS+KA: No seiz.11%1 (8), total time in seiz.
1085%174 sec; SMS+KA: No seiz. 2.6%0.8 (8), total time in
seiz. 199%60 sec) and a delay in the onset of seizures was
also observed (16*3.9 min vs 66%*24 min) (p<0.05 for all meas
ures, Student's t-test). SMS was ineffective on seizures
when KA was injected within the hilus of the dentate gyrus.
KA was equipotent as a convulsant after injection in the
SR CAl and in the hilus.

The effects of QUIN and KA on the endogenous hippocampal
ST, measured by in vivo voltammetry, will be shown.

The role of the cholinergic system in the modulatory
action of ST on seizures will be discussed.

6.11

D-1 BUT NOT D-2 DOPAMINE RECEPTOR STIMULATION
REDUCES THE THRESHOLD FOR PILOCARPINE-INDUCED
EPILEPTIC ACTIVITY IN RATS. P. Barone*, S.A. Parashos, V.
Palma*, C. Marin*, G. Campanella* and T.N. Chase.
Experimental Therapeutics Branch, NIH, Bethesda, MD 20892;
Dept. of Neurology, University of Naples, Italy; Ist. Sci. Sanatrix.
Venafro, Italy.

Experimental evidence indicates a role for GABAergic
striatonigral projections in inhibiting the propagation of epileptic
activity. D-1 dopamine receptors, found on such terminals in
nigra pars reticulata probably modulate GABA release. The
present study evaluated the effects of dopamine receptor
stimulation on pilocarpine-induced limbic seizures. Pilocarpine
produces limbic stereotypies, but not convulsions or seizure-
related brain damage at a dose of 200 mg/kg ip. Administration
of the D-1 agonist SKF38393 5 min prior to this dose of
pilocarpine induced generalized convulsive activity as revealed by
behavioral and electroencephalographic  alterations and
histopathological findings .(ED50=1 mg/kg, ip). Similar effects
were produced by a high dose of pilocarpine (400 mg/kg, ip). The
D-1 antagonist SCH23390 prevented both pilocarpine (400 mg/kg)
and SKF 38393 plus pilocarpine (200 mg/kg) induced seizures in a
dose dependent manner. Response to pilocarpine was unaffected
by the D-2 agonist LY171555 (0.1-10 mg/kg, ip). Conceivably
pharmacologic manipulation of dopaminergic transmission could
provide an alternative approach to the treatment of secondarily
generalized epilepsy.

6.13

SENSORY KINDLING IN GERBILS IS A PROTEIN DEPENDENT PROCESS
REQUIRING PREVIOUS SEIZURE. Paul L. Prather* & W.B.
Iturrian, Pharmacology, Univ. of GA, Athens, GA 30602.

We show "sensory*kindling" (KIN) in gerbils with
planned periodic reexposure:to handling and report
pharmacological correlates of KIN development and
expression. In naive animals over 90 days old, only 40%
seizure on initial test. Four seizure tests with a 3 day
inter-test interval and a 5th test a week later produces
kindling with 957 seizures. Seizure incidence and severity
were recorded at all tests and drugs were given before
tests 2, 3, and 4 only. Diazepam (lmg/kg) before testing
was anticonvulsant reducing seizure incidence about 75%.
Phenytoin (50mg/kg) was only half as effective. Both drugs
retard full expression of KIN since test 5 (drug free)
seizure incidence was reduced 20-307 relative to saline
control. Cycloheximide (CXM) (25mg/kg) inhibited KIN
development 40% and expression by 327. Clonidine (0.075
mg/kg) was unique in that although seizure incidence during
development was reduced 40%Z, KIN was fully expressed at
test 5. Yohimbine (Img/kg) and CGS 8216 (4mg/kg) had no
effect on either KIN development or expression. These
results indicate that CXM sensitive proteins induced by
testing facilitate, while alpha, mechanisms inhibit KIN
development. Full KIN expression depends on a prior CXM
sensitive convulsive experience suggesting a protein
dependent memory-like process. Endogenous BDZ's do not
appear to be involved. Finally, development and expression
of KIN are controlled by different endogenous systems.

6.10

A1 ADENOSINE RECEPTOR ACTIVATION BLOCKS SEIZURES INDUCED
BY BICUCULLINE METHIODIQE IN THE RAT PREPIRIFORM CORTEX.
P.H. Franklin, Ge Zhang®, E.D. Tripp* and T.F. Murray.

CoTTege of Pharmacy, Oregon State University, Corvallis,

OR 97331.

It is now clear that adenosine receptors play a primary
role in the mediation of CNS inhibitory function. In
accordance adenosine or metabolically stable adenosine
analogs express anticonvulsant activity in a number of
experimental models of epilepsy. Neither the anatomical
nor the functional basis for the anticonvulsant effects of
adenosine (ADO), however, have been well established in
the CNS. We have previously reported (Franklin et al.,
European J. Pharmacol., in press, 1988) that seizures
Tnduced by microinjection of bicuculline methiodide (BMI)
into the prepiriform cortex (PC) are potently (ED50=
32.2+0.3 pmol) and completely blocked by prior injection of
the ADO agonist 2-Chloroadenosine (2-C1A). To characterize
the ADO receptor involved in this response, dose response
relationships for a series of ADO agonists were evaluated.
The rank order of potencies for these compounds is as
follows: N-Ethylcarboxamidoadenosine>Cyclohexyladenosine>
Cyclopentyladenosine>R(-)(2-Phenylisopropyl)-adenosine>
2-C1A>>S(+) (2-Phenylisopropy1)-adenosine>>2-Phenylamino-
adenosine. These results suggest that potency at adenosine
A receptors is the basis for protection by these compounds
against seizures induced by BMI in the PC. (supported by
NS-23227 to T.F.M.)

6.12

KINDLING ANTAGONISM: THE EFFECTS OF COMBINED NEO-
NATAL AND ADULT 6-HYDROXYDOPAMINE TREATMENT.

J. Burchfiel and C. Applegate. Dept. Neuroscience
The Children's Hospital, Boston, MA 02115.

Recent evidence suggests a role for norepin-
ephrine (NE) in the development of site suppres-
sion and dominance observed following concurrent,
alternate stimulation of the septal nucleus (S)
and entorhinal cortex (EC; kindling antagonism) .
Neonatal treatment with 60HDA produces a fore-
brain depletion but a hindbrain hyperinnervation
by NE at adulthood, and the development of
kindling antagonism remains intact. To what
degree is brainstem innervation by NE necessary
for the development of antagonism?

Rats treated with 60HDA as neonates were sub-
sequently administered a low dose (75ug; N=8) or
a high dose (200ug; N=9) of 60HDA or vehicle (N=8)
as adults. Rats were implanted with stimulating
electrodes into the S and EC and were stimulated
in the antagonism paradigm. High dose treatment,
but not low dose or vehicle treatment interfered
with the development of kindling antagonism.

This suggests that some brainstem innervation by
NE is necessary for the development of antagonism
The quantitative relationship between regional
biochemical treatment effects and antagonism
seizure profiles are currently being assessed.
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7.1

SELECTIVE VULNERABILITY OF MESENCEPHALIC

NEUROMELANIN-PIGMENTED NEURONS 11;1
e

PARKINSON'S DISEASE. E. C. Hirsch®, A. M. Graybi
Y. A. Agid*. (SPON: F. O. Schmitt) Dept. of Brain and
Cognitive Sciences, MIT, Cambridge, MA 02139

It is well established that mesencephalic dopaminergic
neurons are affected in Parkinson’s disease (PD), but it is not
yet clear whether a subpopulation of these neurons is more

vulnerable than the others. The ber of catechol gic
(CA) neurons (i tained with iserum inst tyrosine
hydroxylase), neur lanin-pig ted and non-CA
neurons in halic d i ining cell groups was

estimated in control (n=3) and parkinsonian (n=4) midbrains.
Only a subpopulation of the catecholaminergic neurons
contained pigmented neuromelanin in controls. These cells were
most numerous in the substantia nigra pars compacta, less
common in cell group A8 and least common in the central gray
substance. In PD the cell loss g the catecholaminergic
neurons was directly correlated (r=0.97) with the percent of
pigmented neurons normally in these cell groups. The non-
pigmented-CA neurons were relatively spared compared to those
containing visible neuromelanin pigment. The preferential
vulnerability of neur lanin-pig ted neurons in PD could be
related to the capacity of neuromelanin to bind toxic
compounds such as MPP+. The topography of cell loss may also
be important. Supported by the Seaver Institute, the Edith
C. Blum Foundation, the Tourette Syndrome Association,
the McKnight Foundation, the Whitaker Foundation, the
Fondation Simone et Cino del Ducca, and INSERM.

7.3

DIVERSITY OF ULTRASTRUCTURAL CHANGES OBSERVED IN
THE NEUROPILE OF THE CAUDATE NUCLEI OF PARKINSONI
AN PATIENTS.JP.Machado-Salas,D.Martinez*J.Aceves
A.Cornejo*0.Ibarra*J.Valadez*J.Kuri*J.Guzman*and
A. Bazaldua*Neuromorfologia,Neurocs,ENEP Iztacala
UNAM,Neurociencias,CIEA,IPN,México,D.F.,Neurocir
Neurologia Cto Med Occid IMSS Guad,Jal.,and Neuro
cir,Hosp Espec. Puebla, Puebla. MEXICO

Recent attempts to cure Parkinson's disease by

autologous implant of adrenal medulla into theCau

date nucleus, have shown rather diverse and incon
gruous clinical evolution.Our multidisciplinary
and interinstitutional research group has approa-
ched this question.Here, we report our prelimina-
ry E/M findings made in the neuropile of caudate
nuclei obtained during surgery, while lodging the
implant in Parkinsonians.Each patient showed a
different degree of neuropile degeneration, but

the presence of cytoplasmic neuronal vacuoles, spi

nulae (at axo-spinous synapses),elongated nuclei
in degenerated cells, axonal degeneration and di-
verse amount of dense-core vesicles were the most
oustanding differences from one case to another.
Our findings provide the first ultrastructural da
ta that allow to postulate the existence of seve-
ral populations of PK patients, who shall respond
differently to medical and surgical therapies.

2Res.Proj.partly supported by PADEPUNAM y ALPHA Ig

7.5

CATECHOLAMINE LEVELS ARE REDUCED IN THE ADRENAL MEDULLA OF
PARKINSON PATIENTS RECEIVING AUTOLOGOUS TRANSPLANTATION.
M.G, Hartman*. N.G.F. @ooper and J.T, Robertson* (SPON: W. L. Byrne). Depts.
of Neurosurgery, Anatomy and Neurobiology, Univ. of Tenn., Memphis, TN 38163.

Adrenal medulla harvested at the time of autologous transplantation into caudate

leus for treat of i ble Parkinsonism was assayed for catecholamines.

Tissue was obtained from five patients age 46 to 64 (mean 56.6) with symptom
duration of 5 to 27 years (mean 11.8). All had severe bradykinesia, with varying
degrees of rigidity and tremor. Each was maintained on carbidopa/L dopa until
surgery. Grossly, the medullary tissue appeared atrophic and was unremarkable
on histologic examination. Medulla was disected free from the gland in Euro-Collins
solution (4 °C) and then stored in liquid nitrogen prior to analysis. High performance
liquid chromatography with electrochemical detection was used to assay the tissue
levels of norepinephrine, epinephrine, and dopamine. Catecholamine levels (ug/mg
protein) were markedly decreased in four of five patients. Mean reductions of 75%
from post mortum controls were noted in each catecholamine assayed, although one
patient had a level approaching that of age-matched controls. Compared to medulla
obtained from brain-dead patients at the time of organ procurement, concentrations
were significantly reduced. Epinephrine was the predominate catecholamine, with
mean level of 84.4 pg. It accounted for 81.5% of the total assay,and norepinephrine
8.2%. Mean norepinephrine concentrations of 7.6 ug were found. Dopamine was
present in small amounts, mean 0.21 ug, or 0.3% of the total catecholamines
measured. No age, drug, dose, or duration of symptom correlation was identified.
Since anesthetic technique, and timing of surgery were identical in each case, and
as no post mortum interval was involved, these levels are felt to be highly
representative of the in vivo status of medullary tissue. This data suggests that
the catecholamine depleted adrenal medulla from Parkinson's patients may be
unsuitable for autologous transplantation. Supported in part by NIH:NEI EY02708.
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LOCALIZATION OF TYROSINE HYDROXYLASE mRNA IN TYROSINE

HYDROXYLASE IMMUNOSTAINED CELLS IN HUMAN MES;NCEPHALON BY

IN-SITU HYBR;DIZATION. F.JAVOY-AGID ,S.DUMAS (1),E.HIRSCH§
J.C.BISCONTE (2),Y.AGID ,J.MALLET (1), (SPONS:E.L.GUSTAFSON)

Inserm U 289 Hopital Salp2triere,75013 Paris, (1) Neurobiolo
gie Cellulaire et Moleculaire CNRS,Gif-sur-Yvette 91190,
(2) Biocom S.A. Gourtaboeuf 91942, FRANCE.

In Parkinson's disease,dopamine cells in the substantia
nigra are more dramatically affected than those in ventral
tegmental area suggesting biochemical distinctions between
the two cell groups. Detection of specific messenger RNA
(mRNA) by in situ hybridization histochemistry was investi
gated to study the level of tyrosine hydroxylase (TH) gene
expression in the two populations of dopamine cells iden-
tified by their content in TH. 35-S-labelled cDNA probe
complementary to TH mRNA was used on paraformaldehyde
picric acid fixed tissue sections. In situ hybridization
was followed by TH immunohistochemistry on the same section.
Radiolabelled hybrids were detected by autoradiography
with nuclear emulsion.

TH mRNA was detected in TH immunoreactive neurons.
Differences in the levels of TH mRNA were observed among
the dopamine cells. The number of cells expressing TH mRNA
decreased dramatically in patients with Parkinson's
disease.
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AUTOPSY FINDINGS IN A PARKINSON'S DISEASE PATIENT TREATED
WITH ADRENAL MEDULLARY TO CAUDATE NUCLEUS TRANSPLANT
F.C. Dohan* J.T. Robertson* C. Feler* J. Schweitzer¥ C.
Hall * J.H. Robertson* (SPON:A.R.Wyler)Dept of
Neuropathology,Univ. of TN,Memphis, TN 38163

We report a patient with Parkinson's disease
transplanted with autologous adrenal medulla to caudate
necleus who had multiple post operative complications
and died 121 days after surgery. During hospitalization
she showed no clinical improvement. At autopsy,
microscopic examination revealed the characteristic CNS
findings of Parkinson's disease, but examination of the
graft showed necrotic tissue, macrophages, blood vessels,
fibroblasts, collagen, chronic inflammatory cells, and
occasional foreign body giant cells. No chromaffin cells
could be identified in numerous sections stained by
both H & E as well as the immunoperoxidase method. The
results of this study suggest the need for caution in
interpreting the mechanism for any long term beneficial
result that might be obtained from this procedure.

7.6 -

TRANSCORTICAL INTRAVENTRICULAR ADRENAL
MEDULLARY GRAFTING IN_ THE TREATMENT OF HEMI-
PARKINSON MONKEYS. R. A. E. Baka K. Sweeney,*
H. colbassani,* R. T. 'WaEt's-'P‘foI. < 1 .

&, cal Tedter, ~EMOry UNIVErsity,
nta, Georgia  30322.

n e o investigate the most commonly
used adrenal medullary (chromaffin) rafting
technique. Nine M mulatta (2-4 years old) were
used in this study® ’T baseline studies were
obtained, hemiparkinsonism was induced by ti-
trated intracarotid injections of 0.4-0.8 mg ka
MPTP. Followup studies performed for at least
months following MPTP intoxication. Once _an
adequate data base was achieved, chromaffin
tissue was grafted to the head of the caudate.

Apomorphine (0,15 mg/kgl)-lnd\,\ced rotation
varied up to 35% in control subjects but did
not improve over 6 mos. or longer. A marked
decrease in rotational behavior was observed 1
mo. after grafting and persisted for at least 9
mos. Amphetamine (0.5 mg/kg)-induced rotation
was significantly less in transplanted subjects
as compared to controls. Biochemical and élec-
trophysiological studies were also performed.
s¥mggomat1c hemiparkinson animals,6 ‘anatomical
studies demonstrated a >80% depletion of sub-
stg.n}:].a nigra TH lmmuno-reacg.lve cells. Chro-

types o
ypSupport‘.: Amer. Parkinson_Disease "Assoc.,
Veteran's Admin. Yerkes Regional Primate
Research Center, Emor . (NIH

00165 and NIH Grant ROI-NS17524 to PMI).
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7.7

REJECTION OF FETAL SUBSTANTIA NIGRA ALLOGRAFTS IN MONKEYS
WITH MPTP-INDUCED PARKINSON'S SYNDROME. C.R. Freed, J.B.
Richards, C.J. Hutt*, E.H. Kriek, and M.L. Reite, Depts. of
Med., Pharm. and Psych., Univ. of Colo. Health Sci. Ctr.,
Denver, CO 80262.

A severe Parkinsonian syndrome was established in a male
Bonnet monkey (m. Radiata) with the neurotoxin MPTP-HC1.
Two months after lesioning, the animal was transplanted
unilaterally into right caudate, putamen and globus
pallidus with substantia nigra from an 8 weeks' gestation
fetus. By 11 weeks after transplant, the animal could
sustain a posture and the left hand became the preferred
hand. Seven months after transplant, a second graft was
placed into left caudate and putamen to improve motor
function on the right side. Within six days, the animal
lost function of the previously improved left arm and leg.
Pathologic examination showed the continued presence of
tyrosine hydroxylase positive cells and fibers in all
transplant tracks on the right. A focus of lymphocytes was
seen in one transplant track. The newly transplanted
tracks on the left showed only tissue debris. Transplant
rejection was then studied in a group of eight Patas
monkeys which were lesioned with MPTP and then transplanted
with fetal substantia nigra from 7 to 9 week monkey fetus.
Three months after transplant, the animals were challenged
with a second fetal transplant to look for graft rejection.
These results indicate that rejection may occur following a
second transplant of fetal tissue.

7.9

HEMIPARKINSONISM IN MONKEYS AFTER UNILATERAL
CAUDATE NUCLEUS INFUSION OF MPTP : BEHAVIOR,
HISTOLOGY AND CHEMISTRY. H. Imai, T. Nakamura*,
N. Miyashita*, K. Nishi*, and H. Narabayashi*. Dept. of
Neurology, Juntendo Univ. Sch. of Med., Tokyo 113, Japan.

In an attempt to clarify the role of the dopamine nerve
terminals and cell body in MPTP toxicity and to construct
a model for pure hemiparkinsonism, we administered 1-4 mg of
MPTP HCI directly into the unilateral caudate nucleus of crab-
eating monkeys via an Alzet 200-yL osmotic minipump for 14
days. Within a week after the start, the monkeys exhibited a
flexed posture and hypokinesia of the contralateral limbs, and
spontaneous circling toward the MPTP-treated side. After
treatment with apomorphine the circling motion was reversed.
These disturbances continued to increase for 3 months and
then reached a plateau. No parkinsonian tremor at rest was
observed in any of the monkeys. The mumber of tyrosine
hydroxylase (TH) immunoreactive cell bodies in the MPTP-
treated side of the substantia nigra was markedly reduced
along the entire rostrocaudal extent relative to the untreated
side. Neuronal loss in the MPTP-treated side of the ventral
tegmental area was slight and dorsal raphe and locus ceruleus
neurons were completely spared. TH activity in the MPTP-
treated side of the caudate mucleus and putamen was also
markedly reduced. In conclusion, MPP* uptake at the
dopamine nerve terminals alone and retrograde axonal
transport to the cell body seemed to be sufficient to destroy
nigral dopamine cells in the monkey.

7.11

IN VIVO BRAIN IMAGING OF THE BASAL GANGLIA (BG) OF NORMAL
AND RECOVERED MPTP-TREATED MONKEYS BY POSITRON EMISSION
TOMOGRAPHY (PET) USING $~FLUORO-L-DIHYDROXYPHENYLALANINE
(6FDOPA). D.J. Doudet Cohen*, R.D. Finn*, H.

LeTTan en* _and C.C.

1

THiueh. Clinical Brain Imaging/LCM; Lab: of Neuropsycho-
TB&¥, NIMH and Radiopharmacy,- NMD, NIH, Bethesda, 20892.
he sensivity of PET measurements of 4FDOPA
accumulation to detect clinical and preclinical damages to
the dopaminergic (DA) system of the BG was assessed in
1-Methyl-4-Phenyl-1,2,3,6- Tetrahydropyridine
(MPTP)-treated rhesus monkegs. Four animals were given
MPTP (2 to 4.8 mg/k§ i.v.) 20 to 24 months before the PET
studies. They acutely displayed akinesia and rigidity but
spontanequsl{ recovered and were evaluated normal
neurologically by investigators blind to their previous
treatment. Two monkeys received .8 and 1.5 mg/kg in the
right internal carotid artery and, after recovery of the
acute effects, remained impaired in their left body side.
Five normal rhesus matched for age and sex were used as
controls, For the PET study, the anesthetized monkeys were
first injected with 0-15 labeled water to verify that the
BG were visualized in at least one slice and that
differences in blood flow did not account for variations
in 6FDOPA accumulation. The injection of 2 to 5 mCi of
hi%hly purified 6FDOPA demonstrated a substantial loss of
6FDOPA accumulation in the BG of the MPTP-treated animals
and in the lesioned side of the hemiparkinsonian monkeys
compared to controls. The ratio between BG and a non-rich
DA area (occipital/parietal cortex) reached 2.5 to 3 in
normals compared to 1.4 to 1.8 in the DA depleted animals
andkdropped to 1 in the affected side of the hemi-lesioned
monkeys .

Thzs, AFDOPA, a PET tracer which preferentially labeled
DA neurons appears to be a useful tool in the detection of
clinical and preclinical changes in the DA system.

7.8

CEREBRAL METABOLIC EFFECTS OF DOPAMINERGIC IMPLANTS IN
CAUDATE NUCLEI OF HEMIPARKINSONIAN MONKEYS.
L,J.Porrinol'z, E.Palomboz*, Bankiewicz1 J Viola2'3,
J.Jehle“*, and 1.J.Kopin'. 1NINCDS; NIMH; 3HHMI,
Bethesda, MD 20892.

A recent approach to the treatment of Parkinson’'s
Disease has been the use of dopamine-producing tissue
implanted into the brains of patients with the disease.
We have used the quantitative autoradiographic 2-
[1AC]deoxyg1ucose method to assess alterations in
functional activity that accompany implants of dopamine-
producing adrenal and fetal tissue into the caudate
nuclei of MPTP-induced hemiparkinsonian monkeys. After
implant of adrenal medullary tissue, recovery of
voluntary movement of the affected limbs was observed,
but did not persist. The pattern of local cerebral
glucose utilization (LCGU) seen in monkey with adrenal
implants was identical to that seen in untreated
hemiparkinsonian monkeys. In contrast, following fetal
mesencephalic tissue implants, recovery of motor function
was observed, along with reversal of the LCGU changes
associated with hemiparkinsonism; i.e. the increase in
the external globus pallidus, the decrease in the
subthalamus, and the increases in the striatum on the
lesioned side appear to be normalized. Fetal
mesencephalic implants not only normalize motor
performance, but also restore symmetry in cerebral
metabolic rates not seen after adrenal implants.

7.10
DOSE RELATED CONTRALATERAL DOPAMINE DEPLETION AFTER INTRA-
CAROTID MPTP ADMINISTRATION IN CYNOMOLGUS MONKEYS:
VALIDATION OF THE UNILATERAL MPTP MONKEY MODEL
M. Guttman, H.C. Fibiger, A. Jakubovic, D.B. Calne,
University of British Columbia, Vancouver Canada, V6T 1W5
N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) has
been employed to produce a primate model for Parkinson's
disease. In an attempt to create a unilateral lesion, MPTP
has been administered directly into the internal carotid
artery to produce hemiparkinsonism (Bankiewicz et al. 1986).
Four animals had infusion of normal saline and two groups
of four monkeys had either 1.25 mg or 2.5 mg of MPTP-HCl
infused into the left carotid. Six to ten weeks later, all
MPTP-lesioned animals displayed right sided parkinsonism.
Two of the higher dose animals displayed signs of flexed
trunk posture and reduced activity. HPLC analyses of
caudate nucleus and putamen showed that in all MPTP-
lesioned animals there was greater than 97% reduction of
dopamine (DA) on the left. In the 2.5 mg MPTP group, the
right side also showed reduced DA; in the caudate by 61.4%,
and in the putamen by 37.8%. Contralateral DA reduction
and abnormalities of DA utilization (HVA/DA ratios) were
not present in the 1.25 mg MPTP-treated monkeys. These
findings demonstrate that unilateral carotid injectigncgf
MPTP can damage contralateral DA systems; caution should
therefore be exercised in the interpretation of data with
this model. With the lower dose, the lesion appears to be
purely unilateral, enabling the use of the contralateral
side as an internal control.

7.12 “

GM1 GANGLIOSIDE EFFECTS ON THE MPTP-DAMAGED DOPAMINE SYSTEM
IN MICE AND CATS. J.S. Schneider and A. Yuwiler, Dept. of

Neurology, UCLA School of Medicine and Neurobiochem. Lab.,

Brentwood VA Hosp., Los Angeles, CA 90024-1769.

Exogenously administered GM1 ganglioside has been sug-
gested to act as a neurotrophic factor in central aminergic
and cholinergic systems. The present experiments were per-
formed to see if GMI ganglioside wight have bereficial ef-
fects Gii the MPTP-damaged dopamine (DA) system in mice and
cats. Young mature (8-10 wks) C57 black mice which re-
ceived MPTP and GM1 had significant increases (dependent
upon length of GM1 exposure) in striatal DA content as com-
pared to mice which received only MPTP. This DA increase
was accompanied by a significant increase in the striatal
DAergic terminal field. GM1 had no protective effects
against MPTP toxicity, was effective when its onset was de-
laved in relation to MPTP administration, and its effects
appear to be permanent. Interestingly, GM1 did not cause
significant striatal DA increases when administered to aged
(8-10 mos) MPTP-treated mice. While cats administered MPTP
all showed massive striatal DA depletions, animals which
received GM1 had siqnificantly increased DA levels as com-
pared to cats which only received MPTP. GM1 appeared to
stimulate both terminal and axon collateral sprouting with-
in the denervated striatum but seemed to have no protective
effect on nigral cell degeneration. These results suggest
that GM1 can stimulate recovery in the DA system in the
striatum of young mature animals but that the beneficial
effects of GMl treatment may decline with age.
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8.1

BOTH BEHAVIORAL AND NEURONAL PERFORMANCE ARE IMPROVED BY
INCREASED ATTENTION. H. Spitzer*, R. Desimone, and T.
Moran (SPON. N. Allon). Lab. Neuropsychologv, NIMH,
Bethesda, MD 20892; Dept. Biomedical Engineering,
Technion, Haifa, Israel; and Lab. Clinical Studies,
DICBR, NIAAA, Bethesda, MD 20892.

To test whether increasing the amount of attention
devoted to a stimulus influences neuronal activity, we
studied the responses of neurons in area V4 of two rhesus
monkeys to stimuli presented within the context of a
discrimination task performed at two different levels of
difficulty. The task was a modified version of
matching-to-sample. The stimuli were bars varying in
size, orientation, and color. Some cells were tested
with orientation as the discriminative feature, and
others were tested with color. In the nonmatching trials
of the casy condition, the sample and test stimuli
differed by 90° in orientation or about 77 nm in
wavelength, whereas in the difficult condition they
differed by 22.5° or 19 nm, respectively. Behavioral
evidence indicated that the monkeys' discriminative
abilities improved when the task was made more
difficult, Correspondingly, neuronal responses to
stimuli became larger and more selective in the difficult
condition. It was demonstrated in a control experiment
that larger responses and narrower bandwidths during the
difficult condition occurred only for attended stimuli
within the receptive field.
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RESPONSES OF VISUAL CORTICAL NEURONS DURING A FOCAL
ATTENTIVE TASK. B.C. Motter (SPON: S.Mitchell) V.A.
Yedical Center and Depts. Physiology and Neurosurgery,
SUNY Health Science Center, Syracuse, NY 13210.

Reponses of neurons in V1, V2, & V4 to flashed stimuli
were recorded during the performance of a task requiring
visual attention to events at selected spatial locations.
Monkeys were trained to discriminate the orientation of a
briefly (200ms) flashed bar stimulus appearing 2 to 10
degrees from a central fixation point. The target stimulus
was presented alone (25%) or in a circular array (75%) of
identical but randomly oriented stimuli. At the beginning
of a trial each position of the array was marked by a
small dot cue. The target stimulus position was then
explicitly cued by removal of all other cues prior to the
presentation of the stimulus array. The arrays were
positioned so that either the target or another array
stimulus was located in the neuron's receptive field. The
composition of stimuli and arrays were based on
quantitative assessments of the field position and size,
and the preferred orientation, color and stimulus size for
each neuron studied. Response differences between stimuli
presented at attended versus non-attended locations were
found in about 50% of V2 & V4 neurons and in about 20% of
V1 neurons studied. Such differences were usually limited
to responses evoked by stimuli with orientations near the
tuning point of the neuron. Stimulus response latencies
for V4 neurons at attended locations were often increased.

8.5

ATTENTIONAL MODULATION OF INFEROTEMPORAL NEURON RESPONSES TO VISUAL
FEATURES. J.M, Fuster. Department of Psychiatry and Brain Research
Institute, Schootl of_ned(cine, University of California, Los Angeles, CA
90024 .

Neurons of inferotemporat (iT) cortex discriminate and temporarily
. retain colored stimuli (Fuster and Jervey, J. Neurosci., 2:361, 1982).
Are such discriminant and mnemenic neural properties dependent on the
degree of attention that the animal devotes to thé chromatic stimulus
attribute? Four monkeys were trained to perform a delayed match-to-
sample task with compound stimuli. The six sample-stimuli utilized were
coextensive, isoluminous, and briefly presented, one per trial, in a
central location; each consisted of a colored disk (red or green) with a
gray symbol in the middle, which indicated whether the symbol itself or
the background color had to be remembered for later behavioral decision.
Thus, the relevance of color and the attention that the animal was
assumed to pay to it were determined by the symbol embedded in it.
Extracellular activity was recorded and analyzed from 301 1T units.
Analysis of their reactions to the stimuli reveesled both symbol- and
color-differentiating cells. Some of the latter discriminated the two
colors equally well--i.e., with the same differential firing rates--
whether color was relevant or not. Others did it better if color was
relevant than if it was not; their reaction to their preferred color was
enhanced if the contextual cue (symbol) indicated that color had to be
attended to. In a few cells, the relevance effect was detectable during
the retention period, when the sample stimulus was no longer present.
No effects of relevance were noted in 92 striate cortex cells. The
latency of the color response of IT cells was correlated with
susceptibility to attentional modulation. Long-latency (>180 ms)
attention-sensitive cells, were especially common in the lower bank of
the superior temporal sulcus. The results indicate that the
discrimination and memory functions of IT neurons are facilitated by the
focusing of attention on the attributes of the visual scene to which
they are attuned; the latency data validate the psychophysical inference
of serial processing in selective visual attention (Koch and Uliman,
Human Neurobjol., 4:219, 1985).

Supported by BNS82-13806 (NSF) and MH-25082 (NIMH)

8.2

TASK-SPECIFIC SIGNALS IN AREA V4 OF MONKEY VISUAL CORTEX.
J.H.R. Maunsell, G. Sclar* and T.A. Nealey*.

Dept. Physiology, Univ. of Rochester, Rochester NY 14642.

In macaque monkeys trained to perform an orientation
match-to-sample task, many neurons in area V4 show
response modulation that depends critically on which
orientation the animal has been cued to look for (Haenny
et al. Exp Brain‘Res. 1988). Such neurons may be very
active during trials in which the animal is cued to look
for one orientation, yet unresponsive when identical
visual stimuli appear during trials in which the animal
is looking for other orientations. Thus these cells seem
to encode information about the orientation the animal is
looking for, rather than the orientation falling on the
retinas. ’

We have recorded from V4 in a monkey trained to per-
form an orientation match-to-sample task in which the
sample was either presented visually (by showing the
animal the correct orientation at the start of each
trial) or tactilely (by having the animal feel the orien-
tation of a bar he can not see). Of 36 neurons tested
under both conditions, eight (22%) showed statistically
significant changes in activity related to the sample
orientation in both cases. Because these neurons convey
an identifiable signal that can be dissociated from any
particular sensory input or any immediate motor response,
their signal must be considered an abstract representa-
tion of the cued orientation.

Supported by ONR 86-K-0646 and an Alfred P. Sloan Fel-
lowship to JHRM.

8.4

BEHAVIORAL ROLE OF STIMULUS SELECTIVE
NEURONAL ACTIVITIES IN THE SUPERIOR TEMPORAL
SULCUS OF MACAQUE MONKEY, A.MIKAMI_ and

K.NAKAMURA Dept. Neurophysiol., Primate Res.
Inst., Kyoto Univ., Inuyama, Aichi 484 JAPAN

In the superior temporal sulcus (STS) of
macague monkey, neurons showed selective
response to the complex visual feature in-
cluding human and/or monkey faces (Bruce et
al 1981, Perret et al 1982, Mikami 1987 ). In
order to test behavioral role of the stimulus
selective neurons in STS, neuronal activities
were recorded during the sequential dis-
crimination task with delay. With pressing
lever, the first sample picture was presented
for 1 sec. After 1-3 sec of delay period, a
picture appeared again. This sequence was
repeated until a new picture appeared. Monkey
was trained to release the lever when a new
picture appeared. In about two third of
stimulus selective STS neurons, activities
were modulated depend on the number of
repetitions and/or the reward contingency. A
small number of neurons showed stimulus
selective activities during the delay period.
These data suggest that the STS neurons may
be involved in the process to attend and
memorize a specific visual pattern.

8.6 .

DIRECTING ATTENTION TO COMPLEX OBJECTS. Jeremy M Wolfe%,
Kyle R Cave*, and Karen P Yu* (SPON: J. Sandell), Dept. of
Brain & Cog. Sci., MIT, E10-137, Cambridge, MA 02139
Visual processing is divided between an initial "pre-
attentive" stage where simple features can be processed in
parallel across the visual field and a later stage where
complex processing is accomplished by directing attention
to parts of the field. If pre-attentive processes can only
analyze simple features (e.g. color, motion, etc.), how is
attention guided in a search for-an object (e.g. a cat) not
defined by a unique feature? Visual search data suggest
that without guidance, attention moves at random in a serial
search for a tatrget. However, the apparent ease with which
real-world objects are found argues against a haphazard
search. We believe that attention may be directed to a
complex object by combining information from several feature
processors. Thus, while a color processor cannot identify

a cat, it can divide the field into loci that can and cannot

contain a cat. Attention should not be directed to a locus
labelled "green" if one is seeking a cat. In our visual
search experiments, target items are defined by triple con-
junctions of color, size, and form. Though all other items
share one feature with the target, search times are inde-
pendent of the number of items, as they would be if the
target was defined by a unique color or size. This
""parallel" search for triple conjunctions strongly suggests
that the pre-attentive processes can guide attention even
when no single feature defines the target.
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8.7
VANISHING TARGETS IN SIMULTANAGNOSIA: FAILURE TO SUSTAIN
VISUAL ATTENTION OVER AN ARRAY. M. RIZZO AND D. ROBIN.
Div. Behavioral Neurology and Cognitive Neuroscience,
Univ. of Iowa, College of Medicine, Iowa City 52242
Simultanagnosia (visual disorientation), the erratic
disappearance of targets from direct vision, offers an
important opportunity to probe human attention. We
studied two subjects with simultanagnosia due to CT/MR
verified lesions of the superior visual association
cortices. Their defect was mnot explainable by poor
acuity, abnormal eye movements, or visual field defects.
Both could orient attention to spatial targets in vision,
audition, and even to cross modal targets, comparably to
30 controls. Here we report on a separate paradigm which
allowed further assessment of the defect. The task
required an immediate response to the appearance or
extinction, at unpredictable intervals, of any dot in a
static CRT display of 1000 random dots. The subject
failed to detect 50% of 400 events without predilection
for location, had 197 false alarms, and had prolonged
reaction times. The results support the hypothesis that
simultanagnosia is due to inability to maintain visuo-
spatial attention across an array. The inefficient
processing of simultaneous signals in parallel neural
channels may lead to failure to detect targets which thus
seem to vanish. The finding suggests that operations of
directed and sustained visual attention are dissociable
at the level of the visual association cortices.

89

CIRCUIT PROPERTIES OF INFERIOR TEMPORAL CORTEX IN THE
MACAQUE. P.M. Gochin, E.K. Miller, C.G. GCross, G.L.
Gerstein. bepf. Psychol‘ rinceton Umiv,, Princeton,

, Dept. Physiol., Univ. Penn. Sch., Med., Phila.,
PA 19104.

We have suggested that the visual scene is
represented in inferior temporal (IT) cortex by the
pattern_ of activity across a population of IT neurons
each selective for ‘'some aspect or aspects of the visual
stimulus (Gross et al.,, in_Pattern Recognition
Mechanisms, 1985). This view of IT cortex is similar to
that postulated for the later stages of some
contemporary models of pattern recognition. The purpose
of this study was_to obtain information about
interactions among IT neurons that could help to
constrain and develop such models.

. We recorded IT activity from bundles of three
microelectrodes. Multi-unit activity on each electrode
was segregated into single unit u:t1v:.t¥l with a spike
sorting apparatus enabling us to study the simultaneous
activity of up to nine 1solated neurons. The monkey
fixated a small spot while stimuli were presented
extrafoveally. .

Cross-correlation analysis demonstrated that some
neuron pairs interact with® some combination of shared
excitatory input and direct synaptic connections, while
other pairs show independent Entterna of firing.
Furthermore, neurons recorded on the same electrode were
more likely to have functional connections and similar
stimulus selectivity than neurons recorded on adjacent
electrodes. These results will be discussed in relation
to models of pattern recognition.

8.11
RESPONSE PROPERTIES OF NEURONS IN MACAQUE INTRAPARIETAL
SULCUS. C.L. Colby, J.-R. Duhamel and M.E. Goldberg

Laboratory of Sensorimotor Research, National Eye Insti-
tute, N.I.H., Bethesda, MD 20892.

We have used visual, oculomotor and attentional tasks
to study neurons in and around the intraparietal sulcus
(IPS) in the alert monkey and have found a variety of
cell types which fall into two broad classes.

Cells in the first class have relatively simple visual
responses. Receptive fields are restricted and station-
ary stimyli evoke on/off responses. More robust
responses are elicited by moving stimuli and some cells
exhibit directional selectivity. Cells in this class
appear to have no eye movement related activity and no
attentional component to their responses.

Cells in a second class have more complex response
properties. These respond well to stationary visual
stimuli and their visual resp are h d when the
stimulus is also the target for a subsequent eye move-
ment or an attentional response. Two types of cells
also discharged before the saccade in a task where the
target is flashed on briefly and the saccade is made in
total darkness. One type fired separate bursts at the
time of target appearance and again just prior to the
saccade. A second type produced a tonic response, begin-
ning at target onset and continuing until initiation of
the saccade, as though it were holding the target posi-
tion. When tested in a learned saccade task, where no
target appeared, some but not all cells in each category
fired before saccades to a remembered location.

The results suggest that the IPS contains anatomically
and physiologically distinct cell populations.

8.8

ABSENCE OF VISUAL RESPONSIVENESS IN INFERIOR TEMPORAL
CORTEX IN MACAQUES LESS THAN FOUR MONTHS OF AGE. H.R.
Rodman, J.P. Skelly* and C.G. Grpss. Degc. of Psychology,
Princeton University, Princeton, NJ 08544.

Although inferior temporal (1T) cortex is necessary
for visual learning and pattern perception in adult
monkeys. several lines of behavioral and anatomical
evidence suggest that IT takes on its full adult role
only slovldyl; moreover, this mpturat:.ophggocess may be
sexuall imorphic (kachevahe; & Mighkin, 2nd Conf.
Neurobiol. of Beh., 1984). Previously, we réported tha
single-unit response properties in IT are adult-like in
female macaques by 4-6 months of age (Rodman et al.
Neurosci. Abs. 137 1539). We now present data on it
properties in male macaques 4-7 months old (139-219 days
at the time of recording) and in younger macaques of both
sexes (41-113 days at the time of recording). |
. Recordings were made in repeated sessions under
immobilization and N,0Q anesthesia. Single units were
tested with slits of 4ight, dark edges and a set of
complex 3-D objects similar to those used for our
previous studies. Models and photographs of monkey faces
were also used. X . .

Visual responsiveness in IT was v1rtualli' absent in
each of the Iive younger monkeys (three males and two
females), except for a few respoisive units found in one
male in the fourth month of age. Control recordings in
striate cortex and extrastriate visual area MI showed
normal responsiveness and stimulus selectivity. .

. In one of the two older males, visual properties in IT
(including receptive field size and location and stimulus
selectivity were adult-like, similar to what we found
in 4-6 month old females. In the other animal, however
most IT units were unresponsive, despite the presence of
normal activity in striate cortex.

8.10

ORGANIZATION OF VISUAL PROJECTIONS TO PARIETAL AND
TEMPORAL CORTEX IN THE MACAQUE. 1.S. Baizer, L.G.
Ungerleider and R. Desimone. Laboratory of
Neuropsychology, NIMH, Bethesda, Maryland, 20852.

Visual information is relayed from striate through
prestriate to parietal cortex, which has visuospatial
functions, and to temporal cortex, which is critical for
object recognition. To identify and compare the distribu-
tions of cells in prestriate cortex that project to these
two destinations, we made multiple injections of two
different fluorescent tracers into the lower bank of the
intraparietal sulcus (following removal of the upper bank)
and into the inferior temporal cortex in 3 rhesus monkevs.
Cells projecting to parietal and temporal cortex were
located mainly in different prestriate areas: MT, MST,
STP, and peripheral V2 projected only to parietal cortex,
whereas TEO projected only to temporal cortex. Areas
containing cells projecting to both destinations were V&
(including its ventral and two dorsal subregions, AL and
PM) and the posterior bank and floor of the superior
temporal sulcus (STS) outside MT. In both V4 and STS,
labeled cells projecting to parietal and temporal cortex
were intermingled, though the projection to parietal
cortex was heavier from peripheral than from central V4.
The laminar distribution of labeled cells suggests that V4
provides feedforward information to both parietal and
temporal cortex, whereas zones within the STS provide both
with feedback information. Supported by ROIMH42130.

8.12
ORBITAL POSITION EFFECTS ON SACCADE RESPONSES OF AREA LIP NEURONS. R.

Andersen, J. Gnadt, L .F ogass! Bracewell, $. h, G, Robertson an
Dept. Brain and Cognitive Sciences, M.I.T., Cambridge, MA 02139,

Area LIP is a subdivision of the posterior parietal cortex buried within the
intraparietal sulous whose cells have sacoade-related activity. The effect of eye
position on the de resp was ined using 3 memory sacoade task
designed to separate visual from sacoade-related sotivity. The task required the
animal to memorize the location of & briefly flashed target and to make a saccade to
that remembered location after a variable period of time. 1 was found thet the
direction and amplitude tuning of the motor fields of the cells did not change but the

anrtude of the de response was modulated by eye position.

- Standard linear regression techniques were used to test whether a first order
tinear mode] with independent variables of horizontal and vertical eye position
would desoribe the ohange in gain of the saccade response with change in eye
position. Two-thirds of 39 neurons tested showed a statistically significant (p<.05)
effect of sye position; these oells are said to have gain fields. Of the ocells with gain
fields & plane was the best fit of the data for 52% of the oells and another 38%
showed & signifioant planar ponent. Only 8% of the oells had no planar
component in their gain flelds

These data indicate that 3 planar model desoribes 3 large majority of the gain
fields of the saccade cells. A similar planar function for the variation of visual
response with eye position has been found for area 7a neurons and a network model
trained to localize the location of visual stimuli in head centered coordinate space
produced these same planar gain fields (Andersen et al., Science, 1985; Zipser and
Andersen, Natyre 1988). The present results suggest that the planar gain
function could represent a general strategy by the brain to perform coordinate
transformations. In this instance the gain function could be used to transform from
the retinal coordinates of the visual target to the head centered coordinates of the
Tocation of the eyes in the orbits required to foveate the target.




MOTOR SYSTEMS AND SENSORIMOTOR INTEGRATION:

12 CIRCUITRY AND PATTERN GENERATION I

9.1

EFFECTS OF FMRFamide ON ISOLATED HEART MUSCLE
CELLS OF THE MEDICINAL LEECH. K.J. Thompson and
R.L. Calabrese, Dept Biology, Emory Univ.,
Atlanta, GA 30322.

The neurogenic/myogenic leech heart responds
to the neuropeptide FMRFamide. Bath application
of FMRFamide or nerve stimulation can cause
tonic contraction, acceleration of the myogenic
rate, and induction of myogenic activity in
quiescent hearts (Kuhlman et al, 1985; Li and
Calabrese, 1987). Intracellular recording and
voltage clamp methods were used to examine the
electrical responses of dissociated heart muscle
cells to bath applied FMRFamide. Muscle cells
depolarize in response to FMRFamide at
concentrations as low as 1X107+4M. This
depolarization is accompanied by a conductance
increase and continues as long as FMRFamide is
present. Response amplltude increases in saline
containing 10 mM Ba +, and is severely atten-
uated by 5 mM Mnt* or 50 uM cd**. 1In voltage
clamp, FMRFamide induces a net 1nward current
that appears to underlie the depolarization
observed in current clamp. This FMRFamide-gated
conductance increase in isolated heart cells may
account for some of the modulatory actions of
FMRFamide observed in the intact heart.
Supported by NIH NS24072-04 to R.L.C.

9.3

CONSTRUCTION OF A COMPUTER MODEL OF THE LEECH HE-
MOTONEURON: IMPORTANCE OF SYNAPTIC POTENTIALS.

E. DE SCHUTTER® (SPON: European Neuroscience Association) and R.L.
CALABRESE, ‘Dept. of Neurology, Univ. of Antwerp (UIA), B-2610 Antwerp,
Belgium, and Dept. of Biology, Emory Univ., Atlanta, GA 30322.

The HE-cell is the motoneuron that controls the leech (Hirudo medicinalis) heart
muscle. A compartmental model of the cell was constructed, computer simulations of the
response to a hyperpolarizing pulse and of IPSPs were used to determine the equivalent
cable parameters of the neuron.

In 13 HE-cells (isolated ganglia, normal Ringer) the response to 10 -0.3nA pulses
during the bursting period was averaged (single electrode current clamp, sampling rate
3.6 kHz). Two time constants were always present: 2.1+0.7 ms and 35.5+2.1 ms, in some
cells a long time constant of 185+214 ms was found. Average input resistance was
118+12 MQ. Ten IPSPs ina HE(L4)-cell were digitized and averaged. The hyperpolari-
zation phase could be fitted to a single exponential with a time constant of 2.4+0.6 ms,
the final phase of the repolarisation slope had a time constant of 71.9:7.1 ms.

The cell was filled with HRP, developed, fixed and mounted for microscopy without
dehydratation. Morphometrical analysis was used to construct a 113 compartmental
model. All simulations were donc with the Nodus software on a Macintosh computer.

The hyperpolarization experiment was simulated with a membrane capacitance (C,,)
of 2.0 uF/cm?, a membrane resistance (R,,) of 19 kQcm? and a cytoplasmic resistance
(R, from 100 to 200 Qcm. IPSPs were simulated with a simple kinetic scheme (alpha-
function). A normal sized IPSP (5 to 10mV at the soma) was obtained if synapses on at
least 50% of the 36 dendrites were fircd, IPSPs at 75% of the dendrites gave the best
results. The hyperpolarizing phase of the IPSP was approximated with an alpha of 0.9
!/ but the repolarisation could only be simulated with higher values for R, : 38 kQcm?,
Both the hyperpclanzauon experiment and IPSPs could be simulated if different values
for R,, in soma, main segment and axon (16 kQcm?) versus dendrites (50 kQcm?) were
used, wuh C, 185 WF/cm? and a minimum for R, of 200 Qcm.

Qomhmmh in this motoneuron membrane resns\ance is higher in dendrites than in
soma and main segment. IPSPs are caused by firing of synapses on most of the dendrites.

9.5

NEURONAL MECHANISMS CONTRIBUTING TO THE ALTERATION OF THE RESPIRATORY RHYTHM
AT FLIGHT ONSET IN THE LOCUST. J.M.Ramirez*, K.G.Pearson, Department of
Physiology, University of Alberta, Edmonton, Canada, T6G 2H7.

It has been well established that the respiratory rate in locusts
increases at flight onset, but theqxneural processes underlying this increase
are 