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328. Neural-immune interactions: innervation and other ...... 831 366. Stress, hormones and the autonomic nervous system:
329. Tempefature regulation and fever .........c..cccoceeeenecnnnne. 834 NEUTOLTANSIMIEETS ..e.eeeuieireteereeieeteeeneeeee e eee e sree e
330. Somatosensory cortex and thalamocortical relations: 367. Modulation of neurotransmitter receptors
PRYSIOLOZY «..viiviiciiiiiiiiriicc s 837  368. Cerebellum L.......ccccoiiiiiiiniiiiiiii e
331. Somatosensory cortex and thalamocortical relations: 369. Epilepsy: human studies and animal models I ............... 920
PLASHICILY .eviieiiiiiciiciiecre 841
332. Visual cortex: organization and connections ................. 843 Poster Sessions — 1:00 p.m.
333. Visual psychophysics and behavior: basic processes ....846  370. Cell lineage III ...........c.ccooiiniii 922
334. Basal ganglia and thalamus: electrophysiology ............. 849  371. Cell lineage: genetic and biochemical markers.............. 924
335. Basal ganglia and thalamus: molecular 372. Process outgrowth, growth cones and sprouting VII .....926
336. Basal ganglia and thalamus IIT ...................... 373. Nerve growth factor IV .928
337. Oculomotor system IV ........ccccceviiminneniniiniiniinieniinnns 374. Non-neuronal cells T......c.cooceeeiininininininiiiicicics 931
338. Oculomotor SYStem V .....cc.coeverreeeereeeeieiiinienenencniene 375. Non-neuronal cells IT ........ccocoviiiiiiniiniiic, 934
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376. Development and regeneration of motor systems I ....... 936  425. Ischemia Il....ccccoiiiiiiiiie 1078
377. Development and regeneration of motor systems II ...... 938  426. Ischemia III ..o 1081
378. Regeneration: tissue correlates........covovvviiiiiieiiicninnns 941 427. Ischemia IV ...cooiiiiiiiiiiicciecc e 1084
379. Membrane composition: cell surface
macromolecules I........cocoivieviriininiiiiiiiiiciiecee 945 Presidential Special Lecture — 4:15 p.m.
380. Long-term potentiation: physiology 428. Visual Pattern Recognition: From Bug-Detectors
and pharmacology Il ... 948 to Object-Detectors.
381. Sodium channels: molecular biology ..........ccccoeveiiiennn 951 H. Barlow .....cccoeviniiiiiininiciiieeeic No Abstract
382. Sodium channels: physiology and pharmacology.......... 954
383. lon channels: modulation and regulation II ................... 956
384. Acetylcholine receptors: neuronal nicotinic II............... 959
385. Peptides: anatomical localization I ..o, 962
386. Peptides: anatomical localization Il ... 965 Symposia — 8:30 a.m.
387. Peptides: anatomical localization Il .............................. 969  429. Human Eye Saccades—Sensory and Cortical Factors
388. Peptides: physiological effects I ..o, 973 Chaired by: P.E. Hallett ...........c.ccooovmmverererrerresrreerenenes 1088
389. Peptides: physiological effects IT .......c..ccoooeiiiiiins 975 430. Activity-Dependent Plasticity: Analysis at the Cell and
390. Peptides: physiological effects IIL...........ccociininn 978 Molecular Level
391. Catecholamines: biosynthesis IT.......cc.ccooeininininnnn. 980 Chaired by: P.G. NEISON .........cooovvereererreeereensreneeenenes 1088
392. Interactions between neurotransmitters I ...................... 983
393. Interactions between neurotransmitters IIT .................... 986 Slide Sessions — 8:30 a.m.
394. Interactions between neurotransmitters IV ... 989 431. Visual cortex: architecture and interactions .............. 1088
395. Hypothalamic-pituitary-adrenal regulation I ................ 990  432. Catecholamine receptors: dopamine V
396. Cardiovascular regulation: brainstem 433, ISCHEMIA V ..ot
mechanisms I1 ... 993 434. Hypothalamic-pituitary-adrenal regulation: molecular
397. Cardiovascular regulation: forebrain STUAIES ...ovoooveeeoevsseees s seneas 1094
mechanisms and SrESS .......coceevuerreeniiiiiniinciieiie e 997 435. Ion channels: modulation and regulation I1I ................ 1096
398. Regulation of autonomic functions: 436. Regulation of autonomic functions ..........cceeeeiienns 1098
genito-urinary control ... 1000 437. Learning and memory—physiology V ........ccoceveeeneee 1100
399. Somatic and visceral afferents: 438. Chemical senses: peripheral mechanisms III ............... 1102
central Projections ..........cococciiccinineineinceee s 1003 439. Alzheimer’s disease: amyloid II
400. Spinal cord ..o 1005  440. Cochlear nerve, micromechanics and receptors............ 1106
401. Pain pathways: spinal and trigeminal 1008 441. Somatosensory PAtWAYS ........cocoeveeuereerereremmeuseeeeneeneene 1108
402. Pain modulation: pharmacology I.......ccccviniiiiinnines. 1010 442. Control of posture and movement I ..........ccc.cvveeerence 1110
403. Retina and photoreceptors: circuits and signals ........... 1012 443, COTEX I couvuiiieeieeeeeeeeeeeeeeeeeeee e nsseseeees 1112
404. Visual cortex: striate mechanisms..........ccoeccvevvveniennns 1014 444. Postsynaptic mechanisms in neurotransmission .......... 1114
405. Chemical senses: central pathways IT ....................... 1017
406. COrtex: aNALOMY ....c.ccerueueruemeueruereereriineiseisseseseessseesens 1018 Poster Sessions — 8:30 a.m.
407. Cortex: lesion and stimulation ............c.ccoceveiviniiiennas 1021 445. Nerve growth fACtOr V .....c....ovorvereereeeeeeenerssnreeeenes
408. Spinal cord and brainstem Il ...........ccooceinn, 1023 446. Growth factors and trophic agents V ...
409. Control of posture and movement I ........cco.cooovvvvrenne 1026 447. Neuronal death II .........oovrveenrreenerierecerrceeeeceeiscneninnes
410. Control of posture and movement in humans .............. 1031 448. Molecular and pharmacological correlates
411. Limbic system T ..., 1035 of development: PEPHAES .........covvvueeereeeeeermerireesenrenas 1125
412, Hypothalamus T ..o 1038 449. Development of sensory systems II .........c.coccvccuvernnnce 1126
413. Brainstem SYSLEIMS .....cocueererreeneeneenienrenieinniinieseeanens 1040 450. Development of cerebral cortex and
414. Learning and memory—anatomy VI, 1044 HMbIC SYSEMm Il ...oovveoeveeesieeeeeeseeriere s esseseeeas
415. Learning and memory—physiology IV ....................... 1045 451. Visual system: subcortical pathways ....
416. Motivation and emotion I ...........ccceviviivciniiiiiniiinnns 1048 452, Transplantation: SENSOTY SYStEMS .....eurerrecermceeeeserceens
417. Neuroethology: bird SONG .........cocuervenciicuinecmiecinsinnens 1050 453. Transplantation: hippOCAMPUS .....c.veuveervmrerereerereninnes
418. Invertebrate learning and behavior Il ... 1053 454. Aging processes IV ......oocoovrvneeeneenrernerieecsresseciceencns
419. Hormonal control of behavior Il ... 1057 455. Neuroglia and myelin IV .........ccccoorumrumerenerueereeneeennns
420. Neuropeptides and behavior I ... 1061 456. Neuroglia and myelin V ........cccccoeeereeemreenecmmereecieennnns
421. Alzheimer’s disease: experimental models .................. 1064 457. GENE SITUCIUIE ....vvovveeveeieereniseesesseeeeeessensseseseneeceeees
422, Alzheimer’s disease: cytoskeleton .........cccooeviiins 1067 458. Synaptic structure and function I ...............
423. Alzheimer’s disease: neurochemistry ... 1070 459. Synaptic structure and function: hippocampus ............ 1155
424. Parkinson’s disease: animal and transplant studies ... 1075 460. Presynaptic mechanisms: phosphorylation .................. 1156
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461. Calcium channels: multiple types ........ccccocovvvieiinennnn 1158 Symposia — 1:00 p.m.
462. Calcium channels: conotoxins and other ligands ......... 1160  507. The Cannabinoid Receptor: Biochemistry,
463. Acetylcholine: CNS syStems .........c.ccoeeiviiiiniiiiniinnnes 1163 Anatomy and Physiology
464. Excitatory amino acids: receptors IV ..o 1165 Chaired by: A.C. Howlett ..........cccocociiiiinininiinne. 1279
465. GABA receptors: function IV ... 1169  508. Specification of Cerebral Cortex During Development
466. Opioids: anatomy and physiology Il ...........c.ccoiinn. 1171 Chaired by: M. Sur and P. Rakic ......ccccoccooiiivnnnnnne. 1279
467. Serotonin receptors II
468. Serotonin I.......cccocviieiniininerccee s Update Lecture — 1:00 p.m.
469. Serotonin IL .......cccooiiiiiiiiiiiineieeceeeeee e 509. Obsessive Compulsive Disorder: New Perspectives
470. Neurotransmitters: molecular neurobiology ................ 1182 J.L. Rapoport ........ccoeveiiiiiiiiiiciiciiicciee No Abstract
471. Regulation of adrenergic recCeptors ............ccocovveveerenenn. 1184
472. Neuroendocrine regulation Il ... 1186 Slide Sessions — 1:00 p.m.
473. Endocrine regulation II 510. Potassium channels: molecular biology II ................... 1279
474. Endocrine regulation III S11. Visual cortex: far extrastriate cortex
475. Neural-immune interactions: interleukins and neural 512. Peptides: physiological effects IV .......ccocecerininnnnnes
FUNCLIONS .ot 1196  513. Gene structure and function III ...,
476. Neural-immune interactions: stress and behavior ........ 1200  514. Formation and specificity of synapses V ......c..cccccceeee. 1287
477. Pain pathways: central ... 1204  515. Parkinson’s diS€ase ..........eceveveeviniiiieneiniiiiciiieienes 1288
478. Pain modulation: peptides and 516. Excitatory amino acids: pharmacology V .................... 1291
excitatory amino acids .......c..ccccceceniciiiiiiiiiiini 1206  517. Alzheimer’s disease: amyloid IIT ............c.ocooiiinis 1293
479. Visual psychophysics and behavior: 518. Growth factors and trophic agents VI ... 1295
higher functions and models ... 1209  519. Acetylcholine and acetylcholine receptors .................. 1297
480. Cochlea: nerve responses, transmitters and second 520. Basal ganglia and thalamus V ................
IMNESSCINZETS .veieeeeereeienerinrereirsreseeensseesssassessssesesensanes 1212 521. Invertebrate learning and behavior 111
481. Chemical senses: peripheral mechanisms IV ............... 1215  522. Development of cerebral cortex
482. Basal ganglia and thalamus: unit activity .................... 1217 and limbic system ITL..........ccccocooin 1303
483. Basal ganglia and thalamus IV ... 1219 523. Transmitters in invertebrates: molluscs I ..................... 1305
484. Control of posture and movement Il ........................... 1222
485. Invertebrate motor function I ..o 1227 Poster Sessions — 1:00 p.m.
486. Hypothalamus II................ocee 1229  524. Neurogenesis: regulation............coceeeeervceinenncencenennns 1307
487. Human cognition: language, other ................c.ococoii. 1231 525. Process outgrowth, growth cones and sprouting VIII ........ 1309
488. Leaming and memory—pharmacology: acetylcholine IT ... 1233 526. Nerve growth factor VI ..o, 1312
489. Motivation and emotion IV ..o 1237  527. Hormones and development: steroid receptors ............ 1315
490. Biological rhythms and sleep IX .........cccooiniininnnn. 1239 528. Hormones and development: CNS ... 1317
491. Biological rhythms and sleep X ........ccocoviiiniininnnn. 1242 529. Hormones and development: motor neurons ............... 1318
492. Neuroethology: arthropods .........c..cccoceviiiiniinicinncnn. 1243 530. Hormones and development: thyroid hormone............. 1320
493. Monoamines and behavior: amphetamine 531. Synaptic structure and function 11
AN OthETS L.vviieeeieeiiee e 1246 532. Presynaptic mechanisms .........ccccooeveeenernenccnieenneeennes
494. Drugs of abuse—amphetamine and nicotine ............... 1248  533. Long-term potentiation: physiology and
495. Developmental disorders of the nervous system Il ...... 1251 pharmacology HI ... 1328
496. Epilepsy: human studies and animal models II............. 1253 534. Ion channels: ligand-gated ........c.cccccoeevcnnccinnnnnncnne. 1331
497. Epilepsy: anticonvulsant drugs ...........cccocooeviivenninnne 1255 535. lIon channels: cell function ...........c.cccoveviiciiiiicinnnne. 1334
498. Alzheimer's disease: neuroimaging and 536. Excitatory amino acids: pharmacology VI .................. 1337
dIAGNOSHIC LESES ...vveveececicnieecie s 1258  537. GABA receptors: function V .........ccocoooiiiiiiccnnnn
499. Parkinson’s disease: human studies .........cccocoveverennes 1259  538. Opioids: behavior I ........ccococeiiiiiiciiniiincncceee
500. Ischemia VI ... 539. Catecholamine receptors: dopamine VI
501. Ischemia: excitotoxicity 540. Catecholamines: dopamine II...........cccccoeeeiinincnnnnenns
502. Ischemia VII.....ooooooiiiiniiiiiiieee 541. Transmitters in invertebrates: molluscs Il .................... 1355
503. Infectious diSEASES .........covevierieiiiueniinrienienienieseeenes 542. Hypothalamic-pituitary-adrenal regulation II .............. 1357
504. Neurotoxicity: MPTP ......cc.cocconiiiniiiiieienecns 543. Hypothalamic-pituitary: control of
505. Neurotoxicity: biogenic amines ...........ccceeveeveiseciennias 1276 gonadal function ..o 1360
544. Hypothalamic-pituitary-gonadal regulation:
Special Lecture — 11:45 a.m. LHand LHRH IL ..c.ooooiiiiiiiieeeeeeeeens 1362
506. Homeotic Genes and the Control of Development 545. Regulation of autonomic functions:
MLP. SCOM et No Abstract gastrointestinal control ..............occoeoiiivnincincnnenn 1365

xi
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546. Somatic and visceral afferents: nociception................. 1367 Chaired by: G.Z. Feuerstein and N.G. Bazan ............. 1470
547. Pain modulation: spinal and trigeminal ....................... 1369
548. Pain modulation: pharmacology IT...........ccccooiiiiin. 1372 Special Lecture — 10:30 a.m.
549. Retina and photoreceptors: ganglion cells 584. Neural and Glial Network Interactions: Visualization
and centrifugal control ..............ccocoiiiininiii 1374 in Live Brain Tissues
550. Subcortical visual pathways: cortical inputs S Smith o No Abstract
and subcortical responses .........c.cccvvevveveiieniinienieenenne. 1377
551. Cerebellum IT ..o 1380 Slide Sessions — 8:30 a.m.
552. Cerebellum HI ..., ....1382  585. Visual system: cortical mechanisms .............cceevvenenn 1470
553. Control of posture and movement IV ......................... 1384  586. Neurobiology of affective illness
554. Invertebrate motor function II............c.cooveininn, 1389 and related disorders ...........ccocovviiiiiiiniininii 1472
555. Sensorimotor integration: muscle II..............c..cc..c.... 1391 587. Potassium channels: physiology and regulation III ..... 1474
556. Learning and memory—physiology VI ....................... 1394  588. Neuroendocrine regulation Il ...
557. Learning and memory—pharmacology: 589. Cell lineage IV .....cccoevviecininiiiniiiciciiiciiceeeees
IMONOAIMUNES ....vverveareieiiiitieietiee et ereereeteaeereeseereereeanens 590. Staining, tract tracing and imaging II...........................
558. Neural plasticity IV 591, REEENETALION ......cuimiveninicriiiereiinereieienese st
559. Neuroethologyy: molluscs, amphibians, 592. Auditory system: central pathways V ...
mammals, MOdels ........ccooiviniiiniiniiiiie 1402  593. Presynaptic mechanisms: ion channels .....
560. Neuroethology: fish .......cccccoeiiiiiiiiniiiiiiins 1405 594, Serotonin I ......ccoooviiiiiiniiiiiiieees
561. Hormonal control of behavior Il ...............c.cceciiins 1408  595. Circuitry and pattern generation IT ...l
562. Hormonal control of behavior IV ..o, 1412 596. Epilepsy: basic mechanisms IV ...,
563. Neuropeptides and behavior II.........cccocccocooiiininnnin, 1415 597. Behavioral pharmacology IV ...
564. Drugs of abuse—ethanol
565. Drugs of abuse—alcohol Poster Sessions — 8:30 a.m.
566. Drugs of abuse—cocaine: pharmacology .................... 1425  598. Process outgrowth, growth cones and sprouting IX .... 1494
567. Drugs of abuse—amphetamine ..............cccocovvveennennnn. 1429  599. Nerve growth factor VII.........coocooiiiiiinniiiins 1496
568. Drugs of abuse—opioids ...........ccceeeeerirciiiiiiniinniinnn, 1432 600. Growth factors and trophic agents VII......................... 1499
569. Psychotherapeutics: affective disorders ............cccoe.e. 1435  601. Nutritional and prenatal factors.............ccccccecinnininnns 1503
570. Experimental genetic models .........c.cccooevinvinnininnn, 1438  602. Aging processes V .......ccccommiiiimviniiniiininiininieniennes 1507
571. Epilepsy: basic mechanisms HI ..o 1439  603. Staining, tract tracing and imaging I ........................ 1509
572. Alzheimer’s disease: amyloid IV ... 1443 604. Regulation of gene expression I ... 1512
573. Alzheimer’s disease: amyloid V ... ....1446  605. Postsynaptic mechanisms
574. Degenerative diSEase ...........ccccceviieviiiiinininenieneenennns 1449  606. Calcium channels: physiology
575. SchizOphrenia .......c..coocceeiiiciniiiiicciiiecieees 1453 and pharmacology IV ... 1516
576. Affective illness and related disorders ......................... 1456  607. Ion channels: chloride and other ...........ccccocooiiiinnns 1520
577. Neurotoxicity IT......c.cocoviiiiiiiiiiiis 1458  608. Ion channels: modulation and regulation IV ................ 1522
578. Neurotoxicity: metals and free radicals ....................... 1461  609. Acetylcholine: synthesis and degradation .................... 1525
579. Neurotoxicity: environmental ...........ccccccooeviiiiinininncns 610. Acetylcholine receptors: muscle nicotinic ................... 1527
580. Clinical CNS neurophysiology 611. Acetylcholine receptors: muscarinic IV ..........c.c.......... 1529
612. Excitatory amino acids: pharmacology VII ............... 1533
Presidential Special Lecture — 4:15 p.m. 613. Excitatory amino acids: receptors V
581. Language and Cognition: What the Hands 614. Opioids: behavior IT ..o
Reveal About the Brain 615. Catecholamines: locus COEruleus ............coeveveriniinenne
U. Bellugi .ooeoveniininiiiiiicienciccicecniccicn No Abstract 616, Serotonin IV ..o
617. AdENOSINE ...c.couviuviiiiiriiiiiiiiiieee e
618. Neurotransmitter transport and release ............ccc........ 1549
619. Biogenic amines: uptake and release ..............cccoeuee 1550
620. Neurotransmitter and hormone receptors........... ... 1554
Symposia — 8:30 a.m. 621. Hypothalamic-pituitary-adrenal regulation III ............. 1556
582. Neural Grafting and Parkinson’s Disease 622. Pain modulation: CNS ... 1558
Chaired by: A. BJOTKIUNA ..........ovveerveerieeerereeeeeeeeeees 1470  623. Pain modulation: monoamines............ccocoeveirieienenennnes 1561
583. “Lipid Mediators” in Synaptic Transmission and Signal 624. Retina and photoreceptors: chemistry
Transduction of Neuronal Cells: Physiological and and ANALOMMNY ......cvveveeiiiiiiiniinieeiieer et 1564
Pathological Implications 625. Visual cortex: stimulation and evoked responses ........ 1568
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THEMATIC LIST OF SESSIONS

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

Session Day and Time
Number Session Title Type Mon. Tue. Wed. Thu. Fri.
‘ ,
Theme A:Development and Regeneration ? !
430. Activity-Dependent Plasticity: Analysis at ; i
the Cell and Molecular Level SYMP. | | ‘Thu AM |
508. Specification of Cerebral Cortex During Development....... SYMP. i Thu PM |
137. Trophic Agents and the Development and
Maintenance of Neurons SYMP. Tue AM
26. AgIng processes I ... Poster: Mon AM |
155. Aging processes Il ... Poster Tue AM :
308. Aging processes I ..o Poster | Wed AM |
454, Aging processes IV ... Poster ‘ i Thu AM ‘
602. Aging processes V ... Poster | i Fri AM .
22. Axon guidance mechanisms and pathways I ... Poster | Mon AM |
76. Axon guidance mechanisms and pathways Il Slide Mon PM
297. Axon guidance mechanisms and pathways 111 Poster | Wed AM
363. Axon guidance mechanisms and pathways IV ........................ Slide ‘ ‘ : Wed PM
87. Cell differentiation and migration I ........ccccovininiininiinnn Poster | Mon PM | : ;
88. Cell differentiation and migration Il .........ccoccociniiiniiininns Poster | Mon PM ; ‘ : i
19, Cell HNEAE I ...ovveeiiieciicicicicct e Poster i Mon AM | : i
281, Cell HNEAEE L cvvooereeoeeeereeeeeeeeeeeeeeee e eceeeeeee e Slide | | Wed AM | a
370. Cell Hneage T ..coucveiiuiiieieeicieecceecie e Poster | | Wed PM |
589, Cell HINEAZE IV .oovvveiionriieiieeees e Slide Fri AM |
371. Cell lineage: genetic and biochemical markers......................... Poster | | Wed PM }
20. Cell shape and differentiation T..........c.ccooviiiiiiinnn Poster | Mon AM; \ i
21. Cell shape and differentiation I1..........ccooermerrnerneenierinnenn Poster | Mon AM: } ‘
376. Development and regeneration of motor systems I .................. Poster | | Wed PM ‘
377. Development and regeneration of motor systems II ................ Poster \ i Wed PM :
305. Development of cerebral cortex and limbic system I Poster \ Wed AM i
450. Development of cerebral cortex and limbic system 11 Poster i i Thu AM ! ‘
522. Development of cerebral cortex and limbic system Il ............. Slide i i i Thu PM | ‘
298. Development of neurotransmitter SyStems ...........ccoeeereeerenne Poster% : Wed AM \
97. Development of sensory systems I ........cccoccovverninncncinennnne. Poster | Mon PM | \
449. Development of sensory systems IT ... Poster ; Thu AM 1
300. Development: ligand-gated channels ...............ccccooceiicinnnn. Poster i Wed AM i
299. Development: voltage-gated channels ............c.ccccoccoiviicnnics Poster Wed AM |
74. Formation and specificity of synapses I.............ccccccviniinnes Slide Mon PM |
91. Formation and specificity of synapses II .... Poster | Mon PM 1 ;
92. Formation and specificity of synapses Il ... Poster | Mon PM j [
93. Formation and specificity of synapses IV .............cccocccninein Poster | Mon PM i ;
514. Formation and specificity of synapses V .......cccccoveciiinnnccnnns Slide | Thu PM i
294. Gliogenesis and differentiation ............ccccccoeviiiincincnncnnnns Poster i Wed AM | |
23. Growth factors and trophic agents I ...........c.cccoooveiniincnnenn. Poster | Mon AM | | ;
95. Growth factors and trophic agents IT ............cccocooeiiiinnnnenn. Poster | Mon PM i ! i
301. Growth factors and trophic agents III .........ccccevecrivnccncnnne Poster : j Wed AM “ :
362. Growth factors and trophic agents IV ... Slide “ } Wed PM !
446." Growth factors and trophic agents V ..........ccoccoevniincnnnnn Poster i ’ Thu AM i
518. Growth factors and trophic agents VI ... Slide i \ Thu PM |
600. Growth factors and trophic agents VII............ccoconiinincnnn. Poster i \ Fri AM |
528. Hormones and development: CNS ... Poster A 3 Thu PM ! ‘
529. Hormones and development: motor NEUTONS .........cceveveeeerneenen. Poster 1 ‘ Thu PM i
527. Hormones and development: steroid receptors Poster ; | Thu PM | i
530. Hormones and development: thyroid hormone Poster ‘ Thu PM |
215. Molecular and pharmacological correlates | ‘
Of deVElOPMENT I ...ttt saen Slide 1‘ Tue PM | i i
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304. Molecular and pharmacological correlates “ :‘ : ;
Of development IT .........oueuieirccirieireecc et Poster | Wed AM . ! “
224. Molecular and pharmacological correlates of \ ! l ‘
development in cerebellum and spinal cord...........cccccooeinn. Poster | Tue PM ﬂ 1
153. Molecular and pharmacological correlates of | . l \
development: MONOAMINES .......ccevveruiiiniiniirinniiniiiee e Poster l Tue AM ‘ | “
448. Molecular and pharmacological correlates ‘\ }
of development: peptides .... Poster ‘ Thu AM |
12. Nerve growth factor I ... Slide Mon AM| i ‘
94. Nerve growth factor Il ... Poster| Mon PM }
283. Nerve growth factor Il .......cccooienneicnnniiiccicces Slide Wed AM |
373. Nerve growth factor IV ... Poster | Wed PM "
445. Nerve growth factor V ... Poster Thu AM i
526. Nerve growth factor VI ... Poster Thu PM | ]
599. Nerve growth factor VII... Poster : Fri AM i
18, NEUTOZENESIS ....eeviiiiciiicicecee et Poster| Mon AM [ ‘
524. Neurogenesis: regulation ...........cccccoeeviiiiiiiiininiinincenens Poster ‘ Thu PM
222. Neurogenesis: tissue culture models ... Poster Tue PM | \
96. Neuronaldeath I........cc.ccooiiiiiiiiiniinie Poster| Mon PM\ i ! ‘l
447. Neuronal death IT ......ccocooiiiiiiiiiiiiiieeeeeee e Poster | Thu AM | \
223. Neuronal death: aXOtOMY .....c.ccceviviiiiiniininiiiiinincc e Poster Tue PM ‘ L \‘
302. Neuronal death: disease, drugs, trauma ... Poster \ \ Wed AM “‘ “
374. Non-neuronal cells T.......ocooiiiiiiiininiiicecceeeeeeene Poster \ | Wed PM i ‘
375. Non-neuronal cells IL .......cocoviiimirieniicieinceiercceeereneneenee Poster | \ Wed PM t
601. Nutritional and prenatal factors..........c.ccccecoviiniiiiniinincnnns Poster i | | Fri AM
8. Pattern formation, compartments and boundaries I .................. Slide Mon AM‘ i } ‘
303. Pattern formation, compartments and boundaries II ................. Poster i Wed AM \ 1\
10. Process outgrowth, growth cones and sprouting I .................... Slide Mon AM ‘ “
89. Process outgrowth, growth cones and sprouting I ................... Poster;| Mon PM i ;
90. Process outgrowth, growth cones and sprouting Il .................. Poster| Mon PM \
212. Process outgrowth, growth cones and sprouting IV ................. Slide ‘ Tue PM | 1
295. Process outgrowth, growth cones and sprouting V ................... Poster\ Wed AM |
296. Process outgrowth, growth cones and sprouting VI ................. Poster Wed AM |
372. Process outgrowth, growth cones and sprouting VII ................ Poster \ Wed PM l
525. Process outgrowth, growth cones and sprouting VIII .............. Poster i | Thu PM
598. Process outgrowth, growth cones and sprouting IX ................. Poster \ Fri AM
591. REZENETALON ....ooovververeerieieresese e sssssessesssioessessse st ssensessane Slide ‘ | Fri AM
226. Regeneration: molecular correlates .........c.cocovveveniiiviiniiniinns Poster Tue PM “ !
227. Regeneration: prostheses, therapeutics, function ............c........ Poster Tue PM l‘
24. Regeneration: protein COrrelates ...........coccoevenininciiiiennieennes Poster| Mon AM i
378. Regeneration: tisSue COIElates ........cc.ccvviviiiniiiiiiiiiiniiiinens Poster Wed PM i
145. Transplantation: animal models of Parkinson’s disease I ......... Slide Tue AM |
307. Transplantation: animal models of Parkinson’s disease II........ Poster Wed AM
25. Transplantation: COTEX ........ccoceevervirvieiiiiuiiiniinieiiniiieseeeeneeaees Poster| Mon AM
98. Transplantation: general ...........cccccoeiiiiiiininiiiiis Poster| Mon PM
229. Transplantation: genetically engineered cells ............c...ccoee. Poster Tue PM
453. Transplantation: hippocampus .........cccoeovivininiiininineinienn, Poster ! Thu AM
228. Transplantation: new technology ..........cccceeviniiiiniiinieicnennn. Poster Tue PM |
452. Transplantation: SENSOTY SYSLEMS ...cccveervreriiinuiivueiiieneeiiesienneens Poster ‘ Thu AM
99. Transplantation: spinal cord .......c.ocoecevvirninicneniinienecineeneeee Poster| Mon PM \
359. Transplantation: StFAtUM ........cccceueruiviniiiirieniieene e Slide Wed PM
357. Visual system: connections ................ i Wed PM
306. Visual system: cortical connections and plasticity .................. Poster Wed AM
585. Visual system: cortical mechanisms Fri AM
154. Visual system: molecular mechanisms in visual cortex ........... Poster Tue AM
78. Visual SYStem: TetiNa ........ccoeeeeeveereerenreiicniiiniieecne e Slide Mon PM] |
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T T J ‘
225. Visual system: retina and transplantation ............ccceeveeveeenne Poster Jl Tue PM ‘ ; :
451. Visual system: subcortical pathways .........ccccevevenenenrieecnne Poster j | : Thu AM | :
i ! ! ‘
Theme B: Cell Biology ¥ } i f
354. How Cells Keep Time: The Molecular and Cellular | | |
Basis of Circadian Rhythms SYMP. ! Wed PM | | ‘
100. B100d-brain bartier ........c.vvreerveuieienienreeiieseisisieseeesesseesees Poster| Mon PM | i i 1
28. Cytoskeleton, transport, membrane targetting I ........c....cocceeeee. Poster| Mon AMi “ : ;
158. Cytoskeleton, transport, membrane targetting II ...................... Poster | Tue AM ‘ ‘ }
457. GeNE SITUCTUTIE ...ocuviuiimiiniiiiiiieeieeeere sttt es s ns Poster } \ ‘ Thu AM | i
211. Gene structure and function [..........cccoceeeviiienieniecicieceecene Slide | Tue PM ‘] ‘[ ‘ ‘
360. Gene structure and function IT ... Slide “ ‘ Wed PM :\ | 1
513. Gene structure and function I .......ccccocooeieiivininnnnnieieenne. Slide ! i Thu PM | i
230. Membrane composition: cell surface macromolecules I........... Poster Tue PM ; 1 “ ;
379. Membrane composition: cell surface macromolecules II ......... Poster J\ Wed PM : [ i
27. Neuroglia and myelin I ... Poster| Mon AM‘ [ | | :
157. Neuroglia and myelin IT ........ccocoererciiemieneicieieeeeienerenenes Poster | Tue AM | J‘ i |
221. Neuroglia and myelin I ... Slide Tue PM \ i } ‘
455. Neuroglia and myelin IV ..........ccoooiririinieneceeeee e Poster ’\ i Thu AM ; i
456. Neuroglia and myelin V .......c.ccocooeeevieviieieeeeeeee s Poster 4‘ ‘ [ Thu AM | !
101. Regulation of gene expression I.........ccccocevievinieiienienenenienecne. Poster| Mon PM‘J ‘ ‘1 ‘
159. Regulation of gene expression II Poster Tue AM ! “ }
604. Regulation of gene expression III Poster! ‘ ; 1 Fri AM l
156. Staining, tract tracing and imaging I...........cccococooivnninnnnn. Poster| Tue AM } | fv i
590. Staining, tract tracing and imaging Il .........ccccoccovenininnncnene Slide l ‘ I Fri AM 1
603. Staining, tract tracing and imaging III ... Poster [ | “ Fri AM |
| \ i !
Theme C:Excitable Membranes [ } | |
and Synaptic Transmission y ! | i
205. Molecular Mechanisms of Neurotransmitter Secretion ...... SYMP. Tue PM " \ !
71. Regulation of Ion Channels SYMP. |Mon PM ] ‘ i
462. Calcium channels: conotoxins and other ligands ...................... Poster \ ‘ Thu AM } J
309. Calcium channels: molecular biology ............ccocoveiiiviiiiininnes Poster | Wed AM | 1 i
461. Calcium channels: multiple types .........cccccovcverinveconneecnnnne Poster | | Thu AM ;
310. Calcium channels: phosphorylation ...........c.cccccoveieenniencnnnas Poster }‘ Wed AM J ‘
29. Calcium channels: physiology and pharmacology I ................. Poster| Mon AM r “ J‘
142. Calcium channels: physiology and pharmacology II ................ Slide Tue AM | i
358. Calcium channels: physiology and pharmacology III Slide ‘ { Wed PM | ‘
606. ' Calcium channels: physiology and pharmacology IV Poster | ; Fri AM }
535. Ton channels: cell function ............cccovvevenieienienincnieieereeene Poster ] | Thu PM ! i
607. Ion channels: chloride and other ...........cccoeieiiniicvciieenecinnns Poster ’ ‘; ‘ Fri AM “
534. Ion channels: ligand-gated ..........cccceoeeeeeienienencneneneneceecenes Poster f | Thu PM | ]
31. Ion channels: modulation and regulation I............ccccccooovrnnnnn. Poster| Mon AM \ r { 1
383. Ion channels: modulation and regulation II ...................c.......... Poster \ 1 Wed PM | | !
435. Ion channels: modulation and regulation I ...........cccccccvcunnann. Slide [ k Thu AM | |
608. Ion channels: modulation and regulation IV ... Poster j “ i Fri AM J
161. Long-term potentiation: models and mechanisms .................... Poster Tue AM | { \ ‘1
4. Long-term potentiation: physiology and pharmacology I ........ Slide Mon AM 5 f :
380. Long-term potentiation: physiology and pharmacology II ....... Poster Wed PM | i ’
533. Long-term potentiation: physiology and pharmacology III ...... Poster | Thu PM | ‘
160. Long-term potentiation: protein kinases ‘ | 1
and second MESSENEETS .......ccoiivuiririiinriinienieeeeee e Poster Tue AM \ | “ “
102. Pharmacology of synaptic transmission: hippocampus ............ Poster| Mon PM 1‘ ] ;
103. Pharmacology of synaptic transmission: neurotransmitters ..... Poster| Mon PM ‘J ?
605. Postsynaptic MeChaniSmS .........cc.cceeveireniieeiriiiniieiee e Poster | | Fri AM ;
444. Postsynaptic mechanisms in neurotransSmission ...........c........... Slide ! i Thu AM } Jl
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232. Postsynaptic mechanisms: signalling pathways ........c..c.cccoe.. Posteri ‘ Tue PM ‘ ‘ ‘ :
311. Potassium channels: molecular biology I........cccoccoininiiiinis Poster | ; ! Wed AM : i |
510. Potassium channels: molecular biology II ........ccccoeiiinineae. Slide | | : | Thu PM | :
30. Potassium channels: physiology and regulation I ..................... Posteri Mon AM| ‘ | Y ‘
312. Potassium channels: physiology and regulation Il.................... Posteri i I Wed AM | 1 |
587. Potassium channels: physiology and regulation III .................. Slide ! ‘ | ! ! Fri AM |
532. Presynaptic MEChANiSMS .........cccovveveiveimeeiniieisrieieteneeineeiesaeeeens Poster | l | Thu PM | \
593. Presynaptic mechanisms: ion channels ..........c.cccccoeninnenes Slide ‘ \ | Fri AM \
231. Presynaptic mechanisms: neurotransmitter release.................... Posterj \ i ‘ \l
460. Presynaptic mechanisms: phosphorylation ...........cccocccenene. Poster | i : [ Thu AM ! i
381. Sodium channels: molecular biology ...........cccceieiiniiinnnns Poster | \ Wed PM | ‘ ‘
382. Sodium channels: physiology and pharmacology ..................... Poster} J Wed PM | | ‘
458. Synaptic structure and function I ...........cococininninnininnc Poster| I i Thu AM | \,
531. Synaptic structure and function Il ... Poster} ! i Thu PM | |
459. Synaptic structure and function: hippocampus ...... Poster; \ Thu AM |
104,  Synaptic tranSMISSION ......ccoevveiririvirirereeerireseeecnse et seeeeaes Poster% Mon PM} i ; ‘ :
I | i ! !
Theme D:Neurotransmitters, Modulators, ! J
and Receptors | | ! | |
507. The Cannabinoid Receptor: Biochemistry, ‘ ‘ ! ; i
Anatomy and Physiology SYMP. | ‘ |'Thu PM | i
2. Insights into Brain and Spinal Components of the Opiate | | | ;
Withdrawal Syndrome SYMP. |Mon AM; i | i
583. “Lipid Mediators” in Synaptic Transmission and | 1 :
Signal Transduction of Neuronal Cells: Physiological \ \ ‘ |
and Pathological Implications SYMP. i ‘ 'Fri AM!
353. Molecular Biology of the Dopamine System: i ! ‘ ! !
Heterogeneity of the Dopamine Receptors ............cccceveueenee SYMP. Wed PM | | i
519. Acetylcholine and acetylcholine receptors .........cccccocvvcienenenn Slide : : I Thu PM. ‘ 1
162. Acetylcholine receptors: muscarinic ..., Poster i Tue AM ! i ‘ |
233. Acetylcholine receptors: muscarinic I1 Poster | | Tue PM | | i }
234. Acetylcholine receptors: muscarinic Il Poster! I Tue PM “ ! ‘
611. Acetylcholine receptors: muscarinic IV ... Poster | ‘ ‘ ! | Fri AM !
610. Acetylcholine receptors: muscle nicotinic ..........cccocceevceecnnn. Poster “ | j “ Fri AM :
105. Acetylcholine receptors: neuronal nicotinic I ... Poster| Mon PM | ‘ | | §
384. Acetylcholine receptors: neuronal nicotinic 1 .......................... Poster '3 ! Wed PM | '} ;’
14. Acetylcholine receptors: NICOUNIC .......cccooeveriiereniiniinieneennns Slide ‘ Mon AM| : \ ‘\ \
463. Acetylcholine: CNS SYStEMS c..ccveovieuieiiriiiieieiiieeene e Poster | ‘ : ‘' Thu AM | !
313. Acetylcholine: release ..o Poster | ‘ ‘ Wed AM ‘ 1
609. Acetylcholine: synthesis and degradation .................ccoociee. Poster \ ! Fri AM :
617, AAENOSINE ...oooviieeiee et e Poster i i ! | Fri AM |
41. Behavioral pharmacology I ..o, Poster| Mon AM»; | 1 \
116. Behavioral pharmacology I1 Poster| Mon PM} ‘ i j !
174. Behavioral pharmacology 111 Poster | Tue AM “ i | ‘
597. Behavioral pharmacology IV Slide \ 1‘ ‘\ i Fri AM {
169. Biogenic amines and PUurines ..........ccccceoeeecveiieinnienicincenanes Poster ‘\ Tue AM \ ‘ | \
619. Biogenic amines: uptake and release ..........cccccocoeevncininnnnnn. Poster ! j ‘ ‘l Fri AM
35. Catecholamine receptors: @ and B ...........cccccovvvevereieriecueieniennns Poster| Mon AME i : \ \
36. Catecholamine receptors: dopamine I..........ccccoeiiiiiinnn. Poster| Mon AM; \ i ! \
238. Catecholamine receptors: dopamine I ..., Poster | Tue PM .‘ ‘\ ‘\ 1
323. Catecholamine receptors: dopamine IIT ... Poster \ j Wed AM | | i
324. Catecholamine receptors: dopamine IV .......c.coccoveeviiinnncnnne. Poster 1 : Wed AM ! ‘ 5
432. Catecholamine receptors: dopamine V | } | Thu AM i \
539. Catecholamine receptors: dopamine VI 1 ‘ ! Thu PM | i
149. Catecholamine receptors: noradrenergic ‘\ i : \ ‘
and dOPAMINETZIC ........ccovviiiiiiiiiiiicceere s Slide ‘. Tue AM L 1 1 \
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I f | i
210. CatechOlamines ............cccocoeiiemiiicicniiieceeecce e Slide | Tue PM | i ‘\
112. Catecholamines: ascorbic acid ..........cccccevrviiniiiiiiiciniicnienne Poster| Mon PMi ! ! 1
326. Catecholamines: biosynthesis I ..o, Poster : Wed AM | }
391. Catecholamines: biosynthesis Il...........cccocoviinniiiinninnns Poster i Wed PM ‘\
325. Catecholamines: dopamine I ........c.ccccceeininininninin Poster E Wed AM { ’
540. Catecholamines: dopamine I ..., Poster } | Thu PM |
37. Catecholamines: dopamine release ............ccocoeveveeviinciinnnn. Poster| Mon AME 1
38. Catecholamines: general ..................... Poster| Mon AM| i i
111. Catecholamines: hormonal regulation .............ccccccciinncins Poster| Mon PM | i | f
615. Catecholamines: locus coeruleus ..., Poster !‘ J Fri AM \
106. Excitatory amino acids: anatomy and physiology I .................. Poster| Mon PM | | }
107. Excitatory amino acids: anatomy and physiology II................. Poster| Mon PMv!
356. Excitatory amino acids: anatomy and physiology IIT ............... Slide 3 | Wed PM
6. Excitatory amino acids: excitotoxicity 1 ......cccoceveiiniinninnnnn. Slide Mon AMt 5 g |
314. Excitatory amino acids: excitotoxicity II Poster 3 ! Wed AM ; }
315. Excitatory amino acids: excitotoxicity III Poster 2 " Wed AM | '
316. Excitatory amino acids: excitotoxicity IV ... Poster : | Wed AM | ’
32. Excitatory amino acids: pharmacology I .........cccocceciiiiiinnns Poster| Mon AM ‘
108. Excitatory amino acids: pharmacology Il ... Poster| Mon PM |
163. Excitatory amino acids: pharmacology Il ...............cco. Poster | Tue AM
235. Excitatory amino acids: pharmacology 1V Poster Tue PM ]\
516. Excitatory amino acids: pharmacology V ...... Slide Thu PM |
536. Excitatory amino acids: pharmacology VI Poster Thu PM [
612. Excitatory amino acids: pharmacology VII ... Poster Fri AM |
33. Excitatory amino acids: receptors I.........c.ocooeoiviiniinannn. Poster| Mon AM ‘
139. Excitatory amino acids: receptors I ..., Slide Tue AM \ {
317. Excitatory amino acids: receptors HI ... Poster | Wed AM { |
464. Excitatory amino acids: receptors [V ... Poster L Thu AM [
613. - Excitatory amino acids: receptors V ........ccccooviiniiicnicncnnnn, Poster é Fri AM
109. GABA receptors: function I.......cccocoeeeievinininininiininicncnns Poster| Mon PM i
209. GABA receptors: function II Slide | Tue PM |
318. GABA receptors: function III Poster [ Wed AM |
465. GABA receptors: function IV ... Poster ‘i i | Thu AM
537. GABA receptors: function V .........cccccoviniinciininininienceenns Poster ] Thu PM
34, GABA receptors: SITUCLUIE .......ccevvevuecuieieiiieiiienieeseseaenes Poster| Mon AM!
286. Interactions between neurotransmitters I ............cccocoivnennins Slide § Wed AM
392. Interactions between neurotransmitters 1. Poster { Wed PM {
393. Interactions between neurotransmitters III ... Poster 1 | Wed PM ( |
394. Interactions between neurotransmitters IV ... Poster i Wed PM | 1
367. Modulation of neurotransmitter reCeptors ...........cccecevveuerveennuns Slide ; Wed PM |
620. Neurotransmitter and hormone receptors ...........ooocevevevevernnnen. Poster f l Fri AM
170. Neurotransmitter modulation: excitatory \‘ (
and inhibitory tranSMItIErs .....ooveeveevieririieeenieecene e eeeeae Poster Tue AM | [
618. Neurotransmitter transport and release .........ccocoecvveeenccencnnene Poster [ Fri AM
470. Neurotransmitters: molecular neurobiology Poster \ Thu AM
110. Opioids: anatomy and physiology I .......c.cccooniininncnnicnn Poster| Mon PM§
466. Opioids: anatomy and physiology IT ........cccccceeiniininnicnncne. Poster l Thu AM
538. Opioids: behavior I .....c.ccccoceiiiiiiinieiiieeeeeeee e Poster i Thu PM
614. Opioids: behavior IT ... Poster | Fri AM
152. Opioids: recePtors I .......cccooveevieiienirinieeneeeeeeeeeeceee e Slide Tue AM :
236, OPI0IdS: TECEPLOTS 11 oorvoororoesrerrevereeeeeeernrnreneeereesssssssssnneesseees Poster Tue PM §
237. Opioids: receptors I .........cccoovevemierieiiciieecieeeeesseeee s Poster Tue PM }
322, Opioids: recePtors IV .......ccoeeveeieieieeeieveieiieeissssssesesasasesenans Poster Wed AM | i
385. Peptides: anatomical localization I Poster | Wed PM k "
386. Peptides: anatomical localization I1 Poster ‘ ‘ Wed PM | ‘
387. Peptides: anatomical localization HI ...........ccccooveeininieinienenne. Poster | J‘ Wed PM ] i
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1
164. Peptides: biosynthesis, metabolism and biochemical W \
characterization I ........cccooiiiiiiiiiniininiicccrenececee Poster Tue AM
165. Peptides: biosynthesis, metabolism and biochemical
characterization Il .........cccoiiiiiiiiiiiniiinneeec e Poster Tue AM
166. Peptides: biosynthesis, metabolism and biochemical
characterization I ........cocooiiiiiiiiininiiicccecce e Poster Tue AM
167. Peptides: biosynthesis, metabolism and biochemical
characterization IV ... Poster Tue AM
219. Peptides: biosynthesis, metabolism and biochemical
characterization V ........c..cooviriininicncecietnceeeseee e Slide Tue PM
388. Peptides: physiological effects I ..........coccrininenninniccnee Poster Wed PM
389. Peptides: physiological effects IT ........c.ccccvevirincnnincnnencne. Poster Wed PM
390. Peptides: physiological effects Il .........cccoeiiiiniincncicncenee Poster Wed PM
512. Peptides: physiological effects IV.....c.cccoceieiinininninninnene Slide Thu PM
79. Peptides: receptors I Slide Mon PM
319. Peptides: receptors II Poster Wed AM
320. Peptides: receptors T ......ccooooviiniiiininnincceecceeecene Poster Wed AM
321. Peptides: receptors IV ...c..ccooeiiiniiineininccccreeeeeeeeae Poster Wed AM
171. Regional localization of receptors and transmitters I................ Poster Tue AM
172. Regional localization of receptors and transmitters II .............. Poster Tue AM
289. Regional localization of receptors and transmitters III ............. Slide Wed AM
471. Regulation of adrenergic receptors Poster Thu AM
242. Regulation of dopamine receptors Poster Tue PM
11. Second messengers I ...........ccccoveiiiiiniinniiciicnieces Slide Mon AM
40. Second messengers I1.........occcoiiiiiiiniininiiceees Poster| Mon AM
75. Second messengers I ......cocooiriiiiiiiiinininieieeceeeeenee Slide Mon PM
146. Second messengers IV ... Slide Tue AM
173. Second MESSENEETS V ......ccoiviiiiiiimiiiinieeereiec et Poster Tue AM
240. Second messengers VI .......ccooviviininiincnnincnieeneeeeeerenee Poster Tue PM
241. Second messengers VIL.......cccoviiiiiiiiinininiinieieccieecieieee e Poster Tue PM
468. SerotoninlI........ Poster Thu AM
469. Serotonin II Poster Thu AM
594, Serotonin IIT ..o Slide Fri AM
616. Serotonin IV ... Poster Fri AM
287. Serotonin receptors I ...........ccooiviiiiiiiiiiniiiie Slide Wed AM
467. Serotonin receptors I ... Poster Thu AM
39. Serotonin receptors: SHT |, T Poster| Mon AM
113. Serotonin receptors: SHT,, 11 Poster| Mon PM
168. Serotonin receptors: SHT, and
SHT (o Poster Tue AM
239. Serotonin receptors: SHT, ..o Poster Tue PM
114. Transmitters in invertebrates: arthropods ..........c.ccccceviecincenne Poster| Mon PM
85. Transmitters in invertebrates: coelenterates,
annelids, arthropods ..........coceeeeieiierinieneneseeeeeete e Slide Mon PM
115. Transmitters in invertebrates: coelenterates, worms,
€ChINOdEIMS .....ociiiiiiiiieicccce s Mon PM
523. Transmitters in invertebrates: molluscs I Thu PM
541. Transmitters in invertebrates: molluscs 11 Thu PM
Theme E: Endocrine and Autonomic Regulation
141. Cardiovascular regulation I ... Slide Tue AM
280. Cardiovascular regulation II .......cccococcoivieininnciicnicicniine Slide Wed AM
243. Cardiovascular regulation: brainstem mechanisms I - Poster Tue PM
396. Cardiovascular regulation: brainstem mechanisms II Poster Wed PM
397. Cardiovascular regulation: forebrain mechanisms
ANA SITESS .eivviiniiiiiiiiiie ettt Poster Wed PM
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244. Cardiovascular regulation: hypertension and endothelins ........ Poster ‘ Tue PM ; 3 |
117. Cardiovascular regulation: peripheral mechanisms .................. Poster| Mon PMi i | i
245. Cardiovascular regulation: spinal mechanisms ............ccc........ Poster Tue PM : J‘ }
177. Endocrine regulation I.........c..cooeiierineninniniiniincncnecnneeeeene Poster Tue AM } “ i
473. Endocrine regulation II .........c.cocociiiiiioiniininiiiiiincciene Poster } | Thu AM “
474. Endocrine regulation IIT ..........ccccccoevnininiiinininiinicccnine Poster ‘ : Thu AM ‘
395. Hypothalamic-pituitary-adrenal regulation I ............................ Poster Wed PM | J
542. Hypothalamic-pituitary-adrenal regulation IT ........................... Poster ‘1 Thu PM % !
621. Hypothalamic-pituitary-adrenal regulation III .......................... Poster ! " Fri AM f
42. Hypothalamic-pituitary-adrenal regulation: 1 i
glucocorticoid rECEPLOrS ........covvcvrririerireieieietc e Poster| Mon AM | ,
434. Hypothalamic-pituitary-adrenal regulation: | ; J ’
MOIlECUIATr STUAIES ........voveviesececieiseeeesete st ssaeeesan ! ; | Thu AM |
284. Hypothalamic-pituitary-gonadal regulation I i ! Wed AM J [
361. Hypothalamic-pituitary-gonadal regulation II [ Wed PM “
175. Hypothalamic-pituitary-gonadal regulation: 1 | |
LH and LHRH T .....oooooiooceerrscscccmenressssoeeseessoees e Poster ' Tue AM { |
544. Hypothalamic-pituitary-gonadal regulation: § J 1‘
LH and LHRH IL ... senciseene Poster ‘ } i Thu PM |
176. Hypothalamic-pituitary-gonadal regulation: steroids ............... Poster ; Tue AM f ‘, i
543. Hypothalamic-pituitary: control of gonadal function .............. Poster \ } | Thu PM “
327. Neural control of immune function ..........c.cceeevveererienreerereenns Poster i I Wed AM | i
365. Neural-immune interactions ............cocoeeueveeieieisieiecieee s Slide | . Wed PM ; i
328. Neural-immune interactions: innervation and other Poster f | Wed AM |
475. Neural-immune interactions: interleukins and “ i ‘
neural funCoNS .........coceeiviiiiivenii e Poster | } Thu AM
476. Neural-immune interactions: stress and behavior ..................... Poster ‘ { Thu AM
144. Neuroendocrine regulation I ..., Tue AM ! {
472. Neuroendocrine regulation II ..., 5 Thu AM |
588. Neuroendocrine regulation Il ... ‘ Fri AM
436. Regulation of autonomic functions i Thu AM
545. Regulation of autonomic functions: gastrointestinal control .... Poster Thu PM
398. Regulation of autonomic functions: genito-urinary control....... Poster Wed PM
86. Regulation of respiration and autonomic functions .................. Slide Mon PM |
43. Respiratory regulation I ..o Poster| Mon AM f
246. Respiratory regulation II ...........cccoooniiiiiniininnenicececean. Poster | Tue PM
329. Tempera[urq regulation and fever ..........ccocoiivinininininnnnenns Poster { Wed AM
Theme F: Sensory Systems
3. Activity-Dependent Regulation of Somatosensory
Processing at Thalamic and Cortical Levels
in Adult Primates SYMP. |Mon AM
17. Auditory and vestibular hair cells and epithelia ...................... Slide Mon AM ]
250. Auditory and vestibular hair cells: ultrastructure, J
regeneration and tUNINE .......c..cocceiiiiirnininiiieecees Poster Tue PM |
123. Auditory system: central pathways I........c.ooooiiiiiiinnnnn. Poster| Mon PM | ‘
124. Auditory system: central pathways II Poster| Mon PM
181. Auditory system: central pathways III Poster | Tue AM }
182. Auditory system: central pathways IV ..., Poster Tue AM |
592. Auditory system: central pathways V .......cccccoeeerecneuneurernenenn. Slide | \ | Fri AM
252. Chemical senses: central pathways L., Poster Tue PM
405. Chemical senses: central pathways I ... Poster Wed PM
626. Chemical senses: central pathways III ...........cccoeviiicninnen. Poster Fri AM
49. Chemical senses: peripheral mechanisms I..... . Poster| Mon AM
251. Chemical senses: peripheral mechanisms II Poster Tue PM
438. Chemical senses: peripheral mechanisms III ................c.c.c....... Slide Thu AM (
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T 1
481. Chemical senses: peripheral mechanisms IV ...................... Poster \Thu AM |
480. Cochlea: nerve responses, transmitters and |
SECONd MESSENEETS ....vevvivirinieriteietitei et Poster Thu AM
440. Cochlear nerve, micromechanics and receptors...........c.cceeeuee. Slide Thu AM
253. Invertebrate Sensory SYStEMS .......cccoceevvevrerrenerieeeneenuenrensesseenes Poster Tue PM
214, NOCICEPHOMN ..ottt eteeeee sttt se et et nens Slide Tue PM
622. Pain modulation: CNS ... Poster Fri AM
45. Pain modulation: behavior .........cc.ccceoviieiniineeeeeecceen Poster| Mon AM 1
623. Pain modulation: MONOAMINES ...........cccceuiiiiiiiiiiciieereieeienens Poster Fri AM
46. Pain modulation: opioids I ......cc.cccceiveeninecncninniicrnccceeenee Poster| Mon AM
121. Pain modulation: opioids IT........cccccoeueceniivennecenncinenenes Poster| Mon PM |
478. Pain modulation: peptides and excitatory amino acids ............. Poster | Thu AM
179. Pain modulation: peripheral ............ccccoiiiiiiiiinineenccne Poster Tue AM P \
402. Pain modulation: pharmacology I ...........cccccceiiiiinininnnnnnn Poster Wed PM
548. Pain modulation: pharmacology II ... Poster Thu PM
547. Pain modulation: spinal and trigeminal ..............ccccoecvvenenne Poster Thu PM
120. Pain pathways I .......cccoeiiniininiiiiiiiicccceeee Poster| Mon PM
291. Pain pathways IT ..o Slide ‘ Wed AM
477. Pain pathways: Central ..........covveeeiiiniininiicees Poster | Thu AM
178. Pain pathways: hyperalgesia ...........ccccceiviiiniiincicncincinne Poster Tue AM |
401. Pain pathways: spinal and trigeminal ...........c.coceerenniennnnennne Poster Wed PM ‘
624. Retina and photoreceptors: chemistry and anatomy Poster ! ; Fri AM
403. Retina and photoreceptors: circuits and signals ...........ccc.c....... Poster | Wed PM “ }
143. Retina and photoreceptors: ganglion cells ............ccccoceevvcennncnn Slide Tue AM | :
549. Retina and photoreceptors: ganglion cells and centrifugal | ; i
CONETOL ..o Poster Thu PM
122. Retina and photoreceptors: photoreceptors ...........ccceeeveeerunnns Poster| Mon PM
9. Retina and photoreceptors: receptors and CirCuits ...........c........ Slide Mon AM
44. Somatic and visceral afferents ..........ccccoeveeviiiinncnnninnne. Poster| Mon AM
399. Somatic and visceral afferents: central projections................... Poster Wed PM
546. Somatic and visceral afferents: nociception.................. Poster Thu PM
248. Somatosensory cortex and thalamocortical relations Poster Tue PM
330. Somatosensory cortex and thalamocortical relations: 1
PhYSIOIOZY ..ot Poster Wed AM
331. Somatosensory cortex and thalamocortical relations:
PIASHICILY ..ottt e e Poster Wed AM
441. Somatosensory pathways ..........cccccveviniiiicniiiniinicncnicienens Slide Thu AM
400. Spinal Cord ......ccoeverieiiiiniiiiicci et Poster Wed PM
119. Subcortical somatosensory pathways: brainstem..............c....... Poster| Mon PM
247. Subcortical somatosensory pathways: thalamus ..........c..ccceeueee. Poster Tue PM
282. Subcortical visual pathways .........ccccoovevivivininiinininenciiinn, Slide Wed AM
249. Subcortical visual pathways: LGN ..........cccccoiiiiinnniincinnns Poster Tue PM
550. Subcortical visual pathways: cortical inputs and
SUDCOTtICAl TESPONSES ...ttt Poster Thu PM i
47. Subcortical visual pathways: midbrain Poster| Mon AM 5
118. Visceral afferents ........cccccceeervercininieienennenecnieseecreecenenine Poster| Mon PM !
431. Visual cortex: architecture and interactions ............ccecevvevuennns Slide Thu AM |
48. Visual cortex: cortical CITCUILS ......ocooveiiviiiiriiiiiieciiniiiciiinenens Poster| Mon AM
180. Visual cortex: extrastriate reSpONSe Properties ............ceceeveeueens Poster Tue AM
511. Visual cortex: far eXtrastriate COrteX ........ocvvieirvenruenuerurcneruenns Slide Thu PM
208. Visual cortex: near exXtrastriate COMeX .........ceccverumeruereererneucnes Slide Tue PM
332. Visual cortex: organization and connections ..........c..c.cecceveueeeee Poster Wed AM
625. Visual cortex: stimulation and evoked responses ..................... Poster Fri AM
73. Visual cortex: striate COMex ........coevuerenunncne Mon PM
404. Visual cortex: striate mechanisms Wed PM
7. Visual psychophysics and behavior ...........ccvvicncncnieiiinnens Slide Mon AM
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T ! T
333. Visual psychophysics and behavior: basic processes ............... Poster | Wed AM ; “
479. Visual psychophysics and behavior: higher | |
functions and Models .........ccccoceieviiiiinininii Poster | Thu AM J :
\ i
Theme G:Motor Systems and Sensorimotor 1 |
Integration ( [
429. Human Eye Saccades—Sensory and Cortical Factors ........ SYMP. Thu AM \ |
138. Neural Network Models of Vertebrate | i ‘ | \
Sensorimotor Systems SYMP. | Tue AM ! [
70. The Basal Ganglia in the *90s: Wedding the Neural '\ ‘ }
System to Cellular and Molecular Mechanisms ...........coeeeee. SYMP. | Mon PM| i \
183. Basal ganglia and thalamus I ..., Poster Tue AM f
184. Basal ganglia and thalamus II .... Poster Tue AM ’
336. Basal ganglia and thalamus Il .......c...ccconinninn Poster Wed AM |
483. Basal ganglia and thalamus IV ..., Poster Thu AM 1‘ 1
520. Basal ganglia and thalamus V ............ccociiiinninniniin Slide | Thu PM ’
334. Basal ganglia and thalamus: electrophysiology ........c....ccco..... Poster Wed AM |
335. Basal ganglia and thalamus: molecular..........c..ccoccviniinnnnn. Poster Wed AM r | |
482. Basal ganglia and thalamus: unit activity ........cccceeeiviiiinnne. Poster | Thu AM | |
368. Cerebellum L.....c.ccuiuiiiiiiiiciicei et Slide Wed PM 1 i
551, Cerebellum IT .....ccccoiiiiiiiiiiiiicicicccicce e Poster [ Thu PM | |
552. Cerebellum III .... Poster Thu PM | \
628, CerebellUIM IV .....oooorocereceerrensscessieceseses s ssneessessssesssseneesees Poster | Fri AM |
627. Cerebellum: anatomy .......c.ccoccvirirenieeiennienenienenene e Poster ‘ | , J{ Fri AM 1
50. Circuitry and pattern generation I ........c..cocooeciiinnincinnnnee. Poster| Mon AM } | ! ‘
595. Circuitry and pattern generation I ... Slide | | Fri AM 1
630. Circuitry and pattern generation III ............c..ccocovivinnnn Poster [ Fri AM I‘
51. Circuitry and pattern generation: models ...........cococcceveveeeeeunc. Poster| Mon AM | f !
409. Control of posture and movement I ...........cocoovveiniiiniiiinnn. Poster ; ‘1 Wed PM i ‘
442. Control of posture and movement Il ..., Slide Thu AM |
484. Control of posture and movement III ..o, Poster Thu AM ;
553. Control of posture and movement IV ... Poster Thu PM | “
629. Control of posture and movement V ..........c.cceoceeiniiiniiiiiennnn. Poster Fri AM :
410. Control of posture and movement in humans ...........cccccccevenne. Poster Wed PM [ |
125, COTIEX T wiviiiiiiiiiiceiei ettt Poster| Mon PM @
126. Cortex II Poster| Mon PM !
443. Cortex III Slide Thu AM |
406. COTLEX: ANALOMY ..vevvvereeeriecerietecseeeteencaeiesneseseeesescacsesesacsessasens Poster Wed PM ‘
407. Cortex: lesion and stimulation ...........cccccccoivniiinniiiniinnnne. Poster Wed PM i
485. Invertebrate motor function I ..., Poster Thu AM {
554. Invertebrate motor function Il.........cccccovviiinnnniiniiiinne, Poster | Thu PM i
185. Oculomotor system I ........ccccceviiiiiinininiiiniiiiicicnece e Poster Tue AM “
186. Oculomotor system II....... Poster Tue AM |
218. Oculomotor system III Slide Tue PM ’
337. Oculomotor system IV ..., Poster Wed AM !
338. Oculomotor SYStemM V .......cccceieieieieniinieneneniene i Poster Wed AM ‘ ‘
254, RefleX fUNCHON ....o.cvvveieeeiereceeiecieeees st ssecaes e ssesaeienaes Poster Tue PM ‘ |
256. Sensorimotor integration: muscle I.........cc.cocovniiiiiininn Poster Tue PM !
555. Sensorimotor integration: muscle IT...........ccoon, Poster Thu PM
84. Spinal cord and brainstem I ..o Slide Mon PM
187. Spinal cord and brainstem I .........c.cccoeiiiininiincinin Poster Tue AM
408. Spinal cord and brainstem Il ......c...ccoccoeeniincniiniiniennnes Poster Wed PM
188. Spinal cord and brainstem: anatomy .........cc.cccoceveeereeecrennenns Poster Tue AM
255. Spinal cord and brainstem: MOtONEUTONS .........coevviieiinicinennens Poster Tue PM
127. Vestibular system I ........cccooiviviniiiiniininiiiiice, Poster| Mon PM
128. Vestibular system II ......cccooevniniininnininiinecenns Poster| Mon PM |
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T
Theme H:Other Systems of the CNS
631. Association cortex and thalamocortical relations .................... Poster Fri AM
16. Brain metabolism and blood flow I...............ccccooiiinn. Slide Mon AM
190. Brain metabolism and blood flow Il ... Poster Tue AM
216. Brain metabolism and blood flow Il .........c...ccooeeiiiiiiinnn. Slide | Tue PM
339. Brain metabolism and blood flow IV ... Poster ‘: Wed AM
413, Brainstem SYSIEIMS .....c.occereiruemererieninieiesenreneeeseeseeseseenesnesennene Poster Wed PM
129. Comparative neuroanatomy I....... Poster| Mon PM
257. Comparative neuroanatomy 11 Poster Tue PM
412. Hypothalamus T ... Poster Wed PM
486. Hypothalamus IT........ccocooiiiii e Poster Thu AM
52. Limbic system L. Poster| Mon AM
189. Limbic system II ....c.ccoiiiiiiiiiiiiciecccee e Poster Tue AM
411. Limbic system L ... Poster Wed PM
Theme I: Neural Basis of Behavior
278. Dynamical Behavior of Neural Systems ........ccccecercveseevevennne SYMP. Wed AM
279. The Neuron Doctrine 1891 - 1991 SYMP. Wed AM
269. Antipsychotics I ... Poster Tue PM
270. AntipSychotics IT .....ccooviriiniiniiniciecccc e Poster Tue PM
15. Biological rhythms and sleep I..........ccccoooiniiiiniinininn Slide Mon AM
262. Biological rhythms and sleep II ... Poster Tue PM
263. Biological rhythms and sleep Il .........ccccccooiiivnninininnnns Poster Tue PM
264. Biological rhythms and sleep IV ..o Poster Tue PM
265. Biological rhythms and sleep V ......ccocovinincnniniciiiiic Poster Tue PM
292. Biological rhythms and sleep VI ... Slide Wed AM
345. Biological rhythms and sleep VII ... Poster Wed AM
346. Biological rhythms and sleep VIII ............cccooinniiinnnne Poster Wed AM
490. Biological rhythms and sleep IX Poster Thu AM
491. Biological rhythms and sleep X ........ccccoonniiiiniiiniiin Poster Thu AM
565. Drugs of abuse—alcohol Poster Thu PM
151. Drugs of abuse—alcohol, barbiturates and
benzodiazepines ..........ccccveriririiieieniieee s Slide Tue AM
567. Drugs of abuse—amphetamine ..............ccccovecveiniininiiiiinnnnn. Poster Thu PM
494. Drugs of abuse—amphetamine and nicotine ...........cc.ceceeveeuenee. Poster Thu AM
60. Drugs of abuse—benzodiazepines ............cccccecevreeeiiiiicicnnns Poster| Mon AM
636. Drugs of abuse—cellular effects of ethanol .............ccoeeeeee. Poster Fri AM
349. Drugs of abuse——C0CaINEe .......cevveveeeieierieicierenenene Poster Wed AM
348. Drugs of abuse—cocaine: antagonists and serotonin ............... Poster Wed AM
61. Drugs of abuse—cocaine: binding and neurophysiology ......... Poster{ Mon AM
62. Drugs of abuse—cocaine: development .............cccccoeeevvrnnnnen. Poster| Mon AM
267. Drugs of abuse—cocaine: dopamine .............cccoecevvivnenrinnnn. Poster Tue PM
150. Drugs of abuse—cocaine: genes, molecules and
buprenorphine .........cccoovevievineninininiiieicccccne Slide Tue AM
268. Drugs of abuse—cocaine: monoamines and brain
SHMUIATION ...ttt Poster Tue PM
566. Drugs of abuse—cocaine: pharmacology .......c..cccoceeevcecneninne Poster Thu PM
80. Drugs of abuse—cocaine: transporters and toXins .........cc.c....... Slide Mon PM
564. Drugs of abuse—ethanol ...........ccccevinininininiininiiiiiiics Poster Thu PM
568. Drugs of abuse—O0pioids ..........coccceiiiiiiiiiiiiniiiiiiiinee Poster Thu PM
132. Drugs of abuse—opioids: dopamine and dependence .............. Poster| Mon PM
635. Drugs of abuse—prenatal ethanol ............cccoeviiiiiiiiinnnn, Poster Fri AM
197. Hormonal control of behavior I .........c.cccocoiiiniiiiniiis Poster Tue AM
419. Hormonal control of behavior II Poster Wed PM
561. Hormonal control of behavior II1 Poster Thu PM
562. Hormonal control of behavior IV ..., Poster Thu PM
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" " I i
13, HUman COZMILION ....couvuririrrineircicieceeniesic e Slide ! Mon AM# 1 } J i
258. Human cognition: event-related potentials, } ; ! 1 |
attention, MEthOds .......coovieiiiiiieeiinieicee e Poster 1 Tue PM | ; I j
340. Human cognition: hemispheric lateralization, | } \ i |
gender differences ... Poster J | Wed AM | \ ‘J
487. Human cognition: language, other ...........c..ccceveniivinininnnnnn. Poster I f \ Thu AM | !
191. Human cognition: learning and MemoOry ..............cceeevereiiinennen. Poster ; Tue AM 1 J J |
217. Ingestive behavior: CCK, bombesin and NPY | Tue PM | J‘ \ |
81. Ingestive behavior: molecular ...........ccocoveniivenciiinininininnn. Mon PM, | \ [ "
57. Ingestive behavior: monoamines .........c..ccccccocecvrvcnninnveniinnnnnas Poster| Mon AM ; | ‘r |
196. Ingestive behavior: neural, hormonal and GI ..............c..co........ Poster , Tue AM | | } ‘
195. Ingestive behavior: peptides ..........ccccoceveveriincinnniiniieinne, Poster J‘ Tue AM f | {
347. Ingestive behavior: salt and Water............cccceeveeerciiiiniiiciienns Poster | Wed AM J : ;
220. Invertebrate learning and behavior I ..........cc.cocoevvinnniinnnnns Slide Tue PM i i \
418. Invertebrate learning and behavior II .........cooovvrvrcrncencercencennn. Poster | Wed PM | i }
521. Invertebrate learning and behavior Il ..., Slide 1 1‘ Thu PM | ‘
633. Invertebrate learning and behavior IV ... Poster } ‘ 1 Fri AM J
53. Learning and memory—anatomy I ........c.ccccoceevecinninininnnnns Poster| Mon AM j i J
54. Learning and memory—anatomy IT..........ccoooinvninninnnnnn. Poster| Mon AM 1 ‘ ;
192. Learning and memory—anatomy IIT ... Poster | Tue AM J ; i
259. Learning and memory—anatomy IV Poster | Tue PM “ | l‘
341. Learning and memory—anatomy V Poster J ' Wed AM | | i
414. Learning and memory—anatomy VI Poster Wed PM f J\ ;
140. Learning and memory—anatomy: animal studies .................... Slide Tue AM | i “ i
5. Learning and memory—anatomy: human studies .................... Slide Mon AMg J ‘l | i
55. Learning and memory—pharmacology: acetylcholine I .......... Poster| Mon AM| 1 I \ i
488. Learning and memory—pharmacology: acetylcholine II ......... Poster } ! | Thu AM J 1
194. Learning and memory—pharmacology: ! ‘G i
“€XCItAtOry AMINO ACIAS «vvvveiecererecieirirerece e careenes Poster | Tue AM | i [
557. Learning and memory—pharmacology: monoamines.............. Poster [ i Thu PM | J
342. Learning and memory—pharmacology: other I ....................... Poster| \ Wed AM | ‘ [
632. Learning and memory—pharmacology: other Il ...................... Poster J‘ ‘r‘ Fri AM ‘
130. Learning and memory—physiology I .........cc.ccccccninnnnnnn Poster| Mon PM | \ i
193. Learning and memory—physiology Il .........c..cccocconiniininnins Poster | Tue AM 1 i
260. Learning and memory—physiology III Poster ‘ Tue PM ‘ ‘ J\
415. Learmning and memory—physiology IV Poster ! Wed PM | ‘ |
437. Learning and memory—physiology V Slide f Thu AM | 1
556. Learning and memory—physiology VI Poster Thu PM | i
266. Monoamines and behavior: D, and | ,‘
D, MeChaniSms ........oovoeuiiiiiiiiiiiicii s Poster Tue PM | 1 f
493. Monoamines and behavior: amphetamine and others ............... Poster | Thu AM ‘
131. Monoamines and behavior: development, ingestion
ANA SEX ouvvreieieeis ettt ettt ettt ettt sene Poster| Mon PM | |
198. Monoamines and behavior: dopamine ............cccccccveviciiicnnnne Poster i Tue AM ‘ :
293. Monoamines and behavior: human and animal Slide Wed AM | ]
59. Monoamines and behavior: norepinephrine and serotonin ....... Poster| Mon AM ‘ 1 }
261. Motivation and emotion I.................. Poster Tue PM | [ ! i
344, Motivation and emotion II Poster | Wed AM | ;‘
416. Motivation and emotion III ........c.ccoevieiiiiii Poster J‘ Wed PM | !
489. Motivation and €MOLiON 1V ........oceceuriuiuncenieniineenirecereereseeeeeeeens Poster ’ | " Thu AM
56. Neural PlastiCity L....ccocccurirrrieriieraereeeeisieiee e esae s seeseeens Poster| Mon AM’ J’ f
213. Neural plasticity IT ......cccooooeiiniiniiiincnccere e Slide | Tue PM J‘ ‘
343. Neural plasticity IIL ......ccocovririvinieiieicee e ecieeieieeenes Poster | ‘! Wed AM 4‘
558. Neural plasticity IV ....ccccoovviiiiiiniiiiiiicnce e, Poster i | | Thu PM
492. Neuroethology: arthropods .........cccccceeevreneeneneeniiiniiieeenn. Poster ‘[ i | Thu AM
417. Neuroethology: bird SONG .........cccoeereeerienieenenneniiieneeeecnnes Poster j ! Wed PM | !
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i f | |
560. Neuroethology: fish ........cccooioiiiiiiiiiiicecieeee Poster | E ‘ Thu PM ‘
559. Neuroethology: molluscs, amphibians, mammals, models ....... Poster ’ ; Thu PM |
420. Neuropeptides and behavior I ...........ccovecvnirceneneineeeninineiennes Poster . Wed PM | 1
563. Neuropeptides and behavior I .........c..ccooviiviiinviniiiiniciininens Poster ‘ | Thu PM |
634. Neuropeptides and behavior III............oooi Poster i “ ‘ ! Fri AM
82. Psychotherapeutic drugs .........cocceveeeriinvirnicinienencncncncneeees Slide Mon PM‘ ‘ [ ‘
569. Psychotherapeutics: affective disorders .........c..ococcoeevreeccrunennee Poster : I Thu PM |
637. Psychotrophic agents: anxiety ................ Poster ‘ \ | Fri AM
133. Psychotrophic drugs: sigma receptors Poster| Mon PM i |
58. Stress, hormones and the autonomic nervous system ............... Poster | Mon AM‘ | ‘
366. Stress, hormones and the autonomic nervous system: ’ ‘f ‘
NEUTOITANSIMLLETS ....oviuitiiiitieeet ettt er ettt ese e ebee s e Slide Wed PM ‘ ; |
| |
Theme J: Disorders of the Nervous System y’ ; ‘
582. Neural Grafting and Parkinson’s DiS€ase ..........c..coceeereerrnee SYMP. | ’ J‘ Fri AM
206. Therapeutic Potential of Neurotrophic Factors SYMP. Tue PM , i !
576. Affective illness and related disorders ..........c.cccococeineininnne Poster i \ Thu PM ‘
364. Alzheimer’s disease: amyloid I ... Slide [ ‘ Wed PM \ ,‘ i
439. Alzheimer’s disease: amyloid IT .........cccceoviiiniienenininienen, Slide i E !‘ Thu AM : ‘
517. Alzheimer’s disease: Slide 1 [  Thu PM ‘ .‘
572. Alzheimer’s disease: Poster i i ’ Thu PM | [
573. Alzheimer’s disease: Poster ' \ j Thu PM j |
422. Alzheimer's disease: Poster i | Wed PM } ‘ ‘
421. Alzheimer’s disease: Poster ‘ J Wed PM " “
83. Alzheimer’s disease: Slide Mon PM| {; ‘ ! ‘
290. Alzheimer’s disease: Slide | Wed AM ’ i ;
423, Alzheimer's disease: Poster | | Wed PM | ‘
498. Alzheimer’s disease: Poster ‘ | Thu AM ! !
147.  Alzheimer’s disease: neuropathology I.......c..cccocconiniincnnnnn. Slide i Tue AM | ‘ \ \‘
271. Alzheimer’s disease: neuropathology II Poster | Tue PM | ‘ i ‘
272. Alzheimer’s disease: neuropathology III Poster ' Tue PM | ! ‘ f
273. Alzheimer’s disease: neuropsychology ..........cccccccoevecnennicnnne Poster Tue PM ‘ 1 ‘ i
274. Alzheimer’s disease: pharmacology and drug trials ................. Poster Tue PM \ ‘ : i
580. Clinical CNS neurophysiology .........ccceereenenericnencnieirciennens Poster : { Thu PM | ‘
574. Degenerative diSEase .......c.ccevvererrereerieniecienienesenenieeeeseseeneens Poster ‘ ‘ Thu PM i i
351. Developmental disorders of the nervous system I .................... Poster ‘ Wed AM | ; i
495. Developmental disorders of the nervous system Il ................... Poster ! ' Thu AM ‘ ‘
63. Developmental genetic models Poster; Mon AM! ‘ ‘ i |
199. Developmental genetic models: transmitter systems " ‘[ ‘ 1
and second MESSENEETS .........c.ocueirereriiiiieierieeirieeesmeeeneseenens Poster Tue AM : ‘ \ [
68. Epilepsy: animal models I.........cccocoiiiniiiniicncee Poster| Mon AM} ‘ 1
200. Epilepsy: animal models IT ..o Poster i Tue AM ! | ‘
497. Epilepsy: anticonvulsant drugs ........c..ccocoveevineiincnieneennenns Poster f‘ Thu AM i ‘
67. Epilepsy: basic mechanisms I .........ccccceveneninincinninienieneenes Poster| Mon AM 1 i i
201. Epilepsy: basic mechanisms II .... Poster Tue AM ‘ i
571. Epilepsy: basic mechanisms III............c.cccooiiininiiiinines Poster i Thu PM | i
596. Epilepsy: basic mechanisms IV .......c..cccooiiniininninnininne Slide ’ ‘ Fri AM
638. Epilepsy: basic mechanisms V ..........cccoceivcnivnenncnnicncncnnes Poster ‘ Fri AM
369. Epilepsy: human studies and animal models I .......................... Slide Wed PM |
496. Epilepsy: human studies and animal models I ......................... Poster | | Thu AM |
570. Experimental genetic models ........cccccoveverenieicnenncnncncncenenne Poster J Thu PM 1
350. Genetic models of behavior Poster Wed AM ‘
503. INfECtious diSEASES .......covvviieeeieeereieeieecreee et e e eenae s Poster Thu AM |
77 ISCHEMIA Lo ssssssessssssssssesesesssssnssenesssnnns Slide Mon PM |
425, Ischemia ..ot Poster Wed PM i
426. Ischemia I .........cccooviveieeieiniieieecee st Poster ] Wed PM }
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427. Ischemia IV ..o Poster Wed PM
433, ISchemia V ..ottt Slide Thu AM
500. Ischemia VI ..o Poster Thu AM
502. Ischemia VIL....cccoiiiiiiiiiiniiiccccccreecccnennes Poster Thu AM
501. Ischemia: @XCItOLOXICILY w.coervirireurenuenieniiieniiriiesteieee et enes Poster Thu AM
586. Neurobiology of affective illness and related disorders............ Slide Fri AM
148. Neurobiology of schizophrenia ...........cccccocecenivciencnincnncnene. Slide Tue AM
639. Neuromuscular diseases Poster Fri AM
285. Neurotoxicity I ...Slide Wed AM
577. Neurotoxicity II Poster Thu PM
504. Neurotoxicity: MPTP ..o, Poster Thu AM
505. Neurotoxicity: bIOgenic amines ............cocecvereeeruenuenueeeresnenenne Poster Thu AM
579. Neurotoxicity: environmental ...............cccocooevininnnniinnne Poster Thu PM
578. Neurotoxicity: metals and free radicals ... Poster Thu PM
515. Parkinson’s diSEaSe ..........ccoeevueueeieriiemeuinieiceieeee e Slide Thu PM
424. Parkinson’s disease: animal and transplant studies .... Poster Wed PM
275. Parkinson’s disease: animal Studies ..........cccccovecrineinicnine Poster Tue PM
499. Parkinson’s disease: human studies ..........ccocooceceneneenecncnnen Poster Thu AM
575. Schizophrenia........ccccocevvviiiiiiciiiniiicceie e Poster Thu PM
65. Trauma [ ..ot Poster| Mon AM
60. Trauma I ....cocooiiiiiiiiiicc e Poster| Mon AM
288. Trauma III ..o Slide Wed AM
64. Trauma: spinal cord Poster| Mon AM
Other:
202. Teaching of neuroscience: courses and programs..................... Poster Tue AM
Tue PM
203. Teaching of neuroscience: computer-based education ............. Poster Tue AM
Tue PM
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MONDAY AM SYMPOSIA

2 3

SYMPOSIUM. INSIGHTS INTO BRAIN AND SPINAL COMPONENTS OF SYMPOSIUM. ACTIVITY-DEPENDENT REGULATION OF SOMATO-
THE OPIATE WITHDRAWAL SYNDROME. J.J. Buccafusco, Med. Col. SENSORY PROCESSING AT THALAMIC AND CORTICAL LEVELS IN
Georgia & DVA.MC and D.C. Marshall, Pﬁzerllntematnl‘ (qhairpersons); ADULT PRIMATES. E.G, Jones, UC,Irvine (Chairperson); M.M. Merzenich,
H.N. Bhargava’, Univ. llinois; G.K. Aghajanian, Yale Univ. Sch. Med.; UCSF; LH. Kaas, Vanderbilt University T.P. Pons, NIMH.
G.F. Koob, Scripps Clinic; E.D. London, NIDA Addiction Res. Ctr. Research in the 1980s established that topographic maps in the adult
The purpose of this symposium is to summarize recent advances in brain are susceptible to reorganizational changes following peripheral
the understanding of the central neuronal processes underlying the deafferentation. Emerging research indicates that the areal extent of such
expression of the opiate withdrawal syndrome. Dr. Buccafusco will changes can be an order of magni ;
: " : . N gnitude greater than previously thought.
introduce the concept of spinal vs. brain-mediated withdrawal Behavioral manipulations involving enh d usage rather than deprivation, h
phenomena and discuss the role of cholinergic neurons. Dr. Bhargava o alee boen emonerated to e s Tan o e
will discuss the changes in specific brain and spinal opiate, dopamine Beld o e S earans (b “e'mb ':;1“"5 © dm;.m"s"?s. and receplive
and serotonin receptor subtypes associated with physical dependence ie’¢ _proper 'els h° "°'"f“s nat proba yl underlic activity dependent
and withdrawal. Different mechanisms operate in p/k-induced tolerance- representational changes. In addition, morphological, chemical and molecular
dependence and abstinence processes. Dr. Aghajanian will discuss the correlates have been.demonstrated. in adult brains. These may be f;sponSIbIe not
electrophysiological and biochemical changes within the locus coeruleus only for the changes in representational maps that occur L!nder‘actmty-depen'denl
during opiate withdrawal. The activation of noradrenergic neurons condluons., ?)ut also for serious perturbation of sensory perception such as pain of
during withdrawal may be related to an hypertrophied cAMP/protein central origin that commonly accompany chronic deafferentation.
kinase A system. Both excitatory amino acid inputs and intrinsic The speakers will present evidence on the extent of reorganization that
enhancement of the cCAMP system may occur. Dr. Koob will present his can occur in the somatosensory cortex under activity-dependent conditions. They
studies which identify disruptions in operant behavior following will show that the character and extent of such reorganization depends to a large
microinjections of opiate antagonists into selective brain regions, extent on the nature of a peripheral perturbations and probably on a variety of
articularly the nucleus accumbens in the morphine dependent rat. Dr. cortical and subcortical mechanisms. The remodeling of cortical representations
ondon will provide detailed analysis of brain and spinal regions most will be considered in relation to different forms of peripheral deafferentation over
active during opiate withdrawal by employing the technique of regional short and very long periods, to stimulation of nerves, and to behaviorally relevant
cerebral glucose utilization in rats. Studies using positron emission usage of the limbs. The differential effects of central lesions will be explored.
tomography (PET) scanning to obtain objective measures of withdrawal The relative contributions of existing anatomical circuits and of regulation of gene
;Lrpcesses in the human brain will also be discussed. It is expected that expression for transmitters, receptors and related molecules at cortical and
this symposium will provide a forum for the latest theories of the opiate subcortical sites in the activity-dependent plasticity of cortical cell assemblies will
be a major feature of the symposium.

withdrawal phenomenon and help underscore consistent trends in
research findings for this area.

LONG-TERM POTENTIATION: PHYSIOLOGY AND PHARMACOLOGY I

4.1 4.2

LTP REDUCES K* CHANNEL ACTIVITY IN HIPPOCAMPAL ANGIOTENSIN II BLOCKS LONG-TERM POTENTIATION.
SYNAPTOSOMES. ]. Farley and A. Routtenberg. Program in Neural J.B. Denny, J. Polan-Curtain, D.L. Armstrong and M.J.
Science, Indiana University, Bloomington, IN 47405 and Cresap Wayner. Division of Life Sciences, The University of
Neuroscience Laboratory, Northwestern University, Evanston, IL 60201. Texas at San Antonio, San Antonio, TX 78249.

Recent quantal analyses suggest that maintenance of LTP at Schaffer We have found that injection of 1 ul of 4.78 uM angio-
collateral synapses is due to enhanced neurotransmitter release from tensin II in artificial cerebrospinal fluid (ACSF) immedi-

presynaptic terminals. Because K' ion channels in presynaptic terminals
are involved in regulation of such release at many synapses, a persistent
reduction in their activities induced by tetanizing stimulation might be
expected to contribute to LTP. We have examined this possibility by
incorporating hippocampal synaptosomal membranes from animals that

ately above the hippocampus in the rat blocks the induc-
tion of long-term potentiation (LTP) in perforant path-
stimulated dentate granule cells. This effect was
completely eliminated if the specific angiotensin antag-
onist saralasin was also present in the injected solution

at a concentration of 239 uM. Saralasin injected alone
resulted in enhanced excitability in the dentate gyrus,
large-conductance calcium-dependent K* channels (Farley & Rudy, 1988, but as was the case with the inhibitory action of angio-
Biophys. [, 53: 919-934) in membranes prepared from perforant path- tensin II, the effect was only observable after tetanic
dentate gyrus synapses, 1 hr following high-frequency stimulation and stimulation. Both angiotensin II and saralasin had no
LTP-induction, as compared to that of sham and low-frequency effect on baseline synaptic transmission. Angiotensin III
stimulation controls. The low incidence of K* channel activity did not also blocked LTP induction but required concentrations
appear to be due to a selective failure of vesicle fusion for LTP 40-50 fold greater than those using angiotensin II. These
membranes, since calcium channel activity was often observed in these results suggest that angiotensin II is released in the
same membranes. Potassium channel activity in membranes from LTP- hippocampus following tetanic stimulation and that it
animals could be restored by addition of alkaline phosphatase to the serves to modulate LTP through an inhibitory action.

bath, suggesting the involvement of a protein kinase in the persistent A ten-fold lower dose of angiotensin II was not effective
reduction of K* channels and LTP. Supported by NIH NS 26106 to JF in blocking LTP, and the ratio of saralasin to angio-

and NIMH 25283 and AFOSR 90-0240 to AR. tensin II was required to be fifty-fold as given above.

A lower ratio of saralasin to angiotensin II (five-fold)
resulted in partial blockade of LTP.

sustained LTP into planar lipid bilayers on patch electrodes. We
observed near-complete elimination of the activities of several classes of

4.3 4.4

LONG TERM POTENTIATION OF AN INHIBITORY PATHWAY IN THE Synaptic CaZt.regponseg restricted to postsynaptic spines
CNS. Y, Oda and H. Korn. INSERM, Institut Pasteur, of central neurons are NMDA-receptor dependent. ¥

Paris and JL.A, Connor. Dept. of Neurosciences, Roche Institute of Molecular

The Teleost Mauthner(M-) cell is subjected to a Biology, Roche Research Center, Nutley, NJ 07110

strong Cl dep‘;‘fde“t inhibition carried by commissural Ca2+ and NMDA-receptor dependent synaptic plasticity, e.g. long-
:2;22:‘:“5(: ur"rel:th a::e v:{‘::t:dclz P:;“‘::iyme :::1;:2' term-potentiation, has met considerable interest as a possible
thown | that | Fellewing 1 ogw iné‘eﬁsi‘;y Massioel substrate for associative memory. Independent plasticity of adjacent
tetanization of the contralateral eighth nerve synapses on the same postsynaptic dendrite would boost the
subthreshold for LTP of excitation in the other M-cell, performance of such a memory network. The synaptic independence
IPSPs and IPSCs are enhanced for the remainder of the might depend on NMDA-receptor mediated Ca2+-influx specifically
recording session which could exceed onme hour. This into activated postsynaptic spines. High resolution microfluorometry
potentiation reflected, in part, an increased synaptic of fura-2-injected CA3 pyramidal neurons in guinea pig hippocampal
efficacy at VIIIth N with inhibitory cells connections slice revealed that synaptic stimulation can indeed elicit very uneven
since i) there was an associated LTP in the LVN, ii) Ca2+-accumulations in postsynaptic spiny dendrites, eventually being
the presynaptic volley onto the M-cell, recorded extra- clearly restricted to single postsynaptic spines. Stronger stimulation
and intracellularly, was augmented simultaneously with elicits more widespread Ca2+ accumulations with significant
iii) this neuron’s inhibitory conductance (Gipsp, peak concentration peaks in activated spines. The NMDA-receptor
enhancement mtSEM - 13519%, range 63 to 392%, n-18). antagonist AP-S effectively antagonized synaptically evoked
Ca2+ responses in spines of distal dendrites. Repeated train

M-cell input <conductance, RP and collateral IPSPs

< ined . . . ars . .

emained unchanged. Several observations suggest that stimulation led, facilitated by picrotoxin, eventually to the
expression of sustained spine or dendritic Ca2Z+ gradients,

potentiation also occurred at inhibitory synapses
themselves. Specifically, i) the slope of the relation

between the input volley and Gipsp could be greater indicating long lasting post.synaplic changes. Our results
after the tetanus, and ii) this effect was not found demonstrate a space and time dependent microstructure of
when BAPTA was injected postsynaptically. Thus LTP is postsynaptic Ca2+ responses that we surmise is significant for

neuronal memory capabilities.

not restricted to excitatory pathways.
W.M. was supported in part by the DFG.

*Indicates nonmember of the Society for Neuroscience
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4.5

AN INHIBITOR OF NITRIC OXIDE SYNTHETASE PREVENTS LONG-TERM
POTENTIATION (LTP). E.M. Schuman and D.V. Madison. Dept. of Molecular and
Cellular Physiology, Stanford School of Medicine, Stanford, CA 94305.

While LTP in the CA1-Schaffer collateral synapse in the hippocampus is induced
by postsynaptic factors, recent evidence suggests that LTP may be expressed by
presynaptic alterations in neurotransmitter release. If the induction of LTP is
postsynaptic and the expression is presynaptic then this necessitates some sort of
back-communication from the post to the presynaptic neuron. We have becn
conducting studies which investigate whether the diffusible molecule nitric oxide, NO,
might function in such a capacity. We first tested whether an inhibitor of NO
synthetase, N-methyl-l-arginine (L-NMMA) blocks or otherwise attenuates LTP.
Extracellular application of L-NMMA (100 uM) effectively prevented tetanus-induced
potentiation of the field epsp, whereas an inactive isomer N-methyl-d-arginine, (D-
NMMA), was ineffective in preventing LTP. Extracellular application of hemoglobin
(100 uM) also blocked LTP of the field epsp. Since hemoglobin is a large protein
which is unable to cross cell membranes this result implies that NO must travel
extracellularly to exert its effect. To determine the site of NO synthetase activity,
we have introduced L-NMMA into the postsynaptic neuron via an intracellular
recording electrode. Confirming the above results, we found that we were unable to
produce LTP by the pairing technique (postsynaptic depolarization coupled with
presynaptic stimulation, 1 Hz). Surprisingly, however, the postsynaptic inhibitor did
not prevent LTP induced by tetanus. One interpretation of this finding is that during
tetanic stimulation many neurons generate NO which can then travel to the
neighboring presynaptic terminal(s) of the inhibited neuron to produce LTP. Further
substantiation for this idea is gained from whole cell studies of LTP. It is known
that the ability to achieve LTP by the pairing technique is seriously compromised
following dialysis of the postsynaptic neuron (20-30 min.). We have confirmed this
finding but have found that following a failure to induce LTP by pairing, we can
reliably induce LTP by tetanus.

D.V.M. is a Lucille P. Markey Scholar and this work was supported by a grant from
the Lucille P. Markey Charitable Trust.

4.7

OSCILLATIONS IN SYNAPTIC TRANSMISSION AND LONG-TERM
POTENTIATION. Neal Hessler and Roberto Malinow. Neuroscience
Program and Dept of Physiology and Biophysics, University of Iowa.

Oscillations in quantal content have been described in the
neuromuscular junction (Meiri and Rahamimoff, 1978). Similar
oscillations in mean amplitude of elicited synaptic currents are observed
at the Shaffer collateral/CAl synapse in the hippocampal slice, using
minimal stimulation and whole-cell recordings (Malinow, 1991). The
oscillations in transmission have a period that ranges from 2-15 min for
different experiments and they appear to be of presynaptic origin as in-
phase oscillations are seen in mean®/variance, percent synaptic failures,
and paired pulse facilitation. Oscillation of one or more of these measures
can occur with little change in mean transmission, showing that apparent
stationarity in mean transmission does not guarantee stationarity in
underlying mechanisms, placing greater restrictions on use of traditional
quantal analysis. In most cases, some oscillatory activity is seen in the
absence of induced LTP. However, in about 30% of experiments, little
oscillatory activity is seen prior to LTP; pairing pre- and postsynaptic
activity triggers oscillations in addition to LTP. Quantification of these
non-stationarities is being pursued using Fourier analysis and chaotic
models. The correlation between different potentiated pathways and
relation between pre-existing oscillations and likelihood of obtaining LTP
is being examined. Oscillations of transmission may reflect presynaptic
calcium oscillations and could functionally associate different inputs
potentiated at the same time.

4.9

ROLE OF MEMBRANE POTENTIAL AND CALCIUM IN THE INDUCTION
OF LONG-TERM POTENTIATION (LTP). D, ], Perkel. T. Mapabe* and R. A.
Nicoll Depts. Pharmacol. and Physiol., UCSF, San Francisco, CA 94143.

It is widely accepted that one early step in the induction of LTP of synaptic trans-
mission in hippocampal CA1 neurons is an influx of calcium ions through NMDA
receptors. We have studied the effects of manipulating postsynaptic membrane
potential, and p bly postsynaptic calcium conc: ion, on LTP induction.

We have recorded excitatory postsynaptic currents from CA1 neurons in slices of
guinea pig hippocampus using the "blind” whole-cell voltage-clamp technique and
Cs-based intracellular solutions. To induce LTP we have paired low-frequency
synaptic stimulation with steady postsynaptic depolarization to different membranc
potentials (“pairing"). One synaptic pathway onto each cell was paired at its rever-
sal potential (RP; O to +20 mV) and served as an internal calibration for the amount
of potentiation generated in another pathway, which was paired at a test potential
(-40 mV or +100 mV). Pairing at +100 mV produced approximately 20% of the
potentiation induced by pairing near the RP (cf. Malenka et al., Science 242:81,
1988), while pairing at -40 mV was also less effective than pairing at the RP. The
voltage-dependence of calcium entry induced by synaptic activation of NMDA re-
ceptors is not known, but our results suggest that the calcium level achieved by
pairing at the RP may exceed that at 40 mV.

Although previous studies have found that postsynaptic calcium-spike activity
alone does not affect synaptic efficacy, we have found that prolonged (3 sec, 0.2
Hz, 20 pulses) postsynaptic voltage pulses to 0 mV, chosen to maximize calcium
entry through voltage-dependent calcium ch Is, can enh. synaptic is-
sion. This phenomenon is transient, lasting approximately 10 - 30 min., and is re-
sistant to D-APV (25 pM). Although additional data linking this enhancement to
LTP are required, the effects of membrane potential in enhancing transmission
provide further support for a role for calcium in regulating synaptic efficacy.

PHYSIOLOGY AND PHARMACOLOGY 1 MONDAY AM
4.6
THE FREQUENCY OF NMDA RECEPTOR ACTIVATION INFLUENCES THE
STABILIZATION OF LTP. A. Coling”, Y.-Y. Huang , and R.C. Malenka. Dept.’s

of Psychiatry & Physiology, Univ. of California, San Francisco, CA. 94143.

A defining feature of LTP is the stability of the increase in synaptic efficacy.
To determine the interval over which the processes activated by a single EPSP
can be integrated and result in stable LTP, NMDA receptor-dependent
processes were activated by pairing synaptic stimulation with postsynaptic
depolarization and a fixed number of pairings were performed at intervals
ranging from 2 seconds to 1 minute. Using field recordings and a brief
tetanus to an independent conditioning pathway to evoke postsynaptic
depolarization, a single pairing routinely elicited a modest potentiation of
synaptic transmission which decayed to baseline within 3-10 minutes (STP).
Ten pairings at 1 minute intervals rarely resulted in stable LTP (1 of 7) while
ten pairings given at 2-10 second Intervals routinely resulted in LTP (13 of 17).
A 30 second interval gave mixed results (5 of 9 resulted in stable LTP). Similar
experiments were also performed on single cells using whole-cell recording.
Two independent inputs were alternatively activated to obtain stable baselines.
The cell was then depolarized and one input stimulated every 40-60 seconds
while the other input received the same number of stimuli every 5-10 seconds.
Because whole-cell recording may result in "wash-out" of important intracellular
constituents, the pairing at shorter intervals was started at the end of the
longer interval pairings. In 6 of 8 cells, the shorter interval pairings resulted in
stable LTP while the longer interval pairings resulted in STP.

These results suggest that following synaptic stimulation of the NMDA
receptor sufficient to elicit STP (but not LTP), processes are activated that can
be integrated over a period of approximately one minute and result in stable
LTP. This "integration period" likely depends on induction conditions (e.g.
magnitude of postsynaptic calcium increase) and is another parameter which
may prove to be important when considering the mechanisms and role of LTP.

4.8

RESOLUTION OF SYNAPTIC FLUCTUATIONS USING WHOLE CELL
PATCH CLAMPING IN THE HIPPOCAMPUS. DM, Kullmann* T,
Manabe*, P. Renner* & R.A. Nicoll, Depts. Pharmacol. & Physiol., UCSF, CA
94143.

Several studies of synaptic transmission in the hippocampus based on amplitude
fluctuations have relied on untested assumptions to estimate the quantal
parameters (see Kom et al, Nature, 350, 282). Using minimal stimulation of
stratum radiatum, we have obtained whole-cell voltage clamp recordings from
guinea-pig CA1 cells which often show clear separation between transmission
failures and EPSCs. In some cases the EPSCs are further seen to fluctuate between
discrete amplitudes, which are not always separated by a constant increment.
Paired-pulse facilitation is consistently accompanied by a reduction in the proba-
bility of transmission failure. It
is therefore unlikely that the 15
failures are due exclusively to
intermittent excitation of the
presynaptic fibers. We are
currently using the nystatin per-
forated patch technique to
prolong the time during which
EPSC fluctuations can be
recorded. The figure shows the
peak amplitudes of 160 trials
(paired pulses, 60 ms delay).
Supported by the NIMH, AES, -5 0 5 10 15 20 25
HFSPO and Smith & Nephew
Foundation. PA
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4.10

THE ONSET OF THE EXCITATORY POSTSYNAPTIC CURRENT IS
SLOWED DURING LONG-TERM POTENTIATION JA. Kauer, F.E,

. Fri n. Dept. of Mol. & Cell. Physiology, Stanford
University, Stanford CA 94305.

We have used whole-cell voltage clamp recordings and minimal stimulation to
look for changes in the time course of EPSCs in CA1 pyramidal cells during long
term p iation. LTP was induced by pairing postsynaptic depolarization with
continued afferent stimulation (2 Hz). EPSC amplitude and total charge increased
upon induction of LTP (4, averages of 20 EPSCs before and during LTP). Little
or no change was detected in EPSC latency or time constant of decay. However,
the onset of the EPSC became slower and the time to peak was increased during
LTP. Time-to-peak (arrows) increased by 1.7¢0.8 ms, or 25t10% (N=11), a
change that was maintained during LTP. The difference in time course was still
observed when comparing EPSCs of similar amplitude taken before and after
LTP. Control experiments showed no such slowing in time course when the EPSC
amplitude was increased by postsynaptic hyperpolarization (B, averages of 20
EPSCs each). These results might signify recruitment of slow/distant synapses or
presynaptic modifications such as (1) spike broadening, (2) decreased calcium
buffering, or (3) changes in the release machinery. Thus, it is unlikely that LTP
is caused by recruitment of additional synaptic units with invariant properties.

A B
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-60 mV
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4.11

QUANTAL AMPLITUDE REMAINS CONSTANT WITH LONG-TERM
POTENTIATION IN RAT HIPPOCAMPAL SLICES. F.E, Schweizer, J.A. Kauer,
D.D. Friel, & R.W, Tsien. Dept. of Mol. and Cell. Physiology, Stanford
University, Stanford, CA 94305.

Long-term potentiation is characterized by a persistent increase in synaptic
current, but it remains controversial whether this arises from enhanced quantal
content (number of unit events) or increased quantal size (amplitude of unit
event). To address this issue we estimated quantal size from amplitude histograms
of EPSCs recorded with whole cell voltage clamp from CA1 pyramidal cells
(minimal afferent stimulation at 2 Hz). Fitting each EPSC with the sum of two
exponentials aided accurate estimation of EPSC amplitude. A small proportion
of records was excluded from the analysis on the basis of excessive baseline noise,
spontancous events, or unusual onset latency. Amplitude histograms were
constructed from 500-1000 records and showed peaks of roughly equal spacing.
Histograms were judged robust if independent histograms made from every other
data point or from consecutive portions of the epoch showed close agreement in
peak locations. We used maximum likelihood analysis to estimate the position and
width of peaks. Typically, we found a quantal size of 1-2 pA at -70 mV; quantal
variance was negligible relative to recording noise, in agreement with Larkman
et al, (1991),

Mean EPSC amplitude increased by 30-50% when the postsynaptic neuron was
hyperpolarized from -60 to -110 mV. The corresponding amplitude histograms
showed an increase in quantal size with hyperpolarization in proportion to the
enhancement of mean EPSC amplitude. This resuit gives confidence in our ability
to estimate quantal size under varying experimental conditions.

LTP was induced by depolarizing the postsynaptic neuron during continued
afferent stimulation. In experiments where robust peaks were observed before and
during LTP, mean EPSC amplitude increased to at least 150% of control. In
contrast, peak spacing did not change with LTP. These results support the idea
that LTP is caused by an increase in quantal content rather than an increase in
quantal size.

4.12

PRESYNAPTIC EXPRESSION MECHANISM OF LONG-TERM
POTENTIATION OF MINIATURE EPSC FREQUENCY IN CULTURED
HIPPOCAMPAL NEURONS. i ._ W, Tsien, Department of
Molecular and Cellular Physiology, Stanford CA 94305.

Analysis of miniature excitatory postsynaptic currents offers novel information
about mechanisms of LTP expression. We made whole-cell recordings from rat
hippocampal pyramidal cells in culture and directly applied glutamate to induce
a global synaptic enhancement. Like the amplitude of evoked responses, the
frequency of mini epscs was strongly increased (2- to 10-fold in 41/60
experiments). The rise in mini frequency (1 uM TTX presenl) was (1) petslstent
up to the end of the recording (up to 80 min), (2) p: d by strong postsy
hyperpolarization (Mg?* present), (3) prevented by block of NMDA reccp(ors
w:lh MK801 (10 pM) Several observations support the idea that postsynaptic

ivity 1 hanged during LTP of mini frequency. (1) The
dxsmbuuon of mini amplitudes was not significantly changed. (2) Responses to
brief puffs of glutamate or AMPA stayed the same. (3) When vesicle release from
nerve terminals was evoked by brief challenges with hypertonic solutions, the peak
mini frequency response (w) was barely increased by glutamate-induced
p iation (n=6), in to the 4-10 fold increase in spontaneous mini
frequency (0). These findings run
contrary to expectations for expression
. of LTP by purely postsynaptic
recruitment of latent spines or
previously inactive receptor clusters.
a Instead, the near-occlusion between
< mini potentiation by glutamate and by
e hypertonicity suggest actions involving
the same rate-limiting step along the
p ptic secretory path
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LEARNING AND MEMORY—ANATOMY: HUMAN STUDIES

5.1

PATIENTS WITH ALZHEIMER'S DISEASE SHOW NORMAL
PRIMING IN PERCEPTUAL IDENTIFICATION OF PSEUDOWORDS.
MM. Keane, J.D.E. Gabrieli, J.H. Growdon, and S, Corkin. Dept. of
Brain and Cognitive Sciences and Clinical Research Center, MIT,
Cambridge, MA 02139; Dept. of Neurology, Massachusetts General
Hospital, Boston, MA 02114.

Previously, we reported that patients with Alzheimer’s disease (AD)
showed normal priming in perceptual identification of briefly presented
words. The aim of the current study was to determine whether normal
perceptual priming in AD extended to pseudowords. The subjects of study
included 12 AD patients (mild to severe), and 12 normal control subjects
(NCS). The stimuli were 128 three-letter pseudowords that conformed to
the rules of English orthography; 64 were used in a perceptual priming
task and the other 64 were used in a recognition memory task. Prior to a
perceptual identification or recognition task, 32 pseudowords were
presented in a study list. In the perceptual identification task, subjects
were asked to identify 64 briefly presented, masked pseudowords, of
which half had appeared in the prior study list and half had not. Priming
was reflected in enhanced performance with studied compared to
unstudied pseud ds. In the r task, 54 pseudowords were
presented one at a time; subjects were asked to indicate which ones had
appeared in the prior study list. Relative to NCS, AD patients showed
impaired recognition memory and normal priming. We conclude that
intact perceptual priming in AD extends to novel stimuli; that perceptual
priming of words and pseudowords may reflect the operation of a unitary
neural mechanism (which is independent of the mechanism supporting
recognition memory); and that such priming may depend upon posterior
(occipital) circuits that are relatively preserved in AD.

5.3

INTACT PERCEPTUAL PRIMING OF NOVEL INFORMATION IN
AMNESIA AFTER A SINGLE STUDY TRIAL. F. Haist,"? G. Musen' & LR.
Squire.! A Med. Ctr. and 1UCSD Dept. of Psychlatry, La Jolfa, CA
92161, and 2SDSU Dept. of Psychology, San Diego, CA.

Amnesic patients, who are severely impaired on conventional tests that
assess explicit (declarative) memory, can exhibit entirely normal performance
on implicit (nondeclarative) memory tests that do not require conscious
recollection of prior events. For example, amnesic patients exhibit intact
priming, i.e., an improved ability to detect or identify stimuli based on recent
encounters with them. It has been unclear whether implicit memory can
support the acquisition of novel information or whether implicit memory
depends on the activation of pre-existing knowledge structures. We examined
whether priming can support the acquisition of novel verbal information
presented for only a single study trial. At test, amnesic patients (n=10) and
normal subjects (n=15) were shown words and pronounceable nonwords for an
average of 51 msec and 118 msec, respectively. Half of the items had been
studied once prior to test and half had not been encountered previously. The
presentation time was sufficient to permit about 50% of the unstudied items
to be identified correctly. Amnesic patients and normal subjects identified
significantly more studied words than unstudied words (27% and 24%
facilitation, respectively) and also identified more studied nonwords than
unstudied nonwords (18% and 20% facilitation, respectively). These results
support the idea that perceptual priming depends on changes in early-stage
perceptual priming systems and that these changes can result in the
acquisition of new information, not simply the activation of pre-existing
knowledge.

5.2

INTACT REPETITION PRIMING FOR TIME TO NAME PICTURES IN
PATIENTS WITH ALZHEIMER'S DISEASE: DISSOCIATIONS FROM
RECOGNITION MEMORY AND FROM WORD-COMPLETION PRIMING.
I.D.E. Gabrieli, W.S. Francis®, D.A. Grosse*, and R.S. Wilson. Rush
Alzheimer's Disease Center and Department of Neurological Sciences,
Rush-Presbyterian-St. Luke's Medical Center, Chicago, IL 60612.

Patients with Alzheimer's disease (AD) have impaired memory and
reduced repetition priming (influence of repeated processing of a stimulus)
on word-completion tests. There are reports of intact magnitudes of
perceptual priming in AD, but these findings have been complicated by AD
patients' baseline performance deficits. In the present study, 12 AD
patients and 12 normal control (NC) subjects named 58 pictures of objects and
animals; naming latencies were recorded. Next, subjects saw 29 pairs of
pictures in a two-choice recognition memory test. Finally, subjects named
the remaining 29 drawings named earlier but not included in the recognition
test. The measure of priming was the reduction in time to name the
repeated pictures. The AD patients were significantly less accurate on the
recognition memory test than the NC subjects, but had a normal magnitude
of priming without a significant difference in baseline naming latency. The
same AD patients exhibited impaired priming on two word-completion
tasks (one had the names of the pictures as the stimuli). The unambiguous
dissociation between preserved picture-naming priming and impaired
word-completion priming reveals that separable memory systems subserve
distinct components of repetition priming. This result is consistent with the
notion that perceptually-based repetition priming remains intact in early
AD, perhaps due to selective sparing of posterior cortical areas that
mediate perceptual priming. Supported by Alzheimer's Association and
Illinois Department of Public Health.

5.4

INTACT, LONG-LASTING FACILITATION OF PICTURE NAMING IN
AMNESIC PATIENTS. _CB. Cave and L.R. Squire, VA Med Ctr, and Dept of
Psychiatry, UCSD, La Jolla, CA 92093.

Eleven amnesic patients and 9 control subjects were shown 130 pictures, one at
a time, and named the pictures as qnlckly as possible. Then both 2 and 7 days
later, 50 new p were p with 50 old pictures, and subjects
agun mmed them as qmckly as possxb]e Control subjects and patients named

seen ly faster than pictures not seen before
(fnmhtahon = 120 msec for controls, and 129 msec for patients). Similar
facilitation was observed at each delay. In contrast, at both delays, amnesic
patients were much poorer than control subjects at recognizing items that had been
seen previously. Normal picture-naming facilitation in amnesic patients, together
with their poor recognition performance, provides a striking di iation b
long-lasting repetition priming and explicit memory.

Facilitation of picture naming could depend on repetition of the same visual
percept or on repetition of any visual stimulus that has the same name. In a
second study, 14 normal subjects named pictures once nnd agun 3 minutes later.
At the second test, the plctureswere of 4 types d: 1)r
identical to those seen earlier; 2) p P earher, but changed in size or
shading; 3) different examples of the objects presented earlier (e.g. a beagle instead
of a retriever, but both identified as “dog"); or 4) pictures not presented previously.
Facilitation was found to be based both on repetition of object names and on
repetition of exact visual percepts. Rep d items (wheth d or diff
in size, shading, or eumple) were named significantly faster than new items,
indicating facilitation due to the repetition of object names (regardless of the
specific physical appearance of the stimuli). Identical pictures were named
significantly more rapidly than pi that were changed in size or shading, or
pictures that were different examples of previously presented objects. This finding
indicates that additional facilitation is also supported by repetition of exact visual
percepts.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991
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5.5
NORMAL ACQUISITION OF COLOR-WORD ASSOCIATIONS IN
AMNESIC PATIENTS. G, Musen & L R, Squire VA Med Ctr & UCSD
Psychiatry Dept., La Jolla, CA 92093.

Recent research has considered whether implicit
(nondeclarative) memory cansupport the learning of new associations.
Acquisition of novel word pairs (such as valley-trophy) occurs in both
normal subjects and amnesic patients after multiple study trials
(Musen & Squire, Soc. Neurosci. Abstr. 16:287, 1990). We investigated
whether the learning of new associations might also occur for stimuli
other than word pairs. We used a color naming task in which 7 color
words (e.g., red, green, blue) were presented in an incongruent color,
i.e., the word green was printed in the color red as in the familiar
Stroop paradigm. Amnesic patients and age-matched control subjects
named the color a word was printed in as quickly as possible. Each
color word was presented 6 times, always in the same incongruent
color. Thus, the word green was always printed in the color red. Then
the color-word associations changed such that the word green was
always printed in the color blue. Amnesic patients and control subjects
improved with repetition to the same extent. Specifically, the time
required to name each color decreased gradually across the 6
repetitions of the color words (amnesic patients from 712 msec to 580
msec; control subjects from 760 msec to 632 msec). Naming times then
increased when the color-word associations changed (amnesic patients
683 msec; control subjects 632 msec). This study provides evidence
for gradual acquisition of new associations in implicit
(nondeclarative) memory across multiple trials.

5.7

A FUNCTIONAL ANATOMICAL STUDY OF HUMAN MEMORY. L.
Squire*, J. Ojemann, F. Miezin, S. Petersen, T. Videen, and M. Raichle. *UCSD
Dept. of Psychiat., VA Med. Ctr., San Diego, CA, 92161. Dept. of Neurol.
and Neurol. Surg. Washington Univ. Med. Ctr., St. LOUIS MO 63110.

We studied regional cerebral blood flow using the { 50] Ho0 method while
normal subjects performed four closely similar tasks. In each task, subjects
saw words and then saw 3-letter word stems. Local blood flow was
monitored during a 40-sec period while subjects 1) silently viewed word stems;
2) completed stems to form the first words to come to mind, but the stems
could not form study words (baseline); 3) completed stems and half of them
could form study words (priming); or 4) tried to recall study words, and half of
the stems could form these words (memory). There were three major
findings: 1) The memory task engaged the right hippocampal region (but not
the amygdala), when the memory task was compared to either baseline or a
fixation-point condition. The right hemispheric locus suggests that performance
is driven by the visual characteritics of the words rather than by semantic or
phonetic analysis. 2) Right prefrontal cortex was also activated in the
memory minus baseline condition. 3) In the priming minus basefine comparison,
there was reduction in blood flow in the right posterior cortex. The results
provide the first evidence for selective activation of the human hippocampal
region in association with memory function. The results also provide a
specific proposal about the neural basis of priming: following presentation of a
stimulus, less neural activity is required to process the same stimulus.

5.9
NAME DROPPING: RETRIEVAL OF PROPER OR COMMON NOUNS
DEPENDS ON DIFFERENT SYSTEMS IN LEFT TEMPORAL CORTEX.
Tran . Div. of Cognitive
Neuroscience, University of Iowa College of Medicine, Iowa Cnty, 1A 52242,
Damage to human temporal cortices causes striking dis-
sociations between retrieval of concepts and of the nouns they
denote. We present new evidence on the dissociation between
retrieval of common and proper nouns. Visual recognition and
naming were investigated in (a) 30 controls, and (b) 14 subjects
with lesions in left or right inferotemporal (IT) region or temporal
pole (area 38). Stimuli were 77 unique entities (familiar faces,
whose naming requires a proper noun) and 155 non-unique enti-
ties (which require a common noun). Results: (1) Damage to both
left area 38 and IT impairs retrieval of both proper and common
nouns, but spares recognition. (2) Damage restricted to left area
38 (sparing IT) impairs retrieval of proper nouns but allows
normal retrieval of common nouns (recognition of unique entities
is intact). (3) Damage to right 38/IT does not seem to affect
naming. We propose that the lesions disrupt a bidirectional access
dcvnce which operates as a third party mediator between concept
and word reactivation systems. Such devices are
based in left temporal cortices, and appear to be placed
hierarchically, e.g, the device concerned with proper nouns
depends on a cortical station located more anteriorly than the one
concerned with common nouns.

5.6
NORMAL ACQUISITION OF AN ARTIFICIAL GRAMMAR BY AMNESIC
PATIENTS. B.J. Knowiton, S. Ramus, & L.R. Squire. VA Med. Ctr. and Dept.
of Psychiatry, UCSD, La Jolla, CA 92093.

Study of amnesic patients has revealed a distinction between explicit
(declarative) memory, and implicit (nondeclarative) memory. Examples of
implicit memory include skill leamning, priming, and simple forms of conditioning.
Normal subjects can acquire an artificial grammar based on rules that
determine the order of letters within letter strings. Conscious knowledge of
the rules appears inadequate to account for performance, suggesting that this
leaming is implicit. If so, amnesic patients should be capable of acquiring
artificial grammars normally, despite their severely impaired explicit memory.
Ten amnesic patients and 13 control subjects were shown 23 letter strings,
which were formed according to a finite-state rule system. After 5 min,
subjects were told that the items had been formed according to a complex set
of rules, and they were instructed to decide for each of 46 new items whether
the item obeyed these rules. Control subjects classified 65.0% of these new
items correctly, compared to 62.0% for the patients. In contrast, the patients
performed much worse than control subjects on a 46-item recognition test for
the letter strings that had been presented (73.1% vs. 59.6%, p <.005). These
results provide strong evidence that artificial grammar acquisition is based on
implicit memory, and that the leaming of such rules depends on brain
structures other than those damaged in amnesia.

5.8

SUCCESSFUL EYEBLINK CLASSICAL CONDITIONING IN HM. D.
Woodruff-Pak! & S, Corkin?, Department of Psychology, Temple University,
Philadelphia, PA 19126 & De 2panmem of Brain and Cognitive Sciences and
Clinical Research Center, MIT*, Cambridge, MA 02142

Amnesic patients with medlal temporal-diencephalic lesions show impaired
explicit memory (recall and recognition) but normal implicit memory (skill
learning and priming), suggesting that the latter capacities do not require
hippocampal integrity. Another kind of implicit memory performance, classical
conditioning, does no§ depend upon the hippocampus in rabbits and may not in
humans as well. We therefore evaluated classical conditioning in the amnesic
patient, H.M. (aged 64). He had undergone bilateral removal of medial temporal-
lobe structures (including the anterior 8 cm of the hippocampus) in 1953 for
seizure control; long-term dilantin therapy is believed to have damaged his
cerebellar vermis and hemispheres. First, in a delay paradigm we used a 500 msec,
1 KHz, 80 dB SPL tone conditioned stimulus (CS), followed 400 msec after its
onset by a 5 psi, 100 msec corneal airpuff unconditioned stimulus (US). In a series
of 90-trial, 45-minute sessions, H.M. required 473 trials to reach learning criterion,
producing 10 consecutive conditioned responses (CRs). Throughout 8 sessions, he
never recalled or recognized the conditioning apparatus or procedure. A healthy
66-year-old control subject reach learning criterion in 316 trials. Five weeks after
training in the delay paradigm we conditioned H.M. in a trace paradigm (250
msec, 1 KHz, 80 dB SPL tone CS, 500 msec blank "trace” period, 100 msec
corneal airpuff US). He reached criterion in 91 trials. We then repeated the initial
delay paradigm, and H.M. attained criterion in 277 trials. We conclude that
humans (like rabbits) can acquire the eyeblink CR without the hippocampus
intact. Cerebellar hemispheric atrophy may have slowed H.M.'s acquisition.
Supported by grants from the Alzheimer's Association and from NIH, RR-00088.

5.10
OVERT AND COVERT FACE RECOGNITION: A DOUBLE
DISSOCIATION. D, Trancl, H, Damasio, & A.R, Damasig. Div. of Cognitive

Neuroscience, University of Iowa College of Medicine, Iowa City, IA 52242.

Familiar faces are normally recognized at both overt and covert
levels but one of the two levels may be missing. In the most
typical dissociation, patients with face agnosia caused by occipito-
temporal damage cannot perform recognition of the identity of
familiar faces at overt level. However, many such patients can give
discriminatory covert responses to the familiar faces they fail to
identify. For example, in 4 face agnosics we found that the
average skin conductance response (SCR) to familiar faces was
0.66 uS, while the average SCR to unfamiliar faces was 0,04 uS.
We now report the opposite dissociation: a patient who has
entirely normal overt identification of familiar faces but who fails
to generate discriminatory covert responses to those faces. The
patient [EVR-318] has bilateral ventromedial frontal lesions. His
overt face identity recognition is 100% correct, in both retrograde
and anterograde compartments. At covert level, however, he is
profoundly impaired: SCR magnitudes generated to familiar
retrograde and anterograde faces, respectively, were 0,04 uS and
0.00 uS (despite normal SCRs to "orienting" stimuli). Taken
together, these findings indicate that the neural systems which
process the somatic-based valence of stimuli, are separate from
and parallel to those which process the factual, non-somatic
information associated with those same stimuli.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991

MONDAY AM



MONDAY AM

LEARNING AND MEMORY—ANATOMY: HUMAN STUDIES

5.11
MEMORY PROFILE OF A BILATERAL DIENCEPHALIC
INFARCT PATIENT WITH PRESERVED INTELLIGENCE AND
SEVERE AMNESIC DISTURBANCES. H.J. Markowitsch*1!,
D.Y. von Cramon*? and U. Schuri*? (SPON: ENA),
1Department of Psychology, Ruhr-University
Bochum, P.0O.B. 102148, D-463@ Bochum and
2pepartment of Neuropsychology, City Hospital
Munich-Bogenhausen, D-8000 Munich, Germany

The case of a patient with above-average in-
telligence and an IQ-MQ difference of 4@ points
is documented. Extensive neuroradiological ma-
terial of his focal bilateral brain damage in
the dorsal diencephalon is available. A wide
range of tests on all aspects of intelligence,
attention, immediate retention, learning, skill
and problem solving abilities, concept forma-
tion, cognitive flexibility, priming, construc-
tional ability, and retrograde memory was used.
The patient’s shortterm memory and attention
were well above average. He gave a number of ex-
amples of still intact skill and implicit memory
abilities, but had no awareness of his severe
anterograde and retrograde amnesia. The results
from our patient confirm the dichotomy between
declarative and non-declarative mnestic func-
tions and demonstrate that disconnecting por-
tions of the medial and basolateral limbic cir-
cuits have devastating consequences on memory.

5.13

AMNESTA FOLLOWING ANTERIOR COMMUNICATING ARTERY ANEURYSM:
PROPOSED CERBRAL MECHANISMS. J. DeLuca. Kessler
Institute for Rehabilitation, West Orange, NJ 07052.

Aneurysm of the anterior communicating artery (ACoA) in
humans frequently results in a cluster of neurobehavioral
symptoms often referred to as the "ACoA syndrome." These
include a "Korsakoff-like" amnesia, confabulation and
personality change. Two hypotheses concerning the neuro-
pathologic mechanisms have been proposed: 1) A focal
lesion hypothesis involving anterior cerebral structures,
and 2) diffuse cerebral involvement. Two studies are
presented addressing the issue of neurobehavioral
mechanism, examining confabulation and amnesia.

Two groups were examined in both studies: patients
with ACoA aneurysm and those with intracranial hemorr-
hages elsewhere in the brain. In study I, confabulation
was observed during two naturally occurring conditions:
disoriented and oriented periods. Confabulation was more
frequent, severe, and persisted into the oriented phase
in the ACoA group. In study II, neuropsychologic testing
revealed no differences among groups on tests of
immediate memory, but ACoA subjects were significantly
more impaired on tests of delayed verbal recall. The
ACoA group also performed significantly worse on tests
of frontal lobe functioning. Results support a focal
lesion hypothesis, and suggests both basal forebrain
and frontal lobe involvement.

EXCITATORY AMINO ACIDS:

5.12
EFFECT OF SEPARATE VS COMBINED LESIONS OF AMYGDALA,
HIPPOCAMPAL FORMATION AND BASAL FOREBRAIN ON
HUMAN MEMORY. Neurology and Behavioral Science,
Penn State University College of Medicine, Hershey, PA 17033.
Experimental animal studies indicate different effects of separate
and combined lesions of medial temporal lobe structures on learning and
memory. As a direct test of human brain function and related
hypotheses derived from animal studies, standardized methods of
anatomic localization and cognitive study were applied to 7 human
cases with acquired, focal lesions of the amygdala (A), hippocampal
formation (HF), and basal forebrain region (BF). Comparisons were
made between lesion location within the left hemisphere and verbal
learning and memory abilities. Anatomic study indicated cases of
separate lesion to A, posterior HF, BF (n=3), and of combined lesion to
A+HF and A+HF+BF. The combined lesions were also associated with
anterior temporal cortex damage from herpes simplex encephalitis. The
A+HF+BF lesion produced the most severe verbal amnesia, followed by
A+HF. BF lesions alone produced moderate impairment and amnesia.
Separate lesions to A and posterior HF (sparing rostral hippocampus
and entorhinal cortex) produced only minor impairment and no verbal
amnesia. Together with other human and animal studies, findings
indicate that: (1) Combined lesions result in severe amnesia, (2) damage
to A alone and to posterior HF alone produces only minor disturbance, (3)
HF lesion probably requires strategic hippocampus or entorhinal cortex
damage to produce amnesia, (4) BF lesions alone produce amnesia and
have an additive effect on A+HF lesions.

5.14
DEFICITS IN RECALL, BUT NOT RECOGNITION FOLLOWING
POSTERIOR COMMISUROTOMY. E.A. Phelps?, W, Hirst*2, M.S,
Gazzaniga3. 1Center for Neural Science, New York Univ., NY., N.Y. 10003,

2New School for Social Research, 3Dartmouth Medical School.

The role of the hippocampal commissure in memory functioning was
examined in three studies. The first compared pre and post-operative
performance on the logical memory and visual reproduction subtests of the
Weschler Memory Scale for patients receiving either anterior or posterior
sectioning of the commissure. Posterior sectioning generally includes the
hippocampal commissure while anterior sectioning does not. A deficit in
both visual and verbal recall was found in patients with posterior sectioning,
but not those receiving anterior sectioning. The second study examined
pre and post-operative verbal memory performance in two anterior
sectioned patients. Patients were given four lists of 20 words both pre and
post-operatively. Each word was presented for 5 seconds followed by a
retention interval of either 0 sec., 30 sec., 2 min., or 1 hour. Patients were
then tested with free recall followed by forced-choice recognition. There
was no deficit in either recall or recognition memory following sectioning of
the anterior commissure at any of the retention intervals. The final
experiment examined the nature of the memory deficit following complete
commissurotomy, including the hippocampal commissure. Two split-brain
patients and control subjects were presented 8 lists of 20 words. Each
word was presented for 5 seconds followed by a 10 minute retention
interval. Subjects were tested with free recall followed by forced-choice
recognition. Patients with complete commissurotomies showed a deficit in
recall, but not recognition in comparison to normal controls. This finding is
consistent with the finding of relatively preserved recognition in amnesic
patients and suggests that the mnemonic role of the hippocampal
commissure may be more important for recall than recognition memory.

EXCITOTOXICITY I

6.1

SYSTEMIC ADMINISTRATION OF L-CYSTEINE (CYS) GREATLY
ELEVATES CEREBRAL CYSTEINE SULFINATE (CSA) LEVELS AND
PRODUCES HYPOGLYCEMIA-LIKE HIPPOCAMPAL PATHOLOGY.

A. Lehmann, Q. Orwar* and M. Sandberg®. Inst. of Neurobiol., Univ. of
Goteborg, P.O. Box 33031, $-400 33 Goteborg, Sweden.

When administered systemically to infant animals, CYS produces a
widespread brain damage mediated by NMDA receptors. It is not known if
CYS is directly neurotoxic, or if its oxidation product CSA mediates the toxic-
ity. In the present study, the effects of toxic doses of CYS on cortical CSA
levels were determined in 4-days-old rats. Changes in the CYS metabolites
alanine and taurine were also followed. Further, the distribution of CYS-in-
duced damage was reinvestigated. S.c. injection of 1 mg/g CYS produced a 19-
fold increase in cortical CYS levels after 1 h after which tine they declined.
There was a delayed increase in CSA and alanine amounting to 18 and 3 times
of control levels, respectively, after 6 h. Taurine decreased after CYS injec-
tion, while most other amino acids increased. With the exception of CYS,
CSA and alanine, CYS-induced alterations in other amino acids were pre-
vented by the NMDA antagonist MK-801, suggesting that MK-801 does not in-
terfere with cerebral uptake and metabolism of CYS, and that changes in
other amino acids are caused by CYS neurotoxicity. The concentration of CSA
was 0.1 umol/g protein after 6h. Provided that this value chiefly reflects in-
tracellular levels, it seems unlikely that CSA mediates CYS toxicity. At 0.5
mg/g, CYS inflicted a selective damage to the cingulate and medial parietal
cortices. At 1.0 mg/g, CYS caused massive hemorrhages and a severe injury in
many forebrain regions, especially in the cortex and hippocampus. In the lat-
ter region, damage was confined to neurons exposed to CSF indicating that the
major route of uptake of CYS is across the choroid plexus. Although MK-801
(1.0 ug/g), but not the non-NMDA antagonist NBQX (15 ug/g), prevented CYS
toxicity, the distribution of hippocampal injury did not correlate with the
distribution of NMDA receptors previously reported by others.

6.2

GLUTAMATE MODULATES PHOSPHOLIPASE A; (PLAj)
ACTIVTY IN CULTURED CORTICAL NEURONS.
G.Rordorf* W.J.Koroshetz,R.A.Nemenoff* and J.V.Bonventre.
Departments of Medicine and Ncurology, Massachusetts Genl.
Hosp., Harvard Med. Sch., Boston, MA 02114.

We have recently demonstrated that PLA2 activity is stably
enhanced in gerbil brain with ischemia and reperfusion.
Using cultured rat cortical neurons we found that glutamate
increases PLA2 enzymatic activity. We have further
characterized PLA2 activity in cultured cortical neurons. PLA)
activity was assayed in cell free extracts, by directly
measuring release of arachidonic acid (AA) from exogenous
{14C]AA-phospholipid. Two forms of the enzyme are present in
the cell cytosolic extracts, a larger molecular weight form and
a smaller form with a Mr of approximately 14 kDa. Glutamate
enhances Ca2+ sensitivity and the activity of the smaller form.
Both forms are Ca2+-dependcnt with optimal activities at pH
8.5. Phorbol 12,13-mystrate acetate (PMA) (but not an inactive
form of phorbol ester), and a calcium ionophore, stimulate
PLA?2 activity. Downregulation of protein kinase C (PKC)
activity by chronic exposure to PMA reduces the stable
glutamate-induced PLAJ activation by one-half. These results
suggests that PKC plays an important role in the upregulation
of PLA2 activity seen with glutamate. The glutamate-induced
stable enhancement of PLA2 activity in cells occurs prior to
cell death as determined by LDH release. These results suggest
that PLA7 may play a central role as a causative factor in
glutamate-induced toxicity.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991



6 EXCITATORY AMINO ACIDS: EXCITOTOXICITY I MONDAY AM

6.3

DOES PROTEIN KINASE C PLAY A ROLE IN THE
DEVELOPMENT OF SLOWLY-TRIGERRED
EXCITOTOXICITY IN CORTICAL CELL CULTURES? D.M.
Hartley and D.W. Choi. Dept. of Neurology, Stanford Univ. Med.
Sch., Stanford, CA 94305.

The neuroprotective effect of gangliosides against glutamate-
induced neurotoxicity has been proposed to be due to interference
with protein kinase C (PKC) function (Manev et al., FASEB J.
4:2789, 1990). Murine cortical cell cultures exposed to 15 pM
NMDA or 35 pM kainate + 10 pM MK-801 for 24 hr developed
submaximal neuronal degeneration. A two hour pretreatment
with 200 uM GT1b reduced NMDA-induced injury approximately
80-90%. This neuroprotection was specific to NMDA-induced cell
death, as neither GT1b nor GM1 blocked kainate-induced cell
death.

Does inhibition of PKC mimick this protective effect of
gangliosides? A 24 hr pretreatment with 0.1 to 10 pM phorbol 12-
myristate 13-acetate down-regulated PKC activity in our cultures,
approx. 90-95%, as measured by phosphorylation of the altered
pseudosubstrate peptide, [(ser)25 PKC (19-31)]. However, sister
cultures exposed to similar conditions showed little reduction in
NMDA- or kainate-induced death. Furthermore, staurosporine at
> 1.5 pM blocked more than 90% of PKC activity, but
concentrations up to 10 pM did not reduce NMDA- or kainate-
induced death. We speculate that the neuroprotective effect of
GT1b on cortical neurons may be mediated at least in part by a
mechanism other than reduction of PKC function (the alpha, beta,
and gamma isoforms).

6.5

TWO MECHANISMS OF KAINATE NEUROTOXICITY IN RAT CORTICAL
NEURONS /N VITRO. A.G. Knapp, C.J. Kirk* and T.J. Wolcott*. Cambridge
NeuroScience, Inc., Cambridge, MA 02139.

To clarify the mechanisms by which excitatory amino acid agonists can
cause neuronal damage, we have examined the time course and
concentration dependence of kainic acid neurotoxicity in cultured rat
cortical neurons. Neurons were enzymatically dissociated from neonatal
rats, grown in 96-well tissue culture plates for 15-17 days and then exposed
to kainate (1-1000 4M) for varying durations (5 minutes to 24 hours). Cell
death was measured by automated colorimetric assay of lactate
dehydrogenase released into the culture medium 24 hours after the start of
the exposure. In contrast to previous reports, we have found that
exposures to kainate as brief as 5 minutes are sufficient to kill more than
90% of neurons. The concentration-response relationship for this rapid
component ‘of excitotoxicity was very steep (Hill slopes > 3), with a
threshold near 100 #M and half-maximal damage occurring at 200-300 /M.
Neuronal death caused by brief (5-30 minutes) exposures to kainate could
be almost completely prevented by both competitive (APV) and non-
competitive (MK-801) antagonists of NMDA receptors. With longer
exposure durations, kainate damaged neurons at lower concentrations
(ECs, = 40-60 4M at 24 hours) and the concentration-response relationship
became less steep (Hill slopes 1-2). This slower form of neurotoxicity was
insensitive to NMDA antagonists, but the competitive non-NMDA receptor
antagonist DNQX (1-10 4M) shifted the concentration-response curve to the
right in a dose-dependent manner. We propose that the rapid form of
kainate neurotoxicity results from indirect activation of NMDA receptors by
release of an endogenous NMDA agonist (e.g. glutamate) from the cultures
or by potentiation of basal amounts of such an agonist. The slower form
of toxicity likely reflects kainate’s direct actions on non-NMDA receptors.

6.7

SERUM ALBUMIN STRONGLY POTENTIATES GLUTAMATE
NEUROTOXICITY IN CULTURED RAT CEREBELLAR
GRANULE CELLS. M. SCHRAMM AND S.EIMERL*,
Department of Biological Chemistry, Institue of Life Sciences,
Hebrew University of jerusalem, Jerusalem 91904, Israel.

Addition of 1% serum to 14 day cultured granule cells in a
Locke salt-glucose solution caused acute cell death. The glutamate
in the serum, acting on the NMDA receptor, in conjunction with
a putative potentiating factor, accounted for the acute toxicity (M.
Schramm et al., Proc. Natl. Acad. Sci. USA 87,1193-1197,1990).
Serum albumin appears to be the potentiating factor, showing no
toxicity on its own, but boosting toxicity of glutamate 3-10 fold.
Bovine serum albumin (BSA), regular or fatty acid-free, or human
serum albumin, were all about equally effective, with maximal
enhancement at 2 mg/ml. Casein was the only substance, among
some other polymers tested, which produced enhancement of
toxicity. Potentiation by BSA occurred in presence and absence
of Mg**, with glutamate or NMDA as agonist. BSA was only
effective when present together with the NMDA receptor agonist.
Potentiation by BSA required 1 mM Ca**, with a maximum
effect at 1.7 mM. It is suggested that serum albumin, by
magnifying threshold toxic activation, of the NMDA receptor may
play an important role in neuronal degeneration.

6.4

RAPID CA1 INJURY INDUCED BY NON-NMDA AGONISTS IN
HIPPOCAMPAL SLICES. R.A. Wallis, K.L. Panizzon, J.M. Boring* and
C.G. Wasterlain. Dept. of Neurology, Sepulveda VAMC and UCLA
Sch. of Medicine, Sepulveda, CA 91343.

In dissociated cortical cultures, NMDA induces rapid neuronal injury
while non-NMDA causes slow neuronal injury. We examined the non-
NMDA excitotoxicity in the CA1 sector of hippocampal slices, using
the CA1 population spike (PS) amplitude as a physiological end point.
An 8 min. exposure to AMPA (50 yM) induced 98.4% + 1.7 (SE}
damage of the antidromically evoked CA1 PS. This damage was
blocked by 100 M DNQX, provided DNQX was continued for 60 min.
during recovery. Low calcium, dantrolene (20 4M), MK-801 (32 yM)
and azelastine {15 yM) offered little protection. Trans-ACPD (up to
200 pM) for 35 min. failed to cause significant CA1 neuronal injury.
An 8 min. exposure to kainic acid (65 #M) caused severe CA1 neuronal
damage (recovery 19.9% + 6.6) which was blocked by DNQX (100
#M) but not by MK-801, dantrolene or azelastine. These data suggest
that in the hippocampal slice, non-NMDA agonists can produce rapid
neuronal injury through activation of AMPA and kainic receptors, while
stimulation of "metabotropic” receptors alone is not excitotoxic.

Supported by the research service of the VA, the American Epilepsy
Society and grant NS13515 from NINDS.

6.6

CALCIUM ACCUMULATION IN EXCITOTOXIC BRAIN LESIONS: TIME
COURSE AND CORRELATION WITH CELL DEATH.J.B.P.Gramsbergen
and A.J. van der Sluijs-Gelling*.Erasmus Univ. Rotterdam
Sch of Med and TNO Med Biol Lab, Rijswijk, Netherlands.

In order to examine the relationship between calcium
overload and excitotoxic cell death, we investigated the
time course of regional 45Ca accumulation in the rat brain
following intrastriatal quinolinic acid (QUIN) or systemic
kainic acid (KA) administration using semi-quantitative
45CaCl2-autoradiography and radioactivity counting of dis-
sected tissues. In addition, using different doses of QUIN,
the 45Ca contents in the basal ganglia were correlated
with biochemical or histological markers of cell dysfunc-
tion or death in those areas. One week after QUIN striatal
45Ca accumulation was highly correlated with reductions of
striatal glumatic acid decarboxylase (GAD; r=0.9) and with
histological damage of the same brain sections. Time cour-
se studies of 25 ug QUIN rats showed that, although GAD
was maximally reduced (74%) at day 2, striatal 45Ca con-
tinued to accumulate up to day 42 (6717), suggesting that
45Ca was also trapped in extracellular calcium deposits.
Several hours after KA (12 mg/kg) both CA3 and CA] cells
in the hippocampus were labeled, whereas at day 2 45Ca
could not be detected in CA3 and was diminished in CA].
However, 1 and 2 weeks following KA 45Ca accumulated again
in CAl, but not in CA3. Thus, CA3 pyramidal cells seem to
die quickly, whereas CA] neurons die more slowly or can
accumulate more 45Ca before death.

6.8

AMANTADINE DERIVATIVES PREVENT NMDA
RECEPTOR-MEDIATED NEUROTOXICITY. .James W.
i, H- i i i

izhen
Sucher and Stuant A, Lipton. Dept of Neurology, Children's
Hospital & Progr. in Neurosci., Harvard Med Sch, Boston, MA.

Increasing evidence supports the hypothesis that
escalating levels of excitatory amino acids are responsible for
neuronal cell death in a variety of acute and chronic
neurological conditions including hypoxia/ischemia, trauma,
hypoglycemia, epilepsy, and degenerative diseases such as
AIDS dementia. In some areas of the central nervous system,
the predominant form of this neuronal injury is mediated by
excessive stimulation of NMDA receptors. Recently, the anti-
viral and anti-Parkinsonian drug memantine, a derivative of
amantadine, has been shown to antagonize NMDA-evoked
electrical currents in neurons, probably by a mechanism
similar to that of MK-801 (J. Bormann, Eur. J. Pharm.
1989;166:591-2). Unlike MK-801, however, memantine and
other amantadine derivatives are clinically tested drugs with
relatively few side-effects at micromolar levels. Here, we
show that memantine (6 uM) blocks NMDA-evoked electrical
currents in primary cultures of central neurons, i.e., postnatal
rat retinal ganglion cells. Also, we report that amantadine
(200 uM) or congener memantine (6 uM) attenuates NMDA-
induced increases in intracellular [Ca2+] and prevents NMDA
receptor-mediated neurotoxicity.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991



MONDAY AM EXCITATORY AMINO ACIDS:

EXCITOTOXICITY I

6.9

PENTAMIDINE, A NOVEL NMDA RECEPTOR ANTAGONIST IS
NEUROPROTECTIVE IN VITRO. LJ. Reynolds and E. Aizenman.
Depts. Pharmacol. and Physiol., U. Pittsburgh, Pittsburgh PA 15261.

Dementia frequently accompanies acquired immunodeficiency
syndrome (AIDS). This may arise from excessive stimulation of NMDA
receptors by either quinolinate or a similar neurotoxin produced by HIV-
infected macrophages (Giulian et al, Science 250:1593, 1991). A
prediction of this hypothesis is that an NMDA antagonist may delay or
prevent AIDS related dementia.

We have found that pentamidine, frequently used to treat P.
carinii infections in AIDS patients, is an effective and potent NMDA
antagonist. Pentamidine inhibits ["H] dizocilpine binding with an IC,, of
about 2uM. It is non-competitive with glutamate, glycine and
spermidine, and also slows the dissociation of [*H] dizocilpine.
Pentamidine also inhibits NMDA- and glycine induced increases in [Ca®*),
in cultured cortical neurons at similar concentrations. The inhibition of
whole-cell voltage clamped responses is independent of membrane
potential, and, with the protocol used, does not show use dependence.

Approximately 70% of cultured cortical neurons die within 24hr
of being exposed to 200uM NMDA for 30min. This excitotoxic action of
NMDA was completely reversed by the addition of 5uM pentamidine
during the NMDA exposure. However, concentrations of pentamidine
above 30uM were directly neurotoxic when present for 24hr.

These findings suggest that pentamidine may be useful in treating
AIDS-related dementia in addition to its antimicrobial activity.

6.11

IMPAIRMENT OF GLUTAMATE
BY PHENYL SUCCINATE:
A MICRODIALYSIS STUDY.
Diemer NH, Bruliu T, Berg M, Christensen T, Schousboe A
bral Ischemia Group & P otec R h Center

S AND KCL-INDUCED RELEASE

Institute of Neuropathology, University of Copenhagen and
Royal Danish School of Pharmacy, Copenhagen, Denmark

Bxcessive activation of the glutamate (glu) transmission seams to be
involved in the neuron damage after cerebral ischemia and kainate

induced seizures.Besides blockade of postsynaptic glut

another possibility for reduction of glutamatergic transmission would
be to decrease the pool of transmitter glutamate. Studies on cultured
cerebellar granule cells (Palaiologos, Hertz, Schousboe 1988) have
shown that phenylsuccinate (PS) is able to reduce KCl stimulated
glutamate release by interfering with a ketodicarboxylate carrier in
the mitochondrial membrane. We studied this in anaesthetized rats by
means of sterectactically placed microdialysis fibers in dorsal
hippocampi. Both fibers were perfused with 5 pl/min Krebs buffer; to
the right fiber was added 50 mM PS. Fifty mmol KCl was periodically
added to the perfusion fluid on both sides (10 min on, 20 min off).
Sampling time vas 5 min end the dialysates were analysed for aminoacids
after OPA derivatization on a HPLC system with fluorescense detector.
During the unstimulated period of sampling no side cCifference in glu
concentration was observed. KCl induced distinct elevations of glu on
the control side whereas the PS-treated side showed no release of glu.
Thus slso in vivo PS is able to reduce glu release; the significance
of this is currently investigated in ischemia and kainate induced

neurone damage.

6.10

HIV_ ENVELOPE PROTEIN gp120 AND THE NMDA
RECEPTOR-CHANNEL COMPLEX.

Linda A, Wong. Maureen Qyola. Nikolaus J. Sucher, & Evan
B. Dreyer. Dept. of Neurology, Children’s Hospital & Program
in Neuroscience, Harvard Medical School, Boston, MA 02115.
Pico.nolar concentrations of the HIV coat protein gp120
increase [Ca2+]; and produce neuronal injury in rat retinal
cultures; within 24 hr of exposure to 20 pM gp120, 15-50% of
the retinal ganglion cell neurons die compared to controls
(Dreyer et al., Science 1990;248:364). Previously, we found
that calcium channel antagonists ameliorate this form of
neurotoxicity as do the NMDA antagonists APV and MK-801
(Lipton et al., Neuron, in press). Here we report that in
preliminary experiments gp120-induced neurotoxicity was
partially attenuated by an antagonist of the glycine co-agonist
site, 7-Cl-kynurenate (50 pM). Nevertheless, whole-cell
recordings with patch electrodes failed to demonstrate any
conclusive action of gp120 (20-600 pM) in evoking NMDA-like
electrical responses or in enhancing NMDA- or glutamate-
activated currents. To assess effects requiring intracellular
messengers, we also recorded from retinal ganglion cells
using the ‘perforated patch’ technique (n = 30). However,
gp120 still produced no consistent NMDA-like effects. Thus,
at 20-600 pM, gp120 apparently lacks a direct excitatory effect
on the NMDA receptor-channel complex, and other actions
must be sought either upstream or downstream from this site.

6.12

NMDA RECEPTORS ON BRAIN CAPILLARIES MEDIATE COLD INJURY-
INDUCED ACTIVATION OF POLYAMINE SYNTHESIS AND BLOOD-BRAIN
BARRIER BREAKDOWN. H. Koenig*, A, Goldstone*, J.J.
Trout*, C,Y. Lu* & Z. Igbal. Neurol. Serv., VA Lakeside
Med. Ctr., & Dept. of Neurol., Northwestern U. Med. Sch.,
Chicago, IL 60611

Focal cold injury (CI) induces blood-brain barrier
breakdown (BBBB) & brain edema linked to a biphasic in-
crease in ornithine decarboxylase activity (ODC-A) &
polyamine (PA) levels in rat brain capillaries (BC). A
rapid increase appears at 1-2 min coincident with BBBB, &
lasts > 72 h (Koenig et al., J. Neurochem. 52:622-631,
1989). The ODC inhibitor DFMO, & verapamil, dexametha-
sone & aspirin block the CI-induced activation of the
ODC/PA cascade & BBBB, & putrescine (PUT) reverses .these
effects (Koenig et al., 1983, 1989). The NMDA receptor
antagonist MK-801 (1-10 mg/kg) also blocks the early (2
min) increase in ODC/PA & BBBB, monitored by fluorescein,
[1AC]AIB & HRP transport. NMDA evokes a conc.-dep. in-
crease in ODC-A, PUT & transport of 45C32+ [3H]deoxy-
glucose & HRP in isolated BC, This response is Caz+—dep N
blocked by AP5, MK-801 & DFMO, & DFMO inhibition is re-
versed by PUT. BC membranes show NMDA-displaceable L-
[3H]glutamate binding (Kg 50 nM, Bpax 176 fmol/mg) &
GLU + GLY stimulatable [ H]MK—BOI binding sensitive to
AP5 & DFMO. These data suggest that NMDA-R are present
on BC, are coupled to the ODC/PA cascade, upmodulate BC
transport, & mediate BBB breakdown induced by CI.

VISUAL PSYCHOPHYSICS AND BEHAVIOR

7.1

WHEN POPULATION CODING SURPASSES SINGLE NEURON

PERFORMANCE E. Zohary'", A, C. Sittig?", and Shaul Hochstein',
Neurobiology Dept., Life Scnences Inst., Hebrew University,
Jerusalem, Israell, Delft University of Technology, The Netherlands?

We recorded the activity of V1 neurons in the awake macaque monkey.
Neural responses to gratings of different orientations or spatial or
temporal frequencies indicate that the reliability of the most selective
neurons in signalling a difference between two stimuli differing in one
dimension may be comparable with psychophysical performance. Also,
the channel capacity of some neurons reached the perceptual limits
reported in one-dimensional absolute judgement tasks (around 2.5
bits). Thus, there are cases where behavior may be governed by the
performance of single units. However, neurons in the visual cortex are
typically selective to a number of stimulus dimensions, resulting in an
ambiguity in relating the response level of a single neuron to the
stimulus values. We show that a multi-dimensional stimulus may be
coded reliably by an ensemble of neurons, using a weighted average
population coding model. We simulated neurons with physiological
parameters, modelling a two-dimensional case of orientation and
spatial frequency tuning, and found that 103-104 neurons are needed
to reach psychophysical discrimination levels. Introduction of each
additional dimension requires 1.7 times the number of neurons in the
ensemble to reach the same level of accuracy. Since the number of
neurons in the hypercolumn is less than 105, only 3 to 5 dimensions
could influence neuronal response. This provides another rationale for
the existence of parallel processing pathways in vision.

Supported by the US-Israel Binational Science Foundation.

7.2

DIRECTION DISCRIMINATION THRESHOLDS AND RESPONSE
VARIANCE IN AREA V1 AND MT OF THE MONKEY
efan Treue, Robert |. Snowden, Richard A. Andersen
Dept. of Brain & Cognitive Sciences, M. L. T., Cambridge, MA 02139

The ability of a direction-tuned neuron to discriminate two super-
threshold patterns moving in different directions depends not only on the
neuron's tuning curve but also on the variability of it's firing. We
determined the tuning curves and the response variance of neurons in visual
areas V1 and MT of the awake behaving monkey.

Response variance was about equal to the mean response rate in both
areas. This suggests that the response variance of a MT cell arises from
mechanisms inherent in the cell itself, rather than being inherited from its
inputs since MT cells should otherwise achieve a lower variance by pooling
the signals from many V1 cells.

From the above measurements we were able to derive a neuron's
neurometric function for any firing level ( ‘criterion rate’). This function
plots the probability that the neuron fires above the criterion rate against
the stimulus direction. From the neurometric functions derived for a range of
criterion rates we calculated the cell's direction discrimination thresholds.

Discrimination thresholds followed a U-shape when plotted as a
function of criterion rate. The best discriminations are achieved along the
flanks of the neuron's tuning curve. This is in agreement with
psychophysical adaptation studies which suggest that the channels
involved in direction discrimination of super-threshold stimuli (rather than
stimulus detection at threshold) are those with a preferred direction off the
test directions. Our experiments further show that some MT neurons can
discriminate differences as low as 1.5° similar to the ability of humans
performing the same task.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991
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7.3

LESIONS OF MT IMPAIR SPEED DISCRIMINATION PERFORMANCE IN
THE JAPANESE MONKEYS (MACACA FUSCATA). E. Vandenbussche, R.C.
Saunders and G.A. Orban. Laboratorium voor neuro- en psychofysiologie,
K.U.Leuven, Belgium and NIMH, Washington D.C., U.S.A.

Monkeys (n=4) were trained to discriminate between two speeds (different or the
same) of horizontally moving random dots p d in i Byp g on
one of the two levers, the monkeys deaded if they saw two bars with the same or a
different speed. Although two stimuli were presented in each trial, control
experiments showed that the monkeys based their discrimination solely on the
second stimulus and thus used an absolute identification strategy.

The just noticeable differences (JNDs) in speed were measured using a staircase
procedure over a range of referenoe speeds (2 to 128 deg/sec). JNDs in speed were

inimal for i di speeds (of 16 to 64 deg/sec). Using the same
stimulus set-up JNDs in speed were also measured in humans (n=2) and found to be
very similar to those of the monkeys.

In three monkeys, area MT of both hemispheres was ablated by a combination of
subpial aspiration (posterior bank of ST sulcus) and mjecnons of ibotenic acid (floor
of the sulcus). Animals were peratively for three months at the
reference speeds of 8 or 32 deg/sec. In one animal JNDs increased from a Weber
fraction of 15% obtained preoperatively to a Weber fraction of 40%. In two other
animals the MT lesions had a more devastating effect. For these two animals no

lus control was obtained for a difference in speed equal to 120%. Six months
after the lesion stimulus control was obtained for one of the two animals, but not the
other. The third monkey remained at the same level (40% Weber fraction) after six
months. In control experiments these three monkeys were shown to perform
postoperatively at a 73.5% level of correct responses in a Verier acuity task for an
offset of 1.5 minutes of arcs. In a second control experiment, area TE was ablated
bilaterally in two monkeys without effect on speed discrimination.

7.5

GLOBAL MOTION PERCEPTION AFTER MT/MST LESIONS IN A
MACAQUE. Tati John H, R, Maunsell, Vincent Ferrera, William H.
Merigan, University of Roch Medical School, Roch NY 14642,

Dynamic random-dot stimuli were med to study the cortical mechanisms that
underlie the integration of local directi i mtoaglobal motion percept.
In such stimuli, each dot is displaced with a constant step size in a direction
chosen at random from a distribution, and the stimulus appears to move in the
direction of the mean of the distribution. We examined the perception of global
motion in two monkeys with ibotenic acid lesions of areas MT and MST (see
Mcngan et al, Soc. Neuroscu 1991). We measured range thresholds for the
discr of i as a fi of the fraction of dots that
moved in random dlrecuons When no dots moved randomly, the postoperative
decmse in range threshold was modest (from 330° to 250-280°). This deficit

d when the proportion of rand ymovmgdotsuwremdandbeymd
50% the monkeys were unable to perform the task. This compares to preoperative
thresholds of 96% of the dots in the target moving randomly. Thus, the discrimi-
nation of opposite directions of global motion in the presence of directional noise
was severely disrupted. The Iesions also produced a 2-4 fold loss in direction
difference thresholds that was independent of both stimulus speed and the range
of directions in the global motion stimulus. These deficits, like those described
above, persisted throughout the 5 months of postlesion testing.

Our studies demonstrate two effects of MT/MST lesions on direction sensitivity
in the absence of directional noise: direction diffmnce thresholds were elevated,
mdlhemngeofdnrecuonsma(couldbe d to judge opposite direction was
decteased The n-,lauvely modest size of these effects suggests some sparing of

and direction difference sensitivity after MT/MST lesions. On
the other hand, the addition of even small amounts of directional noise severely
compromised direction sensitivity, suggesting that these extrastriate areas may be
most critical for preserving motion visibility in the presence of motion noise.

(Supported by EY06175, EY05911, AFOSR 890041, EY01319)

7.7

REDUCTION IN DIRECTIONALLY SELECTIVE NEURONS EXTENDS
SPATIAL LIMIT FOR GLOBAL MOTION Kirsten K. Rudolph.
Pasternak, and Yincent Ferrera, Center for Visual Science, University of Rochester,
Rochester, NY 14627.

Global motion, the perception of coh flow, requi ion of many lo-
calized direction s1gnals We used dynamic random-dots 'Y study the neural
mechanisms underlying this process. In such displays, each dot is displaced with a
cmslxmswpsxumadlrecmnchosenaxmndomﬁomaspeclﬁedmnge We've
shown that cats with of directionally selective cortical
neurons (reduced DS) dlscnmmaw opposue directions of global motion at normal
levels, but are unable to make judgments of direction difference more refined than
20-30 deg. In this study, we manipulated step size to determine whether the same
pattern of results would hold over a range of spatial displacements. Opposite direc-
tion discrimination was tested in humans, normal, and reduced DS cats. As step
size increased, range thresholds decreased for all observers, but reduced DS an-
imals were less affected than normals and could do the task at step sizes beyond
those which limited performance for other observers. Discrimination of small direc-
tion differences revealed the same pattern of results. Whereas the accuracy of nor-
mal observers decreased sharply as a function of step size, at intermediate and
especially large step sizes (2.4-3.8 deg), animals lacking the majority of their direc-
tionally responsive cells did as well, and often better than normals. The spatial dis-
placement limit for these animals was ded relative to that of I

We used autocorrelation 10 compute the signal-to-noise in the stimuli, and used
this ratio as input to a modified line-element model. By varying spatial weights
used in computation of the signal, good fits could be achieved for all observers.
This result, together with the finding of tmproved perfommnce wn.h reducuon in
dot density suggest that spatial scale change in resid
along with a reogranization of sampling in the visual systems of reduced DS cats,
may account for the superiority of their performance at large step sizes.

Supported by an NSF fellowship 1o KKR, EY06175, EY01319

7.4

PERMANENT DEFICITS IN SPEED DISCRIMINATION AFTER MT/MST
LESIONS IN MACAQUE MONKEYS. VWilliam H, Merigan, Tatiana Pasternak,
Yincent Ferrera, John H.R. Maunsell, University of Rochester Medical Ceater,
Rochester, NY 14642.

Anatomical and physiological evidence suggests a central role for cortical areas
MT and MST in motion processing, and behavioral lesion results are generally
consistent with such a role. This study examined motion related psychophysical
hresholds in two keys, before and after large bilateral lesions were
made of cortical areas MT and MST. Lesions were placed by making a grid of
ibotenic acid mjecuons in d'le nntenor and posterior banks of the dorsal 7 mm of
the I sulci. Histological reconstruction, completed in one monkey,
howed the d was d on areas MT and MST, which were severely
damaged. Some cortex in the region of V3 in the lunate sulcus was also damaged.
Contrast sensitivity for detecting 1 c/deg drifting gratings over a wide range of
drift rates was unaffected by the lesion. Moreover, the monkeys discriminated the
direction of motion at contrasts near or just below detection threshold (.5-1.3%).
On the other hand, the lesion produced deficits in the discrimination of stimulus
speed Plelesnon. thresholds were about 10-13% of the speed of a 1 c/deg grating.
Postl the speed threshold was el d about 24 fold at all grating contrasts.
This elevation was still present at the time of the last tesung. about five months
after the lesions were made, and therefore can be considered essentially per
These results show that the ability to discriminate speed is reduced, but not abol-
ished, by extensive lesions of areas MT/MST. Thus, extrastriate areas MT and
MST do not appear essential to either detection or ite direction discrimi
measured as contrast sensitivity with drifting graungs On the other hand, these
areas appear important for the computation of the speed of stimulus motion,
although some discrimination ability survives their removal.

Supported by AFOSR 890041, EY06175, EY05911, EY01319

7.6

SPEED DISCRIMINATION AND GLOBAL MOTION
PERCEPTION IN PATIENTS WITH UNILATERAL
POSTERIOR BRAIN LESIONS. L. M. Vaina,!»2:3 M.LeMay 4
N, Stratton.! and T. Kemper?. lIntelligent Systems
Laboratory and 2Neurology Department, Boston University,
Boston, MA 02215; 3Division of Health Sciences and
Technology, MIT, Cambridge, MA 02139; 4Harvard Medical
School, Boston, MA 02115

Recent studies show that MT/MST lesions in the macaque
produce severe deficits of speed discrimination and global
motion perceptions. We have reported (1) that bilateral
lesions involving the occipital-parietal-temporal junction in
humans produce similar deficits. Here we show further
examples of such deficits from patients with unilateral brain
lesions. We will also show possible dissociations between
impaired speed discrimination and global motion perception
similar to that of our patient AMG reported at ARVO in 1991
(2). We will contrast both these results with the anatomical
description of the lesions and with the performance on other
motion psychophysical tasks.
(1) L.M. Vaina, et al. Visual Neuroscience, 1990, (V. 5)
(2) L.M. Vaina, et al. Inv. Oph. Vis. Sci., 1991, p. 824.
This research was supported by a grant from the National
Institutes of Health, #£Y07861-02.

7.8

INVARIANCE IN APPARENT MOTION STRENGTH WITH
VIEWING DISTANCE IS DUE TO CANCELING OF SEPARATE 2-D
SIZE AND PROXIMITY EFFECTS. Michael E. Rudd and Paola
Bressan®, Psychology Department, Johns Hopkins University, Baltimore,
MD 21218 and Dipartimento di Psicologia Generale, Universita di
Padova, 35139 Padova, Italy

The separate modulating effects of stimulus element luminance and
size on the variation of apparent motion strength with 2-D proximity
were studied using the stimulus display and competition paradigm of
Shechter and Hochstein (Vis. Res. 29:579, 1989). Luminance-proximity
and size-proximity interactions were analyzed on the basis of trials run
in blocks in which luminance and size were held constant while proximity
varied. This method allowed us to quantitatively model the interaction
effects in the absence of confounds introduced in earlier studies.

Our results reveal a significant size-proximity interaction, consistent
with earlier findings. Furthermore, we show that this interaction obeys
a quantitative law which accounts for the previously reported "scale
invariance” of motion strength with viewing distance (Burt and Sperling,
Psych. Rev. 88:171, 1981): Z-scores for motion in the reported direction
vary in proportion to the element diameter. This finding cannot be
explained as an artifact of the covariation of el t size and el t
interedge distance. No effects of either luminance or luminance flux
were observed. The results are related to a recent model of motion
computation by the cortex (Rudd and Grossberg, Neurosci. Abst. 16, 962,
1990).

Supported by ARO DAAL 03-88-K0088/NIH BRSG-2-SO7-RR07041-25
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7.9

PERCEIVED VELOCITY OF GRATINGS VARIES WITH TARGET
AND MOTION PATH TEMPORAL FREQUENCY. E, Katz. J. Victor
and M, S, Gjzzi. Department of Neurology and Neuroscience,
Cornell University - Medical College, New York, and Department
of Neurology, Mount Sinai School of Medicine, New York.

Last year we reported that the perceived velocity of an object is
lnversef' related to the length of the motion path and thus
positively related to the temporal frequency (TF) of the motion
path (Katz et al. Neurosci. Abstr. 46.3, 1990). In the present study
we measured perceived velocity of grating patches as a function of
their true velocity, the TF of the grating and the TF of the motion
profile. Vertical grating patches (2.29x2.2°) moving at constant
speed, back and forth for 1 cycle of a triangular motion profile
were produced on a 608 Tektronix oscilloscope and viewed at 57
cm. Each trial consisted of randomly ordered sequential
presentation of standard and test stimuli.” Velocities were judged
in a two-alternative forced-choice paradigm. The standard
stimulus moved at 8.3°/s or 10.2°/s, along 4.0° or 4.8° motion
path. The velocity of the test stimulus was 9.28°/s and its motion
path varled from 0.55° to 4.4°. In addition, we manipulated the
TF of both test and standard stimuli by presenting them at spatial
frequencies of 0.91 cyc/° and 3.6 cyc/° in matched and
mismatched conditions.

The data indicate that when standard and test stimuli were
identical in grating TF and motion path TF, the 10% velocity
difference was barely discriminable. When standard and test
stimuli differed in grating TF but not in motion path TF, the
stimulus with the higher graunﬁ TF was perceived as faster,
independent of true velocity. Finally, when the stimuli differed in
motion path TF, the stimulus with higher motion path TF was
perceived as faster regardless of grating TF and true velocity.

Supported by EY7977 (%’V] and EY00306 (MSG)

7.11

COLOR SATURATION CONSTANCY
Richard O. Brown & Donald I. A. MacLeod
Dept. of Psychology, UCSD, La Jolla, CA 92093-0109

In color constancy, the perceived color of an area depends on the
relationship between the light from that spot and the light from its
surround. These effects have been widely studied for the color
dimensions of lightness and hue. We report such surround effects
occur also for color saturation.

Colors appeared more saturated in a low-saturation surround than
in a high-saturation surround, even when the mean lightness and
chromaticity of the two surrounds were identical. Similarly,
achromatic colors appeared blacker or whiter in surrounds with low
contrast variance than in high contrast surrounds.

These saturation effects may be analogous to the well-known
phenomena of induction and constancy for lightness and hue, but
they are neither predicted nor explained by the usual accounts and
models of color constancy. Saturation constancy implies
compensatory expansion or compression of the range of colors
present in a scene, without necessarily shifting the centroid (or
neutral grey point) of those colors.

Color constancy is commonly considered as a matter of
"discounting the illuminant”. Most changes in the illuminant
primarily affect lightness and chromaticity, with relatively minor
effects on saturation. Color constancy, including constancy for
saturation, may be important for additional visual functions, such
as vision through haze, transparency, depth, etc.

Supported by NTH EY06216 and EY 01711.

7.10

CROSS DIRECTIONAL INHIBITION IN HUMAN MOTION
PROCESSING.
R.J. Snowden, University of Wales College Cardiff, Cardiff CF1 3YG, UK.

Selective adaptation experiments have led to the notion of 'visual channels'.
For instance adaptation to a pattern moving upward increases the threshold for
seeing patterns moving upward, the effect decreasing as the angle between
the adapting and test pattern increases until no effect is seen (typically when
the patterns differ by more than 120 deg). This suggests that there are
independent directional specific channels in human vision.

To test this riotion | have used a ‘double adaptation’ procedure. Subjects
adapt to a random dot pattern which alternates between two directions (A & B).
If directions A & B activate the same channel threshold elevation to direction A
should be greater than adapting to A alone; if A & B activate independent
channels then elevation should be the same as A alone; whereas if there is
inhibition between channels A and B elevation will be less than A alone. The
results show that a clear inhibitory effect between patterns which differ by
more than 100 deg, with the greatest inhibition when the patterns differ by
around 120 deg.

Patterns which differ by 120 deg do not affect each others threshold for
detection, yet appear to be inhibitory in the ‘double adaptation' procedure.
This suggests a ‘divisive' inhibition. This notion was further tested by
measuring threshold elevation as a function of adapting contrast either in the
presence of absence of such an inhibitory pattern. Again the results clearly
show that the inhibitory effect is divisive in nature. These results bear great
resemblance to those reported for individual cells of the extrastriate area MT
(Snowden et al, Soc¢, Neurosci, Abs, 16: 7.5, 1990).

7.12

Surface representation vs features in visual search.

Z. He' K. Nakayama'! and N, Tumosa?. Dept. Psychology, Harvard
Univ'. Optometry Sch,Univ. Misssouri-St. Louis?

Often implicit in the interpretation of visual search tasks
is the assumption that the detection of targets is determined by
the properties of early feature processing. In this report, we cast
doubt on this view by manipulating binocular disparity so that
supposed "features" can become parts of surfaces which render
them less clearly distinguishable as targets and distractors. For
example, an L next to a square (see figure beside) can appear to be

part of an occluded surface particularly

if its disparity is uncrossed with respect

c] E D . to the square. Similarly, an L in a

E slightly more complex display can

appear as part of a transparent surface

in front if the sign of binocular disparity is crossed and the

luminance conditions are correct (Nakayama, et al., Perception.

1990). In a series of experiments manipulating binocular

disparity, distractor number, and luminance ratios, we were able

to show that the detection of a reversed L among other Ls was

signifcantly impaired when the L formed part of a more complete

surface. These results raise the possibility that visual search has

little or no access to the level of feature extraction but must have
as an input, a later process of surface representation.

Supported in part by grant AFOSR, number 90-0330.

PATTERN FORMATION, COMPARTMENTS AND BOUNDARIES I

8.1
Eye morphogenesis in the zebrafish. E.A. Schmitt*, C. Fulwiler

L.V. Goodrich* & ].E. Dowling. Biological Laboratories, Harvard
University, Cambridge, MA 02138.

As a foundation for genetic analysis of retinal development in zebrafish,

we examined eye morphogenesis in wild type and haploid embryos by
scanning EM and light microscopy. Here we describe novel features of eye
development observed in the course of these studies.

After evagination of the optic vesicles between the 6 and 10 somite (s)

stages, the vesicles of the zebrafish flatten as they extend laterally. Then
upon contact with ectoderm, they rotate downward along the long axis of the

embryo. A central crevice appears separating the distal and proximal
neuroepithelia and will later form the optic lumenae. Shortly afterwards,
an antero-posterior furrow becomes visible on the surface of the vesicle
(15s). Invagination commences with a central depression in the furrow,
spreading symmetrically across the vesicles. At the anterior end of the
furrow a shallow groove marks the first appearance of the choroid fissure
(16s) which will increase in depth along with the optic cup between 16 and
20s.

Between 1 and 1.5 days, ventral flexure of the head results in rotation of

the eye by 90°. This brings the choroid fissure into a ventral position. In

haploids, the fissure is abnormally wide and fails to close. Subsequently, as

the surrounding ventral retina differentiates, the organization of cellular
layers in this region is disrupted.

Our observations indicate that the epithelium which becomes neural
retina originates in the dorsal half of the vesicle prior to its downward
rotation.

8.2

Pattern regulation in the retina of the zebrafish mutant cyclops.
C. Fulwiler, E.A. Schmitt*, & I. E. Dowling. Prog. in Neuroscience,
Harvard Medical School and Biological Laboratories, Harvard Univ.

We examined retinal development in the ¥-ray induced zygotic lethal
mutation cyc-1(b16), obtained from Dr. C. Kimmel, U. of Oregon (Hotta,
et.al., Nature 350:339, 1991) in order to investigate how synophthalmia
affects retinal pattern formation. Plastic sections from mutants between 1 &
3 d. were compared with sections from wild type siblings.

In the cyclops eye at 1.5-2d, a midline inner retinal pattern develops
between two laterally placed inner retinas. Two eye fields appear to have
fused and induced a third field. The cellular and plexiform layers in the
midline are continuous with the layers on either side.

By 3d., three outer retinal layers are apparent, one midline and one on
each side. The photoreceptor, outer plexiform and horizontal cell layers
are continuous across the midline, there being a gradual transition in cell
polarities between them. Abnormal cell death is seen, primarily medially
where the two eye fields overlap. We have tentatively identified new
germinal cells moving into this region, perhaps to contribute to the
emerging midline pattern. The result is a ventral to dorsal gradient of
retinal cells with the oldest ganglion cells across the ventral margin and
the youngest photoreceptors across the dorsal margin.

The effect of the cyclops mutation on the retina is probably indirect,
reflecting a regulative response of cells to abnormal positional
relationships created by the fusion of two eye fields. Our observations
suggest that in the retina, interactions between neighbors may be more
important to the generation and maintenance of the laminar pattern than
information about a cell's position within the eye field.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 17,1991
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8.3

CORRESPONDING ORTHOGONAL GRADIENTS OF TOP
MOLECULES IN THE DEVELOPING RETINA AND
OPTIC TECTUM. D, Trisler, S. Gill*t and J, Joshi*. Lab. of
Biochemical Genetics, NHLBI, NIH, Bethesda, MD 20892 and
FGeorge Washington Univ. School of Medicine, Washington, DC
20037.

The topographic map of cell position in the avian retina is conserved
and inverted when retinal ganglion neurons synapse with neurons in the
optic tectum. Developmental mechanisms based on molecular gradients
that specify positional information have been postulated in the
establishment of these topographic maps of cells in the retina and
tectum. Two cell surface proteins in chicken retina, TOPpy and TOP5p,
are distributed in dorsoventral and anteroposterior topographic
gradients, respectively (Trisler, 1990, J. Exp. Biol. 153: 11-23).
Corresponding gradients of TOP molecules, present in the tectum, are
inverted with respect to the retinal gradients; TOPpy is more abundant in
dorsal retina and ventral tectum and TOP 5p is more abundant in
posterior retina and anterior tectum. Both TOPpy and TOP p are
present at embryonic day 2 and persist throughout development and in
the hatched chick. Regulation of TOP expression was studied in vivo
and in vitro using the quail neuroretina cell line, QNR/D (Pessac, et al.,
1983, Nature 302: 616-617). Eye rotation and retinal sector ablation
studies show that TOPpy expression is determined before embryonic
day 3. The level of TOPp,, expression throughout the retina is
established by cell lineage. These orthogonal gradients of TOPpy and
TOP,p molecules provide a possible Cartesian coordinate system for
designation of cell position at all points in the retinotectal map.

A ROSTROCAUDAL GRADIENT OF TRANSGENE EXPRESSION
IN ADULT MOUSE SKELETAL MUSCLE. M
P. _Merlie, and Joshua R. Sanes. Departments of Anatomy and
Neurobiology and of Molecular Biology and Pharmacology, Washington
University Medical School, St. Louis, MO 63110.

We previously generated transgenic mice in which a promoter and
enhancer from a myosin light chain (MLC) 1/3 gene are linked to a
chloramphenicol acetyltransferase (CAT) gene. CAT expression is
muscle-specific and developmentally regulated in these mice. Analysis
of 35 individual muscles now reveals that CAT and CAT mRNA
expression are positionally graded along the rostrocaudal axis. The
gradient spans the entire body, and has a >100-fold range from lowest
levels in muscles innervated by cranial nerves to highest levels in muscles
innervated by lumbar and sacral nerves. The relationship between
rostrocaudal position and level of transgene expression is not due to the
site of transgene integration into the chromosome or to sequence§ in
CAT. A novel histochemical stain for CAT reveals that transgene
expression is fiber type-dependent (Type 1IB>IIX>IIA>I), but that levels
of CAT are positionally graded among fibers of each type. However,
there is no gradation in the expression of the endogenous MLC 1/3 gene.
Our interpretation of these results is that MLC sequences, when taken
out of their genomic context, respond to an endogenous regulator of
transcription whose activity is positionally graded. The stability of this
positional memory is demonstratable in vitro: myoblasts from individual
muscles divide in culture and form myotubes that express levels of CAT
characteristic of their muscle of origin. This pattern of transgene
expression provides a molecular correlate of positional gradients of
synaptic preference demonstrated electrophysiologically (e.g., Wigston
and Sanes, J. Neurosci. 5:1208, 1985), and the transgene may be useful
for investigating the endogenous determinants of this positional
information. (Supported by NIH and MDA.)

8.7

NERVE GROWTH FACTOR INJECTIONS RESCUE CELLS, BUT
NOT CNS WHISKER PATTERNS, AFTER INFRAORBITAL NERVE
INJURY AT BIRTH. P.A, Osborne*, T.A. Henderson, E.M. Johnson,
C.A. Bennett-Clarke, P.A. Young, R.W, Rhoades, & M.F, Jacquin. Dept.
Anat. & Neurobiol., St. Louis Univ. Sch. Med., St. Louis, MO 63104;
Dept. Molec. Biol. & Pharm., Washington Univ. Sch. Med., St. Louis, MO
63110; Dept. Anat., Med. Coll. Ohio, Toledo, OH 43699.

Neonatal infraorbital nerve section rapidly kills large numbers of trigeminal
first- and second-order cells, and interrupts pattern formation in brainstem,
thalamus, and cortex. To determine whether rescue of axotomized ganglion
cells by NGF prevents second-order cell death and permits development of
whisker-related patterns, rats were given sub-Q injections of 5 mg/kg NGF
prior to, and every day after, left infraorbital nerve section on the day of
birth until sacrifice on postnatal day (P) 1, 3, 5, or 7. Unlike pups not given
NGF (Henderson & Jacquin, Neurosci, Abstr. 16, *90), NGF-treated animals
displayed no significant cell loss in the ganglion (P1: 97+4, P3: 103+12,
P5: 103415, P7: 95+11; % + SD vs. control right side, N=5 each) or
brainstem nucleus principalis (P1: 10245, P3: 102+7, P5: 100+7, P7:
99+3; N=5 each). 5 other NGF-treated nerve cut pups from each age were
processed to show whisker-related cytochrome patches in the brainstem and
thalamus, and S-HT patches in the cortex. Deterioration of brainstem patt-
erns, and failure to develop higher-order patterns, proceeded as in cases not
given NGF. These data are consistent with prior proposals that communica-
tion with the periphery is necessary for the normal development of CNS
whisker patterns. They also suggest that rescuing primary afferents prevents
second-order cell death, but this conclusion must be tempered by known dir-
ect effects of NGF on CNS cells. DE07734, DE07662, NS24679, NS28888.

8.4

MOLECULAR CLONING AND EXPRESSION OF TOPpp; A
GRADIENT MOLECULE IN THE CHICK RETINOTECTAL
SYSTEM. .M. Savitt", D, Trisler and D.C. Hill, Dept. of
Biochemistry and Neurology, Univ. of Maryland Sch. of Med.,
Baltimore, MD 21201. Laboratory of Biochemical Genetics, NHLBI,
NIH, Bethesda, MD 20892.

TOPpp is a 40 kD protein found in an exponential gradient in chick
retina and tectum. Studies involving monoclonal antibodies have
shown that the TOPap epitope is found preferentially in posterior
retinal cells and their major projection area, anterior tectum.
These studies and additional in vivo experiments suggest that TOP5p
may be involved in position-specific neural connections in the
developing chick visual system. In order to better understand the
structure and function of this molecule we constructed a cDNA
expression library from posterior quadrant chick retina mRNA and
screened 108 clones using an anti-TOPap monoclonal antibody. A
single positive clone was identified, and subsequently expressed as a
45 kD Lac Z fusion protein which was recognized by the monoclonal
antibody on Western blots. Analysis of the cloned sequence
demonstrated a near full-length cDNA of approximately 3.1kb with
an open reading frame coding for 371 amino acids. The translated
sequence showed limited similarity to known protein-coding regions
found in the NBRF database. Further analysis has shown that a
single mRNA species of approximately 3.5kb codes for TOPpp and
appears to be preferentially expressed in posterior quadrant chick
retina.

8.6

FETAL INJECTIONS OF NERVE GROWTH FACTOR INTERRUPTS
WHISKER-RELATED PATTERN FORMATION IN BRAINSTEM. T.A.
* i id* EM
& M.F, Jacquin. Dept. Anat. & Neurobiol., St. Louis Univ. Sch. Med., St.
Louis, MO 63104; Dept. Molec. Biol. & Pharm., Div. Exp. Neurol. &
Neurosurg., Washington Univ. Sch. Med., St. Louis, MO 63110.
Mechanisms normally controlling pattern formation in the developing
trigeminal (V) system are unknown. The only direct manipulation known to
alter development of whisker-related CNS patterns is peripheral nerve injury.
To test the role of naturally occurring ganglion cell death in this process, rat
embryos were given transuterine, sub-Q injections of exogenous NGF (20 or
30 ug) on either embryonic day 15 (E15), E16, E18, or both E15 + E18.
Control embryos received injections of matching volumes of antibodies to the
NGF receptor or vehicle. Fetuses were brought to term (E21.5 + .5;
conception = EOQ), weighed, and perfused. Brainstems were processed for
cytochrome oxidase (CO) histochemistry. Experimental and control pups had
equivalent body weights that were on average 20% below normal. All
controls, and pups given NGF on E16 or E18, exhibited distinct whisker-
related CO patterns that did not differ from those in untreated pups at birth.
E15 NGF cases had a less distinct pattern. Pups given NGF on E15 + E18
did not display whisker-related CO patterns in any portion of the V brainstem
complex, despite dense CO staining where patterns normally appear. Other
E15 + E18 NGF pups sustained for 24 or 72 hours postnatally, and given
daily injections of 5 mg/kg NGF, also did not develop CO patterns. Here
too, dense CO staining was seen in the V complex. Other than lacking a
whisker pattern, V nuclei looked normal. Why patterns do not form is under
study. NGF may alter projections to the face or rescue "interpatch-project-
ing" ganglion cells from a natural death. DEQ7734, DE07662, NS24679.

ACTIVITY-DEPENDENT COMPETITIVE INTERACTIONS IN THE
DEVELOPING WHISKER-BARREL NEURAXIS. P.H, Lee*. W.R.
" .

Weaver*, T.A. Henderson, R.V. Sonty, T.A. Woolsey, & M.F, Jacquin.
Anat. & Neurobiol., St. Louis Univ. Sch. Med., St. Louis, MO 63104; Exp.
Neurol. & Neurosurg., Washington Univ. Sch. Med., St. Louis, MO 63110.

We (Henderson et al., Neurosci, Abstr. 15, *89) have shown that postnatal
blockade of infraorbital nerve mpulses does not alter pattern formation or
cytochrome oxidase (CO) stammg m developmg whisker-barrel pathways.
Yet, others have d d r g following neonatal deaffer-
entation/deprivation or chronic whlsker-trlmmmg in adult rats (eg. Land &
Simons, Brain Res. 341, '85). In an attempt to reconcile these data, addition-
al whisker deprivation paradigms were studied. 5 rats had all of their left (L)
whiskers trimmed daily for 2 wks from birth and CO staining patterns and
intensities were evaluated. L and right (R) trigeminal nuclei, thalami, and
cortices were indistinguishable. Identical methods were used in 6 littermates
to determine whether CO patches stain differentially when all of the
whiskers, except those in the C-row, were trimmed daily. Again, L and R
staining patterns and densities, as well as patch sizes, were equivalent in each
station. In another litter, we found that cortical B+D row patch sizes were
not altered by L C-row cautery at birth (vs control: 97+11%, N=4). In
contrast, cortical B+ D row patches were larger than normal when littermates
were subjected to both C-row cautery at birth and daily whisker trimming (vs
control: 117417, N=4, p<.01). Taken together, the above data suggest that
under normal conditions, postnatal ganglion cell activity does not control
pattern formation or metabolic activity in the developing barrel neuraxis.
However, subordinate activity-dependent competitive interactions can be
revealed when a competitive advantage is conferred upon B+D row neuropil
by C-row cautery at birth. NIH DE07734, DE07662, NS17763.
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8.9

CORTICAL FIELD TRANSITIONS DO NOT FORM CELL LINEAGE
BOUNDARIES IN RAT HIPPOCAMPUS. E.A. Grove and J. Price*,
National Institute for Medical Research, Mill Hill, London NW7 1AA,
UK.

We employed the retroviral method for tracing cell lineage to ask
whether clonal restriction boundaries define the borders between areas
in a portion of the cerebral cortex: the hippocampus. A replication-
incompetent retrovirus, carrying the /ac-Z gene, was injected into the
cerebral vesicles of embryonic rat brains at the peak of cortical
neurogenesis, embryonic day 16. Pups were allowed to survive until
the third postnatal week, when cortical area boundaries appear
mature. Clones of neurons derived from infected progenitor cells were
histochemically identified and their dispersion examined relative to area
boundaries determined in the same tissue sections.

The spread of individual neuronal clones in the hippocampus
appears limited compared with that seen in contiguous neocortex;
pairs of clonally related neurons rarely lay more than 100-200um apart.
Nonetheless, clones freely crossed field boundaries among the CA
fields of Ammon’s horn and between CA1 and the subiculum.
Statistical analysis of data from our sample of 49 hippocampi indicated
that the dispersion of neuronal clones is not constrained by structural
boundaries at all; rather clones distribute in an apparently random
manner over the surface of the hippocampus. Cortical fields, at least
in the hippocampus, therefore appear to differ from structural
subdivisions in the hindbrain and diencephalon, whose borders form
clonal restriction boundaries during neurogenesis.

8.11

EVOLUTION OF INSECT SEGMENTATION AND HOMEOTIC
GENES AND THEIR FUNCTION DI%RING NEUROGENIZESIS
EE. B ll , EJ. Rehm”" and N.H. Patel” , and C.S, Goodman”.
Mol. Neuro RSBS, Aust. Natl. Uni., PO Box 475, Canberra ACT 2601,
Australia; 2HHMI, Dept of Mol. Cell Biol., Uni Calif., Berkeley CA 94720.
In Drosophila, segmentation and homeotic genes are expressed in the
blastoderm and control the pattern and identity of segments. Many of these
same genes are also expressed later during the development of the nervous
system and several have been shown to control the differentiation of
particular neurons. Previous studies on engrailed (en) indicate that this
Drosophila segment polarity gene is utilized for both segmentation and
neurogenesis in arthropods, but its only conserved function in chordates
appears to be in neural development. To expand our knowledge of the
evolution of genes involved in segn ion and neurogenesis, we have
cloned the grasshopper homologs of the Drosophila pair-rule gene even-
skipped (eve) and the homeotic gene Antennapedia (Antp), both of which
encode homeodomain-containing proteins. In both insects, eve is expressed
in a very similar subset of neurons and by muscles that are innervated by the
motoncurons that express eve, suggesting a potential role for this gene in
regulating neuromuscular connectivity. The grasshopper eve gene, however,
is neither expressed in a pair-rule nor any other pattern during
segmentation. In contrast, the grasshopper Antp gene is expressed during
both seg ation and neurog in a very similar to its
Drosophila counterpart. These results suggest that the early pattern
formation and neurogenic functions of homeotic (4nfp) and segment
polarity (en) genes have been largely conserved between grasshopper (a
more primitive insect) and Drosophila, whereas only the neurogenic function
of a pair-rule gene (eve) has been conserved between these two species.

8.13
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8.10

RHOMBOMERIC ORGANIZATION IN THE EMBRYONIC VER-
TEBRATE HINDBRAIN. R, Baker, E. Gilland*, and D. Noden*, Dept.
of Physiol. and Bug)tlxlys 'NYU Med. Ctr., New York, NY 10016 and
Dept.of Anat.,NY of Vet. Med., ComellUmv Ithaca NY 14583.
ombomeres are metameric units in the hindbrain of vertebrates
that may delineate compartments in which neurons develop at
different times and project to srecxﬁc peripheral and central targets.
To better understand the phylogeny and ontogeny of rhombomeric
organization we have examined embryonic motor nuclei in segment-
ing hindbrain neuroepithelium utilizing cationic lipophilic dyes ap-
plied to formaldehyde preserved and living skate, shark, turtle, bird,
mouse, and ferret embryos. All species exhibited seven clear hind-
brain rhombomeres, but boundaries of an eighth were less ewdent
especially in shark and skate. An alternating wedge-like se;
shape was prominent in r2-5, especially in the bird an ferret
Motoneurons of nerves V, VII, IX, and X originated in adjacent pairs
of rhombomeres (r2-3, r4- 5, r6-7 r7-8) and the sensory/motor bers
entered and exited at thombomeres 2, 4/5 junction, 7 and 8, res
tively. In the shark and skate, most Vth motoneurons ongmated rom
r3 and the nerve rootlet exited from that rhombomere. In mouse and
ferret, V and VII motoneurons largely originated from r2 and r4, but
in turtle and bird equal numbers were observed in r2-3 and rd-5. The
VIth nerve emerged from the floor plate of r6 (skate and shark), r5 and
16 (turtle and bird), but only from r5 in ferret and mouse. Motoneu-
rons of the VIth nerve were medial to those of VIl and IX in r5 and r6.
We conclude that the branchio-motor origins of V, VII, IX and X are
similar in all species; however there is considerable interspecific
disparity in the VIth nerve, some in V and less in VII. These data
suggest that rhombomeric compartmentahzatxon is a highly con-
served template u cfn‘m which species-typical developmental modifica-
tions are execute:

8.12

RETINOIC ACID DISRUPTS ANTEROPOSTERIOR PATTERNING AND
NEURAL GENE EXPRESSION INSIDE AND OUTSIDE EMBRYONIC FROG
BRAIN: EVIDENCE FOR POSTERIOR TRANSFORMATION? W.P, Hayes
and Y.P, Loh. Lab. Dev. Neurobiol., NICHD, Bethesda, MD 20892.
Increasing evidence suggests all-trans retinoic acid (RA) is a morphogen
during embryogenesis. A strong case exists for RA in anteroposterior (A-P)
patterning of chick limb bud (Smith et al. 1989, Development Supplement).
More recently, RA has been implicated in A—P patterning of the embryonic
CNS in Xenopus. Like Sive et al. (1990, Genes & Development 4), we
found a progressive and dose-dependent A-P deletion of the CNS by RA.
Since the RA-sensitive period precedes neural induction, RA may be toxic to
more ‘anterior' gastrulating mesodermal cells and thus block anterior neural
induction. But since RA is present in gastrulae and neurulae, and since an
apparent enlargement of the remaining posterior CNS was observed, it has
been proposed that RA normally acts to transform anterior-specified neural
tissue to more posterior CNS (Durston et al. 1989, Nature 340). Regional
homeobox (HB) gene expression also supports this, because RA only acts in
concert with growth factors that have differentially induced anterior or
posterior HB genes (Cho and De Robertis 1990, Genes & Development 4).
To test this hypothesis we are usmg neuropeptide genes to map regional
neural differentiation after progressive A-P ‘ablation’ by RA. Our previous in
situ hybridization studies showed that proopiomelanocortin (POMC) is the
anteriormost embryonic marker of neural gene transcription (Hayes and Loh
1990, Development 110), whereas thyrotropin-releasing hormone (TRH)
and proenkephalin label more posterior CNS. Interestingly, 10-7 and 5x10-8
but not 10-8 RA eliminated POMC expression in pituitary and CNS, although
at 5x10-8 RA, forebrain areas which normally express POMC were still
present. Nevertheless, at 10-7 RA, anterior brain did, as previously reported,
resemble enlarged hindbrain tissue. We are now using proenkephalin and
TRH probes to determine if as predicted this ‘transformed' region exhibits a
pattern of neural differentiation characteristic of hindbrain and spinal cord.
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9.1

AN EYE- SPECIFIC PROTEIN KINASE C IS REQUIRED FOR MEDIATING
EXTRACELLULAR CALCIUM DEPENDENT LIGHT ADAPTATION IN
DROSOPHILA PHOTORECEPTORS.

Stevens. and C. S, Zuker. Howard Hughes Medical Institute, Depts. of
Biology and Neuroscience, UC San Diego, La Jolla, CA 92093, and the Salk
Institute, La Jolla, CA 92037.

With the goal of examining the role of calcium ions in invertebrate
phototransduction, we have developed a novel preparation of isolated
Drosophila photoreceptors suitable for an electrophysiological
characterization of the light response using patch clamp techniques. Our
general characterization of the Drosophila light activated conductance
indicated that it is permeable to many monovalent cations, and is highly
permeabile to calcium ions. The responses to both brief flashes and longer
pulses of light show a marked asymmetry about the reversal potential in which
the kinetics of adaptation and inactivation are much faster during inward
current flow. Our results indicate that this behavior is not directly voltage
dependent, but is instead dependent on the direction of ion flow.
Experimenis in which we recorded from photoreceptors under varying
[Ca2+]o1 showed that extracellular calcium is both sufficient and neccessary
for mediating a rapid stimulus-dependent inactivation of the
phototransduction cascade that underlies the observed asymmetries.

In order to understand the biological significance of this calcium-
dependent inactivation process, we screened putative phototransduction
mutants for those defective in this process. We show that mutations in a gene
that encodes a photoreceptor-specific isoform of a protein kinase C(PKC) are
specifically defective in this calcium-dependent inactivation mechanism and
that the expression of the mutant phenotype completely requires extraceliular
calcium. These data suggest a model in which calcium mobilization as a result
of channel activation modulates the phototransduction cascade largely
through the activation of this protein kinase C, and that this mechanism may
represent a molecular basis for light adaptation in Drosophila.

9.3
STRUCTURE OF THE HUMAN SAMPLING MO;AIC IN PERIPHERAL
RETINA. J M. Bianchi . Department of

Ophthalmology and Visual Science, Yale University School
of Medicine, New Haven, CT 06510.

The structure and packing of retinal photoreceptors
determines the spatial detail available to the visual
system for subsequent neural processing. Although the
sampling mosaic plays a fundamental role in vision,
sampling strategies have not been explored ?ezond the
foveal region. We compare the foveal mosaic™’“ with a
region of the same retina between 9 and 11 degrees of
eccentricity, and find that the cone center-to-center
spacings exceed those in the fovea (factors of 4 to 5),
rods are more numerous than cones (factor of 16), and
the cone spacings exceed cone aperture diameters (factor
of 1.8) all resulting in a substancial loss of sampled
spatial detail. Further, measures gighest visual
acuity in this region (8.6 to 11 c/deg) are below the
resolution capacity (as estimated from cone spacings) of
this peripheral cone mosaic (14 to 15 c/deg) suggesting
that peripheral postreceptoral processes that mediate
resolution may be compromised in comparison to the more
central systems where tge visual acuity coincides with
the anatomical resolution.

1. Curcio, et al, 1987, Science, 236, 579-582.
2. Hirsch and Curcio, 1989, Vision Res., 29,1095-1101.
3. Westheimer, 1982, Vision Res., 22, 157-162.

9.5

ROD OUTER SEGMENT LENGTH: A CASE OF STRUCTURE-
FUNCTION RELATIONSHIPS. K, N, Lejbevic and R, Moreno-Diaz
Jr.* Biophysics Department, Sch. of Med. SUNY/Buffalo, N.Y. 14214
and Computer Science, Universidad de Las Palmas, E-35016 Las
Palmas, Spain.

There are numerous examples of structure subserving function in the
literature, a case in point being diameter and spacing of photoreceptors
with respect to acuity and the limits of diffraction. Photoreceptor
length, on the other hand, has not received such attention. Vertebrate
rods are exquisitely sensitive, being able to detect single photons in spite
of the presence of noise due to the transduction machinery. Efficient
absorption of photons favors a long outer segment (OS), while noise
control requires a short one. These competing demands lead to an
optimality criterion for rods operating in dim illumination. We have
shown that this criterion predicts the correct OS length in Bufo marinus.
Here we extend the optimality criterion to several other species
including Macaca fascicularis. We show that our computed OS lengths
are in close agreement with the experimental values. It supports the
notion that these rods are designed to act as efficient photon detectors in
the presence of noise. On the other hand, there is no such agreement
for the rods of the skate. This is consistent with the fact that the latter
rods operate over a range of light intensities covered by rods and cones
in most other vertebrate eyes. Our results provide a rationale for rod
OS length in a variety of vertebrate species and can be used as an aid in
classifying functionally different photoreceptors.

Supported by a gift to K.N. Leibovic from the UB Medical School class of
'39 and by a grant from the Cognitive Science Center SUNY/B.

9.2
LIGHT ADAPTATION OF HUMAN PHOTORECEPTORS. D, C. Hood

" Columbia Univ., NY 10027 and Retina Foundation of the SW,
Dallas, TX 75231

The role our photoreceptors play in our ability to adjust to steady ambient
lights is incompletely understood. In this study, we measured human
photoreceptor activity by examining the leading edge of the a-wave of the ERG.

We have recently shown that the leading edge of the a-wave provides a
measure of the activity of human photoreceptors'. In particular, the a-wave
varies with time and flash energy in ways consistent with known computational
models? of receptor responses. In separate experiments, we isolated the cone
and rod a-wave by procedures previously described’. The 600 ps flashes were
red (W26) or blue (W47B) and were presented upon ‘white’ adapting fields.
Amplitude-intensity data for full-field ERGs were obtained in the dark and upon
steady adapting fields ranging in intensity from 10 to 10,000 trolands for the
cones and from 1 to 250 scot td for the rods. Plots of response amplitude at
fixed times after the flash confirm that the data can be described by a class of
models with a linear filter followed by a static nonlinearity!-2. A computational
model of adaptation was fitted to the data.

Both receptor types show adaptation but not until the adapting field is
relatively intense, greater than 1.0 log scot td for the rods and 3.0 log td for the
cones. Adaptation includes a gain change and some change in the time
course. A similar computational model of adaptation fits both receptor types.

1. Hood & Birch (1990) /VOS 31; Hood & Birch (1990) Vis. Neurosci 5;
Hood & Birch (1991) /VOS 32/4. 2. Baylor et al (1974) J. Physiol. 242;
Baylor et al (1984) J. Physiol. 357; Penn & Hagins (1972) Biophys J. 12.
Schnapf et al (1990) J. Physiol. 427.

9.4

PHOTORECEPTOR TRANSPLANTATION: ANATOMIC,
ELECTROPHYSIOLOGIC AND BEHAVIORAL EVIDENCE FOR
THE FUNCTIONAL RECONSTRUCTION OF RETINAS LACKING
PHOTORECEPTORS M.S, Silverman, S.E. Hughes. and T.L. Valentino!.
Sensory Neuroscience Laboratory, Central Institute for the Deaf, and !Dept. of
Biology, St. Louis University, St. Louis, MO 63110.

We have shown that sheets of photoreceptors can be transplanted to retina
lacking photoreceptors (Silverman and Hughes, 1989, IOVS 30:1684). However we
wished to determine whether these transplanted photoreceptors functionally integrate
with the dystrophic retina and if s0, whether such integration resulls in any degrec of
visual function. Sheets of 1 photoreceptors were planted to the sub
space of one eye of hosts (albino rats with severe photoreceptor loss induced by
constant light exposure) using the photoreceptor isolation and transplantation
procedures previously described. Two to 10 weeks post-transplantation cortical
evoked potentials (VEP) were recorded from skull screws located over the visual
cortex. Flash sti ion of the ucted eye Ited in a cortical potential
comparable in waveform and up to 50% the amplnude of VEP recorded from normal
rats. Little or no response was recorded by such stimulation of the fellow
unreconstructed eye or sham operated eyes. The reconstructed eyes also show a
conventional pupillary reflex to light, while fellow unreconstructed or sham-operated
eyes show a much attenuated response that was aberrant in form (a small pupillary
dilation to continuous light). Ultrastructural examination of the reconstructed retinas
revealed a new outer plexiform-like layer (OPL) at the interface of the transplanted
outer nuclear layer and the host inner nuclear layer (Hughes et al., 1990, IOVS
31:594). Ribbon synapses are evident within this OPL. These synapses are
characteristic of those formed by rod photoreceptors, displaying an electron-dense
ribbon surrounded by a cluster of vesicles. Ribbon synapses are found only rarely in
control light-damaged retina. These results show that transplanted photoreceptors can
functionally integrate with the dystrophic retina to reestablish evoked activity and
behavioral responsivity to light.

VISUALIZING SYNAPSES WITH CONFOCAL MICROSCOPY IN A LIVE
RETINA. R.F. Miller, R.M. Wolfe, J.L. Eiesland, R.W. Fuller and C.B. Toris.
Department of Physiology and Graduate Program in Neuroscience, University
of Minnesota Medical School, Minneapolis, MN 55455.

We have labeled and visualized synaptic boutons in the amphibian and
rabbit retina, using activity-dependent dyes (ADD) and optical, 3D
reconstruction methods based on confocal microscopy. This approach was
combined with electrophysiological experiments in which single neurons were
identified and intracellularly labeled with a dye, such as lucifer yellow (LY). The
combination of the two labelling techniques permitted visualization of
presumed synaptic contacts between ADD filled terminals and the dendrites
of single neurons. Several different types of dyes proved useful for labelling
terminals, including highly polar dyes which are taken up endocytotically, dyes
which label "active™ mitochondria and voltage-sensitive dyes. LY filled
processes could be separated from ADD filled profiles by switching barrier
filters in the light pathway to the PMT. Localization of ADD dyes to nerve
terminals was established by dissociating retinas which had been exposed to
the dye and using a cooled CCD camera to obtain image data of the cell
together with dye localization information. ADD fluorescence was detected in
the terminals of photoreceptors, bipolar cell-like neurons and presumed
amacrine cells. No ADD dye was observed in ganglion cells which had been
back labeled. Single LY filled dendrites, surrounded by ADD filled terminals
were optically reconstructed (Voxel View, Vital Images) to evaluate the
proximity and density of contacts between these structures. Results with this
approach suggest that only a small number of ADD profiles are sufficiently
close to any single dendrite to be considered as a likely synaptic connection.
These observations demonstrate the feasibility of labelling and studying
synaptic terminals in the intact retina. Supported by NEI grants EY03014 and EY07376.
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9.7

HORIZONTAL CELLS IN THE CONE-DOMINATED RETINA OF THE TREE
SHREW. L. Peichl and B. Miller*. Max-Planck-Institut fir
Hirnforschung, Deutschordenstr. 46, W-6000 Frankfurt/M.71
Germany .

We have studied the morphology, distribution, and syn-
aptic connections of tree shrew horizontal cells (first
described by Mariani, J.C.N. 233:553, 1985) by intracellu-
lar injection and photoconversion of Lucifer Yellow, and
by staining with a neurofilament antibody.

The larger (A-type) cells have sparsely branched den-
drites; up to eight dendritic processes end in extensive
bushy arborisations (not found in any other mammal).
Along the dendrites and on the bushy arborisations, photo-
receptor contacts are made through single spiny terminals
and small terminal aggregates. Electron microscopy shows
that all contacts are with cones, like in the A-type
cells of other mammals. A-type densities decrease from
1220/mm2 in central retina to 450/mm2 in the periphery.
Conversely, dendritic fields increase from 400 um to
540 um diameter.

The smaller (B-type) cells have a densely branched
dendritic tree with 40-80 terminal aggregates, and a
single axon with a few terminals that presumably contact
rods. The terminal aggregates synapse with practically
all cone pedicles in the dendritic field, i.e. there is
no colour specificity. Dendritic tree sizes increase
from central to peripheral retina (40-70 um diameter) .

Supported by the DFG (SFB 45/C7).

9.9

GABAERGIC TRANSMISSION IN DISTAL MAMMALIAN RETINA.
T. E. Frumkes and R. Nelson. Laboratory of Neurophysiology, NINDS,
NIH, Bethesda, Md. 20892

Histological studies have provided conflicting findings regarding the
role of GABA in mammalian outer plexiform layer. We studied the
influence of GABAergic substances applied by means of ophthalmic
artery perfusion upon intracellular responses of retinal horizontal cells
(HCs) of the cat. GABA agonists depolarized HCs, decreased the
amplitude and slowed the time course of the light response as reported
for many cold-blooded vertebrates. However, such effects required long
application of high drug concentrations (>20 mM GABA, >0.2 mM
Muscimol). 1 mM Baclofen had negligible effects. Other GABAergic
drugs produced more striking results. 1 minute exposure to 4 mM
dAVA (delta amino valeric acid, which is reported to be a GABA,
agonist and a GABA antagonist) totally abolished the photic response
and depolarized HCs by >20 mV; a smaller, similar effect could be
obtained with 1 mM concentration. Nipecotic acid, a presumed GABA
uptake blocker, produced effects similar to dAVA.  Application of
Bicuculline (BCC) greatly speeded up HC responses to light offset.
The influences of dAVA and BCC did not antagonize each other and,
hence, appear to act by independent mechanisms. Collectively, these
results suggest that GABA plays some role in synaptic transmission in
the outer plexiform layer of mammalian retina, a role not adhering to
"conventional” GABA, or GABA; pharmacology.

9.11
Synaptic Connections of the Axon Terminal of a Cone Bipolar Cell in
the Rabbit Retina. E. Strettoi*, R.F. Dacheux, and E. Raviola. Istituto

di Neurofisiologia del CNR, Pisa, Italy and Dept. Anatomy and Cell.
Biology, Harvard Medical School, Boston, MA 02115.

The synaptic connections of the axonal arborization of one cone
bipolar cell of the rabbit were reconstructed at the electron
microscope from continuous series of thin, radial sections. Its
processes branched in the vitreal sublamina of the inner plexiform
layer (S4) and established gap junctions with the All amacrine cell;
thus, this bipolar was probably involved in the transfer of scotopic
signals to ganglion cells. The processes of this cone bipolar were
presynaptic at ribbon synapses and usually contacted a dyad of
postsynaptic dendrites that belonged to amacrine and ganglion cells.
The pattern of connections at the dyad synapse was not constant:
about one third of the postsynaptic amacrine cell dendrites returned a
reciprocal synapse onto the cone bipolar and the other two thirds did
not; a small number of these nonreciprocal amacrine cells were in
turn presynaptic to nearby rod bipolar axon terminals. The
reciprocal synapses represented only a minor portion of the input to
this cone bipolar terminal, for the majority of the presynaptic
processes originated from a heterogeneous population of
nonreciprocal amacrines. An important characteristic of this cone
bipolar was the large number of synapses onto ganglion cell dendrites
(30%) when compared to rod bipolars (.5%) and All amacrine cells
(3%). This indicates that this cone bipolar mediates the access to
ganglion cells of both rod and cone signals. EY01344 & EY03011.

9.8

COMPARISON OF THE EFFECTS OF STEADY AND FLICKERING LIGHT
ON DOPAMINE-MEDIATED CHANGES IN HORIZONTAL CELL COUPLING
IN MUDPUPPY RETINA. C.-J. Dong* and J.S. McReynolds, Dept.
of Physiology, Univ. of Michigan, Ann Arbor, MI 48109.

We recently reported that in mudpuppy retina steady
light (SL) causes a dopamine (DA)-mediated uncoupling of
horizontal cells (HC), probably by an action through ON-
center bipolar cells. However, reports that flickering
light (FL) is a more effective stimulus for DA release in
other species raises the possibility that FL may release
additional DA via the OFF pathway. The effects of SL and
FL on HC coupling in dark-adapted retinas were compared by
measuring changes in HC responses to illumination of the
center and surround portions of the receptive field. For a
given period of adaptation, SL was more effective than FL
of equal intensity with 1/10 the total on-time and 10
times the number of light-dark transitions. For SL and FL
of equal on-time, FL had about the same effect as SL when
the duty cycle of the FL was 1:10 (light on : light off),
and was slightly more effective than SL when the duty
cycle of the FL was increased to 1:1. The uncoupling
effects of both SL and FL were blocked by DA antagonists
and by APB. These results suggest that both FL and SL
affect DA release and HC coupling via the ON pathway. The
greater effectiveness of more rapidly changing illumina-
tion may be due to the initial transients of bipolar cell
responses at the onset of each light flash.

Supported by NIH Grant EYO01653.

9.10

DAPI LABELS THREE TYPES OF BIPOLAR CELL IN
RABBIT RETINA. Stephen L. Mills*, M.L.J. Crawford, and
Stephen C. Massey*. Sensory Sciences, Graduate School of
Biomedical Science, University of Texas Health Science Center,
Houston, TX.

The fluorescent dye DAPI has been shown to label starburst
amacrine cells in rabbit retina a day or two after intraocular
injection (Vaney, 1984, Proc. R. So¢, Lond, B, 220, 501; Tauchi
and Masland 1984, Proc. R, Soc, Lond. B, 223, 101) and AIl
amacrine cells following in vitro incubation (Mills and Massey
1991, J. Comp. Neurol,, 304, 491). We now show that 3 types of
cone bipolar cell can be labeled by brief (< 15 min) exposures
to DAPI in vitro. All 3 types ramify in sublamina a, suggesting
they are "OFF" bipolar cells. The tyge most brightly labeled was
characterized by a small field in both the OPL and IPL, with the
axon branching rather narrowly in layer 1. A second type,
appearing darker under DAPI fluorescence, branched more
diffusely throughout the whole of sublamina a. The third and
largest type branched very narrowly in layer 1 of sublamina a
and was most notable for the large spatial extent of its processes
in the IPL, which generally exceeded the area of the OPL
processes by a factor of about 3.

Supported by EY 07024, EY 06515, and a Texas HECB 1953.

9.12

PEPTIDERGIC MODULATION OF CALCIUM CURRENTS IN
ISOLATED RETINAL BIPOLAR CELLS.
Matthews. Dept of Neurobiology, SUNY, Stony Brook, NY 11794

Retinal bipolar cells are non-spiking interneurons that relay information
from photoreceptors to amacrine and ganglion cells. We have recorded
the calcium currents of enzymatically isolated, rod-dominated
depolarizing bipolar cells of the goldfish (type Mb1) using patch pipette/
whole cell recording. These cells have a prominent synaptic Ca influx in
response to depolarization which is carried by L-type Ca channels
(Matthews & Heidelberger, 1990 Neurosci Abst). Application of peptides
known to be present in amacrine cells presynaptic to the Mb1 cells
modulated this calcium current. Specifically, application of nanomolar
concentrations of substance P, somatostatin, or met-enkephalin increase
the activation potential of the Ca current to more positive potentials, with
the maximal Ca current suppression at membrane potentials of -30 to
-20 mV. While 1 nM substance P suppresses approximately 20% of the
Ca current, 10 nM suppresses about 40%. Higher concentrations are no
more effective than 10 nM. The Ca current modulation by substance P
requires GTP in the patch pipette, implicating G-protein mediation.
Additionally, though the peptide effects sum with low drug concentrations,
there is no summation with high concentrations, indicating a common
mechanism of operation. The modulation we observe with these peptides
appears similar to the effect of GABA on the Ca current of these cells
(Matthews, Ayoub & Heidelberger, 1991 Neurosci Abst).

Supported by NIH grant EY03821.
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10.1

RAPID LAMININ-INDUCED CHANGES IN SYMPATHETIC GROWTH
CONES D.W. Burmeister, R. |. Rivas*, A.M. Coriang*, D.]. Goldberg Dept
Phamm. & Cntr for Neurobiol. & Behavior, Columbia Univ., NY NY 10032
Adding laminin (In) to cultures of sympathetic neurons growing on poly-
lysine substrates induces a rapid change in growth cone (gc) morphology as
a prelude to enhancing the rate of neurite elongation. Using video micro-
scopy of living gcs, and subsequent immunocytochemistry, we find that
the earliest and most pronounced effect of In addition is an acceleration of
the net movement of membranous organelles and microtubules into peri-
pheral lamellipodia (Rivas & Goldberg, JCB 111: 490a). This movement is
termed engorgement, and appears to be a necessary stage in the growth of

neurites (Goldberg & Burmeister, TINS 12: 503). The advance of the leading

edge of the gc and the rate of engorgement on polylysine treated substrates
was about 5 um/h. After the addition of 25ig/ml In the rate of engorge-
ment increased more than 4-fold within 20 min, while advance of the
leading edge continued at a slow pace. This initial, rapid effect on engorge-
ment, but not other stages of neurite advancement, indicates 1. engorge-
ment, in some circumstances, may be a rate limiting step in neurite elong-
ation, 2. engorgement is particularly sensitive to In, and 3. stimulation of
engorgement could be a mechanism by which In stimulates neurite growth.
Ln-induced engorgement was blocked by antibodies to the B1 subunit of
integrin, but not by pre-immune serum, indicating that integrins probably
mediate the engorgement response. However, interfering with the binding
of In to cell surface f 1,4-galactosyltransferase with a-lactalbumin (which
inhibits neurite outgrowth from PC12 cells), also blocked In-induced

engorgement in sympathetic gcs. These results are consistent with the idea

that multiple surface receptors mediate the In-induced changes in gcs.

10.3

THE FIBRONECTIN RECEPTOR (asBi INTEGRIN
HETERODIMER) AND FIBRONECTIN ARE REGULATED
DURING PERIPHERAL NERVE DEVELOPMENT AND
REGENERATION. Frances Lefcort and Louis F. Reichardl, Dept. of
Physiology and HHMI, University of Califronia, San Francisco, San Francisco,
CA. 94143-0724

Fibronectin, a major glycoprotein constituent of extracellular matrix (ECM),
has been demonstrated to potently promote peripheral neurite outgrowth in vitro.
Immunohistochemical studies have shown that fibronectin is present in the
environment of the developing and regenerating peripheral nerve and that
regenerating neurites are in close contact with the ECM. The Integrin family of
ECM receptors has been identified as the primary class of ECM receptors for
peripheral neurons in vitro, with the a5B] subunit serving as a major
fibronectin receptor. To understand the significance of 531 and fibronectin for
actively growing neurites in vivo, we have examined the protein expression
levels and distribution of the aSB1 integrin receptor and its ligand, fibronectin,
in developing and regenerating chick peripheral nerve by quantitative analysis of
western blots and immunocytochemistry. We have found that in vivo, 1)
peripheral neurites express aspi, 2) a5 is dramatically down regulated with
peripheral nerve maturation on both axons and Schwann cells, 3) a5B1 is
upregulated in adult nerve following ncrve transection on both neurites and non-
neuronal cells. Similarly, fibronectin is also down regulated in adult nerve and
strongly upregulated during nerve regeneration. The expression patterns of o5B1
and fibronectin are overlapping and interestingly in regenerating peripheral nerve,
fibronectin is most strongly expressed immediately in advance of the distal front
of regenerating growth cones (a region where laminin expression is extremely
low). Our results implicate a major role for the aSP1 integrin receptor and
fibronectin in nerve regeneration and development and functional tests of this
prediction are now in progress. (We thank Drs. J.A.MacDonald, R. Horwitz, J.
Muschler for the anti-a.5B1 antibodies and K. Venstrom for the anti-fibronectin) ,

10.5

LASER INACTIVATION OF FASCICLIN II INHIBITS AXONOGENESIS OF
THE PIONEER NEURONS OF THE GRASSHOPPER LIMB BUD. James W
Booth *, Lisa Park™ and Daniel G. Jay. Dept of Cellular and Developmental
Biology, Harvard University, Cambridge, MA.

Previously, we showed that fasciclin I plays a role in axon adhesion using
chromophore assisted laser inactivation (CALI) (Nature 348:548, 1990). We
now show that CALI directed against fasciclin II, the insect NCAM homolog,
results in a perturbation of axonogenesis but not axon adhesion in the
grasshopper PNS. Laser irradiation of 31% embryos injected with Malachite
green-labeled anti-fasciclin II resulted in an inability of the Til pionecr neurons
of the metathoracic limb buds to extend axons even though their cell bodies
appeared to differentiate (8 out of 10). This was visualized by anti-HRP
immunostaining. Control embryos injected with dye-labeled BSA or not
subjected to laser light showed normal axonogenesis (6 out of 6) and axon
extension up to 100 pm. CALI against fasciclin 11 in later embryos (33%)
showed no significant inhibition of axon growth nor defasciculation, a result of
CALI using anti-fasciclin I.

These results suggest that fasciclin I functions in the initiation of axon
outgrowth and that its role in neurodevelopment is distinct from fasciclin I. Its
concurrent expression on the neighboring epithelial cells and its homology to
NCAM suggest that it functions in the initial adhesive contacts of the growth
cone to the epithelium.

The use of CALI to determine the functions of fasciclin I and Il in the
developmem of Til neurons suggests that this technique will be useful in

ding molecular hani in neurodevelopment.

10.2

EXPRESSION OF A CHIMERIC HUMAN/RAT aS5/B1 INTEGRIN
HETERODIMER IN A RAT NEURONAL CELL LINE (PC12): EFFECTS ON
ATTACHMENT AND NEURITE OUTGROWTH IN RESPONSE TO
FIBRONECTIN. hod *
Reichardt. Athena Neurosciences Inc., So. S.F., CA 94080; Dept of
Physiology and Howard Hughes Med. Inst., UCSF, S.F., CA, 94135.
Previous studies showed that rat PC12 cells attach well to 1aminin
(LN) and several collagens (COL), but attach to fibronectin (FN) at
levels only 10-20% of those achieved on LN or COL. The
comparatively weak attachment to FN is inhibited by B1 integrin
antibodies or RGD peptides, indicating that attachment is mediated by
either the aSB1 or a3B1 integrins. Immunoprecipitation studies
demonstrated, however, that while PC12 cells express both a3p1
and a1B1, they do not express detectable amounts of aSB1
(Tomaselli et. al, J. Cell Biol, 107:1241-1252). We have
attempted to enhance the responsiveness of PC12 cells to FN by
transfection of the integrin aS subunit cDNA. The human a5 cDNA
(gift of L. Fitzgerald) was subcloned into the pHBAPr-1-neo
expression vector and was transfected into PC12 cells. Of about 20
stably transfected clones that attached at high levels to FN, four were
characterized in more detail. Each expressed the human a5 subunit
in association with the endogenous rat 1 subunit as assayed by
immunoprecipitation of radiolabelled cells using a rat MAb (B262)
that recognizes human, but not rat, aSp1 dimers. Attachment to FN
was inhibited by the B262 MADb and also by an RGD peptide. In
addition, a5 transfectants showed an increased ability to regenerate
neurites on FN after priming with NGF. These results demonstrate
the feasability of manipulating the responses of neuronal cells to
components of the ECM by expression of exogenous integrin subunits

10.4

SINGLE CELL CHROMOPHORE ASSISTED LASER INACTIVATION (CALI)
SHOWS THE SITE OF FASCICLIN 1ACT [VITY IS AT THE GROWTH CONE.
Anne M. Sydor, Joel Bard*, Ancil Mallavarapu”, Timothy P. O'Connor, and Daniel
G. Jay Dept. of Cell. and Dev. Biology, Harvard Univ., Cambridge, MA and Dept. of
Molecular and Cell Biology, Univ. of CA, Berkeley, CA.

CALI inactivates specific protein function with laser light directed to the protein
through a dye-labeled antibody (PNAS 85:5454, 1988). The dye moiety absorbs light
at 620 nm, a wavelength which is not absorbed by cellular components. We have
developed single cell CALI in which a laser beam is focused through a microscope to a
10 um diameter such that protein function can be inactivated in single cells.

We tested single cell CALI by inactivating the enzyme HRP bound to the surface
of a single S2 Drosophila cell. Single cell CALI was done on S2 cells expressing
fasciclin I, a neuronal membrane glycoprotein that causes these cells to aggregate.
Inactivation of fasciclin I on a single cell caused that cell to separate from a cluster.
This was not observed when laser light was directed at clusters incubated with dye-
labeled BSA.

We have now used single cell CALI to localize the function of fasciclin I to the
neuronal growth cone. The Til neurons are a fasciclin [-expressing cell pair in the
grasshopper limb bud which fasciculate together as they project to the CNS.
Previously we have shown that fasciclin I functions in adhesion between these sister
axons (Nature 338:548, 1990). To visualize the growth cones, Til neurons were
labeled with dil in an open limb bud preparation (J. Neurosci. 10:3935, 1990).
Embryos were incubated with dye-labeled anti-fasciclin I. Laser light directed 1o the
growth cones resulted in defasciculation in 3 out of 3 limbs while a control limb that
was not subjected to laser light appeared normal.

Our results show that the adhesive function of fasciclin I is initiated at the growth
cone. Single cell CALI is the molecular analog of cellular laser ablation and provides
an unprecedented level of spatial and temporal resolution for studying
neurodevelopment.

10.6

AN ENDOGENOUS GLIAL RECEPTOR FOR THE
NEURONAL GLYCOPROTEIN THY-1: FURTHER
BIOCHEMICAL CHARACTERIZATION Bvan B.
Dreyer! *

A. Lipton. Program in Neuroscience, Harvard Medical School,
Children's Hospital, & tMassachusetts Eye and Ear Infirmary,
Boston, MA.

Previous work in our laboratory (Leifer, et al.,
Science,224:303,1984) has demonstrated a role for Thy-1 in neurite
outgrowth by central mammalian neurons. Thy-1 antibodies
promote neurite outgrowth of cultured retinal ganglion cells. Using
two monoclonal anti-idiotypic antibodies as probes, we have
identified endogenous binding sites for Thy-1 that may represent
part or all of an endogenous Thy-1 receptor. We have shown that
this putative receptor has a similar effect in modulating neurite
outgrowth to that seen with the Thy-1 antibodies. The proposed
Thy-1 receptor has been identified in cultured astrocyte and whole
brain preparations. Anti-idiotypic binding to the proposed receptor
is competitively blocked by purified Thy-1.

Several Thy-1 binding proteins (MWs 90,175,180kD) have
been identified in Western blots of whole rat brain and astrocyte
preparations. Two dimensional blots have now been analyzed by
similar techniques, and a partial protein sequence determined. This
provides further information on the biochemistry of the proposed
Thy-1 receptor. These data suggest that a receptor for the neuronal
glycoprotein Thy-1 exists on glia, and that this reccptor plays a role
in modulating retinal ganglion cell neurite outgrowth.
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10.7

IDENTIFICATION AND ANALYSIS OF THY-1
RECEPTOR c¢DNA CLONES FROM BRAIN AND
MUSCLE. D ifer, E 11 he*
Heng*, Rachael L. Neve' and Stuart A. Lipton. Dept. of Neurology,
Children’s Hospital, Massachusetts General Hospital and Harvard
Medical School, Boston, MA, and tDept. of Psychobiology, Univ.
of California, Irvine, CA.

We have previously used anti-idiotypic monoclonal antibodies
against Thy-1 antibodies to identify putative Thy-1 receptor proteins
that appear to modulate neurite outgrowth in culture. We screened a
human fetal brain cDNA library with the anti-idiotypic antibodies and
identified candidate receptor clones. An antiserum against a fusion
protein derived from one of the clones binds to the same bands on
Western blots of brain and astrocyte preparations that the anti-
idiotypic antibodies identify. Moreover, purified Thy-1 blocks
binding of the anti-idiotypic antibodies to these bands. The clones
contain an open reading frame at least 1.34 kb in length. Searches of
the GenBank and NBRF databases indicate that the sequence has not
been reported previously. The sequence has several potential
glycosylation sites. RNA blot analysis demonstrates that the putative
receptor cDNA identifies specific bands in brain and muscle, but not
in a variety of other tissues. The RNA blots and the sequence data
indicate that the clones initially isolated were partial clones. We have
therefore used one of them to re-screen brain and muscle libraries.
We have isolated potentially full-length clones from both brain and
muscle. Taken together, our results suggest that we have now
identified Thy-1 receptor proteins and corresponding cDNA clones.

10.9

ULTRASTRUCTURE OF AN IDENTIFIED GROWTH CONE ARRAY IN
EMBRYONIC LEECH REVEALS SPATIALLY DIVERSE CELL AND MATRIX
INTERACTIONS DURING DIRECTED MIGRATION. D.M. Kopp, D. McCarthy*,
and J.Jellies. Neurobiology Research Center and Dept. of Physiol. and Biophysics,
Univ. of Alabama at Birmingham, Birmingham, AL, 35294.

Unique, transient muscle-organizing cells (Comb or C-cells) in the embryonic
medicinal leech, Hirudo medicinalis, each extend about 70 parallel growth cones and
establish a framework of processes used to collect myocytes into an oblique array
sandwiched between circular and longitudinal muscle layers. It has been suggested that an
interplay of spatio-temporally regulated cell-cell and cell-matrix events mediate the
parallel alignment of growth cones followed by their rapid, directed extension through
the body wall. A simple alternative is that direction is intrinsically limited by the
cytoskeleton and that C-cell growth cones are mechanically constrained to grow between
existing layers of circular and longitudinal muscle, perhaps even within pre-existing
channels. Our initial ultrastructural examination of HRP-filled C-cells makes this
simple scheme seem unlikely. C-cell growth cones in 11 day old embryos appear
neuron-like with microfilaments, microtubules, and large and small vesicular elements.
Filopodia and growth cones associate not only with the orthogonal grid of circular and
longitudinal muscle, but also with basolateral epidermal surfaces, undifferentiated

me, the t 2 associated with all of these developing cells, and
diffuse matrix. C-cell growth cones ocassionally enwrap and are themselves enveloped
by cells in these layers, and filopodial insertions into muscle were observed. Close
(<10 nm) growth cone-cell contacts are common, but not restricted to a particular cell
type in the environment. Processes, in contrast to leading growth cones, appear to be
more restricted in position, ofien being closely apposed to mesenchymal cells. Thus, at
the developmental stage examined here, C-cell growth cones are capable of sampling a
variety of cell surfaces and matrices, potentially extracting guidance cues from any, or
all, of them. Overall, these observations are consistent with the idea that a range of
cell/matrix interactions may mediate the emergence of order in C-cell growth cone
navigation and the subsequent assembly of the oblique muscles, rather than a simple
scheme of pre-existing anatomical pathways guiding C-cell growth cones inescapeably
along particular oblique trajectories. (Supported by NIH NS28603 to 1J).

10.11

DIFFERENTIAL REGULATION OF NEURITE GROWTH IN RAT
SYMPATHETIC NEURONS BY PHOSPHORYLATION INHIBITORS AND
NGF. B, B, Campenot and D, D, Draker®, Dept. of Anatomy and Cell Biology,
Faculty of Medicins, Univ. of Alberta, Edmonton, Alta., Canada T6G 2H7.

Long-term application of phorbol 12-myristate 13-acetate (PMA)
locally to distal neurites of NGF-supplied (200 ng 2.5S NGF/mi) rat
sympathetic neurons in compartmented cultures caused a concentration-
dependent reduction in neurite extension rate over a broad range (10
mM-10 uM), but was without effect when applied to cell bodies and
proximal neurites. PMA is a short-term activator, but long-term
downregulator of protein kinase C (PKC). Similar results were obtained
with staurosporine (range 100 nM - 1pM), a general inhibitor of
phosphorylations specific for PKC in its low nM range. No other agents
have been observed to modulate the rate of neurite extension in
compartmented cultures, and NGF over a broad range (5-200 ng/mi
2.5S NGF) modulates neurite density without effect upon extension rate.
Also, substantial neurite growth was observed with 2 uM PMA, and 10
nM staurosporine had little or no effect on neurite growth. Thus, protein
kinase C activity appears to be unnecessary for neurite growth or NGF
signaling. Neurite growth in 2 pyM PMA was blocked by anti-NGF IgG.
Thus, it is unlikely that long-term PMA treatment depressed neurite
growth by interfering with NGF action. These results suggest the
presence of phosphorylation-mediated signalling systems in sympathetic
neurites that regulate their growth independently of NGF. What
phosphorylations or ligands may be involved are presently unknown, but
such systems may play major roles in regulating nerve growth and
regeneration. Supported by the AHFMR, MRC, and NCE.

10.8
NCAM AND N-CADHERIN DIRECTLY PROMOTE MORPHOLOGICAL AND
BIOCHEMICAL DIFFERENTIATION OF PC12 CELLS VIA A PERTUSSIS

TOXIN SENSITIVE PATHWAY. P. Doherty, S.V. Ashton, F.S, Walsh. Dept.
Experimental Pathology, UMDS, Guy’s Hospital, London SE1 9RT, U.K.

Neurite length and specific cell surface glycoprotein expression have been
measured for PC12 cells cuitured on confluent monolayers of control 3T3 cells
or 3T3 cells expressing either transfected human NCAM or chick N-cadherin.
NCAM and N-cadherin in the monolayer directly induced a change in the
morphology of PC12 cells from an adrenal to neuronal phenotype. This was
accompanied by a transient increase in Thy-1 immunoreactivity, but not L1 or
NGF-receptor immunreactivity. The morphological responses could be speci-
fically inhibited by antibodies to NCAM or N-cadherin but not by antibodies to
NGF or FGF. The response differed from NGF induced morphological differen-
tation in that it did not depend on transcription. The NCAM and N-cadherin
responses could also be fully inhibited by pertussis toxin and partially inhibited
by the calcium channel antagonists verapamil and diltiazem. These data
suggest that NCAM and N-cadherin can directly modulate cell phenotype and
that they may do so via activation of similar second messenger pathways.

10.10

A CYTOPLASMIC GRADIENT OF CYCLIC AMP ACROSS THE
XENOPUS GROWTH CONE IS SUFFICIENT TO INDUCE TURNING.
AM. Lohof, M. Quillan, Y, Dan, and M. Poo. Dept. of Biological Sciences,
Columbia Univ. N.Y., N.Y. 10027.

We have studied the role of cAMP in growth cone guidance in cultured
embryonic Xenopus spinal ncurons. Stable microscopic gradients of
membrane-permeable drugs known to alter intracellular cAMP activity were
established extracellularly by repetitive pulsatile application of the drug from
a micropipette. The behavior of the growth cone in the applied gradient was
determined by measuring the angle of growth cone orientation and neurite
extension from video records. We found that when a gradient of dibutyryl
cAMP (20 mM pipette solution) was produced at a 45° angle across the
growth cone, significant growth cone turning (average angle 29.1 + 4.9°, N
= 20) toward the pipette was observed within 2 hr. Application of similar
concentrations of sucrose, underivatized cAMP, or dibutyryl cGMP produced
no significant turning. Gradients of drugs which perturb the endogenous
level of cAMP were also tested. The phosphodiesterase inhibitor IBMX (1.5
mM) produced orientation similar to dibutyryl cAMP. The adenylate cyclase
activator forskolin (S mM) produced a mean turning angle of 19.9 + 5.4° (N
= 34) within 30 min. A cytoplasmic gradient of cCAMP thus appears to be
sufficient for inducing the turning response; whether such a gradient is
necessary for growth conc turning induced by extracellular guidance cues
remains to be determined. The consistency of the oricntation response in the
chemical gradient offers the opportunity to explore the sequence of cellular
events leading to the reorientation response of the growth cone.

10.12

AXON RETRACTION IS MEDIATED BY ENHANCEMENT OF
PROTEIN PHOSPHORYLATION. §S. Finnegan Sloan, E. Koenig and
V. Lemmon. Dept. of Physiology, Univ. at Buffalo, Buffalo, NY 14214,
and Center for Neurosciences, Case Western Reserve Univ.,
Cleveland, OH 44106.

Videomicroscopic studies reveal that mAb 8A2 induces retraction in
regenerating retinal ganglion cell axons of goldfish explants in vitro
characterized by: 1) growth cone collapse, 2) collection of axoplasm into
a mass, and 3) retrograde translocation of the mass leaving multiple
strands distally (Soc. Neurosci. Abstr. Vol. 15, p. 1027, 1989). The mAb
8A2 retraction response may serve as a model for retraction associated
with axon elimination during development. The response is arrested by
cytochalasin D, but continues in the presence of nocodazole or taxol
suggesting that microtubules are probably passive components and that
the actin filament network plays an active role. (Soc. Neurosci. Absrt.
Vol. 16, p. 314, 1990). Microtubules are translocated proximally out of the
distal strands where only components of the membrane cytoskeleton
such as spectrin and talin remain. Exposure of axons to phorbol 12-
myristate 13-acetate (10 nM) triggers a similar retraction response
while inactive phorbol ester analogs do not. In addition, okadaic acid, a
phosphatase inhibitor, triggers axon retraction with very short latency.
Both mAb 8A2 and phorbol ester stimulated retraction are blocked by
kinase inhibitor staurosporine. Genistein, another kinase inhibitor,
blocks mAb 8A2 induced retraction but was not tested with phorbol ester.
These results indicate that the mAb 8A2 response may involve kinase
activation and/or phosphatase inhibition. This strongly suggests that
axon retraction is associated with an enhanced phosphorylation state of
one or more axonal proteins.
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10.13

GAP-43 IS A UNIQUE TYPE OF GUANINE NUCLEOTIDE RELEASE
PROTEIN FOR Go. S.M. Strittmatter*, D, Valenzuela®, Y. Sudo®, D.
Platika and M.C. Fishman, Depts. of Neurology and Medicine, Harvard
Medical School and Massachusetts General Hospital, Boston, MA

We previously showed that Go is a major protein in the growth cone
membrane, suggesting that it may transduce some extracellular
signals into second messanger changes which lead to directed neurite
outgrowth. In addition, Go activity is susceptible to GAP-43. This is
the first intracellular protein reported to regulate G proteins, an
activity previously thought to be restricted to ligand-receptor
complexes. Now we have studied the mechanism of G, and GAP-43
interaction, comparing it to that of receptors and G proteins. Like
receptors, GAP-43 increases the rate of GDP release, the initial rate
of GTPYS binding and the steady state GTPase activity of Go, but does
not affect the intrinsic turnover number for hydrolysis of bound GTP.
GAP-43 can be distinguished from receptors in that its stimulation of
Gy is not blocked by pertussis toxin, is not dependent on the presence
of By subunits, and occurs equally effectively in detergent solution and
in phospholipid vesicles. These data demonstrate that GAP-43 is a
guanine nucleotide release protein (GNRP) for Go, but that it has some
unique properties compared to other G protein stimulators. The GNRP
activity of GAP-43 argues that it is an upstream positive regulator of
Go in_vivo, and that therefore Go may integrate extracellular and
intracellular signals in the growth cone.

10.14

G-PROTEINS MODULATE GROWTH CONE FUNCTION IN
SYMPATHETIC GANGLION CELLS. Llauaman_,_&_M_,
Strittmatter*, J. Vanselow* and M. C. Fishman, Depts.
of Neurology and Medicine, Mass. General Hospital and
Harvard Medical School, Boston, MA 02114.

Previous work has demonstrated that Gg is both a
major component of the growth cone membrane <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>