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334. Ligand-gated ion cl}anne}s: glutamate .....c..coceeieireeene 377. The Basal Ganglia: Structure and Function.
333. GABA and benzodiazepine receplors Il ....... Chaired by: MR. DELONE w.vvcvevrrsersrrersesinsssesins 952
33?‘ Secqnd messengers: protelln pbosphorylatlon : 378. Instructive Effects of Activity in the Developing Visual
37. Pepqdes: ar.latomlcal. localization IV .......ccocvviniincens Pathway. Chaired by: M. Constantine-Paton................ 952
338. Peptides: biosynthesis, metabolism and
biochemical characterization Il ...............occcviinniin 838 Slide Sessions—8:30 a.m.
339. mR.NA regu]atior} e e 841 379, Trophic agents VII ..o 953
340. Oplatt?s, endorphins and enkephalins: 380. Excitatory amino acids: receptors VI ..........ccccoeevinnnne. 955
behaworal effects ......................... e 844 381 Gene structure and function M. oo 957
341. Pain modulatlon:_ afferent mef:hamsms ......... 847 385 Process outgrowth, growth cones and guidance
342. Psychotherapeutic drugs: antidepressants ... -850 mechanisms VII ... 959
343. Brain .metabol¥sm and blood.ﬂow M. ' ~854 383 Neural plasticity in adult animals I ...........cccccceoeiins. 961
344. Alzheimer’s disease: transmitters and behavior...........858 = 384 Ingestive behaviors IV ..., 963
345. Troph¥c AZENLS V i 864 385  Cardiovascular LI TXCTe 1D A A 965
346. Trophic agents VI.......cccooviivnininiininnieiics 867 386, RetNA IV wooeoooeooeooooooeoo. 967
347. Regeneration: CNS I .....cc.oociiviiniincnininiiniiinrcccnnn 870 387. Ligand-gated ion channels I .............cooovvcnmreeonrreesnereennns 969
348. Process outgrowth, growth cones and 388. Peptides: physiological effects L ...........ccceverrerreceerenene 971
guidance mechanisms V... 873 3g9. Receptor modulation: up and down regulation I ............ 974
349. Process outgrowth, growth cones and
guidance mechanisms VI ... 875 Poster Sessions—8:30 a.m.
350. Regeneragon: cell biology ....covueeveiieciniiiies 878  390. Neural plasticity in adult animals: limbic system ......... 976
351, Regeneration: PNS w....ooovsivcisssscssssssiss i 881 301, Limbic SYSem Luuuerevrevrerronrensenssnscnssessnssnscnssnssns 979
352. Cell lineage and determination ITI ..........ccccooereniininn 884 399 Opiates, endorphins and enkephalins:
353. Nutrition and prenatal factors ..........cccccevveeencnivencne. 886 anatomy and Chemistry Il .........ooooovvovsoeeseecorccrerrereerresne 980
354. Learning and memory: anatomy V ......c.ueovesersvssves 888 303, MRNA regulation IV .....ooecoecerscessomsmssnssrrsnrsonsns 984
355. Membrane composition and cell surface 394, Peptides: receptors IV ... 987
macrolmolecules:, I 891 395 Potassium channels IV e 990
356. Ingestlv.e behaviors I11 e e 894 396. Potassium channels: modulation and regu]ation ........... 992
357. Regulation 9f autonomic functions IV ......ccccceeveencne. 897  397. GABA and benzodiazepine receptors III .................cc... 994
358. Basal ganglia and thalamus Il .....c..cooovvirrvsirssn 398. GABA and benzodiazepines Il ........ccccoerrerrserssrre 997
359. Basal ganglia and thalamus IV ... 399. Catecholamines Il ..o,
360. Basal gangl?a and thalamus V ..... 400. Second messengers: calcium ...
361. Basal ga“gIP and thalamus VI........ 401. Second messengers: phosphoinositide turnover .......... 1005
362. Basal ganglia and thalamus VII : 402. Catecholamines: NEUTOLOXICILY ....veeverereecresmrrsersensesreenns 1009
363. Motor systems: reflex funCtion T ..c.ocvrvcrvs s 914 403, Catecholamines I ......o.reecovcsersersersnriersnssessnne 1011
364. M(?tor systems: reﬂ.ex function II e 917 404. Differentiation, morphogenesis and development:
365. Spinal cord and brainstem: cord physiology ................. 919 tranSMmitters and ENZYIMES .......ccooveereerrerrererssersensssesssees 1015
366. Retmaf IIL oot e 922 405. Biochemical and pharmacologica] correlates
367. Chemical senses: olfactory pathways and processing.....926 of development I ........ccccovvvinnmniinniniciiiccinnes 1017
368. Chemical senses: gustatory pathways .... =929 406. Differentiation, morphogenesis and development:
369. Degenerative disease: other I ................. ~931 channels and CUITENLS ...........ovveerreeverersensesssensssssssseens 1020
370. Degeneraqve d¥sease: other. II R 934 407 Neurotoxicity: metals and Organics ......................... 1021
371. Deg.eneratwe <.ixseas.e: Parkinson’s I1I......... e 937 408. Nutrition and prenatal factors: substances of abuse ..... 1023
372. Excitatory amino acids: anatomy and physiology II......940 409  Blood-brain barrier I .............cuuvvvorsemvversssssssssssrnen 1025
373. Excitatory amino acids: anatomy and physiology III ....943 4 Pprocess outgrowth, growth cones and guidance
374. Excitatory amino acids: anatomy and physiology IV ....946 mechanisms VII oo
375. Neuroendocrine regulation: photoperiod/pineal ............ 949 411. Epilepsy: basic mechanisms III ..
. ) . 412. Neuromuscular diSEase ..........coveerrrrerrrissnrnssssnssieanenas
Presidential Special Lecture—4:15 p.m. 413. Process outgrowth, growth cones and guidance
376. Cognitive Illusions in Judgement and Choice. mechanisms IX ... 1036
AL TVEISKY oottt No abstract 414, Alzheimer’s disease: NEUropathology «............eeeeeeeee 1038
415. Circuitry and pattern generation: vertebrates................ 1044
416. Circuitry and pattern generation: invertebrates
and models
417. Somatosensory system I...
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418. Somatosensory cortex and thalamocortical 460. Monoamines and behavior IV ..o 1155
relationships IIT .......ccccooiiiiinicniicnniiiiiien 1051 461. Excitatory amino acids: receptors VII ...........ccceveeee. 1159
419. Visual COeX V ..ooiiviiriiiiiiieieiceeseereseeeresnevesreenes 1054  462. Excitatory amino acids: receptors VIII ...........cc.cccceuue. 1162
420. Biological rhythms and sleep: other III........................ 1058 463. Excitatory amino acids: receptors IX
421. Interhemispheric relations ..........ccccoeveiviiviiiiinninnennn 1060 464. Learning and memory—pharmacology: other I........... 1169
422. Behavioral pharmacology: dopamine ............cccceceeuenens 1063  465. Learning and memory—pharmacology: other II ......... 1172
423. Neuropeptides and behavior: CCK ........cccccoeiiernninne 1067 466. Behavioral pharmacology: other ..........cccocoiiiiinnninnns 1174
424. Neuropeptides and behavior: CRF ..........cccccovveevinninnnn. 1068 467. Cardiovascular regulation V ........ccccevevenniiniiininninens
425. Neuropeptides and behavior: oxytocin and 468. Cardiovascular regulation VI ... .
VASOPTESSII «..ennvenireiterenteiestesieertsre e esseaessenssaens 1069  469. Drugs of abuse: SmMUIants ..........cccecevvvevvnivniercnenennee
426. Regulation of autonomic functions V ..........c.cccceeuenne. 1071  470. Pain pathways: CNS.......c.ccooviniiniiiinineicens
427. Epilepsy: benzodiazepines and inhibitor 471. Respiratory regulation II ...
AMINO ACIAS ceveeveeerereeeiineeieeee et 1073 472. Acetylcholine IV ........cccccevvnvninnicninnnnne
428. Neuroendocrine regulation: neurohypophysial 473. Control of posture and movement VIII... .
PEPHAES ..ottt 1075 474. Control of posture and movement IX .........ccccceeuneeee.
429. Hypothalamic-pituitary-adrenal regulation III ............. 1079  475. Oculomotor system IV ......cccoviiiivniivinnininiiiine
430. Hypothalamic-pituitary-gonadal regulationII ............. 1082 476, Retina V ......cceiiiiinniiniiiieeicniiecicnciceneennes
431. Hypothalamus ........c.cocvvviniiinneniiininiiiennes 1085 477. Visual system: development and plasticity V
432. Drugs of abuse: dopamine mechanisms ...........cccceee 1090 478. Epilepsy: excitatory amino acids ...........cceveveveririnenne
433. Transplantation: hippocampus and basal forebrain ..... 1093  479. Receptor modulation: up and down regulationII ........ 1216
434. Drugs of abuse: CNS pathways ........ccoeevvinreeniiinine. 480. Blood-brain barrier Il ..o 1219
435. Hormonal control of behavior III....... 481. Neural plasticity in adult animals: sensory systems..... 1221
436. Long-term potentiation IV ................ 482. Catecholamines IV ......c.cccoevviiiiiiiniiiviniiniinicinne, 1225
437. Learning and memory: anatomy VI 483. Catecholamines: anatoMY ...........ccevevierinvemnuernsncienennens 1229
484. Neurotoxicity: MPTP and eXCitotoXiC .........oceivueueunes 1231
Warner-Lambert Lecture—11:45 a.m. 485. Psychotherapeutic drugs .........cccovivviviicnnininicniennnnens 1233
438. Mechanisms Underlying the Self-Organization of Visual 486. Clinical CNS neurophysiology .... .
Cortex Functions. W. Singer ........cccceecvriennnne No abstract  487. Transplantation: spinal cord ...........cccoeuvverinevininuennnnns 1241
488. Limbic system I .....cccccoeviiiiiiniiniiiiinicinnne, 1243
Symposia—1:00 p.m. 489. Hippocampus and amygdala Il .... 1246
439. Neuropeptide Regulation of Reproduction. 490. Hippocampus and amygdala III .................... ... 1249
Chaired by: P.E. MicevyCh........cccoooivininninineninnnns 1106 491. Interactions between neurotransmitters IV .................. 1252
440. Inhibitory Influences on Growth Cones and Cells.
Chaired by: MLE. Schwab .........cccocceveeininicininnnnnnn, 1106 Special Lecture—4:15 p.m.
492. Microtubules and Cell Morphogenesis.
Slide Sessions—1:00 p.m. M. KirSChNer .....occevueueeernineeniciicccicresresienecnens No abstract
441. Visual corteX VI ..o, 1106
442. Biochemical and pharmacological correlates of FRIDAY
development L .........ccoeviiniininniccceeneeeeen 1108
443. Alzheimer’s disease IL.....c.cocoviverinininiiniinnniniininne. 1110 Symposium—8:30 a.m.
444. Tral{ma L s 1112 493, Melatonin: New Light on CNS Mechanisms of Action.
445. Auditory system s s 1114 Chaired by: D.N. Krause & M.L. Dubocovich............. 1255
446. Invertebrate learning and behavior I ...........c..ccoeeeee. 1116
447. Ci.rcuitry .an'd pattern generati9n .................................. 1118 Special Lecture—8:30 a.m.
448. Differentiation, morphogenesis and development: 494. Ton Channel Proteins: Structure from Function.
cellular and molecular studies ITI C.MILET oot sasesseenes No abstract
449. Mental ilINess ......ccccevvvvivininiiiiniiiec e
. Special Lecture—10:00 a.m.
Poster Sessions—1:00 p.m. 495. Neuronal Organization in the Cerebral Cortex.
450. Gene structure and function Il .....ccevvevvvvvvvvvvvviivnvine 1124 AL PEIETS ... sae s No abstract
451. mRNA regulation V .....c.cocoviriivnnnniinininiiicniniene 1127
452. Ingestive behaviors V ..., 1130 Special Lecture—11:30 a.m.
453. Monoamines and behavior III ... 1133 406, Signal Processing and Neural Networks in the Oculomotor
454. Neuroethology TIL oot System. D.A. RODINSON oo No abstract
455. Invertebrate learning and behavior II ...
456. Ion channels: cell function Slide Sessions—8:30 a.m.
457. Calcium channels: modulation and regulation............ 1147 497. Visual psychophysics and behavior III .......c..cc.occ.. 1255
458. Ligand-gated ion cbanne}s Il 498, REZENETAMION IL.......ooooveeeeeeeereoeemssmesesmsmsmmsmssmssssssssnssnsanes 1257
459. GABA and benzodiazepine receptors IV 499, Trophic INteractions I ......eceeererressersorrsoresies 1259
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500. Process outgrowth, growth cones and guidance 523. Differentiation, morphogenesis and development:
mechanisms X .......ccccoevuvenneniiiiniiiniineeens 1261 molecular COITElates .........ocoiviiivuiininiiiineiciriinns 1327
501. Invertebrate learning and behavior III ......................... 1263  524. Differentiation, morphogenesis and development:
502. Pain pathways .......ccccoevirieceriniomnincniceeereeeeeenns 1265 tissue culture Mmodels .........ccoveeerenriniiinicnniinieenen 1330
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Poster Sessions—S8:30 a.m. 526. Developmental disorders: human diseases ........ 1333
503. Gene structure and function IV ... 1267  527. Visual system: development and plasticity VI............. 1335
504. mRNA regulation VI......c..cccooeoiiiiivniininiiennnns 528. Hypothalamic-pituitary-gonadal regulation III ............ 1339
505. Uptake, storage, secretion and metabolism IV ............ 1274  529. Ischemia: energy metabolism and ischemic models .... 1342
506. Peptides: biosynthesis, metabolism and biochemical 530. Neurotoxicity IIT ......cccoiiviniiiiniiniiiiiciiciiienne 1346
characterization IV .......c.cocvvvivciiiniincnininiicnienien 1275  531. NeurotoXiCity IV ....cccovivinininininniincnincicnicnnne 1349
507. Ingestive behaviors VI ..., 1277  532. Synaptogenesis: neuromuscular junction.... 1351
508. Monoamines and behavior V ...........cccceivvneniiinninnnnnns 1281  533. Transplantation: striatum I ...... 1353
509. Invertebrate learning and behavior IV ............ccoeveuee 1283  534. Transplantation: striatum II...... 1356
510. Invertebrate sensory systems I..........cccooeiviiviiiinininnnns 1286  535. Trophic interactions IL.........ccocooeivininnininniiiiininn 1359
511. Invertebrate sensory systems Il ........ccccoevvviniiininnnns 1290  536. Trophic interactions III .........ccccooevivvrinvninniiiininnenenns 1361
512. Neuroethology IV ..o 1292  537. Trophic interactions IV ..o 1364
513. Invertebrate motor function ...........c.ccecovieiiienieennennns 1296  538. Transplantation: Tetina ..........ccoeeeeevmeieniiierinenineniniens 1367
514. Ion channel modulation and regulation II .................... 1299  539. Transplantation ITL........ccccooiiniiiiiniiviniiiiiiene 1368
515. MUSCAriniC TECEPLOTS ......ccoeueruermremririiiiicsierinressseiesenes 1302  540. Neuroendocrine regulation II ...........ccooeovviviriiiiininnnns 1371
516. Postsynaptic mechanisms IIl.........ccccooiiininininiinnnnns 1307 541. Alzheimer’s disease: amyloid I ....
517. Catecholamines V .......cccocevivinininiiinineneceeiieienns 1310 542, AGIng I ..ooiviiiiiiiiiiiies 1379
518. Catecholamines V..o, 1314 543, Infectious diSEASe .........coviviimrueneivieriniiniineneinineannes 1385
519. Receptor modulation: up and down regulation III ....... 1316  544. Synaptogenesis IT .........ccovvviniiiininniiniiiiciiinn 1387
520. Second messengers: adenylate cyclase ...........cccoeevenine 1320  545. Subcortical visual pathways IV ..o 1391
521. Differentiation, morphogenesis and development: 546. Retina VI .....cccoiiviniiinininininieennccnnens 1395
CYLOSKEIETON ....eooviiiiniiniiiiiiiciicece e 1323 547. Visual cortex VIL.....cccoovininininininininiiiniinnieenes 1397
522. Biological rhythms and sleep: other IV .............c...c..... 1324
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(Includes slide and poster sessions, and symposia only.)

Session Day and
Number Session Title Type Time

Theme A: Development and Plasticity

106. AGING T ottt b e b e ns Poster Mon PM
542. AGING T oo bbb s Poster Fri AM
117. Auditory, olfactory and other SENSOIY SYSLEIMS ........ccccevureriienieinieieiieecsnsis e sseneas Poster Mon PM
118. Biochemical and pharmacological correlates of development I ..o Poster Mon PM

405. Biochemical and pharmacological correlates of development IT ...........ccccovvviiniininiiinin Poster  Thu AM
442. Biochemical and pharmacological correlates of development III ..........cccoovvmvininiinininiininienn Slide Thu PM

9. Cell lineage and determination I ...........c..coceucoieeniniiriiinienencnieier e saeaes Slide  Mon AM
241. Cell lineage and determination IL..........ccccoiiininiiinininiiininiireis e Poster  Tue PM
352. Cell lineage and determination III ........cc.cccooeoriniiimeininicicicce e Poster Wed PM
238. Differentiation, morphogenesis and development: cell surface components ..........ccococeeiiiiienennns Poster  Tue PM
134. Differentiation, morphogenesis and development: cellular and molecular studies I ...................... Slide Tue AM
204. Differentiation, morphogenesis and development: cellular and molecular studies I..................... Slide Tue PM
448. Differentiation, morphogenesis and development: cellular and molecular studies III ................... Slide Thu PM
406. Differentiation, morphogenesis and development: channels and currents ............ccccooeviviiieierinnne. Poster Thu AM
521. Differentiation, morphogenesis and development: cytoskeleton ............c.cccoevininieveniciinenenenennenns Poster Fri AM
178. Differentiation, morphogenesis and development: fiber guidance and synaptogenesis ................. Poster Tue AM

111 Differentiation, morphogenesis and development: forebrain ...........cccccoevieenniinennnienenecnenneenn, Poster Mon PM
280. Differentiation, morphogenesis and development: glia ...........ccocoiueiininiiriinenineiennncecneeen, Poster Wed AM
523. Differentiation, morphogenesis and development: molecular correlates ...........ccevveirevernnnnenennns Poster Fri AM
237. Differentiation, morphogenesis and development: neurogenesis and control
Of NEUTON NMUIMDET ......oviiiiiiiiiiiiiiit et b s b e s ae b b e bbb a b s Poster  Tue PM
153. Differentiation, morphogenesis and development: neuromuscular development ..............cceueuene. Poster Tue AM
46. Differentiation, morphogenesis and development: position and form..........ccccevuvuereeeevrnerennnns Poster Mon AM
524. Differentiation, morphogenesis and development: tissue culture models ......... ..... Poster Fri AM
404. Differentiation, morphogenesis and development: transmitters and €NZYmMeS..........ccocererierenreennene Poster Thu AM

39. Endocrine control and development I Poster Mon AM
42. Endocrine control and development II Poster Mon AM
233. Endocrine control and development III ............c.ccvniiiiininiiiiiniiiesessne et naens Poster  Tue PM
234. Endocrine control and development IV ...........ccccviriiriiintiniineiiiiiniiniereniesencsisessesasssesssssnenes Poster  Tue PM
68. From Early Embryogenesis to Circuits: Cellular and Molecular
Strategies Applied to the Analysis of Vertebrate Brain Development Symp. Mon PM
319. Hebbian Synapse: Learning Rules and Mechanisms Symp. Wed PM
440. Inhibitory Influences on Growth Cones and Cells Symp. Thu PM
378. Instructive Effects of Activity in the Developing Visual Pathway Symp. Thu AM
391. Limbic SYSIEM L....ouiiiiiiiiiiiiiiieceteccrccnccese sttt sttt s a s bes Poster Thu AM
38. Long-term potentiation I ..........ccocovieiiiiiiiiiniiiienrenecieneee et siessbsssssesteseraea s saesrenee Poster Mon AM
71. Long-term potentiation IT..........ccciiiiiiiiiiiiiiiiiiiiiiisicer e i Mon PM
162. Long-term potentiation IIT .........ccccoiviniininininieneeirtreeeecetrte et seerer s e sressesae e sesessene Tue AM
436. Long-term potentiation IV ................ Thu AM
325. Morphogenesis and differentiation ... Wed PM
30. Motor systems I.......c.cceeverenncinnnnnne Mon AM
31. MOLOr SYSEEMIS I ..cvnriniiiiiiiiiiiii ettt s bbbt s bbb bt satsa s a s san e an st n Mon AM
32. MOtOT SYSLEIMS IIL .....viuinieiiiiiiieieir sttt se e se et est e se et ssbeobestsnesnesenesesssssasonsasons Mon AM
13. Neural plasticity in adult animals I ........cc.cciviniininieniininieiereret et sressessessessessesseesesne i Mon AM
383. Neural plasticity in adult animals I1.........ccocoovoiimiiiiiiiiiicccrciccrccrc e i Thu AM
390. Neural plasticity in adult animals: limbic system ............... Poster Thu AM
311. Neural plasticity in adult animals: monoamines and ACH Poster Wed AM
120. Neural plasticity in adult animals: motor systems .............. Poster Mon PM
481. Neural plasticity in adult animals: SENSOTY SYSIEMS .......c.cuiviviieieririiiiiiiisiiiniensesssesssntsnssssssaes Poster  Thu PM
177. Neuronal death: 1esi0n INAUCEA .........c.ocerierrereirirerciirii s s Poster Tue AM
175. Neuronal death: models and MEChANISINS .........cccvvreereririeirreincieir s Poster Tue AM
279. NEUTOLOXICILY IL...oveiiriieiieieieiiieieieteientenreneeseesresseesessesssssessesaessenesseesaesesstonesnnsstsasessessssnsanssssans Poster Wed AM
484. Neurotoxicity: MPTP and excitotoxic Poster  Thu PM
407. Neurotoxicity: metals and OTAMICS ........cc.iveeiruierireerierisineneetereteieeesiessesssssssessessessessesssenssness Poster Thu AM
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Number Session Title Type Time
353. Nutrition and prenatal faCtors ..o Poster Wed PM
408. Nutrition and prenatal factors: substances of @8bUuSe .........ccoouvrmitrveiniiniiinni e Poster  Thu AM
136. Process outgrowth, growth cones and guidance mechanisms I ... ...Slide Tue AM
231. Process outgrowth, growth cones and guidance mechanisms II ..... ...Poster  Tue PM
232. Process outgrowth, growth cones and guidance mechanisms III.... ...Poster  Tue PM
263. Process outgrowth, growth cones and guidance mechanisms IV ... Slide Wed AM
348. Process outgrowth, growth cones and guidance mechanisms V ...........ccovviiiininiinnininnnenn Poster Wed PM
349. Process outgrowth, growth cones and guidance mechanisms VI .........cccociiiniiiniinininnne, Poster Wed PM
382. Process outgrowth, growth cones and guidance mechanisms VII Slide Thu AM
410. Process outgrowth, growth cones and guidance mechanisms VIII ...Poster Thu AM
413. Process outgrowth, growth cones and guidance mechanisms IX .......... ...Poster Thu AM
500. Process outgrowth, growth cones and guidance mechanisms X..... ...Slide Fri AM
137. ReEZENETALION T ...ttt ettt e b s Slide Tue AM
498. Regeneration Il......c..oiiiiiiiiiiiiict e Slide Fri AM
127. Regeneration: CINS T ..o e ae s s b s stans Poster Mon PM
347. Regeneration: CNS IL......ccooiiii s e Poster Wed PM
126. Regeneration: GAPAS ...t e bbb Poster Mon PM
351. Regeneration: PNS ..ottt s e re s Poster Wed PM
350. Regeneration: cell biology . ...Poster Wed PM
125. Regeneration: SENETAL ........cccvieiriiiiiiiieriirnerserieeitn ettt srssss st esss b s b e nennanns Poster Mon PM
417. Somatosensory SYSEM L........o..ciiiiiiiiiiiici e Poster Thu AM
525. Somatosensory System II ... e Poster Fri AM
55. Specificity of Synaptic CONNECHONS .......c..cevveurereirmecriiie i es s a s s be e sbens Poster Mon AM
40. Sprouting and sprouting mechanisms I .........cccooecvnnniininiiii ...Poster Mon AM
41. Sprouting and sprouting mechanisms IT..........ccccoovevernniiniiiie ...Poster Mon AM
70. Synaptogenesis I .........cccocoveciiiinnecinnnn ...Slide Mon PM
544. Synaptogenesis II ..ot e e ae Poster Fri AM
532. Synaptogenesis: NEUroMUSCUIAT JUNCHOMN .........cevirerereeertreniereeeeererereeeesmetsesresesnsnrssrssresssnsnsssens Poster Fri AM
14. ThE QING PIOCESS .....cviuieriiiiniisiiieieteter et et seeeresre s es et et e e sbesbe b sassbssabeasesbsbseaseabeanesnassassensans Slidle  Mon AM
8. Transplantation I ... s Slide  Mon AM
200. Transplantation I1 ... s ...Slide Tue PM
539. Transplantation I ..ot ...Poster Fri AM
108. Transplantation: cortex and brainstem .............ccceeeuee ...Poster MonPM
433. Transplantation: hippocampus and basal forebrain .... ...Poster Thu AM
538. Transplantation: reting .........co.cecceveeveeveirernueeereesvensenns ... Poster Fri AM
487. Transplantation: spinal COTd ..........ccciviiriiiviiniiiiiiincoiniiiii e Poster  Thu PM
533. Transplantation: STHAIM L .......coiviiiniiniiniiiiinieree ettt sresre st ers e ere e st Poster Fri AM
534. Transplantation: striatum IL........cccccriiivinininiiic e Poster Fri AM
12. TTOPhIC ABENLS I ...ccviiiiiiiiiiiiiiii et bbb s bbb bbb e s enen Slide  Mon AM
112 Trophic agents II ..... ...Poster Mon PM
286. Trophic agents III ... ...Poster Wed AM
287. Trophic agents IV .... ..Poster Wed AM
345. TrophiC ABENES V ..ot s aeas Poster Wed PM
346. Trophic agents V...t e en Poster Wed PM
379. Trophic agents VII .......cociiiiiiiiiciiiie it en b et ennes Slide Thu AM
499. Trophic INteractions I .......cccovvviiiiiiiiiiiiiiiic e nenes Slide Fri AM
53s. Trophic interactions II.... ... Poster Fri AM
536. Trophic interactions I1I ..... ... Poster Fri AM
537. Trophic interactions IV ......cccovverivcrecnenae .... Poster Fri AM
4. Visual system: development and plastiCity I...........ccoiiiniininniiiier e Slidle = Mon AM
182. Visual system: development and plasticity IT ...........cccecririnininnnniinniinniniencrcressesenieiens Poster Tue AM
202. Visual system: development and plasticity IIL ..........cccooiiinininniictreee Slide Tue PM
316. Visual system: development and plasticity IV ........c.cocovvnenniniinininiineen Poster Wed AM
477. Visual system: development and plasticity V ............ ...Poster  Thu PM
527. Visual system: development and plasticity VI Poster Fri AM
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Theme B: Cell Biology
331. Blood-brain Darmier I ..ottt sb e e en Slide Wed PM
409. Blo0d-brain Darrier I .........cocceriiiiiniirienienece ettt et sbessnesssesss e bessasessessteseassenensens Poster Thu AM
480. Blo0d-brain barmier IIL...........cocueriiiniirnieniiiiirecee ettt s e st e seeesee e estesaesntessesnessesnsassassnenen Poster  Thu PM
65. Cytoskeleton, transport and membrane targeting ... Mon AM
261. Gene structure and function L ....c...ocoeeiriiiiriinieiecreiecrecesstc sttt b e Slide  Wed AM
381. Gene structure and function II .........c.cooiviininniniece e Slide Thu AM
450. Gene structure and function I ..........ccccoiiiriiiniii e Poster  Thu PM
503. Gene structure and function IV ..ottt sbe e sae s srasaes Poster Fri AM
230. Membrane composition and cell surface macromolecules I.........ccocvviieininniniininiiniinincin, Poster ~ Tue PM
355. Membrane composition and cell surface macromolecules I..........coeouivivenininenineniennceieniennnnnes Poster Wed PM
142. MRNA TeGUIALION L....ooeiiiiiiiiieieecee ettt ettt ettt assas s s e snases Tue AM
205. mRNA regulation II ..... Tue PM
339, mRNA regulation III .... Wed PM
393. mRNA regulation IV .... Thu AM
451. MRNA 1egUIation V ...ttt e Thu PM
504. MRNA 1egulation V... ..ottt bbb sssasssenssaens Fri AM
10. Neuroglia Mon AM
209. NEUrOGlIa iN QISEASE ......c.erueeeiiereiriiiieieieieet ettt et sr e r et et se s e e e s et bess oo s arbeasebesaesbnenesnens Tue PM
146. Neuroglia: active membrane IESPONSES ...........cceeeruruirririerenirieiiessoinieesseissessosesssssssssssserssssssesesens Tue AM
145. Neuroglia: myelin and myelin-forming cells Tue AM
210. Neuroglia: structure and biology ........ccovveuevvrvrueuereennnn Tue PM
122. Staining and tracing tECANIQUES .........cceurveeirrurireriereirinitii b r s sas st Mon PM
Theme C: Excitable Membranes and Synaptic Transmission
11. Calcium channels I....... Mon AM
147. Calcium channels II Tue AM
264. Calcium channels T ....cc.ooioriiiiici ettt s b s sae st e e et e ssaessbesatessessnesns Slide Wed AM
332. Calcium channels IV ...ttt en Poster Wed PM
457. Calcium channels: modulation and regulation .............ccceveerieireiinenncreneneieeseieseeesreneeseseerenees Poster  Thu PM
76. Ion channel modulation and regulation I ............ccocveeiieiinicinncineneee e Slide Mon PM
514. Ion channel modulation and regulation II ............ccccoieiriiiiiiiniine e Poster Fri AM
456. Ton channels: Cell fUNCLION .....ccociiiiriiiiiieire ettt sa e s e sesesne s Poster  Thu PM
36. Ion channels: chloride and MiSCEIlANEOUS .........cccviiiverieiieteietertert e eeseereseesreseae st saes e enessesaeenes Poster Mon AM
387. Ligand-gated ion channels I ........cc.cocooiiimiiniiiniiccenr ettt et seneneas Slide Thu AM
458. Ligand-gated 1on channels I6.........cccoiiiiiniiiiiiie st cere e et esseeesse e nnes Poster ~ Thu PM
333. Ligand-gated ion channels: ChOINEIZIC ..........cccccovmiiivniniiiiiiiii e Poster Wed PM
334. Ligand-gated ion channels: lutamate ...........ccccveerinireeninininicciinieeeseereciinn e esessssnenes Poster Wed PM
84. Pharmacology of synaptic tranSmiSSION .........cc.ceeueeerertererteenterenseseeeeesesseseesestesssesseeesesesncssesessens Poster Mon PM
216. Pharmacology of synaptic transmission: amino acids and calcium channels ... Tue PM
79. Postsynaptic mechanisms I .......c..coiviviiiiininiinccest e sssesesees Slide Mon PM
215. Postsynaptic Mechanisms IL .........ccoceiuereriruriirnieierie et eestssaesesestssssesesessssesenenssesenes Poster  Tue PM
516. Postsynaptic mechanisms JIL........ccoooiiriiiiiiiicce ettt et ee e seeaens Poster Fri AM
35. Potassium Channels L........co.coiiiiiiiiiiiiier ettt sr st sresne e eae s st e e s e s e et ens Poster Mon AM
139. Potassium channels IL...........coiiiiiriiiinicret ettt se s e s e e se s snese s s Slide Tue AM
220. Potassium channels IIL .........coocviiiiiiniiiie ettt s senes Poster  Tue PM
395. Potassium channels IV ..ottt ettt et seee e s e e enen Poster Thu AM
396. Potassium channels: modulation and regulation ...........cc.cccceee.. R Poster Thu AM
83. Presynaptic mechanisms I .......c.coccoceeiiiiniinininiinienenicnecenenenne reereerentenaeas Poster Mon PM
197. Presynaptic mechanisms I1......cccciioiiiiiniiniiireecre ettt Slide Tue PM
189. Presynaptic mechanisms: CAICIUIM .....ccooiiiniiniiriiniercnir ettt ettt b sae s aes Poster Tue AM
190. Presynaptic mechanisms: facilitation and depression ..........ccoovvvviivninenieneeee e Poster  Tue AM
85. Sodium Channels T ......c.cooiiiiiiiecce e Poster Mon PM
219. Sodium channEls TL........cooiviiiiiiiiii et ebe e eb bbb st ae b Poster  Tue PM
105S. Synaptic structure and funCtion I .........c.cccoeeirieininceccininicic e Poster Mon PM
276. Synaptic structure and function IL ..o Poster Wed AM
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Theme D: Neurotransmitters, Modulators, and Receptors
29. ACELYIChOIINE L ...ttt e Poster Mon AM
165. ACELYIChOLINE IL...c.uoiiiiiiiiiiiiiieic et s sa e bbb n e Poster Tue AM
226. ACELYIChOLINE IIT ..ottt et sa bbb et caesar b s b b e e sn e sanenbasnnaas Poster  Tue PM
472. ACELYIChOIINE TV ettt sb s e sat e ea s b s baeanenb s sanean Poster ~ Thu PM
102. Behavioral pharmacology: analgesics and NMDA ..........cccocoviniiiniiniins Poster Mon PM
252. Behavioral pharmacology: benzodiazepines and stimulants .............cccccveveviniiiiiccniiniinennn, Poster  Tue PM
422. Behavioral pharmacology: dOPAMINE ...........cccouivirueirenieeniciniiiiie s senene Poster Thu AM
466. Behavioral pharmacology: Other ...t Poster  Thu PM
73. CateChOIAMINE TECEPLOTS ......ovveveiiiiieieiertentitestestentesueseestesaesaessesseseessessessessesssesessessessessessesssosessasnes Slide Mon PM
173. Catecholamine receptors: adreNETZIC .......ccuieiriiruinieneriniiniciin it s er e s srs s eas Poster  Tue AM
172. Catecholamine receptors: dOPAMINETZIC ......cvcvuiviiveeruerierienieniriniiinee e srsebeas Poster Tue AM
171. Catecholamine receptors: dopaminergic (D1) .....c..ccccevveviivnniniiiiiiiiiccne Poster  Tue AM
170. Catecholamine receptors: dopaminergic (D2) ........cccccocviviviiiniiiinii e Poster Tue AM
330. Catecholamines L ... Slide = Wed PM
399. Catecholamines II...... Thu AM
403. Catecholamines III .... Thu AM
482. Catecholamines IV .... Thu PM
517. CatechOlamines V .....cc.coiiiiiiieiiiiiicicinci et Fri AM
518. Catecholamines VI .......cocooiiiiiiiiininiiiiiciirt bbb e Fri AM
483. Catecholamines: ANALOINY .......cceceririiiiiiiireentnientetestestesteresessesbesbesiesaesaessesaesbessensessessssssssesssnesens Poster =~ Thu PM
402. Catecholamines: NEUTOTOXICILY ..cccivviviieieriiiieietintentesteterenresteseesteseesrestessessesseesessessssssssessaesessssses Poster Thu AM
203. ChOLINETZIC TECEPLOTS ....vivviuiiiiiiiiiietrieiit ettt r s bbb bbb bbbt asbssn s Slide Tue PM
260. Excitatory amino acids: anatomy and physiology I ..........ccccccoviviiiiiniiiiniinens Slide  Wed AM
372. Excitatory amino acids: anatomy and physiology IL.........c.cccccoviviiiiiniiiniiiiincnnceins Poster Wed PM
373. Excitatory amino acids: anatomy and physiology III ...........ccoviiiiininiiiniiniiceene Poster Wed PM
374. Excitatory amino acids: anatomy and physiology IV .........ccccciiiniininininiiiiine Poster Wed PM
195. Excitatory amino acids: eXCItOtOXICIty I .....cccceviviiviriniimneniniciiiiiniici e Slide Tue PM
305. Excitatory amino acids: eXcitotoXiCity IT ........cccouiiriiviniiiniiniiiiiiiii e Poster Wed AM
306. Excitatory amino acids: eXcitotoXiCity ITL.........ccoeoeeviiivnrniininiiiiniiiice e Poster Wed AM
307. Excitatory amino acids: €XCItotoXiCity IV .......cccovuiirieviienininiiinicinciciccreee e Poster Wed AM
86. Excitatory amino acids: TECEPLOTS L .......c..couiiiiiniiiniiiiniiicciiiiiicec e Poster Mon PM
87. Excitatory amino acids: 1€Ceptors II ..........cccccvvivieiiiniiiieniiniiiicic s Poster Mon PM
133. Excitatory amino acids: 1eCeptors II ............cccoevrivirinininiiiniiiici e Slide Tue AM
217. Excitatory amino acids: reCeptors IV .......cccccviiieniiiniiiinininiiiiiicncrr s Poster  Tue PM
218. Excitatory amino acids: TECEPIOTS V ......ccccouviiiiiirieiinuiciiieiiiiiiiiieee s snnens Poster  Tue PM
380. Excitatory amino acids: r€CEPLOTS VI .......cocouvirieieuiiinineriieninieiciiiineeriinceesnsineessssesesessssnssesens Slide Thu AM
461. Excitatory amino acids: receptors VIL........cccocoeviiriiniiencnniniiiniciinenncieresrenenescsrersssesesensnens Poster  Thu PM
462. Excitatory amino acids: reCeptors VIII ...........ccvuviiiviniiienenineneeniceeeesietereeeseeseesseesseseeneseenens Poster  Thu PM
463. Excitatory amino acids: reCeptors IX ..........ccccveiriininineniniiiinii e Poster ~ Thu PM
259. GABA and benzodiazepine reCeptors L........cccovueviviininiinenininininiiniiire e Slide Wed AM
335. GABA and benzodiazepine receptors Il ...........ccoevviieininiiiniiiiiiiieccieec s Poster Wed PM
397. GABA and benzodiazepine receptors III ...........ccccoevininevininininininceee s Poster  Thu AM
459. GABA and benzodiazepine reCeptors IV .....c..ccccvevivireriinininininccenenenesceeeseesssrees e eesseeses Poster  Thu PM
199. GABA and benzodiazepines I ...........occcciiiiiiiiiiniciinininiccieeneiinsreesesss s ssasassnes Slide Tue PM
272. GABA and benzodiazepines IL...........occvurivereininecinniiieninierecesiiesesstseesesessesesessssessssssssssesnes Poster Wed AM
398. GABA and benzodiazepines III ..........ccceoeviieininiiininiieneicircte e sessesesaeseas Poster Thu AM
95. Interactions between neurotranSMItters I .........cccovveveviiiniieicnniiiniie s Poster Mon PM
235. Interactions between neurotransmitters IL..........cocooevivininininininin e, Poster  Tue PM
326. Interactions between neurotransmitters III ..........cccoooiiniiinnininie Slide Wed PM
491. Interactions between neurotransmitters IV ........ccccoeviviininiininiiiiice s Poster  Thu PM
318. Mesopontine Cholinergic Neurons: The Neuronal Substrate
of the Ascending Reticular Activating System? Symp. Wed PM
515. Muscarinic receptors .... oo Poster Fri AM
275. INICOHNIC TECEPLOTS ...ovvviniiierieniiiiiiiteterit ettt ettt st eb bbb s b s e sa s s b s eas b eaesasassbessebens Poster Wed AM
285. Opiates, endorphins and enkephalins: anatomy and chemistry I ........cccovvviniiiinniiinnnnnnne. Poster Wed AM
392. Opiates, endorphins and enkephalins: anatomy and chemistry II...........cccoooviiiiinninninn Poster  Thu AM
340. Opiates, endorphins and enkephalins: behavioral effects ..........ccocvviiiiiinininiiininiicne, Poster Wed PM
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62. Opiates, endorphins and enkephalins: physiological effects I ..........ccccooeevevinnincnniinnniiininnnes Poster Mon AM
221. Opiates, endorphins and enkephalins: physiological effects II..........ccccccouveccvniicinininninininnncne Poster  Tue PM
270. Opiates, endorphins and enkephalins: physiological effects III ..........cccoeevervieniinninenencneneenenens Slide  Wed AM
61. Opiates, endorphins and enkephalins: tolerance and dependence ..........cccccceeeeveiicrieinenscenecnnne Poster Mon AM
97. Other biogenic amines and purines: adenosine and hiStamine..............cooveeeeveiiieninniiecnneneneniens Poster Mon PM
81. Peptides: anatomical 10Calization I ............cccceviviiiiicrininieiiiicccccci e esirerenens Slide Mon PM
228. Peptides: anatomical 10calization IL ...........c.cccoeuiiinniinininineencnecnicceinssiseseesesessasaesens Poster  Tue PM
298. Peptides: anatomical localization IIL.............ceoeivireriiinierirerieiee et snsssnene Poster Wed AM
337. Peptides: anatomical localization IV Wed PM
80. Peptides: biosynthesis, metabolism and biochemical characterization I ...........ccocceeeuviereevcriruenenene Mon PM
151. Peptides: biosynthesis, metabolism and biochemical characterization II ...........c.ccccccervcnencnenennnne Tue AM
338. Peptides: biosynthesis, metabolism and biochemical characterization III..... Wed PM
506. Peptides: biosynthesis, metabolism and biochemical characterization IV ... Fri AM
91. Peptides: physiological effects I ...........ccocvvivcvenniiiennnininniccinieninenene Mon PM
92. Peptides: physiological effects IT .........ccceviiiirnniniinnneccntieescte st esetssseseseststesesessessssnens Mon PM
388. Peptides: physiological effects IIL.........ccoevveireiiiiiirieiceereeeetre ettt enenenes Thu AM
143. Peptides: receptors I .........ccceueuueee. Tue AM
229. Peptides: receptors I ........ Tue PM
273. Peptides: receptors I1I Wed AM
394. Peptides: TECEPLOTS IV .....o.iviiiiiiiiicierrcre ettt st ta et b b et anes Poster Thu AM
256. Progress in Research on D1 Dopamine Receptors Symp. Wed AM
389. Receptor modulation: up and down regulation L..........cccceveuvueirnininiiiiicccierennnes Slide  Thu AM
479. Receptor modulation: up and down regulation I ..........cccooccvviiviininniiiies Poster  Thu PM
519. Receptor modulation: up and down regulation IIT ... Poster Fri AM
96. Regional localization of receptors and neurotransSmitters I...........ococviircvnininicnnnnieninnninenenenes Poster Mon PM
236. Regional localization of receptors and neurotransmitters II Tue PM
308. Regional localization of receptors and neurotransmitters III ... Wed AM
72. Second MESSENEETS I ....cvouiiiiiiiiiiiiiiiiicc et b bbb as Mon PM
174. Second MeESSENEETS I ........coviiiiiiiiiiiiiiiicinteteee bbb s Tue AM
267. Second messengers III ..........ccooviiiniiiniiiiecininiiininnenenes Wed AM
520. Second messengers: adenylate cyclase Poster Fri AM
400. Second messengers: CalCium .......cco.eveeveirierecennens Poster Thu AM
401. Second messengers: phosphoinositide tUMOVET .........c.cceeecrininrerininniiniennreeeiiseeeseseassensas Poster Thu AM
336. Second messengers: protein PhoSPhOTylation ...........ccceeeceverieiniiinninininnncneee s Poster Wed PM
6. Serotonin I......cccccevonnineiciiniencnnceeseneeeen Slide  Mon AM
94. Serotonin II ... Poster Mon PM
168. Serotonin III ...... Poster Tue AM
225. SErOtONIN IV c.cviiiiiriiiicccicc ettt e Poster  Tue PM
93. SErotonin TECEPLOTS I ......ccviriiiiiiiiieiiiiirieiiiciittitc e sesere s rebe s bsa b bbb abssssesssens Poster Mon PM
169. Serotonin receptors II ....... Poster Tue AM
198. Serotonin receptors I1I Slide Tue PM
274. Serotonin receptors IV Poster Wed AM
2. The Neurobiology of Neuropeptide Y (NPY) Symp. Mon AM
16. Transmitters in invertebrates I i Mon AM
150. Transmitters in invertebrates II Tue AM
271. Transmitters in invertebrates ITL.........c.ccoocviiiiinnninrcce ettt sssssassene Wed AM
297. Transmitters in iNVEIEDIAtEs IV ......c.ccccciiiiiicinininiiirineireteeeneeressicesieeseesssssssessssssenssense Wed AM
48. Uptake, storage, secretion and metabolism I ..........c.ccceueeeeee. Mon AM
242. Uptake, storage, secretion and metabolism I ............ceevinuerenieeineneenenieenencnentneenescereeseseseeessens Tue PM
328. Uptake, storage, secretion and metabolism III .... Wed PM
505. Uptake, storage, secretion and metabolism IV ..........c.cccoeueuueee Fri AM

Theme E: Endocrine and Autonomic Regulation

2717. Adrenal medullary reGUIAtION .........c.cueviiiiievencninereireteeeereereeree st senssaeses Poster Wed AM
138. Cardiovascular regulation I .........ccc.ociiiiinniiicnneesnrcreseercciesesesesssesesesesessrsnsacssssens Tue AM
239. Cardiovascular regulation IL..........cccouiueiiniiiininnneientnreeceste st s e sesessesssesesessssssessessssssseseos Tue PM
327. Cardiovascular regulation III Wed PM
385. Cardiovascular regulation IV Thu AM
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467. Cardiovascular regulation V ........cccoiiiioniinieiniineee e e Poster  Thu PM
468. Cardiovascular regulation VI ... Poster  Thu PM
240. Cardiovascular regulation: RyPertension .......c..cevcevenineniiniiiiii e Poster  Tue PM
290. Hypothalamic-pituitary-adrenal regulation I ..., Poster Wed AM
321. Hypothalamic-pituitary-adrenal regulation I ... Slide Wed PM
429. Hypothalamic-pituitary-adrenal regulation IIL............cccocccviniiiin s Poster Thu AM

58. Hypothalamic-pituitary-adrenal regulation: CRH ... Poster Mon AM
250. Hypothalamic-pituitary-gonadal regulation L..........ccccccveeriveriennnnrinenieerecseainsenisienieinsnesene Poster  Tue PM
430. Hypothalamic-pituitary-gonadal regulation II ..........coeirrieneniniiinnnnssneanes Poster Thu AM
528. Hypothalamic-pituitary-gonadal regulation ITL .........cccocccoeioiiniiiiiniincnie Poster Fri AM
493. Melatonin: New Light on CNS Mechanisms of Action Symp. Fri AM

7. Neural-immune interaCtions I ......cc.coooiiiiiiiiine e s beas Mon AM
156. Neural-immune interactions II Tue AM
289. Neural-immune interactions I1I Wed AM
291. Neural-immune interactions IV ...t Wed AM
119. Neural-immune INteractions: SITESS .......ccerteueirieruirietertecererieerieneeiemrsesearessesmesenmssesssnissssssssiassnessans Mon PM

82. Neuroendocrine regulation I ........c.cccoeieiiiieiiiieiceneeeec et eb e Mon PM
540. Neuroendocrine regulation I ..o Fri AM
428. Neuroendocrine regulation: neurohypophysial peptides Thu AM
375. Neuroendocrine regulation: photoperiod/pineal ..................... Wed PM
292. Neuroendocrine regulation: Prolactin .........c.coeecvueericrceneiciiiiiiie e e e eaeaea e Wed AM
439. Neuropeptide Regulation of Reproduction Thu PM
107. Regulation of autonomic fUnCtions L..........coceceveviriinnioincnniniiii e Mon PM
251. Regulation of autonomic functions IT ...t Tue PM
269. Regulation of autonomic functions ITL ..........c.cocccuevirevineneriii s Slide Wed AM
357. Regulation of autonomic functions IV ..........ccoiirereirnincnniiinse e Poster Wed PM
426. Regulation of autonomic fUnCtions V ......c..ccccooreverinincnniiiciiestiscescsscne e Poster Thu AM

45. Respiratory regulation I ... S PO SP TP U SO PO P OOV Poster Mon AM
471. Respiratory regulation I .......cccciviiiiiiininineiie ettt ss bbb eas s Poster ~ Thu PM

Theme F: Sensory Systems
445. AUGIEOTY SYSIEITI L..evivenititeteeteiiet ettt et rese b cebe e rae bk se e sa et b e e e s st et mes b s s b b s besbesssbsbeseabess Slide Thu PM

50. Auditory system: avian connections and ProCesSing ........c.c.ccviiiiieiiniiiniins s Poster Mon AM
300. Auditory system: brainstem and higher nuclei Poster Wed AM

90. Auditory system: cochlea.................. Poster Mon PM
299. Auditory system: cochlear nucleus Poster Wed AM

49. Auditory system: corteX and iNEEZIAtION .........coeecevievereeeierienirrente st eens Poster Mon AM

89. Auditory system: hail CELIS ....c.icirriinirricirinitcecctr e Poster Mon PM
368. Chemical senses: gustatory PAtIWAYS .......ccccevieirierieieirneneeiereict et sacsssre s rens Poster Wed PM
367. Chemical senses: olfactory pathways and ProCessing ........c.coooevneiivmieriniieneniiieeenns Poster Wed PM
301. Chemical senses: peripheral olfaction........c...ccccccceeene. Poster Wed AM
302. Chemical senses: taste and carotid receptors Poster Wed AM
257. Computing Motion in Flies, Monkeys and Man: Linking Physiology with

Psychophysics and Computational Theory Symp. Wed AM

3. Functional Organization of the Thalamus Symp. Mon AM
510. Invertebrate sensory SYStems I.......cccoeviririiiinnnenienni e e Poster Fri AM
511. Invertebrate sensory SYStems Il ........cooiiiiiiiiiicc et s Poster Fri AM

78. Pain MOAUIATION ....vveuiiriereirireieiectt et ettt e b s n s s ens e sas b onesesarssanns Slide = Mon PM

63. Pain modulation: CNS PAthWAYS ......cccvevririiiiiiiirirtiseireeseeseeereereeseseeeresseeseseesessessessessessesassessenses Poster Mon AM
341. Pain modulation: afferent MEChANISINS .......cceccvviiverrinrninieiiennteete ettt esees Poster Wed PM
222. Pain modulation: biogenic amines I...........ccccoviiiiicnnnienicre et Poster  Tue PM
223. Pain modulation: biogenic amines IL...........cccccoiviriiiccnniiir e Poster  Tue PM

64. Pain modulation: opioid MEChANISINS .........ciciveruereeeiretiieeereee s tesesseste b esns et e e seenesesareeas Poster Mon AM
152. Pain modulation: spinal opioid MEChANISINS ........ccvrriieiiiiiire e Poster Tue AM
502. Pain PAtIWAYS .....oveurieeieiieiir ittt sb ettt bbb e eas R s s ren e Slide Fri AM
470. Pain PAtNWAYS: CNS ..ottt ettt e re e bttt b et e ae s et eeessenseesaeneenenesassens Poster  Thu PM
188. Pain pathways: primary afferents ............ccoeieiiiiiicrienreiere ettt eb e bsssaensrennesons Poster Tue AM
187. Pain pathways: SPinal COTA .....c..cociiiiiriiiiiircrtr ettt sttt a e s Poster Tue AM
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51. REHNA L ..ot ettt sk e b e b Poster Mon AM
88. Retina Il ... ....Poster  Mon PM
366. ReEtINA TIT ..ottt ettt ettt en e bbb e b e b Poster Wed PM
386. REUNA IV Lottt ettt s bbb sr et s e msa st sa bR bt sa e Slide Thu AM
476. RELINA V oottt et st s bbb r s bbb e a e Poster  Thu PM
546. REHNA VI .ottt ettt ettt et ettt st st saesas et a s s a bbb a bt e s e sassbesbasassane Poster Fri AM
268. SeNSOTIMOLOr INTEZTALION .....cuetieeierieiieieirte ettt sesr et sse bbb s s s r s bbb e s b Slide  Wed AM
47. Somatic and visceral afferents I ..... ..Poster Mon AM
176. Somatic and visceral afferents II..... ...Poster Tue AM
329. Somatic and visceral afferents IIT ..........cccoovveniinrennecennene. ....Slide Wed PM
123. Somatosensory cortex and thalamocortical relationships I......cccccoovcniivcinniininicice Poster Mon PM
124. Somatosensory cortex and thalamocortical relationships IT ......c.ccccoceeenercninininninneneieeenees Poster Mon PM
418. Somatosensory cortex and thalamocortical relationships HI .........c.ccovvviiiiinnnniiin, Poster  Thu AM
303. SPINAL COTA oottt bbb Poster Wed AM
157. Subcortical somatosensory pathways I ...........ccovvieenncccnnnee ..Poster Tue AM
158. Subcortical somatosensory pathways IT ........cccccooccniniiicinnncn ...Poster  Tue AM
75. Subcortical visual pathways I ................. ...Slide Mon PM
183. Subcortical visual pathways I .......cociviiininiiiiini e Poster  Tue AM
315. Subcortical visual pathways HI.........ccccooiomiiiniirincccnte it er s Poster Wed AM
545. Subcortical visual pathways IV ...ttt Poster Fri AM
131. The Initial Events in Taste: Chemosensory Transduction in the Vertebrate Taste Bud ....... Symp. Tue AM
52. VISUAL COTEX T oottt eae et et e s b s et b e nennas Poster Mon AM
69. Visual CorteX IL.....ooiiiiiiiiii it ....Slide Mon PM
132. Visual cortex 111 ...Slide Tue AM
320. Visual cortex IV Slide Wed PM
419. Visual cortex V ...Poster  Thu AM
441. Visual cortex VI Slide Thu PM
547. ViSUAL COTIEX VI .c.uioiiiiiiiciiiiiiiiiencnecntsr et es s s ess s s snn s Poster Fri AM
53. Visual psychophysics and behavior L.........ccccocooiiniininnniiiicii e Poster Mon AM
249. Visual psychophysics and behavior IT ..........cccoiviviieinnniiceeceerce s Poster  Tue PM
497. Visual psychophysics and behavior I ........cc.ccooivriiieniiiiceene Slide Fri AM
Theme G: Motor Systems and Sensorimotor Integration
115. Basal ganglia and thalamus I ........ccccooviiiiiiinieiiiceeneee e sese e e sttt esnese st sssesessessesaeseens Poster Mon PM
116. Basal ganglia and thalamus IT ... e Poster Mon PM
358. Basal ganglia and thalamus II1.........c.cccoiiiii e Poster Wed PM
359. Basal ganglia and thalamus IV ...ttt e seseenens Poster Wed PM
360. Basal ganglia and thalamus V .......c..c.occiiiiiiinrcenre et Poster Wed PM
361. Basal ganglia and thalamus V. ...ttt eeeesanenenens Poster Wed PM
362. Basal ganglia and thalamus VII ..ottt see e s e s seseeseeneenene Poster Wed PM
77. CerebIIUIM T ...iiiiiiiiecc ettt ettt e b e st b e et e s et et b et et bentanan Slide Mon PM
164. CerebellUIM TI ....oiiiiiiie ettt ettt ettt et e eenene Poster  Tue AM
245. Cerebellum T ...ttt e Poster  Tue PM
447. Circuitry and patiern ZENETAtION ..........cc.cceirverrierarereeuererisseersertesessesateseesesseneeseneresatssessenessesessene Slide Thu PM
416. Circuitry and pattern generation: invertebrates and models ........c.cocecevieninicnniinnniicninenne Poster Thu AM
415. Circuitry and pattern generation: VErEDbIAES ...........ceeeeeverireerernuenieeneereeeresieesmrerereseseeesnseerens Poster Thu AM
25. Control of posture and MOVEMENE I .........cooiiriiiiiriiirireneree ettt e st e b e s seneenenens Poster Mon AM
26. Control of posture and movement Il ........c.cccvieiiiiiinieinineiii ettt st Poster Mon AM
74. Control of posture and movement IIL ..ot se e nes Slide Mon PM
160. Control of posture and movement IV ........c.cooooiviiiininiiii e Poster Tue AM
161. Control of posture and MOVEMENT V ......c.cciiierieriiiiirtirieneriesieserierieriessessesseseesteseescsssenseseesessasosennas Poster Tue AM
243. Control of posture and movement VI ..o s Poster  Tue PM
281. Control of posture and movement VII .......c..c.coviiriiiininneineienneneneeen st esesssens Poster Wed AM
473. Control of posture and movement VIII .........c.occovniririniniiiicrieciiei e Poster  Thu PM
474. Control of posture and movement IX ........cc.cccoiinricinniii e Poster ~ Thu PM
113. COTIEX I .ttt et st b et st b et s b et s e s et asbe s e bt e Rt r s b e as bt Poster Mon PM
114. COTIEX I ..ottt sttt st e e e et sa s st Poster Mon PM
313. COMeX IIE ...ttt bbb e e b et Poster Wed AM
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314. COTEX IV Lo bbb bbb Poster Wed AM
513. Invertebrate MOOr fUNCHION ......c.ccevriiiiiriiiieierete e eb bbb ens Poster Fri AM
363. Motor systems: reflex function L........ccccoeviierininienenicnincnicienrcenter s Poster Wed PM
364. Motor systems: reflex fUnCHion IL........cccoouiiiviiriinieninienenerceeee et se et Poster Wed PM
213. MUSCIE Lottt bbb bbb s b sr b aenssbene Poster  Tue PM
214. MUSCLE T .ttt b bbb Poster  Tue PM

99. Oculomotor SYSIEIM L .....cc.coiiiiiiiiiiiiiice et Poster Mon PM
312. Oculomotor SYSLEM IL. ..ottt Poster Wed AM
324, Oculomotor SYStEM IIL ......ccccoviiiiiiieieieiir ettt bbb ess e e b saeeas Slide = Wed PM
475. Oculomotor SYSIEIM IV ..o.iiiiiiiiiiiicicceetee ettt eb ettt b ettt bemaesbesbens Poster  Thu PM
268. "SENSOMIMOLOT INEETALION ......cvvveveeeervereecseeeseesesessesesseseessesessssbessessssbassesssssessessas s sssssensessessansenannes Slide Wed AM
159. Spinal cord and brainstem L..........ccccoiiiiiiiiniininiir s Poster Tue AM
207. Spinal cord and brainstem I ..ot Slide Tue PM
282. Spinal cord and brainstem: COrd anNAtOMY .........cocccereriiirierininininiiiinieeee et eraesaes Poster Wed AM
365. Spinal cord and brainstem: cord phySIOIOZY ........coeieuereererererinirieiieieee e saesens Poster Wed PM
377. The Basal Ganglia: Structure and Function Symp. Thu AM
206. VESHIDUIAT SYSTEIM ...ttt ettt ettt ae bbb e s st se s erssa et enenessenenans Slide Tue PM
211. Vestibular system: VOR and integration Poster  Tue PM
212. Vestibular system: receptor organs and vestibular nuclei Poster  Tue PM

Theme H: Other Systems of the CNS

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

34. Association cortex and thalamocortical relations II .. Poster Mon AM
179. Brain metabolism and blood flow ©.......c....ccccceiiririernieincncicic s Poster  Tue AM
343. Brain metabolism and blood flow IT ..........cccoueeiiiriiiniinnenciiic s Poster Wed PM

17. Brain metabolism and blood flOW .........c.ccccveieiiniiiiineenneece e Slide  Mon AM
180. Brainstem systems..........cooueuee. ettt et et et e bt r e b e e h e b b e s e R s b e st e b e s b e R b e r e r e e b b s ebbs Poster Tue AM

19. Comparative neuroanatomy ... Poster Mon AM
154. Comparative neuroanatomy IT ..........cccccoeiiiiiininiii s Poster  Tue AM
163. Hippocampus and amygdala I ..........cccccoiiiiiininiiiciiiin s Poster  Tue AM
489. Hippocampus and amygdala II Thu PM
490. Hippocampus and amygdala II ..........ccccciiiiiiniiininiiiiiiit s Poster  Thu PM
431. HYPOHAIAIMIUS ..ottt b e st eassnens Poster  Thu AM
488. Limbic SYStEIM IT ..ottt Poster ~ Thu PM

Theme I: Neural Basis of Behavior

21. Alcohol, barbiturates, benzodiazepines I ..o Poster Mon AM

28. Alcohol, barbiturates, benzodiazepines II ............ccocccviinininninins Poster Mon AM
167. Alcohol, barbiturates, benzodiazepines III Poster  Tue AM
224, Alcohol, barbiturates, benzodiazepines IV Poster ~ Tue PM
184. Biological rhythms and sleep: inVErtebrates ...........ccccccvuiveveveeniiiiiiiinceens Poster Tue AM

15. Biological rhythms and sleep: neuroregulators ...........occcecuiieiiiiiinininieneeeeee e Slide  Mon AM
201. Biological rhythms and sleep: other I ..o Slide Tue PM
293. Biological rhythms and sleep: other I ..o, Poster Wed AM
420. Biological rhythms and sleep: other ITL...........ccccecconiiiiiinniiiiiii s Poster  Thu AM
522. Biological rhythms and sleep: Other IV .....c.cooiiiivniiivinnicicnans Poster Fri AM
100. Biological rhythms and Sl€ep: SIEEP .......c.ccoviiiiiiiiiniciiiii e Poster Mon PM
253. Drugs of abuse .......cccoeeverurerernernneninn Poster  Tue PM
434, Drugs of abuse: CNS pathways........ Poster Thu AM
103. Drugs of abuse: biogenic amines Poster Mon PM
104. Drugs of abuse: COCAINE L.......covuiiiiiiiiiiiiiiiece et Poster Mon PM
322. Drugs of abuse: cocaine Il...........ccoiviiiiiiiiniiiniiniicciicncc s Slide Wed PM
432. Drugs of abuse: dopamine MEChANISINS .......c.ecevivireeremiiinneriiiiiie e Poster  Thu AM
469. Drugs Of abUSe: SHIMULANES .....c.cveveieireeieiniieeeererieieee et esees st essss s sses e saesenesessnen Poster  Thu PM
155. Hormonal control of behavior L..........ccccoiiiniinencecci s Poster  Tue AM
304. Hormonal control of behavior I1 .........c.cccociiiiininiiiiciiii e Poster Wed AM
435. Hormonal control of behavior IIL..........cccciiiiiiiiiininiiicnencccnecnse e Poster Thu AM
130. Hormones, Neural Circuits and Communication Symp. Tue AM

xix



Session Day and
Number Session Title Type Time
191. Human behavioral neurobiology: event related potentials ...........cccoocvivnenniiineiineininieiennene Poster Tue AM

S. Human behavioral neurobiology: MEMmOTY ........c.ceccocvenirenieenieinieieeniiriiee s e Slide  Mon AM
101. Human behavioral neurobiology: memory and language ...........ccccooecivninniniinenenieneeneennns Poster Mon PM
196. Human behavioral neurobiology: other I .........ccccoccoiiiiiiiiiinininiiiice Slide Tue PM
294. Human behavioral neurobiology: other IT.........cccccociiniiniininiiniininiie e Poster Wed AM
246. INEStIVE DEhAVIOTS T ...uiiiiiiiiicicice et bbb Poster  Tue PM
266. Ingestive BEhaviors IT.... ..ot b e Slide  Wed AM
356. Ingestive behaviors III .......ccccocviiiiiiiiiiccc e eaas Poster Wed PM
384. Ingestive behaviors IV ... Thu AM
452. Ingestive BEhAVIOTS V ...cc.coiiiiiiiiiiienieniitce e sresresnees Thu PM
507. Ingestive behaviors VI ........cccoiierivieneniiieininceeseee e svesresseeaes Fri AM
421. Interhemispheric relations Thu AM
446. Invertebrate learning and behavior I ..........cocceciiiiiiiniiiniiiiinni Slide Thu PM
455. Invertebrate learning and behavior IL..........coovcvenieienininincninii e Poster  Thu PM
501. Invertebrate learning and behavior I...........cccooeiiiiiiiniiniiii e Slide Fri AM
509. Invertebrate learning and behavior IV ... Poster Fri AM
185. Learning and memory—pharmacology: Poster Tue AM
186. Learning and memory—pharmacology: Poster Tue AM
464. Learning and memory—pharmacology: Poster  Thu PM
465. Learning and memory—pharmacology: Poster  Thu PM
295. Learning and memory—pharmacology: acetylcholine I ..........cccoioiiiiiininiiiniinice Poster Wed AM
296. Learning and memory—pharmacology: acetylcholine II ..o, Poster Wed AM
121. Learning and memory: anatomy L .........c.oociiiieinnininininiince e Mon PM
141. Learning and memory: anatomy IL..........cccccvvininincninninniiinnnniinicnennins Tue AM
244. Learning and memory: anatomy III ... Tue PM
258. Learning and memory: anatomy IV ...... Wed AM
354. Learning and memory: anatomy V ... Wed PM
437. Learning and memory: anatomy VI .. Thu AM

37. Learning and memory: physiology I ..........ccoocoiriiiniininii e Mon AM
208. Learning and memory: physiology II Tue PM
309. Learning and memory: physiology III ..........cccoireniiiniiiiniiiiiiini e Poster Wed AM
166. Monoamines and behavior L. Poster Tue AM
2217. Monoamines and behavior IT ... Poster  Tue PM
453. Monoamines and behavior IT] ..........cccocoiiiiiiii s Poster  Thu PM
460. Monoamines and behavior IV ..o s Poster  Thu PM
508. Monoamines and behavior V ... Poster Fri AM

20. Motivation and emMOtION L.......cccciiiiiiiiiiniiiir e Poster Mon AM

27. Motivation and emotion IT ..o Poster Mon AM
144. NEUTOCTNOLOZY T ...ttt sttt sbe e s bbb saesaas Slide Tue AM
247. Neuroethology L .......c.cui ittt a e be s e aeas bt sbens Poster  Tue PM
454. NEuroetholOZY TL.......cooiiiiiiirierieseeceere ettt e e see e st st esresbe b saesbessasaes e saosasnas Poster  Thu PM
512. NEeuroethology IV ...t sa st Poster Fri AM
288. Neuropeptides and DERAVIOT ........cccveviiiiiiniiriiiccesre s st se et este st ent et esbessessessessenee Poster Wed AM
423. Neuropeptides and behavior: CCK ..ot Poster  Thu AM
424. Neuropeptides and behavior: CRF ...........ciccivniiciniennnncissisesesssssesessens Poster Thu AM
425. Neuropeptides and behavior: 0xytocin and VasOPIessin .........ceeeveeievieinnriesiniineiisiiseseseseessnenens Poster Thu AM
485. PSychotherapeutic dTUES ........cccoviiiiriiniiiiinrinicectre ettt ess s be s ea s nebsasaens Poster ThuPM
342. Psychotherapeutic drugs: antidepressants ..........c.oeuevvniviniinivinniinieee e esenes Poster Wed PM
109. Psychotherapeutic drugs: dopamine and NEUTOPEPLICS .......c.coceveviruerincrininisinrisiiesiesieesseneseneens Poster Mon PM
110. Stress, hormones and the autoNOMIC NETVOUS SYSIEM ....c.coucuiruereererierereeirieriiisieesteesseteserssesiesenns Poster Mon PM

Theme J: Disorders of the Nervous System

135. AlZheimer’s diSEASE I ........ccviviiiiiiiiniiiiiiiiicicir e e Slide Tue AM
443, Alzheimer’s disease IL.........cccciviiiiiiiiiiiin e benes Slide Thu PM
262. Alzheimer’s disease: amyYloid L........cccoviviiiiniriniiiencre ettt senens Slide Wed AM
541. Alzheimer’s disease: amyloid IT .....cocoiviririiiiiiienerrcee ettt sttt ere e s saesresaessesans Poster Fri AM
414. Alzheimer’s disease: neuropathology ................... ..Poster Thu AM
344. Alzheimer’s disease: transmitters and behavior ... Poster Wed PM
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486. Clinical CNS NeurophysiolOgY ...........ccecvuirirriinirineeriieiiniinin s Poster ~ Thu PM
22. Degenerative disease: Parkinson’s I..... Poster Mon AM
54. Degenerative disease: Parkinson’s II Poster Mon AM
371. Degenerative disease: Parkinson’s I .........c..cccoeveviiininniniinniiiiens Poster Wed PM
369. Degenerative disease: Other I ...........ocoveiiiiiiiiniiiiinin e Poster Wed PM
370. Degenerative disease: Wed PM
278. Developmental disorders: genetic and chemical MOdEIs .........c.cccooiviviiininiiiciiininiiinininnes Poster Wed AM
526. Developmental disorders: human diSEases .............ccceeeverrerererireneinieirietees e sseseeeresaeseses Poster Fri AM
248. Epilepsy: anti-epileptic dIUZS ........ccvueveuiuieiiiiiiiirinieeeiereeeseeeee ettt Tue PM
140. Epilepsy: basic mechanisms I Tue AM
284. Epilepsy: basic mechanisms II Wed AM
411. Epilepsy: basic mechanisms IIL...........cccoeiiiiininniircnecccce et Poster Thu AM
427. Epilepsy: benzodiazepines and inhibitory amino acids ..........c..cceccoivevieviveniniericinnicinnneeeinnes Poster  Thu AM
478. Epilepsy: excitatory amino acids ............ccceeevereereerrennnns ...Poster  ThuPM
24. Epilepsy: genetic models .... Poster Mon AM
98. Epilepsy: human studies...... ...Poster Mon PM
181. Epilepsy: KINAING T ...c.covoviiiiiniiiiiniccciniic ittt ettt es e sn Poster  Tue AM
310. Epilepsy: KindINg I......cccoieuiiniiiiiiiiniiiiiiccierceee ettt ne s s Poster Wed AM
43. Genetic models of nervous disorders I ..... Poster Mon AM
44. Genetic models of nervous disorders II Poster Mon AM
265. Genetic models of nervous disorders III Slide  Wed AM
543. INFECHIOUS QISEASE .....ueviiriieiiiiiiciece ettt be st a et ben e b s Poster Fri AM
323. ISCREIMIA ..ot bbb Slide = Wed PM
529. Ischemia: energy metabolism and ischemic models . Poster Fri AM
148. Ischemia: excitability and NEUTOtranNSMISSION ..........cecccerivieueniniiiicniininiiie e Poster  Tue AM
149. Ischemia: mediators of neuronal death ...........ccc.ooeiiicinininiiniii e Poster  Tue AM
23. Ischemia: pharmacological PrOtECHION ........c.cccerirueueueetrinreienrereetneettseree e essnnes Poster Mon AM
449. MENLALIIINESS ....cueiiniiiiciiicit ettt sttt sa e s e bne Slide Thu PM
18. Mental illness: affeCtive dISEASE .........covueueiririeuiiinieieiiieirtereettse ettt sesene e Poster Mon AM
283. Mental illness: SChIZOPIIENIA .......cc.cueueiriiueiiirirtciectcecee st sre s Poster Wed AM
412. NEUrOMUSCUIAT QISEASE .......cuererirrieiinerreieitrieie ettt sttt ettt st sessenenessae b sessnenen Poster  Thu AM
60. Neurotoxicity I ................ Mon AM
530. Neurotoxicity III Fri AM
531. Neurotoxicity IV Fri AM
59. NEUrotoXicCity: dOPAIMINE .........ceceruiirrerieieietieteeeteie ettt ettt sa et bbbt s e sess st ebenaes Poster Mon AM
67. New Opportunities for Study of Mechanisms of Central
Nervous System Ischemia Symp. Mon PM
194. Recent Advances in the Biology of Affective Disorders Symp. Tue PM
56. TrAUMA Lo et Poster Mon AM
57. Trauma Il....c.oooomiiiiiiiccic ettt bbbt e Poster Mon AM
444. Trauma II ..ottt ettt s e eb et enen Slide Thu PM
Other
193. Optical Imaging of CNS Development, Organization and Function Symp. Tue PM
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LIGAND-GATED ION CHANNELS I

387.9

A LIGAND-GATED CHANNEL RECEPTOR FOR HISTAMINE. T. S.
McClintock and B. W. Ache*. Whitney Lab. and Depts. of
Zool. and Neurosci., Univ. of Florida, St. Augustine, FL
32086.

Histamine (HA) suppresses spiking when applied to the
soma of lobster olfactory receptor neurons. In voltage-
clamped somata, HA activates a Cl- conductance. The Cl-
current was unaffected by external Co** and Cd**, or
internal perfusion with activators and inhibitors of G-
proteins. HA activated a Cl- channel when pulsed onto
outside-out (N = 35) but not cell-attached patches (N =
19). Intracellular GTP-gamma-S did not affect channel
gating by HA. These data demonstrate that HA directly
gates a Cl- channel with a conductance of 66 pS in the
Caribbean spiny lobster and 44 pS in the American
lobster. The percent of time the channel spent in the
open state (Po) was a graded function of dose, beginning
between 0.1 and 1 pM HA. Some kinetic properties of the
channel were sensitive to voltage. The macroscopic
current decayed rapidly as a single exponential (1 of
about 100 ms) at -70 mV, as a double exponential between
-60 and -35 mV (7's of about 100 and 1000 ms), and did
not decay above -35 mV. Similarly, the Po of the channel
was increased 10- to 15-fold when the potential was
increased from -50 mV to 50 mV. This new ligand-gated
channel shares some properties with the GABAA receptor.

Supported by the Grass Foundation, NIMH award
F31MH09495 and NSF award BNS88-10261.

387.11

EXTRACELLULAR ATP ACTIVATES POTASSIUM CHANNELS IN
CHICK SKELETAL MUSCLE. S. A. Thomas and R. I. Hume. Department of
Biology, University of Michigan, Ann Arbor, MI 48109

In developing chick skeletal muscle, micromolar concentrations of
extracellular adenosine 5'-triphosphate (ATP) elicit a late potassium
conductance in addition to an early excitatory response. The potassium
conductance activates with a delay of approximately one second and is greatly
reduced at low temperature, suggesting that a second messenger may be

lved. In order to ine the hanism of activation, we voltage-clamped
myoballs using the whole-cell patch clamp technique, which allowed us to
internally dialyze the cells.

ATP elicited an outward potassium current at the reversal potential for the
early excitatory current. Activation of the potassium current was calcium
independent, since the magnitude of the current was unaffected by dialyzing cells
with 20 mM BAPTA and no calcium. Activation was also independent of G
protein alpha subunits, since the current was similar when cells were dialyzed for
10-15 minutes with either GTP, GDP-beta-S, or GTP-gamma-S. Activation of
the current through protein phosphorylation was unlikely, since dialysis with an
intracellular cocktail of metabolic inhibitors had no effect. Noise analysis yielded
spectral estimates for the single channel conductance of approximately 20 pS.
Activation of the potassium current by cytoplasmic second gers was ruled
out when we found that ATP activated 22 pS potassium channels in outside-out
membrane patches. If a second ger is involved, these results suggest that
it is intramembranous. Possible candidates include arachidonic acid, released
from lipids by phospholipase A,, and its metabolites, prostaglandins and
leukotrienes. We have found that several prostaglandins activate potassium
channels in outside-out membrane patches, and are currently examining whether
these channels are the same as those activated by ATP.

387.10

SOME PROPERTIES OF 5-HT; RECEPTOR CHANNELS: SINGLE CHANNEL
AND WHOLE CELL RECORDINGS FROM SUBMUCOSAL NEURONS.
A.Surprenant, V.A.Derkach®,K-Z.Shen" & R.A.North. Vollum
Institute, Oregon Hlth.Sci.Uni., Portland, OR 97201

Results have accumulated to suggest that 5-HT, receptors
are ligand-gated ion channels. We sought to provide direct
evidence for such speculation by recording currents in
response to 5-HT application from outside-out membrane
patches obtained from dissociated guinea-pig submucosal
neurones. External/internal solutions were:NaCl 164,MgCl,
1, CaCl, 1, glucose 11, HEPES 10/Cs-glutamate 160, MgCl,
1, caCl 1, EGTA 10, HEPES 10. 5-HT (1-10 uM) caused the
appearance of unitary inward currents of two discrete
amplitudes whose chord conductances were 15 pS and 9 pS.
Open probability (p,) of the smaller, but not the larger,
channel fell markedly during 2-5 min application of 5-HT;
therefore we studied mainly the 15 pS channel. This
channel showed fast openings and bursts of openings;
uncorrected open times showed two exponentials (r; = 0.4
ms, 7, = 6 ms) and at least three closed states were
demonstrated. ICS 205-930, reduced p,, primarily by
altering the closed states.

Whole cell recordings (using identical solutions) were
made to further characterize the 5-HT, response. 5-HT
(1-10 uM) caused rapidly desensitizing inward currents
which reversed at +3 mV with a Na'/K+ conductance ratio
of 2.3; the response did not require internal ATP or GTP
and was not blocked by pertussis toxin pretreatment.

387.12

CATIONS AND ANIONS PERMEATE A SINGLE ATP-ACTIVATED
CHANNEL IN CHICK SKELETAL MUSCLE. R. I. Hume and S. A. Thomas .
Department of Biology, University of Michigan, Ann Arbor, MI 48109

Micromolar concentrations of extracellular adenosine 5'-triphosphate (ATP)
elicit a rapid excitatory response in developing chick skeletal muscle. Excitation
is the result of a simultaneous increase in membrane permeability to cations and
anions. ATP does not induce the formation of large membrane pores, since ions
such as tetracthylammonium and glucuronate are impermeant during the
response. Here we test whether cations and anions permeate a single ATP-
activated channel which does not discriminate by charge, or whether they
permeate separate cation and anion channels concurrently activated by ATP.

Experiments were performed on myoballs using the whole-cell patch-clamp
technique. This method permitted internal dialysis of the cells and control of the
membrane potential. In order to determine if one or two types of ATP-activated
channels were present, we analyzed the fluctuations about the mean current
induced by ATP. Ionic conditions were arranged so that the reversal potential
for cations was +50 mV and the reversal potential for anions was -50 mV.
Under these conditions, if ATP activates a single channel that does not select by
charge, ATP should not evoke an increase in noise at its reversal potential.
However, if ATP activates separate cation and anion channels, ATP should
evoke a significant increase in noise at its reversal potential. At both +40 mV
and -50 mV ATP elicited a clear increase in noise, but at the ATP reversal
potential of -5 mV no increase in noise above background was seen. These
results indicate that there is only a single excitatory ATP-activated channel type,
which is nonselective by charge. Based on analysis of the noise spectrum, the
conductance of the channel was approximately 0.3 pS.

PEPTIDES: PHYSIOLOGICAL EFFECTS III

388.1

ROLES OF SOMATOSTATIN (SRIF) AND GROWTH HORMONE RELEASING FACTOR (GRF)
IN ETHER STRESS |INHIBITION OF GCROWTH HORMONE (GH) RELEASE. M.C.
Aguila*, R. Pickle*, W. Yu* and S.M. McCann. Dept. Physiology,
Neuropeptide Div., Univ. TX Southwestern Med. Ctr., Dallas, Texas 75235.

In order to evaluate the release of somatostatin (SRIF) and growth
hormone releasing factor (GRF) into the pituitary gland in response to
ether stress, a push-pull-perifusion (PPP) technique has been used in
freely moving rats. Push-pull cannulae (PPC) were implanted into the
anterior pituitary (AP) gland of male rats (250-270 g). After a 7 day
recovery period the rats were fitted with indwelling jugular catheters.
The next day the animals were subjected to PPP of the AP during one hour
followed by ether stress (2 min) and another hour of perifusion. The
perifusion flow was 20 p1/min and 10 min fractions were collected and
assayed for SRIF and GRF by RIA,. Plasma GH levels were assayed every 10
min. At the end of the experiments, the accuracy of PPC tip placements
was ascertained with a dissecting microscope. Under basal conditions
SRIF and CRF output pulsed at 20-40 min intervals. SRIF and CRF output
in the ten min period beginning with application of ether was increased
two-fold (p<0.005 and p<0.01, respectively). Interestingly, the release
of SRIF continued for an additional 10 min, whereas GRF output decreased
and was almost undetectable. The release of both CRF and SRIF receded
to basal values 20-30 min after stress, Plasma CH levels were
significantly lowered 10 min after stress. Each of the 9 animals showed
a restoration of pulsatile GH release to above basal levels within 20 to
30 min after stress. Our findings provide compelling evidence that
somatostatin plays a prominent role in stress- induced inhibition of GH
release in the rat by blocking the response to the transient elevation
of CRF and continuing to suppress GH release for 20 min,

388.2

NEUROPEPTIDE Y STIMULATES GnRH RELEASE FROM SIMIAN
HYPOTHALAMI. K.-Y.F. Pau'. AH, Kaynard" and H.G. Spies. (SPON.
Y.F. Chen) Oregon Regional Primate Research Ctr., Beaverton, OR 97006.

Feeding, cardiovascular, and reproductive functions are modified by
neuropeptide Y (NPY) action. In the rat and rabbit, NPY alters the secretion of
gonadotropin-releasing hormone (GnRH) and luteinizing hormone (LH), both
in vitro and in vivo . We utilized simian (macaque and baboon) hypothalami in
in vitro superfusion studies to examine the release of GnRH and B-endorphin
(B-EP) from isolated fragments of the anterior hypothalamus (AH) and the
mediobasal hypothalamus (MBH) in response to NPY treatment. Within 3 min
after death, blocks of hypothalamic tissue in ice-cold Locke's medium were
sectioned along the ventricular midiine into left and right halves. The AH/MBH
blocks were distinguished rostrally by the anterior commissure and caudally by
the mamillary bodies; the AH and MBH were separated at the caudal end of
the optic chiasm. These 4 fragments (left and right AH, left and right MBH)
were placed into individual superfusion chambers submerged in a 40°C-water
bath and were superfused with Hepes-buffered Locke's medium (pH 7.40).
Samples (400ul) were collected at 10-min intervals into tubes containing 40ul
of 1N acetic acid. Hypothalamic fragments received either 6 h of Locke's
medium (controls) or 3 h of Locke’s medium followed by 3 h of 80 nM of NPY in
Locke's medium. GnRH and B-EP in perfusate samples were measured by RIA
and values were compared by two-way ANOVA followed by Newman-Keuls.
GnRH levels rose within 20-30 min of NPY treatment (p<0.01) and elevated
GnRH release by both the AH (n=12) and MBH (n=13) was sustained for the
duration of NPY exposure. NPY caused no measurable change in B-EP
concentrations in perfusates of AH (n=10) or MBH (n=9) . Exposure to
Locke's medium alone for 6 h caused no increase (p>0.05) in GnRH or B-EP
release from AH (n=6) and MBH (n=7) . These results suggest that NPY
stimulates GnRH neurons via mechanisms that do not involve the release of
B-EP. Supported by RR-00163, HD-16631, HD-18185, HD-07044.
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388.3

A NOVEL HYPOTHALAMIC NEUROPEPTIDE WITH 38 RESIDUES
(PACAP38) STIMULATES ADENYLATE CYCLASE ACTIVITY IN
PITUITARY CELLS, NEURONS AND ASTROCYTES. G. Katsuura*,
R.R. Dahl*, A, Miyata* and A. Arimura (SPON: F. R. Domer),
U.S.-Japan Biomedical Res. Labs, Tulane Univ. Hebert Center, Belle Chasse, LA
70037; and Depts. of Medicine & Anatomy, Tulane Univ. Sch. of Med., New
Orleans, LA 70112.

We have recently isolated and characterized a novel hypothalamic neuropeptide
with 38 residues from ovine hypothalamic tissues by monitoring adenylate cyclase
activation in rat pituitary cell cultures during isolation. This peptide was named as
PACAP38 (Pituitary Adenylate Cyclase Activating Peptide with 38 residues). It
was found that PACAP38 had 68% homology with porcine VIP in the C-terminus
region 1-28. We examined the effect of synthetic PACAP38 on intracellular
accumulation in cultured rat pituitary cells, neurons and astrocytes in comparison
with VIP. In anterior pituitary cell cultures, PACAP38 (10° M) increased CAMP
4-fold at 1 min after addition, as compared with control levels. Cyclic AMP
increased by 15-fold at 10 min. Phosphoinositide hydrolysis in pituitary cells was
not altercd by PACAP38. A similar increment of intracellular cAMP was observed
in culturcd neurons with the peak occurring at 10 min after addition of the peptide.
cAMP levels began decreasing after 10 min in both pituitary cells and neurons. On
the other hand, an extraordinarily large incrcase in cAMP accumulation was
demonstrated in cultured astrocytes after addition of PACAP38 (10°9 M). Cyclic
AMP incrcased 30-fold at 1 min and 100-fold at 5 min after addition, and remained
elevated during a 60 min incubation. It was interesting to note that VIP at the
same concentration (10-9 M) failed to increase intracellular cAMP levels in
pituitary cells, ncurons, or astrocytes. Although distribution of PACAP38 in the
brain remains to be elucidated, the possibility that various central actions which
have been attributed to VIP may actually be regulated by PACAP38 cannot be
excluded. (This study was supported by NIH grant DK09094.)

388.5

LHRH BLOCKS ACCOMMODATION OF CA1 PYRAMIDAL CELL
DlSCHARGE IN THE in vitro HIPPOCAMPUS SLICE PREPARATION.
R. L. Moss, M. Wong*, and M. J. Eaton. Dept.of Physiology, Univ. Texas

Southwestern Medlcal Cen!er Dallas, Tx 75235

i g hormone rel g hormone (LHRH) receptor binding
sites havc rccently been visualized with auloradmgraphy in the hippocampus of the
rat brain, in particular in the pyramidal cell layer (Br. Res. 452, 156, 1988). A
previous study has suggested that application of LHRH produces a long lasting
depolarizing response in CA1 hippocampal cells (Neuroend. 44, 137, 1986). The
present series of experiments were designed to elucidate more specifically the
effects of LHRH on the intracellular electrophysiology of CA1 neurons in the in
vitro hippocampal slice preparation. Transverse vibratome sections (425 microns)
through the hippocampus were obtained from female rats and subsequently
superfused with oxygenated, normal artifical cerebrospinal fluid (ACSF) at a flow
rate of 2.0 ml/min at 32°C. Single barrel glass electrodes were filled with eithcr 3M
KCl (80-90 M%) or 3M K acetate (90-120 M) and utilized for intracellular
recording as well as for applying depolarizing and hyperpolarizing stimuli to the cell
via a Medical Systems DC Amplifier. The findings reported here are based on
intracellular recordings from over 40 cells with resnng membrane potentials of
greater than -55mV. Superfusion of LHRH (10' and 10"°M) initiated a short
latency, long duration depolarization of CA1 neurons of the hippocampus that was
accompanied by an increase in input resistance of the cell and was not affected by
the application of a low Ca*, high Mg?* ACSF. This result suggests that LHRH
acts directly on the pyramidal cell membrane. We have also found that LHRH
blocks or reduces the spike frequency adaptation (accommodation) which normally
occurs with depolarizing stimuli. Research is presently in progress to examine the
underlying mechanisms of LHRH action on hippocampal pyramidal cells. (NIH
MH-44591 & HD-09988).

388.7

DES-LEU ANGIOTENSIN I IN THE RENIN-ANGIOTENSIN PATHWAY —
IS THERE A SECOND CARBOXYL CLEAVAGE? D. G. Changaris*
and R. S. levy, Depts. of Surgery & Biochemistry & Lab.
Biol. Psychiatry, University of Louisville School of
Medicine, Louisville, KY 40292

Des-leu angiotensin I (AI-dl) is twenty to thirty
times more potent hypertensively when injected into the
brain of the rat as opposed to injection into the cardio-
vascular system. This peptide is nearly equipotent with
angiotensin II (AII) in its ability to induce the drink-
ing response when injected into the cerebroventricles
(Regul. Pept. 20, 273-280, 1988). Since both captopril
and saralasin can inhibit this response, it is likely
that the drinking response requires the hydrolysis of
AI-dl to angiotensin II (AII) or to the heptapeptide,
des-phe angiotensin II. To explore the first possibil-
ity, D-amino acid substitutions of the carboxyl terminus
were made during the synthesis of AI and AI-dl. The
dipsogenic responses from intraventricular (IVT) injec-
tions of doses ranging from 1.0 to 2.5 nmoles of each
peptide were recorded. D-leu AI was half as potent as
the normal L-substituted AI after IVT injections of 1.0
to 2.5 nmoles. D-his AI-dl produced a negligible drink-
ing response at these doses as compared with the normal
L-substituted AI-dl. These data support the observation
that a second, single carboxyl cleavage of AI-dl occurs
before it can act as a dipsogen in the rat. (Supported
by NIH-CIDA 531621; VA-DOD 002; and Glenmore Foundation.)

388.4

THE ORTHODROMIC RESPONSE OF CORTICO-MEDIAL
AMYGDALA (AMYG) NEURONS TO SEPTAL AREA
STIMULATION IS MODULATED BY ESTROGEN PRIMING. CA.
Dudley, Y. Lee*, and R.L. Moss. Department of Physiology, UT
Southwestern Medical Center, Dallas, Texas 75235

One source of input to the AMYG is derived from GnRH neurons in
the septal area (Jennes, Brain Res. 404: 339, 1987). The present
electrophysiological study was designed to identify AMYG neurons
receiving septal input, to determine the influence of estrogen priming
on the orthodromic response, and to test the effect of iontophoretically
applied GnRH. Ovariectomized female rats, primed (n=10) or not
(n=18) with estrogen (EB, 2ug 44 hrs prior to recording) were
anesthetized with urethane (1.4g/kg) and prepared for conventional in
vivo extracellular recording. A stimulating electrode was positioned in
the medial septal area to orthodromically drive AMYG neurons. A
multi-barrelled glass pipette was used to record single-cell activity in
the AMYG and to eject GnRH. Orthodromic responses were analyzed
by collecting peristimulus-time histograms. In both primed and
unprimed animals, a large percentage of neurons were orthodromically
responsive (57 of 103 in primed animals and 46 of 70 in unprimed
animals). EB-priming significantly increased the number of
orthodromic inhibitory responses. In the small number of GnRH-
responsive neurons, no consistent relationship between the GnRH
response and the orthodromic response was observed. However, in a
few instances, GnRH modulated the orthodromic response; i.e.,
decreased the amount of orthodromic excitation or inhibition. Although
the identity of the neurotransmitter(s) remains to be established, the
results demonstrate a substantial, estrogen-sensitive input from the
septal area to the amygdala. HD09988 and NIH TG 5T3SHL 07483-08.

388.6

PARAVENTRICULAR MICROINFUSIONS OF AIl AND AIIl IN
NORMOTENSIVE RATS INDUCE PRESSOR RESPONSES.

Laurie L. Jensen, Joseph W, Harding, and John W
Wright Washington State University,Pullman, WA..
99163. Angiotensin II (AIl) immunorcactivity has
been reported in cells of the paraventricular nucleus
of the hypothalamus (PVH); (Lind & Swanson, 1985),
and the microiontophoretic applications of AIl and
angiotensin II (AIII) has been shown to excite PVH
cells with AIIl inducing significantly shorter latencies
of activity than AIl ( Harding & Felix, 1987). This
finding was interpretted to suggest that AIl may have
to undergo conversion to AlIl in order to serve as a
ligand. In the present experiment anesthctized rats
received microinfusions of AIl and AIIl at doses of 0,
10, 50, 100, and 250 pmoles in a total volume of 50 nl
aCSF into the PVH. The figure below indicates dose
dependent increases in blood pressure to both AIl and
AIll, thus extending earlier
findings by Brosnihan et al.
(1987) who tested only All,
and supporting the notion
that AIIl is an important
ligand in the PVH. Support-
ed by NIH grant HL32063 &
TWO01112 and the American
Heart Association.

Maximum Change in Blood
Pressure (mm Hg)

10
Dose (ng/so nl)

388.8

A CENTRAL VASOPRESSINERGIC MECHANISM MEDIATES SALICYLATE
BUT NOT ACETAMINOPHEN-INDUCED ANTIPYRESIS. M.F.Wilkinson*
and N.W.Kasting. Dept. of Physiology, Univ. of British
Columbia, Vancouver, B.C., Canada.

We have recently demonstrated that the antipyretic
action of indomethacin is dependent upon the vasopressin
(AVP) Vi-receptor within the ventral septal area (VSA)
of the brain. The purpose of this study was to assess the
antipyretic effects of sodium salicylate (SALIC) and
acetaminophen (ACETA) during Vi-receptor blockade within
the VSA. Male SD rats were stereotaxically implanted with
VSA and intracerebroventricular (icv) cannulae. Body tem-
perature (Tp) was monitored remotely via radiotelemetry.
Fever was induced by E.coli endotoxin icv. After 150 min
the Vi-antagonist or saline was administered into the
VSA immediately followed by SALIC or ACETA (75 mg/kg) ip.
A 2h thermal index was calculated from the time of drug
administration for statistical analysis. The Vj-antago-
nist attenuated SALIC-induced ant1pyres1s in a dose-related
manner: saline(VSA)+SALIC, -1. 7l+0 20 °C hr; 1.0 ug Vi-
antagonist(VSA)+SALIC, -0.57+0.13 °C h (p<0.05); 10.0 ug
Vi-antagonist(VSA)+SALIC, +0706+0.48 °C h (p<O. 01). How-
ever, the antipyresis induced by ACETA was unaffected by
the Vij-antagonist. Neither dose of the Vi-antagonist
or saline within the VSA affected non-febrile Tp. These
results indicate that, like indomethacin, SALIC but not
ACETA activate AVP Vi-receptors within the VSA during
drug-induced antipyresis. (Supported by the MRC of Canada.)
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BRADYKININ EVOKES AN INWARD CURRENT IN A SENSORY
NEURON-DERIVED CELL LINE. John N. Wood, Philip M. Dunn*
Pat Hogan*, and Humphrey P. Rang* (SPON. L. Lillien) The Sandoz
Institute, 5 Gower Place, London W.C.l, *Department of
Neurobiology, Harvard Medical School, Boston, Mass 02115.

A battery of DRG-derived cell lines (ND cells) has been generated
by fusing the HAT-sensitive neuroblastoma line N18Tg2 with neonatal
rat DRG cells. After sub-cloning, lines that expressed the rat surface
marker Thy 1.1, and the sensory neuron marker globoseries and
lactoseries glycolipids were investigated. The sensory neuron-like
characteristics exhibited by various lines include expression of
8-opivid receptors, depolarisation in response to capsaicin and
susceptibility to latent infection with Herpes Simplex Virus. One line -
ND7/23 - when differentiated with ImM dibutyryl cAMP in the
presence of 0.5% FCS and NGF, responded to bradykinin with an
inward current and an increase in membrane conductance (18/50 cells).
The mean latency of the response was 7.5 £1.6 sec, the time to peak 47
16.8 sec, and the amplitude of the response was 0.2 £0.05nA. The
reversal potential (n=3) was 11,6 +6mv. The characteristics of this
response are shared by DRG neurons, and are distinct from the
hyperpolarisation with an outward current demonstrated by other
neuronal cell lines (e.g.NG108.15). ND7/23 cells, like DRG neurons,
show elevated levels of cGMP on bradykinin application. Injection of
mRNA from rat DRG and ND?7 cells confers bradykinin sensitivity on
Xenopus oocytes, which depolarise with the characteristics of an
IP3-coupled response on bradykinin application. This cell line thus
provides a useful model for the analysis of bradykinin-evoked
activation of sensory neurons.

388.11

NEUROANTIBODIES: MOLECULAR CLONING OF A
MONOCLONAL ANTIBODY AGAINST SUBSTANCE P FOR ITS
EXPRESSION IN CELLS OF THE NERVOUS SYSTEM.
A.Cattaneo*, F.Ruberti* and P.Piccioli* (SPON: F.Tirone). CNR
Institute of Neurobiology, Roma (Italy).

Recent results showing the efficient secretion of immunoglobulins
by neuronal and glial cell lines (Cattaneo and Neuberger, EMBO J. 6:
2753, 1987) have led to the suggestion that it might be possible to
engineer the secretion of specific monoclonal antibodies in the nervous
system of an organism in order to perturb or modulate the activity of
selected neuronal pathways or cell populations ( neuroantibodies )
(Cattzneo, Ann.Ist.Sup.Sanita’ 24: 531, 1988). A prerequisite for the
neuroantibodies technique is the molecular cloning of the desired
monoclonal antibody from the corresponding hybridoma cell line. We
now report the molecular cloning of the heavy and light chain of the
NC1 monoclonal antibody which was produced against the
neuropeptide substance P (Cuello et al. 1979), with the aim of
expressing it in the CNS of a transgenic organism. The derivation and
characterization of cDNA clones corresponding to the variable regions
of the heavy and light chains of the NC1 antibody will be described,
together with the reconstitution of DNA fragments encoding a functional
NCI antibody, in a suitable form for expression in the CNS.

388.13

ACETYLCHOLINESTERASE MODULATES MEMBRANE PROPERTIES
AND SYNAPTIC TRANSMISSION IN MAMMALIAN CEREBELLAR
CORTEX. H. Juhnsen® & M. Applevard® (SPON: 3. Mogensen). Institute ol
Neurophysiology, Blegdamsvej 3¢, DK-2200 Copenhagen N, Denmark.

In addition to being a hydrolytic enzyme in the CNS acetylcholinesterase
(AChE) may change membrane properties of central neurons. Indeed, in the
substantia nigra AChE hyperpolarizes pars compacta cells thus changing their
firing behavior (Greenfield et al., Exp. Brain Res., 70:411, 1988). AChE is
present in the cerebellar cortex, and can be released in a CaZ+ dependent
manner by stimulation of climbing fibers (Applevard et al. Newrosci., 25:133,
1988). In order to mecasure possible effects on cerebellar ncurons slices of
guinca pig cerebella were cut and maintained using standard techniques
Intracetlular recordings from Purkinje neurons revealed three different actions
of AChE when added to the superfusing medium (10-20 U/mb). 1: The late part
of the climbing fiber response was enhanced so that action potentials often was
generated for tens of milliseconds after stimulation; 2: Responses o excitatory
amino acids were increased in amplitude as well as in duration and 3: The
threshold for firing of CaZ+ spikes in response 1o depolarizing intracellutar
current injection was increased. All the elfects persisied when the catalytic site
of AChE was blocked. These results indicate that AChE may have a role as
modulator in the cerebellar cortex. An alternative possibility is that the enzyme
has a tertiary structure similar o a natural endogenous modulator.

388.10

PERIVAGAL APPLICATION OF CAPSAICIN ABOLISHES THE
RESPONSE OF VAGAL GASTRIC MECHANORECEPTORS TO
CHOLECYSTOKININ. Helen E. Ravbould and I.S. Davison. CURE/VA
Wadsworth Medical Center, Dept of Medicine and Brain Research
Institute, UCLA, Los Angeles, CA 90073 and Dept of Medical
Physiology, University of Calgary, Alberta, T2N 4N1.

Exogenous administration of cholecystokinin-8 (CCK) in anesthetized
rats decreases proximal gastric motility and delays gastric emptying partly
via a capsaicin-sensitive vagal afferent pathway (Raybould & Taché, Am,
J. Physiol. 235, G242, 1988). Recordings were made from single afferent
fibers isolated from the cervical vagus of urethane-anesthetized rats
(n=8). Gastric motility was monitored manometrically using a catheter
placed in the gastric corpus. Four rats were pretreated by perivagal
application of capsaicin (1% in 10% Tween 80 in olive oil) under
pentobarbitone anesthesia 8-12 days prior to experiments. All units
(n=20) studied were spontaneously active and increased their discharge in
response to gastric distension (2-5 ml). In control rats, ali 10 units
increased their discharge following intravenous administration of CCK-8
(100 pmol); this was not associated with an increase in intragastric
pressure. In capsaicin-pretreated rats, the response to gastric distension
was indistinguishable from that obtained in control rats; in contrast only
1 of the 10 units increased their firing frequency in response to CCK-8.
Conclusions: CCK stimulates the discharge of vagal gastric
mechanoreceptors. The response to CCK, but not gastric distension, is
capsaicin-sensitive. These results provide electrophysiological evidence
for the capsaicin-sensitive changes in gastric motor function and feeding
behaviors following peripheral administration of CCK. HER in receipt
of an SKB fellowship. Supported by the MRC Canada,

388.12

FUNCTIONAL SIGNIFICANCE OF CHOLINERGIC AND VIP-
ERGIC EFFECTS AT THE THYROID GLAND. L.J, Huffman * M.
Michalkiewicz*, J.M. Connors® _Z. Pietrzvk* and G.A. Hedge
Department of Physiology, West Virginia University Health Sciences
Center, Morgantown, WV 26506,

In the thyroid gland, vasoactive intestinal peptide (VIP) and acetyl-
choline (ACh) are found in nerve fibers associated with secretory celis
and blood vessels. We have, therefore, initiated studies to explore the
actions and interactions of ACh and VIP in the regulation of thyroid
blood flow (BF) and circulating hormone levels. Previously, we have
shown that VIP increases thyroid BF in a dose-related manner. In
order to evaluate whether VIP might exert any of its thyroidal effects
via muscarinic receptors, we assessed the effects of ACh and VIP in the
presence and absence of the muscarinic receptor blocker, atropine.
Anesthetized male rats were treated iv with saline or znrop‘hne {3
mg/kg) 20 min before iv inf fions of vehicle, ACh (3x10~
moles/100gBW), or VIP (107" moles/100gBW). Organ BFs were
measured during this time using radiolabelled (ld Ce) microspheres.
Mean systemic arterial pressure (MABP) was monitored and used in the
calculation of organ vascular conductances (VC=BF/MABP). Atropinc
pretreatment tended to increase thyroid VC (170.7£37.3 vs. 104.8419.7
upl/mmHg * min * g) and the vasodilatory effect of VIP was greater if
the rats were pretreated with atropine. When the data were normalized
for this stimulatory effect of atropine, the ACh-induced increase in
thyroid VC was abolished during muscarinic blockade whereas the
vasodilatory effect of VIP was unaffected. These results are consistent
with the hypothesis that VIP and ACh exert their effects at the thyroid
gland through independent mechanisms and that VIP release may be
under prejunctional control via muscarinic receptors. {AM 35037)
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389.1

CYCLOPENTYLADENOSINE-INDUCED DOWNREGULATION OF A; ADENO-
SINE RECEPTORS IN EMBRYONIC CHICK HEART. T.A. Blair* and T.F.
Murray (SPON:R.A.Dodson). Oregon State Univ., Corvallis, Oregon 97331.

Investigations  utilizing embryonic chick atria had indicated that
adenosine analogs elicit their negative chronotropic effect via an Aj
adenosine receptor (AdR). In the present study we have employed the
developing chick heart as a model system to investigate the regulation of
AdRs. Sustained activation of AdRs was accomplished with in ovo (day 9)
injections of the A;-selective adenosine agonist cyclopentyladenosine
(CPA). Treatment with CPA resulted in a decreased AdR number as
measured by the specific binding of the antagonist radioligand 8-
cyclopentyl-1 ,3-[3H]dipropylxamnine ([3H]DPCPX). The binding parameters
derived from nonlinear regression analysis of [JH]DPCPX saturation
isotherms indicated that in ovo treatment with 1 pgmol CPA produced a
46+11% reduction_in the density of A; receptors in cardiac membranes.
The Kd value for [3H]DPCPX binding to AdRs in CPA treated membranes
was not significantly different from the saline treated value (CPA 2.9+0.1nM;
saline 3.1+0.9nM). The decrease in receptor number was dose dependent
suggesting a receptor mediated event. The maximum dose of CPA (10
pmol) resulted in a 77% decrease in the density of adenosine receptors
with an EDsp for the CPA-induced down regulation of 2.5 pmol.
Administration in ovo of 1 umol CPA resulted in a decrease in the number
of [3H]DPCPX binding sites which was apparent by 4 hours and increased
throughout the time span evaluated (24hr) when compared to saline treated
controls. Co-injection of theophylline was able to attenuate the decrease in
AdR number induced by 1 umol CPA. These data suggest chronic exposure
of embryonic day 9 chick hearts to an adenosine analog effects a
downregulation of A; adenosine receptors.

389.3

EVIDENCE AGAINST THE INVOLVEMENT OF PROTEIN
KINASE C IN AGONIST-INDUCED DESENSITIZATION
OF NEUROTRANSMITTER RECEPTORS COUPLED TO

PHOSPHOLIPASE C. D.-M. Chuang and O. Dillon-Carter . Lab.

of Preclinical Pharmacology. National Institute of Mental
Health. St. Elizabeths Hospital. Washington. D.C. 20032.
Primary culture of cerebellar granule cells express muscarinic
cholinergic, o, -adrenergic. serotoninergic 5-HT, and histami-
nergic receptors coupled to phosphoinositide (PI) hydrolysis.
Exposure of granule cell neurons to a receptor agonist for each
of these receptors resulted in time-dependent desensitization of
the receptor-mediated Pl response. The muscarinic receptor was
relatively resistant to desensitization and the desensitization
appeared to precede the loss of receptor binding sites. Although
phorbol esters effectively inhibited the PI response mediated by
each of these receptors. several lines of evidence speak against
the involvement of protein kinase C in the agonist-induced
desensitization. Thus, incubation of cells with a protein kinase
C inhibitor H, (25-100 uM) prior to preexposure with carbachol.
NE. 5-HT or histamine, did not affect agonist-induced desensiti-
zation. Depletion of majority of protein kinase C in granule
cells by 24 hr incubation with a phorbol ester. PMA or PDB, also
did not alter agonist-induced desensitization. Moreover. ago-
nist-induced desensitization was detected even when cells were
prestimulated with agonists at 4°C: at this temperature, agonist-
induced PI breakdown was completely arrested.

389.5

EFFECTS OF PHORBOL DIESTER ON THE INTERACTION OF ADRENO-
CEPTORS AND ADENYLYL CYCLASE IN RABBIT UTERINE MYOCYTES:
MODULATION BY SEX STEROIDS. J, M. Savola® and J. M, Roberts. Re-
prod. Endocrinol. Center and C. V. R. L, Univ. California, San Francis-
co, CA 94143.

Previous studies from our laboratory indicate that the sex steroids,
estrogen and progesterone, modulate contractility and other functions
regulated by adrenergic B and a2-adrenoceptors in the rabbit uterus.
To study whether this modulation involves an action of the sex steroids
on protein kinase C (PKC), we injected ovariectomized rabbits with
sex steroids (with estrogen 50 pg/kg i.m., 4 days, or after a priming
4-day-period with estrogen with progesterone 5 mg/kg i.m., 4 days),
isolated uterine myocytes, and measured B and ap-adrenoceptor-me-
diated effects on adenylyl cyclase activity after 16 h in culture. We
measured adenylyl cyclase activity using a [3H]adenine-prelabeling
technique, isolating [3H]cAMP by sequential Dowex and alumina col-
umn chromatograhy. We found that activation of PKC with phorbol
12-myristate 13-acetate (1 uM, 1 h) in myocytes from rabbits in-
jected with vehicle, estrogen, or progesterone impaired the increase
in adenylyl cyclase activity induced by the B-adrenoceptor agonist
isoproterenol. Furthermore, this effect was greater in the cells from
the rabbits not injected with the sex steroids. In contrast, in the all
groups PKC activation had no significant effect on the ability of epi-
nephrine to activate az-adrenoceptors and inhibit adenylyl cyclase
stimulated by forskolin or prostaglandin E2. In conclusion, our re-
sults indicate that PKC activation impairs the B but not az-adreno-
ceptor-related signal transduction pathway of uterine myocytes, and
this effect is modulated by the sex steroids.

389.2

REGULATION OF CELL SURFACE EXPRESSION AND FUNCTIONAL
ACTIVITY OF NICOTINIC ACETYLCHOLINE RECEPTORS ON THE TE671
CLONAL LINE. Anna M. Joy and Ronald J. Lukas (SPON. A.G.
Shetter). Division of Neurobiology, Barrow Neurological
Institute, Phoenix AZ 85013.

The TE671 cell line expresses a nicotinic acetylcholine
receptor (nAchR) with many similarities to muscle nAChR,
yet the regulation of functional activity and expression
of nAChR following chronic agonist exposure is clearly
different in each system. Effects on cell surface expres-
sion (measured as alpha-bungarotoxin binding sites per mg
of membrane protein) and functional activity (evaluated
using a Rb efflux assay) of nAChR on TE671 cells were
assessed using various agents that stimulate or suppress
activities of protein kinases A or C or modulate G protein
coupling. Dibutyryl cyclic AMP (dbcAMP; 1mM) treatment
induces down-regulation in cell surface nAChR expression
within two days of drug exposure whereas the phorbol
ester, PMA (10 uM), initially (one day) down-regulates and
then increases the number of cell surface nAChR. By
contrast, cholera toxin (200 ng/mL) induces a rapid
(within 5 hours) down-regulation in the number of cell
surface nAChR. At these concentrations of PMA, dbcAMP, or
cholera toxin, functional nAChR responses (normalized to
receptor number) are not changed. These results suggest
that second messenger system perturbants have the capacity
to regulate levels of nAChR expression without overtly
altering nAChR functional activity.

389.4

PHORBOL ESTER INHIBITS AGONIST-INDUCED 3H-INOSITOL
PHOSPHATE FORMATION BY ACTING ON A TARGET OTHER THAN
PROTEIN KINASE C. S.V. Bhave*, R.K. Malhotra*, T.D.
Wakade*, A.R. Wakade (Spon. R. Gala). Dept. of Pharm.
Wayne State Univ., Detroit, MI 48201

It has been suggested that protein kinase C (PKC) is
negatively coupled to phosphoinositide hydrolysis
because phorbol esters inhibit agonist induce inositol
phosphate formation. This hypothesis was investigated
by using other agents known to,activate PKC via mem—
brane receptors. Formation of “H-inositol monophosphate
("H-IP) was estimated in embryonic chick sympathetic
neurons maintained in culture. Acetylcholine (ACh, 100
uM) caused 10-fold increase in “H-IP formation.
horbol 12,13-dibutyrate (PDB) inhibited ACh-induced
H-IP formation in a dose-dependent manner. However,
activation of PKC by serotonin (5-HT, 1 uM),ACh (100
uM) or muscagine (100 uM) had no inhibitory effects on
ACh-induced “H-IP formation. Inhibitory effects of PDB
on ACh-induced “H-IP formation persisted even in
presence of H., (1 uM) or sphingosine (100 uM) which
completely blocked PKC activity. Since other
activators of PKC failed to mimic and since inhibitors
of PKC failed to block the effects of PDB on
phosphoinositide hydrolysis, we suggest that phorbol
esters may act on sites other than PKC to modulate
neuronal metabolism.

389.6

MODULATION OF 5-HYDROXYTRYPTAMINE,, RECEPTOR DENSITY BY
GUANINE NUCLEOTIDES. M.A.Harrington and S.J.Peroutka. Department
of Neurology, Stanford University School of Medicine, Stanford, CA
94305.

The 5-hydroxytryptamine,, (5-HT, is a subtype of the 5-HT receptor
which is selectively labeled by '2%-R-(})2,5-dimethoxy-4-iodo-
phenylisopropylamine _ ('?5-R-(-)DOI),  7’Br-R-(-)-4-bromo-2,5-
dimethoxyamphetamine ("’Br-DOB) and °H-DOB. Radioligand binding
studies were used to study the effect on affinity (Kp) and B, of '
DOl binding in rat cortical membranes after pre- or co-incubation with
10* M ATP, GTP or GTPYS. Co-incubation with either GTP or GTPYS
significantly increased the Ky by 57 + 10%, while co-incubation with
GTP and GTPYS significantly reduced the B, of '2-DOI binding by
37 + 10% and by 51 + 10%, respectively. Co-incubation with ATP
increased the K, and reduced the By, of *2%-DOI binding, but the
changes were not significant.

The change in B ., observed in the presence of GTP and GTPYS
is completely reversible as shown by pre-incubation studies. Pre-
incubation of the membranes with GTP produced no significant change
in either the Ky or the B of '21.D0I binding. By contrast, pre-
incubation with GTPYS has no effect on the B, but significantly
increased the Ky by 55 + 15%. These data differ considerably from the
results of analogous experiments performed with the 5-HT,, and 5-
HT,p receptors, and may supprt a different mechanism of regulation
of 5-HT,, receptor density and affinity through the actions of G
proteins.
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389.7

CELLULAR ADAPTATION TO OPIATE EXPOSURE INVOLVES AN
ADDITIONAL RECEPTOR-BASED PROCESS DISTINCT FROM
DESENSITIZATION AND DOWNREGULATION. M v Zastrow™ ’
J D Barchas and C J Evans, Pritzker Laboratory of
Behavioral Neurochemistry, Stanford University.

We are using NG108-15 cells as a model system to study
cellular mechanisms of opiate tolerance and withdrawal.
NG108 cells, following exposure to peptide (DADL) or
alkaloid (etorphine) agonist, show marked alteration of
agonist binding that can be distinguished from desensiti-
zation and receptor downregulation by kinetic and
pharmacologic criteria. This alteration is selective for
peptide agonist; alkaloid agonist and antagonist binding
characteristics appear to be largely unchanged. We are
most interested in the observation that morphine is
capable of reversing this effect completely. By use of a
photoaffinity ligand developed recently in our laboratory,
we have identified several opiate-binding species and are
exploring this receptor-based adaptation further at the
molecular level. These findings reveal an additional
component of cellular adaptation to opiate exposure.

389.9

INTRAMEMBRANE REDUCTION OF AFFINITY OF DOPAMINE D-2
RECEPTORS BY CHOLECYSTOKININ-8 AND NEUROTENSIN IN
HUMAN POSTMORTEM BRAIN. G. von Euler*, P. Mailleux*, |.-].
Vanderhaeghen, L.F. Agnati* and K. Fuxe (SPON: B. Meister). Dept. of
Histology and Neurobiology, Karolinska Inst., Box 60400, S-10401
Stockholm, Sweden, Lab. of Neuropathology and Neuropeptide Rescarch,
Université Libre de Bruxelles, 808 route de Lennik, B-1070 Brussels,
Belgium, and Dept. of Human Physiology, University of Modena, Via
Campi 287, 41100 Modena, Italy.

The effects of cholecystokinin-8 (CCK; 0.3-30 nM) and neurotensin (0.1-
30 nM) in vitro were investigated on the binding of 3H-N-
propylnorapomorphine (3H-NPA, a D-2 agonist in vitro) in cryostat
sections and in membrane preparations of 8 postmortem normal human
basal ganglia. CCK decreased the binding of 250 pM 3H-NPA in the
caudate by 50 % at 3 nM. Similar, bot not statistically significant
modulations were seen in the putamen and in the nucleus accumbens. In
membranes from the caudatus-putamen CCK increased the Kp of 3H-NPA
by 30 % at 10-30 nM, without affecting the Bmax-value. Neurotensin also

increased the Kp without affecting the Bmax of 3H-NPA. The maximal
increase of 45 % was obtained at 3 nM of neurotensin. The induction of a
reduced affinity of D-2 receptors by CCK and neurotensin are in agreement
with results obtained in the rat, and suggest the presence of intramembrane
modulation of D-2 receptors by CCK and neurotensin in the living human
brain. This receptor-receptor interaction may be of importance for the
pathophysiology and treatment of schizophrenia and tardive dyskinesias.

389.11

CHANGES IN MESOLIMBIC DOPAMINE FUNCTION FOLLOWING
HIPPOCAMPAL KINDLING. J.G. Csernansky, C. Coronel-Bell*, E.
Petrie*. L. Lombrozo*. Laboratory of Clinical
Psychopharmacology, Stanford University, Stanford, CA 94305.

We have previously reported that two weeks following
electrical kindling of the left hippocampus, a two-fold
upregulation of dopamine (DA) D2 receptors in the ipsilateral
nucleus accumbens occurs. (Csernansky et al., Brain Res.,
449:357, 1988). In the present experiment, we sought to
determine whether a concomitant change in presynaptic DA
function also occurs.

DA turnover was assessed in rats kindled in the left
hippocampus and controls two weeks following the last kindled
seizure. In kindled rats compared to controls, a significant 26%
decrease in dihydroxyphenylacetic acid (DOPAC) and a 22%
decrease in homovanillic acid (HVA) concentrations were
observed in the ipsilateral nucleus accumbens. No changes in
DA concentrations in the ipsilateral nucleus accumbens, and no
changes in either DA, DOPAC, or HVA in the contralateral
nucleus accumbens were observed. In the ventral tegmental
area, significant bilateral 100% increases in DA concentrations
and 50% increases in DOPAC and HVA concentrations were
observed in kindled vs. control rats. No changes were observed
in the substantia nigra. These data suggest that hippocampal
kindling has relatively long-lasting effects on DA synthesis and
turnover in the area of mesolimbic cell bodies as well as their
terminal fields.

389.8
ENDOGENOUS MODULATORS ng BRAIN L- GLU%‘A}élATE AND GABA

*1
RECE TORS g‘géy%___* c.J. % Y.H J.Y.
W.H, Tsai and J.-Y. Wu. i3 Inst. B1omed Sci.
Academxa Sinica, Taipei, Taiwan; 2Neurosci. Program &
Dept. Anatomy, Penn St. Univ., Hershey, PA 17033; 3Dept.
Physiol. & Cell Biol., Univ. Kansas, Lawrence, KS 66045
It is known that the activity of L-glutamate receptors
(GluR) and GABA receptors (GABAR) is greatly enhanced by
repetitive freezing, thawing, and washing of the membrane
preparations suggesting the presence of endogenous modu-
lators (EM) that can modify the receptor activities.
Indeed, when the membrane extracts were added to the
binding mixture, they inhibited the binding of 3H-L-
Glu/3H-muscimol to the receptor. The EM for GluR were
separated into two components, one as activators and the
other one as inhibitors, on Bio-gel P2 column. However,
the EM for GABAR were found to be only inhibitory. The EM
for GluR and GABAR are distinctly different from L-Glu or
GABA itself as judged from the elution profile of standard
3H-L-Glu or 3H-GABA and that of the EM in both Bio-Gel P2
and HPLC Cyg columns. The activators and inhibitors
appear to have a molecular weight of 2,000-10,000 daltons
and of 100-2,000 daltons, respectively. The activators
are heat and acid sensitive while the inhibitors are quite
stable. The EM for GABAR appear to be quite specific for
GABA binding site since they have little effect on the
diazepam binding site. (Supported by grants from National
Science Council, Taiwan and grants NS 20978, NS 20922, and
EY 05385 from NIH, U.S.A.)

389.10

CHRONIC INTRATHECAL BACLOFEN REDUCES GABA; BINDING IN RAT
SUBSTANTIA GELATINOSA. J.S. Kroin*, R. Singh*, R.D. Penn,
and G.D. Bianchi*. Dept. of Neurosurgery, Rush Medwca]
College, Chicago, IL 60612

Although chronic intrathecal baclofen has been shown to
be an effective treatment for severe spasticity of spinal
origin, tolerance does occur in patients over years (Penn,
R.D., and Kroin, J.S., J. Neurosurq., 66:181, 1987). To
investigate the possible origin of this decreased
sensitivity to baclofen, normal rats were chronically
infused with this drug 1ntratheca11y to see if GABA;
receptor binding sites were decreased.

Normal rats were implanted with chronic intrathecal
catheters and infused for four weeks with either racemic
baclofen (0.5 ug/h) or saline vehicle using osmotic
minipumps. The dosage chosen was the highest one that did
not produce hindlimb muscle weakness. At the end of the
infusion period, Tumbar spinal cord sections were prepared
for receptor autoradiography (Bowery N.G., et al.,
Neurosci., 20:365, 1987). In the substantia gelatinosa,
the splna] region where GABA; binding sites have the
greatest density, the number of sites was reduced by 36%
in the baclofen infused animals as compared to the vehicle
controls. The results indicate that there is a down-
regulation of GABA, receptor numbers in the rat spinal cord
following chronic Righ-level exposure to baclofen, and
this may be the primary reason for tolerance in patients.
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390.1

ANALYSIS OF NEONATAL AND ADULT RAT OLFACTORY BULB GLIAL CELL
LINES. M. N. Goodman®, J. Silver, J. W. Jacobberger” (SPON: R. C. Wilcott).
Dept. of Genetics, Case Western Reserve Univ., Cleveland, OH 44106.

The rat olfactory bulb is reinnervated throughout life unlike other regions of
the central nervous system, where glial differentiation affects loss of plasticity.
In vitro, the differentiated phenotype of glial cells can be preserved by cell
immortalization via oncogene transduction. We have used this approach to
facilitate a study of the roles of glia in the innervation of the olfactory bulb.

Immortalized cell lines have been established from cultures of rat neonatal
and adult olfactory bulbs and characterized concurrently with analogous
primary cells. Two distinct phenotypes are evident within both neonatal and
adult primary cultures: stellate, type | astrocyte-like, and fusiform (Anat. Record
210:385, Dev. Biol. 130:237) cells, each containing glial filaments. Both
phenotypes are also present in uncloned immortalized cultures of neonatal and
adult bulb.

Neurite outgrowth over monolayers of immortalized uncloned neonatal
cultures as well as stellate and fusiform immortal neonatal clones has been
compared with outgrowth over immortalized immature (postnatal day 1) and
mature (adult) cerebral cortical astrocyte cultures. In assays of 24-hour neurite
outgrowth from stage 31 chick retinal neurons, mean neurite length was
equivalent for neonatal olfactory cell lines and the immature cortical line. In
contrast, the mean length for the mature cortical astrocyte line was reduced by
40% which is close to the 30% reduction seen in primary immature and mature
cortical astrocyte cultures (Smith, Silver, Rutishauser, and Miller, submitted).
These results suggest that: 1) the neurite promoting properties of glial cells are
preserved through immortalization, and 2) the neurite promoting properties of
neonatal olfactory and cerebral astrocytes are similar. Assays of neurite
outgrowth over adult olfactory glial cell lines are in progress.

390.3

PLASTICITY OF LHRH-IMMUNOREZACTIVE FIBERS, IN
ACCESSQRY OLFACTORY PATHWAY. M, Ichikawa™ and
Y. Oka”. “Dept. Anat. Embryol., To§yo Metro.
Inst. for Neurosci., Tokyo 183 and“Zool. Inst.,
Fac. of Sci.,Univ. of Tokyo, Tokyo 112.

Recently, we showed a reorganization of
neuronal connections in medial amygdaloid
nucleus (MAN) following accessory olfactory
bulb (AOB) 1lesion in adult rat. On the other
hand, it has been known that the LHRH-
immunoreactive (LHRH-IR) fibers are distributed
in MAN. In the present study, we examined, using
the immunohistochemical technique, if the LHRH-
IR fibers in the MAN undergo the plastic changes
after AOB removal. Under anesthesia, rat AOB was
removed unilaterally and the rats were perfused
at 6 hrs, 4 days, or 2 months survival time. The
sections including the MAN was processed by the
immunohistochemical method. The LHRH-IR fibers
were clearly recognized in the MAN., The total
length of LHRH-IR fibers in MAN on the side of
AOB removal was compared with that on the
intact side. Total length of LHRH-IR fibers
increased significantly on the side of AOB
removal at 4 days and 2 months survival time in
each animal. This indicates the possibility
that the sprouting of LHRH-IR fibers take place
in MAN after the denervation of AOB fibers.

390.5

MEDIAL PREOPTIC AREA KINDLING INDUCES SEXUAL BEHAVIOR IN
SEXUALLY INACTIVE MALE RATS. A.E. Haller*, M.C. Manero¥*,
R. Paredes*, R. Alvarado* and A. Agmo. Department of
psychology, Universidad Anahuac and Reticular Formation
Lab., Instituto Nacional de Neurologia, Mexico, D.F.

In the present experiments, sexually experienced male
rats were kindled in the medial preoptic area (MPOA) or
the amygdala (AMG) with the purpose to investigate if the
widespread modification of brain function produced by
kindling induces sexual behavior in noncopulating rats
and if kindling facilitates sexual behavior in copulating
rats. The animals were stimulated 4 times daily on odd
days and sexual behavior monitored on even days. The re-
sults showed that the MPOA required higher stimulus in-
tensity to elicite an afterdischarge (AD) than the AMG.
No difference was found in the development of kindling
between these brain structures.

Kindling had no effect upon sexual behavior in copula-
ting rats. In contrast, MPOA kindling induced copulation
in noncopulating male rats. Seven out nine animals dis-
played sexual behavior. No significant facilitation was
observed after AMG kindling in noncopulating male rats.
Furthermore, the sexual behavior displayed by the
previously noncopulating MPOA kindled rats was similar to
the sexual behavior displayed by sexually experienced
animals. It is proposed that sexual behavior is facilita-
ted in these rats by local neural changes produced by
kindling.

390.2

EXPRESSION OF GLIAL FIBRILLARY ACIDIC PROTEIN IN THE
RAT MAIN OLFACTORY BULB FOLLOWING SURGICAL AND
CHEMICAL LESIONS OF THE OLFACTORY NERVE. M.R.
Poston_, M.S. Bail n T. Shipley (SPON: G.C. Blaha). Dept. of
Anat. and Cell Biol., Univ. of Cincinnati, Cincinnati. OH 45267.

Severe injury to the mammalian olfactory nerve (ON) results in
deafferentation of the main olfactory bulb (MOB), including changes
in the glial environment. It is unclear whether axons of regenerating
primary olfactory neurons (PONs) encounter a glial environment
permissive to growth or must overcome a non-permissive
environment. In this study, we observed the expression of glial
fibrillary acidic protein (GFAP) by MOB astrocytes at timed intervals
following deafferentation of the adult rat MOB. Unilateral
deafferentation was performed by 1) surgically severing the ON at the
cranial surface of the cribriform plate, and 2) chemically lesioning
PONs with zinc sulfate placed in the olfactory epithelium. A
polyclonal antibody to GFAP was used to visualize GFAP expression
immunohistochemically in the MOB. At 4 days, the amount of GFAP
expression in the deafferentated MOB was significantly greater than
that in the control MOB. GFAP-positive, hypertrophied astrocytic
processes were prevalent in the deafferentated MOB but not in the
control MOB. Previous electron microscopic studies have suggested
that hypertrophied glial (astrocytic) processes in the MOB are not
evident by the tenth day following a lesion of the ON. However, in
this study the increased GFAP expression in the deafferentated MOB
was still observed at 14 days following both types of lesion. Studies to
determine if GFAP expression decreases at longer survival times are
in progress. (Supported by NS 23348 and U.S. Army DAMD 17-86-C-
6005)

390.4

NEURAL REGULATION OF VASOPRESSIN PROTEIN AND mRNA
LEVELS IN SUPRAOPTIC AND PARAVENTRICULAR NUCLEI AFTER
MEDIAL FOREBRAIN BUNDLE LESIONS. C, J. Phelps, S. W, Carlson*,
and D. L. Hurley*. Dept. Neurobiology & Anatomy, Univ. Rochester Med.
Ctr., Rochester, NY 14642.

Vasopressin (VP) - secreting neurons of the hypothalamic supraoptic
nucleus (SON) receive a dense noradrenergic (NE) innervation from medullary
cells via the medial forebrain bundle (mfb). Electrophysiological studies have
shown a stimulatory role for this innervation (Day and Renaud, Brain Res.
303: 233, 1984); mechanical deafferentation of SON leads to decreased
peripheral VP correlated significantly with decreased NE levels in SON
(Phelps, Carlson, Felten, Anat. Rec, 222: 223A, 1989). In order to
investigate the mechanism of this neural regulation, VP expression in SON
and paraventricular nucleus (PVN) was investigated by simultaneous
immunocytochemical (ICC) and in situ hybridization morphological methods,
and by monitoring peripheral secreted VP levels. Young adult (3m.o.) and
aged (20m.o.) rats were subjected to SON-deafferenting mfb lesions. Urinary
VP levels were monitored before and after surgery. Peripheral VP was
decreased in aged, but not in young, rats. VP and VP mRNA were assessed
simultaneously at 4, 14, 30 and 60d after lesion using "cryoprotccted” fixed
frozen thick sections of hypothalamus. SON VP protein (by ICC) was
markedly decreased at all intervals in both age groups after lesion; VP mRNA
was unaffccted in either age group. In young rats, PVN VP protein and
mRNA were visibly intensified; "intermediate” (between PVN and SON) VP
cell groups, obscure in intact hypothalamus, were visualized using both
techniques. A PVN compensatory activity was thus implied to explain
"control"-level urinary VP. Since low peripheral VP levels precluded
increased VP tumover, the collective results indicate a translational effect of
NE deprivation, and a transcriptional effect in PVN compensatory VP
elevation. Supported by NIH grant AG06139 (CJP).

390.6

THE USE OF MICROWAVE IN FIXATION OF BRAIN TISSUE FOR
IMMUNOELECTRON MICROSCOPY. M

E. Fitkova. Neuroscience Center, Department of Psychology, University of
Colorado, Boulder, CO 80309.

It is generally accepted that vascular perfusion fixation with a standard
aldehyde mixture is the only adequate method for preparing brain tissue for
electron microscopy. However, perfusion is not always possible, e.g., in the
case of human material or brain slices. Fixation by immersion is an alternate
possibility. However, in the brain it yields preservation which is inferior to that
obtained by perfusion. Recently it has been reported that immersion into 6%
glutaraldehyde combined with microwave irradiation yields very good results
(Jensen and Harris, Soc Neurosci. Abstr., 550, 1988). We have adapted this
procedure for use in immunocytochemistry. Blocks of brain tissue were
immersed into a mixture of 4% paraformaidehyde and 1-1.5% glutaraldehyde
for 20 and 40 sec of uniform heating to 50° C.” The tissue was postfixed with
uranyl acetate instead of OsO4 and embedded at low temperature in Lowicry!
K4M. The actin filaments were well preserved. In order to use this procedure
for immunoelectron microscopy, we had to establish that antigenicity of the
tissue did not suffer by the microwave irradiation. Therefore, we used
monoclonal antiactin antibodies with a gold probe which were previously
tested on perfused material. In comparing the pattern of actin labeling with the
two fixation procedures, we could not detect any differences in the distribution
of the gold label. Thus, it is possible to use a combined procedure of
immersion fixation, microwave irradiation, and low temperature embedding for
immunoelectron microscopy.

Supported by NIH Grant AG04804.
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DISTRIBUTION OF MYOSIN IN THE CNS IDENTIFIED WITH KINDLING-INDUCED INCREASE IN DIMENSIONS OF PERFORATED
MONOCLONAL BRAIN ANTIMYOSIN ANTIBODIES. | POSTSYNAPTIC DENSITIES. Y. Geinisman, L. deToledo-Morrell and

M. Morales and
E. Fitkova. Neuroscience Center, Department of Psychology, University of
Colorado, Boulder, CO 80309.

Previously we have described that polyclonal human antiplatelet myosin
antibody cross-reacts with brain myosin in rats and mice. This antibody
recognizes myosin in dendritic spines, axon terminals, and in dendrites in an
area subjacent to the postsynaptic density. With this antibody, we could not
establish with certainty whether myosin is also present in other parts of the
dendrites and axons. Since the antiplatelet myosin antibody may not have
recognized myosin in all compartments of the neuron, we have developed
monoclonal antibrain myosin antibodies using the rat brain myosin as an
immunogen (in collaboration with the Cancer Center, Health Sciences Center,
University of Colorado, Grant P30-CA46934). The clones were screened for a
positive reaction on tissue by immunoelectron microscopy and the specificity
of the antibodies was tested on immunoblots (Morales and Fifkova, J. Comp.
Neurol., 279:666, 1989). With these monoclonal antibrain myosin antibodies,
we confirmed the presence of myosin in the dentate fascia, hippocampus,
visual and cerebellar cortices, and its distribution in dendritic spines, axon
terminals and dendrites where it was associated with actin filaments. In
addition, we have established that myosin is also associated with microtubules
in dendrites and axons. While myosin, in association with actin filaments in
dendritic spines, may play an important role in the mechanism of synaptic
plasticity, its association with microtubules in axons and dendrites may
indicate a transport-providing function.

Supported by NIH grant AG04804.

390.9

KINDLED SEIZURES: AN EVALUATION OF SEIZURE CONTROL
PROCEDURES FOR MOLECULAR BIOLOGICAL ANALYSIS. G.Samoriski*
C.D.Applegate, J.L.Burchfiel (SPON:C.Lombroso). The
Children's Hospital, Boston, MA 02115.

One of the major problems in identifying biochemical or
molecular biological mechanisms involved in the kindled
state has been dissociating changes due to acute ictal
events from those responsible for the permanent alterations
in seizure susceptibility produced by kindling. Seizure
control procedures are necessary to make this dissociation.
The ideal procedure should elicit behaviorally identical
seizures in naive animals in a single brief trial, and
should not result in positive transfer to kindling. In
this study we have evaluated 3 seizure induction procedures
electroconvulsive shock (ECS), low frequency train (LFT)
stimulation to the amygdala and low frequency pulse (LFP)
stimulation to the frontal cortex, against these criteria.

Amygdala implanted rats (6-10/group) were pretreated
with one of the seizure induction procedures and following
a 1-2 day rest were kindled using standard protocols. ECS
elicited seizures were behaviorally distinct from kindled
seizures, and did not result in positive transfer. LFT
elicited self-sustained stage 5 seizures after 6.6+2.0m
and resulted in robust positive transfer. LFP elicited
self-sustained stage 5 seizures after 15.1+2.8s and did
not result in positive transfer to amygdala kindling. The
relative merits of these procedures will be discussed.

390.11

ATTENUATION OF GENETIC RESPONSE TO SEIZURES FOLLOWING
KINDLING. C.D. Applegate, L.R. Dawes, G. Samoriski¥
R.L. Neve. Harvard Medical School, Boston, MA 02115.

Research from our laboratory has indicated that baseline
transcriptional activity for a variety of mRNAs 1is
unchanged in cerebral cortex (CX) and hippocampus (HPC)
following kindling. In this study we examined regional
mRNA levels for fos and the alpha subunit of cat2/calmodu-
lin dependent protein kinase II (CaMII) in kindled and
naive animals at 0.5, 1.0, 6.0 and 24 h following seizures
(N=2-4/group/time). Rats were kindled from the amygdala
using standard protocols until 6 consecutive stage 5 sei-~
zures were elicited. Stage 5 seizures were elicited in
naive animals by 2/s, high frequency train stimulation of
the amygdala. Fos mRNA levels in CX and HPC were signifi-
cantly elevated at 0.5 and 1.0 h following seizures in
both kindled and naive rats; however, the magnitude of this
increase was significantly greater in naive (OD = 4.0%1.1)
vs. kindled (OD = 1.00 £ 0.03) rats in the HPC at both time
points. CaMII levels were significantly increased in naive
but not kindled HPC 0.5 h post-seizure, but were not
changed in either group in CX. These data may suggest that
kindling attenuates the responsiveness of fos and CaMII
mRNAs to seizures. However, a contribution of the seizure
induction procedure in naive animals cannot be ruled out.
Experiments are currently being conducted to resolve this
issue.

E. Morrell, Dept. of Cell Biol. & Anat., Northwestern Univ. Med. Sch. and
Depts. of Neurol. Sci. and Psychol., Rush Med. Coll., Chicago, IL 60611.
Kindling, which is associated with an exceptionally enduring augmentation
of synaptic efficacy, is likely to involve structural alterations of synapses such
as increases in their number and size. This study was designed to elucidate
whether kindling induces an increase in dimensions of the postsynaptic
density (PSD) which delineates the most concentrated area of postsynaptic
neurotransmitter receptors and ion channels. Rats kindled via medial
perforant path stimulation (1 msec pulses at 60 Hz, twice daily) were sacrificed
4 weeks after reaching a criterion of 5 generalized seizures. Unkindled but
stimulated (coulombic control) and unstimulated but implanted rats served as
controls. A differential analysis of perforated axospinous synapses with
discontinuous PSDs and of nonperforated ones with continuous PSDs was
performed in the middle (MML) and inner (IML) molecular layer of the dentate
gyrus. For each PSD, all profiles were measured in serial sections to assess
the maximal profile length and area (from the total profile length and section
thickness estimated with the small-fold technique). The results showed that
both the maximal profile length and the area of PSDs were selectively
increased following kindling only in perforated synapses of the MML. In
marked contrast, nonperforated synapses in the MML were not changed with
respect to the measures used. In the IML, however, PSD dimensions were
not altered in either of the two synaptic types. Thus, the observed
modification is a manifestation of synaptic plasticity induced by kindling rather
than a result of generalized seizures. Since perforated synapses are
believed to augment the efficiency of transmission, the expansion of their
PSDs may represent a structural rearrangement particularly appropriate for
the sustained enhancement of synaptic efficacy which characterizes kindling.
Supported by Grants BNS 86-07272 and 87-19107 from NSF.

390.10

EVIDENCE FOR A STEPWISE PROGRESSION OF KINDLED SEIZURE
DEVELOPMENT. J.L. Burchfiel and C.D. Applegate. Department
of Neurology, The Children's Hospital, Boston, MA 02115.

Our investigations with the kindling antagonism model
suggest that kindled seizure development is a stepwise pro-
cess involving two discrete transitions or '"gates" from one
state of neural organization to another (Burchfiel & Apple-
gate, Neurosci. Biobeh. Rev.,1989). Our data suggest that
there is a forebrain gate which controls the transition
from stage 1-2 to stage 3 and a brainstem gate which con-
trols the transition from stage 3 to stage 4-5. If these
gates control discrete steps in the kindling process, then
one would predict that they could be opened independently.
We tested this prediction. Rats (N=9) were pretreated by
low frequency (2/s) train stimulation appiied to the amyg-
dala. This procedure produced stage 5 seizures in all ani-
mals with a latency of 3.640.3m. Following this, kindling
from the entorhinal cortex showed a major acceleration of
the transition from stage 3 to stage 4-5 (x trials=3.4+0.5
v. 9.241.1 in controls); whereas, there was no alteration
of the transition from stage 1-2 to stage 3 (x trials=16.1
+2.7 v. 12.6+1.7 in controls). These findings confirm our
prediction of independence of the two transitions, support
the hypothesis that kindling is a stepwise process and
indicate that the amygdala is downstream from the forebrain
gate.

390.12

PERSISTENCE OF SOMATIC SPINES TWO WEEKS FOLLOWING
RECURRENT LIMBIC SEIZURES IN RATS. M.C.Bundman, R.M.Pico and
C.M.Gall Departments of Pharmacology and Anatomy and Neurobiology,
Univ. of Calif., Irvine CA 92717.

Unilateral, electrolytic lesions of the hippocampal dentate gyrus hilus produce
recurrent limbic seizures which begin 2 hrs postlesion and recur for 8-10 hrs.
Electron microscopic analysis has demonstrated that during this period of seizure
activity there is a dramatic increase in the number of spines on the somata of the
dentate gyrus granule cells. At S and 11 hrs postlesion there were 1.80 +£0.10
(mean + S.E.M.) and 1.59 * 0.32 spines/cellular profile, respectively verses
0.19 £ 0.07 spines/cellular profile in controls. In the present study the
persistence of these spines was examined in rats sacrificed 4 and 14 days
following one hilus lesion-induced seizure episode. There are 0.83 +0.13 and
0.89 + 0.07 spines/cellular profile at 4 and 14 days, respectively. These data
were taken from analyses of 91 cellular profiles in 4 animals at 5 hrs; 88 cellular
profiles in 4 animals at 11 hrs; 36 cellular profiles in each of 3 animals at 4 days
and 14 days; and 118 cellular profiles in 6 control animals. Thus, approximately
50% of the somatic spines present during the period of seizure activity appear to
be lost by 4 days post-seizure but the remaining 50% persist at least 14 days
and possibly longer. While approximately 40% of the somatic spines found
during the period of seizure activity are quite large and complex, sometimes
completely engulfing presynaptic elements, those that remain at 4 and 14 days
are all much smaller and 'nub’ shaped. This latter population of spines are of the
same morphological type found in control animals but are 4 times as numerous
as seen in control rats.

These studies suggest that the increased neural activity experienced during
recurrent seizures has long term structural effects in adult CNS neurons.

This work was supported by NINCDS NS26748.
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390.13 390.14

EFFECTS OF POSTOPERATIVE ENRICHMENT ON BEHAVIORAL RECOVERY EFFECTS OF TASK DIFFICULTY ON RECOVERY OF SPATIAL PERFOR-
ARE BOTH LESION- AND TASK-DEPENDENT. C.Kelche'and B.E.Will MANCE AFTER UNILATERAL ENTORHINAL CORTEX (EC) LESIONS IN

(SPON : N.Ropert). D.N.B.C., Centre de Neurochimie du
CNRS, 12 rue Goethe, 67000 Strasbourg, France.

Deficits produced by hippocampal lesions are at least
partially compensated by housing rats postoperatively in
an "enriched" environment. Different results were obtained
after entorhinal cortex and fimbria-fornix lesions.

In the present study, we examined the effects of
postoperative environment on the behavior of rats with
either entorhinal cortex or dorsal hippocampus lesions on
different behavioral tests: spontaneous alternation in a
T-maze, learning of am eight-arm radial (EAR) maze and of
an Hebb-Williams (HW) maze. Both entorhinal cortex and
dorsal hippocampus lesions impaired performance in each of
these tasks. Enrichment of the postoperative environment
failed to facilitate behavioral recovery of any of the
entorhinal cortex lesion-induced effects. Similarly,
postoperative enrichment failed to attenuate (F < 1.0) the
deleterious effects of dorsal hippocampus lesions on
spontaneous alternation. However, in the same rats, the
"enriched" housing attenuated the deficits observed in
the EAR maze just at the P < 0.05 level (F 1/21 = 4.4) and
in the HW maze at the P < 0.01 level (F 1/21 = 24.47).

Thus, postoperative effects appear to be both TASK and
LESION-LOCUS SPECIFIC.

390.15
INJECTION OF TETRODOTOXIN INTO THE ENTORHINAL CORTEX
DEPRESSES CELL FIRING IN THE DENTATE GYRUS. R.Tomasulo*,

B.Burger*, O.Steward (SPON: P.Trimmer) Dept. of Neuroscience, Univ. of VA,
Charlottesville, VA 22908

Ablation of the entorhinal cortex (EC) of the rat induces a complex sequence
of dendritic reorganization and axonal sprouting in the denervated dentate
gyrus (DG). The signal that triggers these events is unknown. One candidate,
however, is the reduction of granule cell firing which follows the EC lesion
(Reeves and Steward. Exp. Neurol. 102:37-49, 1988). As a first step in
comparing the effects of denervation with the effect of merely silencing the EC
input, we recorded granule cell firing before and after injecting tetrodotoxin
(TTX) into the EC.

Under urethane anesthesia, we isolated putative granule cells with a
tungsten electrode. After defining baseline activity, we injected 0.2 to 0.4 ul of
2x10> M TTX in 0.9% NaCl into each of 14 stereotaxic sites along two parallel
tracks in the EC. Cell firing and evoked responses were monitored for 8
hours. We found that TTX injection reduced granule cell activity to the same
extent as did EC ablation. There was no recovery of evoked responses or cell
firing in 8 hours. Saline injections did not alter granule cell activity.

We conclude that the previously described rate changes reflect, in the short
term at least, lost presynaptic drive rather than an indirect metabolic effect of
denervation or an effect dependent upon early degenerative events in
presynaptic terminals. Biochemical and morphological studies will determine
if silencing the EC reproduces the effects of denervation. Supported by NSF
BNS-8818766 (OS). RT received NIH postdoctoral training grant
5T32NS07199.

390.17

NEONATAL THYROID HORMONE TREATMENT ATTENUATES THE
INDUCTION OF LONG-TERM POTENTIATION IN RAT HIPPOCAMPUS.
C. Pavlides*, A.1. Westlind-Danielsson* & B.S. McEwen
(SPON: J. Winson). The Rockefeller University, NY, 10021.

Thyroid hormone dysfunction at an early stage of devel-
opment produces marked neurochemical, and morphological
changes in the hippocampus. In order to better understand
the functional significance of these effects, we examined
LTP induction in the dentate gyrus (DG) of thyroid hormo-
ne treated rats (N=3) and control rats (N=3).

Thyroid hormone [3, 5, 3'-triiodo-L-thyronine (T3)) was
administered to male rats on postnatal days 1, 2 and 4
(0.5 ug/g of body weight, s.c.) at approximately 2 months
of age, the two groups of animals were tested for the
induction of LTP by stimulating the perforant path (PP)
and recording EPSP’s in the DG granule cell region.

In both the control and T3 groups, tetanic stimulation
of the PP produced a slight increase in the slope of the
EPSP (5.93% +/- 4.02 SEM & 7.27% +/- 3.43 SEM,
respectively). However, while the population spike of the
control group increased significantly (46.5% +/- 3.55
SEM) following tetanization, the population spike of the
T3 treated rats decreased significantly (-44.7% +/- 23.0
SEM). The present results suggest that brief T3 treatment
at a critical stage of development may have drastic
long-term changes in hippocampal physiology and function.

Supported in part by NSF grant BNS 8706053 to J. Winson
& grant MH41256 to BSM.

RATS. J.J. Ramirez*, B. Fass-Holmes, K. MacDonald¥, J.
McClure*, and C. Tuite*. Psych. Dept., Davidson College,
Davidson, NC 28036; Biol. Dept., UCSD, La Jolla, CA 92093.
Unilateral EC lesions impair performance on a learned
alternation task from which the rats recover 8-10 days
postlesion. Since the time course of this recovery paral-
lels the time course of sprouting, these two phenomena are
thought to be related (Loesche and Steward, 1977). The
objective of the present investigation was to determine
whether there are limits within which sprouting may ef-
fectively contribute to recovery. We examined the effects
of unilateral EC lesions on a spatial alternation task (Y
maze) with intertrial intervals of differing lengths (0,
40, 70, 100 sec). Whereas the performance of the 0 sec
group was spared, the other groups showed a deficit from
which they all required 10-12 days to recover. This find-
ing indicates that the effects of EC lesions on spatial
alternation depend upon task difficulty as determined by
the length of the intertrial interval. Since the time
course of recovery was comparable for the 40, 70, and 100
sec groups, such recovery evidently is independent of task
difficulty. The known parallel between the time course of
recovery and sprouting after EC lesions therefore implies
that the recovery depends upon the sprouting instead.
Supported by NIH grant NS24948 (J.J.R.)

390.16

Low-Frequency Depression Modulates Long-Term Potentiation
Of The Perforant Path In Disinhibited In Vitro Dentate
Gyrus. P. C. Rinaldi and E. M. Hookano*. Neurophysiology
Lab, Div, of Neurological Surgery, College of Medicine,
Univ, of California at Irvine, Irvine, CA 92717.

Low-frequency depression (LFD) was studied in the disin-
hibited in vitro dentate gyrus (rat) to determine its role
in modulation of long-term potentiation (LTP) and thus its
importance in computational and theoretical considerations
of learning and memory. An electrode placed in the trajec—
tory of the perforant path inputs to the granule cells
delivered high-frequency stimulation (400 Hz) to induce LTP
and low-frequency stimulation (0.5 Hz) to produce LFD. The
dendritic field potential was recorded to assess synaptic
activity. Following the induction of stable LTP in 11
slices (X increase 627), low-frequency stimulation was
delivered to the same inputs for 3 to 10 minutes. During
the course of this stimulation synaptic depression averaged
29%. The post-LTP/LFD level indicated that LTP was
modified in 8 of 11 slices. The decrease from LTP levels
or reversal of LTP averaged 317 and was stable for up to 47
minutes. Compared to control experiments in which 10
minutes of low-frequency stimulation was studied in non-
potentiated slices, response amplitude level was signifi-
cantly reduced when LFD followed LTP. LFD appears to be
capable of modifying or reversing LTP in the dentate. It
may play a role in modulation of information in neural
networks, particularly in extinction or forgetting.
(Supported by NIH NS22980-01A1 to PCR.)

390.18

HIGH AFFINITY CHOLINE UPTAKE OF RAT HIPPOCAMPAL
SYNAPTOSOMES IN RESPONSE TO ACUTE EXERCISE BOUTS OF
TREADMILL RUNNING. D.E. Fordyce and R.P. Farrar. Dept. of
Kinesiology and Institute for Neurosciences, University of Texas at Austin,
Austin, TX 78712.

High affinity choline uptake (HACU) is the rate limiting step in
acetylcholine synthesis. A variety of interventions have been
demonstrated to affect acetylcholine turnover and synthesis. Previously
we have observed that endurance running, 5 days a week for 6 months,
resulted in a 30% decline in HACU when compared to sedentary age-
matched controls. All rats had been sedentary for 24 hrs before being
killed. it was of interest to determine whether this depression in HACU was
due to the last bout of exercise or whether it represents a training
adaptation. Therefore, rats 6 months of age, previously familiarized with
the treadmill (5 min/day, 3 days/wk) were divided into four groups: two
groups ran 25-30 min at a speed of 20 m/min, group R was killed
immediately at the end of the run by decapitation, group R24 was rested
for 24 hrs before decapitation, and the third group was familiarized with the
treadmiill, but had not been exposed to the treadmill for 48-72 hours prior
to decapitation, the fourth group was a naive control. The HACU was
determined on hippocampal synaptosomes incubated with 0.76 uM 3H-
choline, with and without sodium. There was no difference between the
naive controls and the familiarized controls and these values are
represented as control values (C). Both the R and R24 synaptosomes
demonstrated a 50% increase in HACU compared to the control values.
These data indicate that acute bouts of treadmill running elevated
acetyicholine synthesis in the hippocampus, but that chronic endurance
running produces a compensatory reduction in this synthesis.
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390.19

RESPONSES TO VARYING INTENSITIES OF VAGINAL
DISTENSION IN THE AWAKE RAT. K. J. Berkley and E.
Wood". Dept. of Psychology, Florida State Univ., Tallahassee,
FL 32306.

It is known that sensory fibers in the pelvic nerve of
anesthesized rats respond to gentle distension of the vaginal
canal and that the responses increase as distension is
increased into the noxious range. In order to examine the
relation between this neural response and sensation, similar
vaginal distension stimuli were delivered to rats that had
previously been trained to perform an operant escape response
to terminate a noxious somatic stimulus (tail pinch). At gentie
levels of distension, rats oriented towards the stimulus, but
failed to make escape responses. As the levels were gradually
increased into the noxious range, however, the probability of
the rats making an escape response gradually increased to 100
percent. This correspondance between electrophysiological
and behavioral responses is consistent with the hypothesis that
both pain and non-painful sensations arising from mechanical
stimulation of the vaginal canal are subserved at least in part by
activity in afferent fibers of the pelvic nerve.

Suported by NIH grant NS 11892.

LIMBIC SYSTEM I

391.1

GONADAL STERIODS REGULATE DENDRITIC SPINE
DENSITY IN HIPPOCAMPAL PYRAMIDAL CELLS 1IN
ADULTHOOD. C.S. Woolley*, E. Gould*, M.
Frankfurt and B.S. McEwen (SPON: W. Yates).
Lab. of Neuroendocrinology, The Rockefeller
Univ., New York, NY 10021.

While gonadal steroids are known to
influence hippocampal neuronal structure
during development and in response to injury,
steroid mediated morphologic plasticity in the
intact adult hippocampus has not previously
been demonstrated. We have used the single
section Golgi impregnation method to show that
removal of circulating gonadal steroids by
ovariectomy of adult female rats results in a
profound decrease in dendritic spine density
in CAl pyramidal cells of the hippocampus.
Spine density in CA3 pyramidal cells and
granule <cells of the dentate gyrus is
unaffected. Estradiol replacement reverses the
observed decrease in dendritic spine density;
progesterone augments the effect of estradiol
within a short time period. These results
demonstrate that adult cal hippocampal
pyramidal cells are structurally plastic and
suggest that dendritic morphology may undergo
constant fluctuation during the estrous cycle.

391.3

THE DEVELOPMENT OF THE SYNAPTIC PAIRED-PULSE
PROFILE IN AREA CAl OF THE RAT HIPPOCAMPAL
SLICE PREPARATION. II. STRATUM MOLECULARE.

P.G. DiScenna & T.J. Tevler Neurobiology Dept., Northeastern
Ohio Universities College of Medicine, Rootstown, OH 44272.

We study the development of the trisynaptic circuit by
examining the development of excitatory and inhibitory synaptic
transmission in the dentate gyrus and hippocampus proper. While
studying the development of paired-pulse facilitation in str
radiatum of CAIl, we noted that afferents in the distal apical
dendritic field showed an unusual paired-pulse profile (PPP;10-
5000ms) during development. We observed a triphasic pattern with
paired-pulse depression at short interpulse intervals (IPI),
facilitation at intermediate IPIs and a depression at long-
latency IPIs. This pattern mirrors the synaptic PPP produced by
the med. perforant path input to DG rather than the profile in
adult CAl. We investigated this effect more closely. The rat
hippocampal slice prep and a homosynaptic paired-pulse paradigm
(10-5000ms IPI) were used to examine the development of the
synaptic PPP in stratum moleculare of area CAl. Population EPSPs
were evoked by str. moleculare stimulation at 40-60% max. Our
initial results are based on two animals at each age. The
paired-pulse effects ((Test/Cond)X100) developed as follows:

20ms 80ms_ 200ms 2000ms 5000ms
PN& 64% 7% 78% 64% 83X%
PN6 80 93 100 69 93
PN10 128 145 103 83 88
PN15 148 147 116 90 91

391.2

EFFECTS OF NORADRENERGIC AGENTS ON PYRAMIDAL NEURONS IN
IMMATURE RAT HIPPOCAMPUS. A.M. Moudy and P.A. Schwartzkroin.
Departments of Physiology & Biophysics, and Neurological Surgery, Univer-
sity of Washington, Seattle, WA 98195.

In preliminary experiments, we have examined the effects of a noradren-
ergic agonist on individual hippocampal pyramidal neurons from immature
rats. Transverse hippocampal slices (400 um) were obtained from 7 day old
Sprague Dawley rats and maintained in an in vitro interface recording cham-
ber at 35° C. Intracellular recordings were made from pyramidal cells in the
CA3c and CA1 regions of the hippocampal formation. Isoproterenol, a
B-receptor agonist, was pressure-applied from the tip of a glass microelec-
trode positioned near the soma, as closely as possible to the intracellular
recording electrode. Pressure pulse applications (30 psi) of 0.1 mM isopro-
terenol were given for 50-300 ms. Most cells recorded from in both CA1 and
CA3c were sensitive to drug application. Voltage changes induced by iso-
proterenol were variable, however; while some cells showed a slight hyper-
polarization, others were depolarized. An input resistance increase of 10-20
Mohms was seen during these responses in a majority of cells. Trains of
action potentials triggered by 200 ms depolarizing current pulses showed
accommodation in all cells under control conditions; isoproterenol reduced
the degree of accommodation, and also reduced the after-hyperpolarization
following these trains. These changes were, for the most part, qualitatively
similar to noradrenergic effects in adult tissue.

Supported by NIH grants NS 15317 and NS 07097.

391.4

PHARMACOLOGY OF RETINOTECTAL TRANSMISSION IN
RANA PIPIENS TECTAL SLICES. E._\:‘LH.LC_QLI and M,
Constantine-Paton (SPON: J. Paton) Dept. of Biology, Yale Univ., New Haven, CT
06511

We have developed a tectal slice preparation to examine the pharmacology of
retinotectal transmission in Rana pipiens tadpoles. We use 500pum thick slices of
the diencephalon and tectum. By electrically stimulating the optic tract, which runs
through the diencephalon, we can record tectal evoked potentials (TEP) similar to
those seen in the intact animal. Such TEP's consist primarily of a fast biphasic
component, followed by slower positive and negative components. We have
identified the fast biphasic com%onem as presynapuc on several criterea: 1) It is
relauvely insensitive to zero Ca®*-high Mg2+ balhmg saling, and also to high

of the calci h 1 blockers Co2* or Cd + , 2) It is not abolished

by high-frequency stimulation and recovers immediately after a tetanus, 3) it does not
exhibit paired pulse facilitation, and, 4) it is largest in superficial tectum. By using
similar methods, we conclude that the later components of the TEP are postsynaptic.

Furthermore, low concentrations of NMDA reversibly block the postsynaptic
components, while low concentrations of APV reversibly enhance them. Concurrent
with the postsynaptic block due to NMDA, there is a marked increase in
spontaneous activity in the tectum, and a substantial increase in the evoked
presynaptic components. Since the increase in the presynaptic component is not
blocked when transmission is blocked by Cd“*, it is specific to presynaptic
elements. We hypothesize that NMDA receptors are highly concentrated on
inhibitory cells, which, when driven by exogenous NMDA, inhibit the postsynaptic
TEP. Preliminary evidence further suggests that GABA may be involved in the
actions of NMDA on the TEP.

Supported by NIH grant EY06039.
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391.5

EARLY HANDLING / ISOLATION DECREASES ADULT RATS’
USE OF PLACE STRATEGIES. J. Willner* and L. Nadel. Dept. of
Psychology, Univ. of Arizona, Tucson, AZ 85721.

Recent evidence suggests that environmental events occurring early
in postnatal life can have long-lasting consequences for hippocampal
function. In the present experiment, pups from litters of Long-Evans
rats were handled for 5 min/day on PN 3-7, 9 and 11. They also
received an isolation treatment on PN 8, 10 and 12, during which they
were separated from the dam and maintained in a heated, lit
environment for 8 hr . The pups were then weaned at PN21, and
maintained on ad lib food and water in large metal hanging cages with
same-sex littermates.

At 6 mo of age, experimental and control rats were trained on an
appetitive position discrimination in a T-maze. Following habituation to
the maze, the rats were reinforced for choosing the initially non-
preferred arm of the maze and trained to a criterion of 8 correct choices
in 10 consecutive trials. The rats then received a nonreinforced probe
trial with the start arm of the maze rotated 180° away from it's original
position to determine whether they were using a “response” strategy or
a “place” strategy to solve the discrimination problem.

Rats receiving the handling / isolation treatment did not differ from
controls in acquisition of the position discrimination, but were
significantly less likely than controls to have used a place strategy to
solve the task (36.8% vs. 83.3%, respectively). These data are
consistent with previous work (Wilson et al., Beh. Br. Res., 21:223,
1986) showing that young rats display a more “immature” pattern of
LTP after early handling / isolation, and suggest that this treatment has
long-term consequences for hippocampal function.

391.7

CONFOCAL SCANNING LASER MICROSCOPY OF INTRACELLULARLY
INJECTED AMYGDALA NEURONS. E. W, Kairiss, P. F. Chapman*, C, L.
Keenan, Z, Xiang* and T, H. Brown, Dept. of Psychology, Yale University, New
Haven, CT 06520.

The amygdala has been implicated in a variety of important innate and learned
behaviors. We have been developing the amygdala slice preparation (Keenan et al,
Brain Res. Bull., 1988) because virtually nothing is known about the cellular
neurophysiology and neuropharmacology of this interesting region of the brain.
Current- and voltage-clamp recordings have revealed that some amygdaloid
synapses display long-term potentiation (Chapman and Brown, Soc. Neuro Abst.,
1988), which could be relevant to learning (Brown et al, Science, 1988). Here we
report the successful use of confocal scanning laser microscopy to create 3D
images of neurophysiologically-characterized amygdala neurons.

Horizontal amygdala slices were prepared as described previously (Chapman and
Brown, 1988). Dye injections and recordings were done using microelectrodes
containing 5(6)-carboxyfluorescein. Active and passive membrane properties were
assessed from the voltage response to current steps. Synaptic properties were
assessed by stimulating the external capsule. Following the neurophysiology,
slices were cleared in glycerol with 5% n-propyl gallate added to reduce bleaching.
Serial optical sections, taken at 1 to 5 um intervals, were obtained using a
confocal scanning laser microscope.

Reconstructions of the optical sections were used to produce a stereo pair or a
red/blue sterea anaglyph. Four optically reconstructed neurons, which could be
classified as pyramidal-type, had input resistances between 22 and 70 MQ and
resting potentials between -72 and -79 mV. They responded to depolarizing current
steps with trains of spikes, burst discharges, or single spikes. The ability to
obtain structure-function relationships in this heterogeneous cell population should
prove useful in understanding the circuitry and ultimately the mnemonic functions
of the amygdala. (Supported by the Air Force Office of Scientific Research and the
Office of Naval Research).

391.6

DEVELCPMENT OF SPATIAL LEARMING (OBJECT LOCALIZATION)
ABILITY 1IN INFANT RATS. K. L. Altemus* and C. R. Almli.
Depts. Anat. & HNeurobiol., Psychol. Pgms. Neural Sci.,
Occup.Therapy. washington Univ. Sch. Med., St. Louis, MO
63110.

Spatial learning abiiities are thought to be related
to the functional status of the hippocampus. The present
investigation studied the development of utilization of
spatial cues to mediate object localization for albino
rats beginning at 15 days of age. Independent groups of
rats were tested 1n a Morris water maze under proximal
(visibie goal 1in fixed 1location), distal (non-visible
goal 1in fixed locaticn), and random (non-visible goal in
randon location) conditions. Animals were tested on 3
consecutive days with independent groups beginning on
postnatal days 15,16,17,18,and 19. Latencies to enter
the escape quadrant and latencies to escape were
recorded for each session of 12 1-min acquisiticn
trials. Each daily session concluded with a 1 min probe
trial, during which escape was impossible. Latencies to
enter the quadrant previously containing the platform,
and the total time within this quadrant were recorded.
Results indicate that spatial learning abilities based
on visual cues are present early in development, that
performance 1is influenced by previous experience, and
that spatial learning 1is manifest prior to hippocampal
maturation. (Conducted under NIH Guide for Care and Use
of Laboratory Animals)

391.8

CONFOCAL SCANNING LASER MICROSCOPY OF HIPPOCAMPAL
NEURONS FROM CULTURED AND ACUTE BRAIN SLICES. C, L. Keenan, E,
W, Kairiss, A, C. Greenwood*, A, C, Nobre, L. Rihm*, T. H, Brown, Dept. of
Psychology, Yale University, New Haven, CT 06520.

We have been interested in optical methods that optimize spatial and temporal
resolution of cellular and subcellular structure in acute and cultured brain slices
(Keenan et al, Brain Res. Bull., 1988). Here we report the successful imaging of
hippocampal neurons with confocal scanning laser microscopy (see also Kairiss et al,
Soc. Neurosci. Abstr., 1989).

Acute hippocampal slices were prepared in the conventional way using a vibratome.
Neonatal hippocampal slices were cultured as described previously (Ganong et al, Soc.
Neurosci. Abstr., 1988) and maintained in a roller drum for 3 to 6 weeks prior to their
use. Intracellular recordings and dye injections were done with microelectrodes
containing either lucifer yellow or carboxyfluorescein.  Serial optical sections (3.0 -
15.0 pum intervals using a 10X or 20X objective and 0.1 - 1.0 pm intervals using a
40X or 60X objecive) of the fluorescently-labeled neurons were obtained with a
confocal scanning laser microscope. Image reconstructions of the optical sections
were then displayed as a stereo pair or as a red/blue stereo anaglyph.

These 3D images were particularly effective for visualizing the spatial relationships
among dendritic processes and the interdigitation of processes of injected pairs of
neurons. We were particularly interested in visualizing clearly the thorny
excrescences, which are dendritic spines associated with the mossy-fiber synaptic
input. The excrescences were seen to have extremely complex geometries, sometimes
consisting of rosettes of small spines protruding from a central shaft.

We conclude that confocal scanning laser microscopy holds great promise for
studies of hippocampal neurons and possibly even for real-time analysis of neuronal
structure-function dynamics. This method may enable us to determine whether
structural changes occur during activity-dependent synaptic modifications, such as
long-term potentiation (LTP) (Brown et al, Science, 1988). LTP is a candidate
synaptic substrate for certain forms of leamning. (Supported by the Air Force Office of
Scientific Research and the Office of Naval Research).

OPIATES, ENDORPHINS AND ENKAPHALINS: ANATOMY AND CHEMISTRY II

392.1

SIGMA RECEPTOR RECOVERY FOLLOWING MODIFICATION BY EEDQ:
EVIDENCE FOR DIFFERENT AGONIST AND ANTAGONIST RECOGNITION
SITES OR RECEPTOR SUBTYPES G. Battaglia, Department of
Pharmacology, Loyola University, Maywood, I1 60153

Sigma  receptor recovery following irreversible
inactivation by N-ethoxy-carbonyl-2-ethoxy-1,2-
dihydroquinoline (EEDQ) was studied. Male SD rats were
treated with either vehicle or EEDQ (10 or 20mg/kg, i.p.)
and sacrificed at 6 hours or 4 days post-treatment. Other
groups of rats were pretreated with 3mg/kg of either the
agonist DTG (1,3-di-o-tolyl-guanidine) or the antagonist
haloperidol (HAL) prior to 10mg/kg EEDQ to assess
recognition site specificity. Sigma receptors in cerebellum
were measured using the agonist H-DTG (3nM) and two
concentrations of the antagonist 3H-HAL (1.2 and 11 nM) to
detect changes in receptor affinity and B . Marked
decreases in “H-DTG binding were observed following both
10mg/kg (48% of control) and 20mg/kg (38% of control)
doses. A 39% recovery of “H-DTG binding was observed by day
4. In contrast, SH-HAL-labeled sigma receptors were not
reduced by either dose of EEDQ. In addition, HAL
pretreacment failed to protect against the EEDQ-induced
decrease in 3H-DTG binding while DTG pretreatment resulted
in a partial protectxon The differential effects of EEDQ
on 3H-DTG versus 3H-HAL-labeled sigma sites indicate that
agonist and antagonlsc recognition sites differ. These data
also suggest that 3H-DTG may label EEDQ-sensitive and EEDQ-
insensitive subtypes of sigma receptors.

3922

PRESYNAPTIC INHIBITION BY OPIOIDS OF GLUTAMATE-MEDIATED
SYNAPTIC POTENTIALS IN RAT STRIATAL NEURONS. Z.G.Jiang*
and R.A.North, Vollum Institute, Oregon Health Sciences
University, Portland, OR 97201.

Intracellular recordings were made from striatal
neurons in 30° obliquely cut slices. Fifteen of 25
tested were identified as projection neurons by anti-
dromic activation by a focal electrical. stimulus to the
globus pallidus. Focal stimulation of cortical projec-
tion fibers evoked a excitatory postsynaptic potential
(epsp). In 96 of 112 cells this was unaffected by bicu-
culline (30 pM) but completely blocked by CNQX (10 uM)
and APV (30 uM); it was also blocked by low calcium/high
magnesium solutions, and by tetrodotoxin (TTX, 1 uM).
(Met5]enkephalin (3, 10, 30 & 100 uM) reduced the epsp
amplitude by (%) 10.1 + 6.7 (mean *+ SD, n = 9), 24.3 +
7.9 (9), 34.8 + 11.1 (43) and 41.6 + 8.6 (8), with little
or no effect on membrane potential or input resistance.
Depolarizations evoked by direct applications of gluta-
mate (pressure pulse) were unaffected, whether (n = 3) or
not (n = 5) TTX was present. The inhibition by [Met?®]
enkephalin was completely antagonized by naloxone (1 uM)
and was mimicked by both Tyr-D-Ala-Gly-MePhe-Gly-ol
(DAGO, 1 uM; inhibition was 23.1 + 8.4 % (15) and Tyr-D-
Pen-Gly-Phe-D-Pen (DPDPE, 1 uM; inhibition was 23.3 +
13.1 & (17)), though not by US0488H. It is concluded that
some fibres providing excitatory synaptic input to
striatal neurones express either uy or § receptors,
activation of which inhibits glutamate release.
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OPIATES, ENDORPHINS AND ENKEPHALINS: ANATOMY AND CHEMISTRY II

392.3

ENKEPHALIN, ENDORPHIN AND DYNORPHIN IMMUNOREACTIVE CELLS
AND FIBERS IN THE PITUITARY OF THE AXOLOTL. (Ambystoma
mexicanum) M. Leon Olea*, M. Sdnchez-Alvarez*, A.L. Pifia*,
M.Briones* and A. Bayén. Divisidn de Inv. en Neurociencias
Instituto Mexicano de Psiquiatrfa. Instituto de Investiga-
ciones Biomédicas, UNAM, AP-70228, 04510 México, D.F.

Recently Assai et al.(Neuropeptides, in press) showed
that the enkephalin (ENK) content in the pituitary of the
axolotl 1is several fold higher than that found in birds
and mammals. In order to elucidate the cellular localiza-
tion of this ENK and its relations to other opioid pep~-
tides in the pituitary, we carried out immunocvtochemical
studies through the indirect immunofluorescence method
using antibodies directed against leu-ENK, met~ENK, dynor-
phin(1-10) (DYN) and B-endorphin-ALPH (END). Leu-ENK-
immunoreactivity (ir) was found in neurohypophyseal fibers
and in numerous cells scattered throughout the anterior
lobe; here, END-ir cells constitute a separate population
concentrated in the caudal pole (END is also present in
intermediate cells). DYN-ir was intense in fibers of the
neural lobe but undetectable in the anterior one. Met-ENK-
ir could be detected in neurohypophyseal fibers but only a
few cells were lightly fluorescent in the anterior lobe.
From these data and since Pro-ENK-A genes in amphibians
may not codify leu-ENK sequences (Martens and Herbert,
Nature 310:251,1984), we suggest that putative Pro-ENK-B
containing cells could generate leu-ENK, but not DYN, as a
hormone in the hypophysis of the axolotl.

392.5

OPIOID PEPTIDE SCREENING OF DOG HEART EXTRACTS. B.A.
Barron, J.F. Gaugl*J.L. Caffrey*, Department of Physiology, Texas
College of Osteopathic Medicine, Ft. Worth, TX 76107.

Opioids in dog heart extracts are characterized by opiate
radioreceptor assay (RRA) using dog brain membranes, pretreated
with Na* and GMP. *H-diprenorphine was used as a non-specific
ligand to permit screening for a spectrum of opioids. Scatchard
analysis provided computer fits equally consistent with 2 or 3 site
models. K, (0.4 nM) and B,,,,, (66 fmol/mg protein) values agree with
reports by others for rat brain. IC50s determined graphically [logit (In
%B-+[100-%B]) vs concentration] were 1.8 nM diprenorphine, 8.1 nM
etorphine, 8.4 nM naltrexone, 33 nM DYN(1-13), 41 nM DADLE, 50 nM
(-)-naloxone, 104 nM DYN(1-8), 164 nM met-enk, 200 nM DYN(1-9),
810 nM DAGO, 2640 nM U50488H, and > 100 uM (+)-naloxone when
1.5 nM *H-diprenorphine was used. Tissue unknowns were expressed
as nM equivalents of etorphine standards. Canine heart was extracted
(1 N acetic acid, 0.2% 2-mercaptoethanol, 0.1 N HCI), homogenized
(polytron) and centrifuged. Supernatants were further purified by C-
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