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270. Biological rhythms and sleep II ......c.ccocoeeninnincninne 640 318. Ingestive behavior: peptides I ......
319. Trauma: brain injury ...................
Poster Sessions—8:30 a.m. 320. Epilepsy: animal genetic models ..........cccrevreureereueennes
271. Differentiation, morphogenesis and development: 321. Epilepsy: anti-convulsant drugs ...........ccceeeveceeeeeenee.
molecular COITEIAtes .........cccooveviiniiereneniieciieneceeenens 642 322. Alzheimer’s disease: amyloid III ...................cccceeuemeccen
272. Differentiation, morphogenesis and development: 323. Disorders of the nervous system: developmental
neurotransmitters, peptides, hOrmones ........................ 644 MOAELS ..ottt eaensaene 788
273. Celllineage IL........cccoeverimineniiieececcceneeeeeeeeenne 648
274. Long-term potentiation III ........cccccocoeviiivniiinivcnninnene 651 Warner-Lambert Lecture—11:45 a.m.
275. Transplantation: behavioral and electrophysiological 324. Excitatory Synaptic Control of Hippocampal Neurons
CIFECLS weveriieeiieiece ettt ettt 654 P ADNAEISEI ceeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeesesaeeaaeaees No abstract
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Symposium—1:00 p.m. 363. Chemical senses: peripheral mechanisms II ................ 877
325. NINDS: Forty Years of Progress 364. Chemical senses: peripheral mechanisms II ................ 878
Chaired by: P. Goldman-RakiC.........ccceevevcrurrecerunnencne. 790 365. Somatic and visceral afferents III ........ sggeeeeeeeeseenenisennes 881
366. Reflex function: human....................
Update Lecture—1:00 p.m. 367. Reflex function: animal studies
326. Transneuronal Transport of Viruses for the Study of 368. Control of posture and movement: animal
Neural Connections IOCOMOLION ...veereirrieierereeeeeteeietee e ene e senenesesenes 889
AD.LOBWY ...coovnrienteiriecneeneenenseeeeeeeescesanaens No abstract 369. Control of posture and movement: learning and
. deVelOPMENL .......cucvviniiiiiiiiic e 891
Special Lecture—2:30 p.m. 370. Motor systems and sensorimotor integration:
327. Can Stress Damage the Brain? cerebellum IT ..o 893
R.M. SapOoISKY ..ccoveveeeninreerineeneneeeenienenieeenns No abstract 371. Motor systems and sensorimotor integration:
Slide Sessions—1:00 p.m. cerebellum III ..o 896
. . . . . . 372. Motor systems and sensorimotor integration:
328. Peptides: biosynthesis, metabolism and biochemical o oculomotor system I 898
Characterization ..........ccccucecriveeeruereeceenenereseesenenesenenes 1 e e ———
329. Ion channels: modulation and regulation III ................. 793 373. Moior systems and ifnsorlmotor Integration: 902
330. Sensory systems—auditory system: 374 Ezl;rzﬁ;tzzsyésgory—phamacology """"""""""""""""
central pathways IT ........c.cccoovicvnninnnnennreeeee 795 ’ acetylcholine II ’
331. Development and plasticity—v.isual system: 375, Newopmotie andbehavmrm
molecular and cellular mechanisms I.........ccccccoeeuenenen.e. 797 . . .
332. Catecholamines III 376. Ingestive behav19r: MONOAMUNES ...ovooovovovvrivverereneeeneee 909
333, OPiOIdS: 1CEPLOTS T coereoroooeooeseoeeses oo 377. Psychotherapeutic drugs: antidepressants ..........c...cce.c.. 913
' Lo S —— 378. Learning and memory: physiology V ................... ..916
334. Cellular and molecular studies II .........cccocceevereeerencnnnne - o
335. GABA, receptors IV .....cooieeenccnicenneceenene 379. Neuroethology: mammals, .repnles, amphibians ..
oA . 380. Hormonal control of behavior IV ..........cccccceunnees
336. Specificity and enhancement of regeneration 381. Interhemispheric relations
537 Degenerave diease—PAKITSO'S v 582 Drugsof aouse: opos
Poster Sessions—1:00 p.m. 383. Genetig models of nervous disorders II ..
338. Process outgrowth, growth cones and guidance 384. Ischem¥a IV ettt
MECHANISIIS VI oo e 810 385. Ischem?a Vet ettt ens
339. Process outgrowth, growth cones and guidance 386. IscherTua VI St
mechanisms VI .........ccoovurverreerenreerrsreneeeseeieeseessessee o 811 387. Alzheimer’s disease: eytoskeleton ....
340. Sprouting and sprouting mechanisms ............ccecevevevenen. 814 388. Epllepsy: ba31§ mechanisms II .........c.c.....
341, Trophic iNteraCtions L ... .....mvevoeeroorveeeeeeeeeemeereessssssessre 817 389. Alzheimer’s disease: neuropathology II .....................
;’:g S:ZZ ggz:: ?:2:2;: xl """"" ggi Presidential Special Lecture—4:15 p.m.
) e 390. Recent Advances in Imaging Neurocognitive Networks of
344. Sensory systems—development and plasticity II ......... 827 the Human Brain
345. Sensory systems—development and plasticity III ........ 830 AS. Gevins No abstract
346. Transplantation: transmitter eXpression .............cocueven... 833 T T mmmmmmmmm s e
347. Neuronal death: deafferentation and prenatal
STUAIES wevrvteeeuierereirieeine ettt sa e
348. Long-term potentiation IV .
349. The aging process: learning and memory, growth
factors, phySiolOgY .......cccocereirererirncninrecneeeesieeeeeenes 840 THURSDAY
350. Neurotransmitter and neuromodulator development .... 843
351. Limbic system IT .....c.cccoeeinevenirincininenceieece e 845 Symposia—8:30 a.m.
352. mRNA regulation: trapscrlptlon factors ......coceveveeenenne 847 391. Genetically Modified Cells: Development and
353. SHT receptors: behavior and pharmacology ................. 849 Applications for the Neurosciences
354. Interactions between neurotransmitters ITI Chaired by: BH. WRIET .....oc.cocoeseeoesoeseesee 951
353. Trar.lsmltters mn mve.rtebrates O — 392. Differential Processing of Visceral and Somatic Input in
356. Excitatory amino acids: NMDA receptor the Central Nervous System
antagon}sts ................... onnssanenes e s 857 Chaired by: R.D. FOTOMaN ..ovvveevrreereeeessreeeeeee e 951
357. Regulation of autonomic function: peripheral
autonomic organization and functions ........... eevreeeannnes 860 Slide Sessions—8:30 a.m.
358. Regulation of autonomic function: gastrointestinal 393, Hypothalamic-pituitary-gonadal regulation II .............. 951
CONITOL .ottt sesenens 394. Basal ganglia and thalamus VI
359. Neuroendocrine regulation: other II.................... 395. Calcium channels I ............co.c.oovvuevreveereeeesereeesereeneen,
360. Sensory systems—auditory system: models 396. Excitatory amino acids: receptors VII .........ccccoveeueenee. 958
361. Sensory systems—auditory system: hair cells and 397. mRNA regulation: transmitter enzymes and
COCRICA T oo 871 TECEPLOTS Lottt 960
362. Sensory systems—auditory system: central 398. Sensory systems—visual psychophysics and
PhYSIOlOgY IT .ooveoeiimiiicens 873 DEhAVIOL I ..o.evooeeeceeeeee v 961
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399. Transplantation: new techniques, immune rejection 446. Circuitry and pattern generation IT..........cccceevcvcncaee. 1090
and DEhAVIOT .....c.ociieriiirieiecteieeree e 963 447. Association cortex and thalamocortical
400. Second messengers IV relationShips ....cocceoverreeienieenienee e 1093
401. Motor systems and sensorimotor integration: 448. Hippocampus and amygdala: neurophysiology II ...... 1096
vestibular system I ......cccooovniiininnnnncncncnne 449. Neuroethology: avian sONng .........ccccceveveveeerienneccrennens 1098
402. Neuroglia and myelin IIL...........ccooovniniininninnnnn. 450. Drugs of abuse: cannabinoids, nicotine and PCP ....... 1100
403. Neural-immune interactions I 451. Drugs of abuse .........cceceeciiiriciiiccciciccccce 1103
404. Cellular and molecular studies III ...........cccocceveeenenene. 973 452. Epilepsy: kindling I........ccoccovviiniiniiinnininccicnne 1105
405. Steroids: receptors and actions...........coceeeerervuerueceenenne 975 453. Degenerative disease—Parkinson’s: humans and
406. Ingestive behavior: peptides II ........coccccevvvininiicniinnnne 977 TTEALMENE ..eeieeireeeeiieeeeeereete et eneenes
. 454. Neurotoxicity: amino acids
Poster Sessnonsfg:30 a.m. 455. Neurotoxicity: otherI..............
407. Long-term potentiation v s 979 456. Neurotoxicity: other IT ..........cocoveuenneneecrirenereienennen.
408. Neuronal death: lesion Studi€s .........cccceeevveveerveeenveeennns 982 457. Degenerative disease—other: basal ganglia .............. 1119
409. Development and plasticity—visual system:
molecular and cellular mechanisms II ..............c.cc.... Presidential Special Lecture—11:45 a.m.
410. Nerve growth factors VII ... 458. Target Regulation of Neuronal Phenotype
411. Nerve growth factors VIII ... S Landis ..o No abstract
412. Trophic interactions Il .........cccceevevienueninicnneneniieciennenns
413. Other trophic agents Il ........co.coooeeeereverreeecerereensessiceeenns Symposia—1:00 p.m.
414. Regeneration: general ...........oc.coveeeeeemseeeerncns 459. Regulation of Nicotinic Acetylcholine Receptor
415. Synaptogenesis of neuromuscular junctions EXPY.CSSiOH and Function
416. Process outgrowth, grow[h cones and guidance Chaired by R.J.LUKAS weovveieeeeeeceeeeeeeeneens reveenanes 1121
mechanisms VIIL .........oovcueeerennreeneeesnnneessensseesseeneens 1005  460. Neuronal Regulation of Renal Function: A Model System
417. Process outgrowth, growth cones and guidance for NCWOUS System Interactions
MEChaniSMS IX .......ovveirieirenrieesssssnsssnssaesssnssssssssssnssanes 1008 Chaired by: JM. WYSS oo 1121
418. Membrane composition and cell surface . .
macromolecules II.................... Slide Sessions—1:00 p.m.
419. Presynaptic mechanisms IV ... 461. Excitotoxicity V ey 1121
420. Jon channels: ligand-gated I ........ccccoceeeereenececcnnnncncne 462. Molecular neurobiology of SHT receptors................. 1123
421. Ton channels: ligand-gated I.............cooovrueeeeererrenenne. 463. Process outgrowth, growth cones and guidance
422. Peptides: physiological effects III mechanisms X .......... .......... e 1125
423. Opioids: anatomy and physiology I .........c.cccocevinicees 1023 464. Development and plasticity—visual system:
424. Oplolds anatomy and ph)’SlOlOgy I oo, 1026 C(?ﬂﬂe'ctloﬂs .......................... e e 1128
425. Peptides: biOSyn[heSiS and metabolisSm I o..enereeenne 1029 465. Clrcu1try and pattem generatlon | 1 SRR 1130
426, Serotonin 1T ......ooc.ooeeoseoestvessseseossses oo 1031 466. Cortex IV
427. SHTla and other SHT receptor Subtypes ................... 1034 467. Nerve gl'OWth faCt.OTS IX s s 1134
428. Receptor modulation: up and down regulation I ......... 1037  4068. Receptor modulation: up and down regulation II ....... 1136
429. GABA, TECEPLOLS ....cviveuieninerrieeieneneeerenensenecssennaneees 1040 469. Genetic models of nervous disorders Il .................. 1138
430. Excitat?)ry amino acids: NMDA receptor glycine and 470. Localization of neurotransmitter receptor subtypes .... 1140
POlYAMINE SIS ...ovviniiieiiiricreneinecrenereeneneseeesseaeneaes 1041 471. Peptides—receptors, metabolism and actions.............. 1141
431. CatecholamineS IV oo, 1044 472. Pain: pathways Tl e 1143
432, CateChOLAMINES V oo 1047 473, Serotonin IV ... 1145
433. Behavioral pharmacology: dopamine and hormones .. 1051 . .
434. AcetylchOling Il......ooooosoeeeeeeeeeeeeeeesesseceeenseeessesss 1055 Poster Sessions—1:00 p.m. _
. L 474. Differentiation, morphogenesis and development:
435. Acetylcholine—receptors: muscarinic III ................... 1058 . .
436. Respiratory control 1061 neurogenesis and survival ... 1147
. tory control...... s B 475. Differentiation, morphogenesis and development:
437. Regulation of autonomic function: control of tissue culture models 1149
lumbosacral autonomic outflow ...........cccvvreirurcnnen. 1064 . Lo e o
. . . . 476. Differentiation, morphogenesis and development:
438. Neuroendocrine regulation: oxytocin, vasopressin ..... 1067 forebrain 1150
439. Hypothalamic-pituitary-adrenal regulation: : R e —
steroids 1070 4717. Differentiation, morphogenesis and development:
........................................................................ o R,
440. Pain—pathways: response to injury ..........cc.ceceeveeceenne 1072 position and 'for.m . 153
. . . 478.. Transplantation: receptor eXpression ............coccoeeeeune 1154
441. Sensory systems—retina: retinal chemistry and .
anatom 1074 479. Regeneration: enhancement factors ............ccccecevruneee. 1156
| RS e s 480, The aging process: cell biology, morphometry,
442. Sensory systems—auditory system: hair cells and other
cochlea IT ... 1078 o0 . T S mm—
. 481. Neural plasticity in adult animals IV
443. Somatosensory cortex and thalamocortical . .
. . 482. Neuroglia and myelinIV.........c.ccooevnnnnnn
relationships III .........ccoccoiiivnniniinininnniene 1080 .
. . . 483. Gene structure and function IV .....................
444. Motor systems and sensorimotor integration: - .
484. mRNA regulation: neuropeptides .............
oculomotor system III 1082
445. Control of post d move é t """""" n dh d """" 1085 485. Calcium channels and cellular calcium...........coccue.e. 1172
- -ontrof ot posture and movement: anm and nand........ 486. Calcium channels: molecular properties ..................... 1174
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487. Catecholamines VI .........c.cocoeveinivinvinieninnenceeneeeenenns 1176 522. Physiology of Peptidergic Nerve Terminals in the
488. Second messengers Ve 1179 Vertebrate Neurohypophysis
489. Excitatory amino acids: non-NMDA receptors .......... 1181 Chaired by: C.W. BOUIQUE «.......oorverreerreeeereeeereserenn. 1269
490. Excitatory amino acids: anatomy and physiology I .... 1184
491. Excitatory amino acids: anatomy and physiology II... 1187 Slide Sessions—8:30 a.m.
492. Behavioral pharmacology: opiates, NMDA 523. Sensory systems—visual cortex: intracortical
AN OLhETS ....oviiiiiiiicice e 1191 EELACHONS oo 1269
493. Cellular biology of SHT receptors 1194 oo Cell Tneage T oo 1271
494. Neural-immune interactions: stress and behavior ....... 1196 .
495. Hypothalamic-pituitary-gonadal regulation: 525. Calcium chann.els v e 1273
modulation by steroids and monoamines.................... 1200 526. mRNA‘regulatxon: peptides and C-£OS .oovvvvvvrvvs 1275
496. Regulation of autonomic function: temperature 527. Ischemia VIL......cccoviiiiiiniiiiccercccnercccnene 1277
regulation and neural-immune system interactions .... 1203 528. Somatic and visceral afferents IV ..........cccovvvvvvennnn. 1279
497. Neural-immune interactions IT ..........cocceevenicnneninnccnnns 1205 .
498. Neural-immune interactions III ...1209 Poster Sessions—8:30 a.m.
499. Neural-immune interactions: interleukins................... 1211 529. Regeneration: chambers and grafts ...........cccccceeeueneeee. 1281
500. Somatosensory cortex and thalamocortical 530. Transplantation: expression of specific neuronal
relationships TV e 1214 INATKETS «.evvveeeeecreeeeeeecnreeeeeenreeeeeeernraeeeeesnrereeseseneaeeeasns
501. Sensory systems—retina: retinal ganglion cells ......... 1216 531. Transplantation: general III....
502. Sensory systems—visual cortex: response 532. Development and plasticity—visual system:
properties ..................................................................... 1218 retinoteCtal CONNECLIONS ovvvveeeieeeeeeeeeeeieersneeeneeneennnes 1287
503. Cortex V ...cccovinevevennene e 1221 533. Synaptogenesis in the CNS I ..........ooooovrvverereeerrennnne. 1290
504. Invertebrate motor function ~1224 534 Ontogeny of neuroendocrine SyStems ...........c.o......... 1291
505. Basal gangl{a and thalamus VII ..., 1228 535. mRNA regulation: transmitter enzymes and
506. Basal ganglia and thalamus VIII............c.ccooneee. 1231
. receptors II ... 1293
507. BrainStem SYSLEIMS ....cccccceerurrerucrrenirueerenmerreeerereeeeacnne 1233 .
508. Learning and memory—pharmacology 536. Ion channels: cell function ...........cccceceeveenccncnnccnnene. 1295
T 1236 537. SHT, TECEPLOTS ovvrrvririreiririnisninissiessiesssiesnsessnasssnsssees 1298
509. Human behavioral neurobiology: history, memory, 538. Second messengers VI ..........cceeviiininiincincnennne. 1300
OEING, OLET 1ervererere s e e e 1239 539. Receptor modulation: up and down regulation 11l ...... 1304
510. Inges[jve behavior: salt, water and aversion ... 1242 540. ACC{lehOliI‘le IID e 1306
511. Learning and memory: spatial..........ccccevevevererinnereennns 541. Localization of peptide hormones and
512. Neuroethology: avian song and other ..............c......... TNONOAMUNES ..eveuveertriereeerreeereensereeesaesteseessessassesssssessen 1309
513. Ingestive behavior: body weight and eating 542. Neuroendocrine regulation: other Il ..........c.ccocevuecee. 1311
514. Biological rhythms and sleep IV ......cccccocveernniennnene 543. Sensory systems—subcortical visual pathways:
313. Neurotoxicity: MPTP ..o.oooovevresorecsssirissssssmsssssssnsens MUABIAIN, €1C. 1orvvvverrronvesrsessessseeresssseeer e 1313
516. Chmgal CI?IS peurophysmlogy """"""""" 544. Control of posture and movement: clinical studies...... 1315
S17. Alghelmer y dlsease: neuropathology 11 545. Control of posture and movement: humans ................ 1318
518. Epilepsy: kindling I ........cccceoeiivnrccinnnnnnes s46. Hi q dala: behavi 1321
519. Alzheimer’s disease: molecular studies ..........ccccccecu... + Huppocampus an‘ MY AAIA: DENAVIOT -ororrerreressneveeee
547. Psychotherapeutic drugs
Special Lecture—4:15 p.m. 548. Neuroethology: fish .....c.ccoeoieenriinenieineeccneecnes
520. An Introductory Survey of Chaos 549. Learning and memory—pharmacology
M. Feigenbaum ..........ccccocciiicnniiinicinniiincnene. No abstract 550. Biological rhythms and sleep V ....
551. Epilepsy: animal models ..........ccccceecnucunne.
552. Trauma: spinal cord, NMDA and other
553. Degenerative disease—Parkinson’s: MPTP monkeys
FRIDAY AN TOAENLS ...ttt ienenne 1340
554. Degenerative disease—other: MS, ALS, and
Symposia—8:30 a.m. OLNETS .ttt ete et et e s ee st e aessassennans 1343
521. Glia: Synthesis of and Responses to Growth Factors and - 555. Alzheimer’s disease: models.........ccouevveveererceneenunnnne 1346
Neuropeptides 556. Mental illness: schizophrenia..........ccocccueiiiinininninns 1348
Chaired by: J.P. SChWartz .........cccccocevvirivniicecncnnene 1269
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(Includes slide and poster sessions, and symposia only.)

Session Session Day & Time
Number Title Type Mon. Tue. Wed. Thu. Fri.
Theme A: Development and Plasticity
79. Cell HNEAGE I .......eeeniiiiiiitcet ettt seseeesenes Poster| mPM
273. Cell HNeage II ........cccieiiiinicriiiniicireeesecc ettt et Poster wAM
524. Celllineage Il ...........coevvrueencnnes Slide fAM
135. Cellular and molecular studies I....... Slide tuAM
334. Cellular and molecular studies II Slide wPM
404. Cellular and molecular studies IIL ...........cccooeinienierinreenrrere e eeeeeens Slide thAM
464. Development and plasticity—visual system: CONNECtions ..........ocecvvrverrveverererenns Slide thPM
213. Development and plasticity—visual system: cortical anatomy ...........ccceceeuenene. Poster tuPM
331. Development and plasticity—visual system: molecular
and cellular mechanisms L.........cc.ccciricrniinneinnicne e Slide wPM
409. Development and plasticity—visual system: molecular ’
and cellular mechanisms IT ..........cccocivminiiiiiniiec s Poster thAM
147. Development and plasticity—rvisual system: retina and optic nerve .................. Poster tuAM
532. Development and plasticity—visual system: retinotectal connections ............... Poster fAM
82. Differentiation, morphogenesis and development: cell surface
and MAatriX COMPONENLS ........cccoveurutruereerrererseeseesteseatssesestsseestesesesteseseessesassesens Poster| mPM
81. Differentiation, morphogenesis and development: currents, channels,
mMuSCle deVEIOPMENL ........c.ccceviiiuiiiiiiicccccerintereerciee et Poster| mPM
83. Differentiation, morphogenesis and development: cytoskeleton ........................ Poster| mPM
141. Differentiation, morphogenesis and development: fiber guidance
and SYNAPLOZENESIS .....ccoveueuierruerrerereiriereirtestiesseaesesteststesesesssssassesesersessnessesennns Poster tuAM
476. Differentiation, morphogenesis and development: forebrain ... Poster thPM
80. Differentiation, morphogenesis and development: glia ..........ccocecvverreeccrrurnnnnne Poster, mPM
271. Differentiation, morphogenesis and development: molecular correlates ............ Poster wAM
474. Differentiation, morphogenesis and development: neurogenesis and survival ... Paster thPM
272. Differentiation, morphogenesis and development: neurotransmitters,
PEPLAES, NOMNONES ....eecuvviinireiiiicite ettt as s sanas Poster wAM
477. Differentiation, morphogenesis and development: position and form ................ Poster thPM
475. Differentiation, morphogenesis and development: tissue culture models ........... Poster thPM
143. Endocrine control and development I ...........cccoccoerumeninnencnnenineeenenieerceneeens Poster| tuAM
144.  Endocrine control and development I .............c.cccccccieviinnnnnnceeecnencnircncnens Poster tuAM
196. Formation and maturation of synaptic CONNECHONS ...........ccoceeereereerecreererescrnnes Slide tuPM
391. Genetically Modified Cells: Development and Applications for
the Neurosciences Symp. thAM
521. Glia: Synthesis of and Responses to Growth Factors
and Neuropeptides Symp. fAM
351, Limbic SYStem 5 ......cconiiniriiiireiininie e ise e er e Poster wPM
65. Long-term potentiation I .... Slide mPM
212. Long-term potentiation II.... Poster tuPM
274. Long-term potentiation IIT ..........c.cccouiivimiinniicninecntrecenee et Poster wAM
348. Long-term potentiation IV ............cccoviiiiiiinineiintnee e Poster wPM
407. Long-term potentiation V .........ccceeveririerenirierinieieseresenisisreseseeesaesesasesssssssesasnes Poster thAM
3. Molecular Mechanisms of Neuronal Guidance Symp. mAM
145. Motor systems: development and plasticity I ..........cccoevevennevneeinnicnnereeiennne Poster tuAM
146. Motor systems: development and plasticity IT..........cooceeeerecnnencnnccinecnennenn Poster tuAM
70. Nerve growth factors I .........cocoviceiniiniinenie et Slide mPM
132. Nerve growth factors IL.........ococcoieiiiiiiinniiinncinccee s Slide tuAM
207. Nerve growth factors II1 Poster tuPM
208. Nerve growth factors IV Poster tuPM
342. Nerve growth factors V Poster wPM
343. Nerve growth factors VI Poster wPM
410. Nerve growth factors VII Poster thAM
411. Nerve growth factors VIIL...........co.covueveevunreeeeereoeeesssseseessesssssesssssesssssssessessons Poster thAM
467. Nerve growth factors IX .................. Slide thPM
25. Neural plasticity in adult animals I Poster) mAM
150. Neural plasticity in adult animals II Poster tuAM
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276. Neural plasticity in adult animals I ........c.ccocvveevcreinninnneneeenceeeeeee s Poster wAM
481. Neural plasticity in adult animals IV ..........cccoeeiniennnicneceneeneeeee s Poster thPM
347. Neuronal death: deafferentation and prenatal Studies ...........ccceeverererereneeecnennenes Poster wPM
408. Neuronal death: 1€si0N STUAIES .......cocvvecriruerereeneiirrctreee e ceaas Poster thAM

78. Neuronal death: mechanisms ...... Poster| mPM
456. NeurotoxXiCity: Other IT .......cccoviciiriiiiiniiniieieiirter e seeae e eeeenes Poster thAM
350. Neurotransmitter and neuromodulator development ...........cco.eceveereerercencennen Poster wPM

21. Nutritional and prenatal fACtOTS ........ccocvuruieereiemrrereniererineetreeerens e eees Poster| mAM
149. Ontogeny of dOPamMINErgic SYSEMS .....c..cccevurereeriereerrinrereeeeesesseseeeesenseseeens Poster tuAM
534. Ontogeny of neuroendocrine systems ... Poster fAM
209. Other trophic agents I .........cccccecceuenee. Poster tuPM
413. Other trophic agents IL ..........cccooeiiiiiininnninicnicccnencnee Poster thAM

68. Process outgrowth, growth cones and guidance mechanisms I ..........c.ccceeueenne Slide mPM
139. Process outgrowth, growth cones and guidance mechanisms I ........c.c.ccccvueeeee Poster tuAM
140. Process outgrowth, growth cones and guidance mechanisms III..... Poster tuAM
197. Process outgrowth, growth cones and guidance mechanisms IV ... Slide tuPM
262. Process outgrowth, growth cones and guidance mechanisms V ..... Slide wAM
338. Process outgrowth, growth cones and guidance mechanisms VI ..............c...... Poster wPM
339. Process outgrowth, growth cones and guidance mechanisms VII ...................... Poster wPM
416. Process outgrowth, growth cones and guidance mechanisms VII ..................... Poster thAM
417. Process outgrowth, growth cones and guidance mechanisms IX ...........c......... Poster thAM
463. Process outgrowth, growth cones and guidance mechanisms X ..... Slide thPM
529. Regeneration: chambers and grafts ..........c..ccccccvveeennrenccncnceenenes Poster fAM
479. Regeneration: enhancement factors ... Poster thPM

- 414. Regeneration: ZEneral .........ccocceviieiiriicintnieninicenreeiereesereete e esesee s seneseenens Poster thAM

74. Regeneration: general studies and molecular correlates ...........ccccoeverevcrenennne Slide mPM

77. Regeneration: genes, inhibitory factors and axonal transport .. Poster| mPM
148. Regeneration: molecular correlates .............coccceeee. Poster tuAM
211. Regeneration: specificity and functional recovery ..... Poster tuPM
265. Sensory systems—development and plasticity I ........cccooecerecrenneninenccinencnns Slide wAM
344. Sensory systems—development and plasticity II ...........ccoccovroeiiiniinnnniennennns, Poster wPM
345. Sensory systems—development and plasticity IIL........cc.coccoeoiriecncnnincneccnnes Poster wPM
336. Specificity and enhancement of regeneration ...........coceeveeereneeveerenieieneerenennes Slide wPM
142. Specificity of synaptic connections.................. Poster tuAM
340. Sprouting and sprouting mechanisms ... Poster wPM

20. Substances of abuse ...........ccoeerreeennens Posterl mAM

24. Synaptogenesis in the CNS L......ccoiiiiiiiiiiiiiceneec et seeneene Poster| mAM
533. Synaptogenesis in the CNS II ......ccoccciiiiniiinciincecceectree e cveenns Poster fAM
415. Synaptogenesis of neuromuscular junctions .................... Poster thAM
480. The aging process: cell biology, morphometry, other ..........ccccccecuennee. Poster thPM
349. The aging process: learning and memory, growth factors, physiology .. Poster wPM

19. The aging process: neurotransmitters and endocrine regulation ...........cc.cccccceee. Poster| mAM
210. Transplantation: anatomical PrOJECLIONS ..........ceerterererueruenieereneeriereeesrenneeenens Poster tuPM
275. Transplantation: behavioral and electrophysiological effects ..........c.ccccceeennee. Poster wAM
530. Transplantation: expression of specific neuronal markers..........cccccceveverveeenenenne. Poster fAM

22. Transplantation: general I ..........cccovevieivininenneninceerienenns Poster mAM
203. Transplantation: general II ... Slide tuPM
531. Transplantation: general Il ...........cccccocerinennnne . Poster fAM

23. Transplantation: new techniques and cell lines .........c.ccceeveevrrenceierenivnnencrueennns Poster mAM
399. Transplantation: new techniques, immune rejection and behavior ..................... Slide thAM
478. Transplantation: reCEptOr EXPIESSION .........covveuereereeemererereerereeuerees Poster thPM
346. Transplantation: transmitter expression ... Poster| wPM
341. Trophic interactions I.........coccceceeneneencnn Poster wPM

412. Trophic interactions II ........cccoceviririiiniineiiniiceriere et steniee e see s e e esaesseens Poster thAM
Theme B: Cell Biology

26. Blood-brain DaITIer ...........ccciiveiiiiiiiiiiinccte e seeasesnene Poster| mAM

27. Cytoskeleton, transport and membrane targeting .............ceeecevruemerreeriseeeencnens Posterl mAM

71. Gene structure and function L.........ccocoooiininninineeee e Slide mPM
154. Gene structure and function II Poster tuAM
278. Gene structure and function ITT Poster wAM

483. Gene structure and function IV Poster thPM
214. Membrane composition and cell surface macromolecules I Poster tuPM
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418. Membrane composition and cell surface macromolecules IT ... Poster thAM
277. mRNA regulation: endocrine CONNECHON .........ccccuvveriiiieniiniiininieneeeeeeaeeerens Poster wAM
151. mRNA regulation: general ............ccccovuiiiiniininiiiiniece e Poster tuAM
484. mRNA regulation: NEUTOPEPHAES ......ccoeverruiririvuiiniiiiiniiiiicrere s Poster thPM
526. mRNA regulation: peptides and c-fos ...........cccvviviiiininiii Slide fAM
352. mRNA regulation: transcription factors ............ccccoeiviiveiiiiiniierneeees Poster| wPM
397. mRNA regulation: transmitter enzymes and receptors I ...........cc.ccocerivinninnne Slide thAM
535. mRNA regulation: transmitter enzymes and receptors I ............ccoccoviiiiinins Poster fAM
153. Neurogliaand myelin I ..., Poster tuAM
279. Neuroglia and myelin II Poster wAM
402. Neuroglia and myelin II Slide thAM
482. Neuroglia and myelin IV ..o Poster thPM
28. Staining, tracing and imaging techniques I ..o Posterl mAM
29. Staining, tracing and imaging techniques II Poster) mAM
152. Staining, tracing and imaging techniques III Poster tuAM
Theme C: Excitable Membranes and Synaptic Transmission
261. Calcium channels I .......c.oocceieiiiiiiiiiiiiniiiciciic e Slide wAM
283. Calcium channels IT ........c..cccoccoiviiiiiniiiiii s Poster wAM
395. Calcium channels I ........ccooooioiiieininiiiiiiii s Slide thAM
525. Calcium channels IV ... Slide fAM
485. Calcium channels and cellular calcium ...........ccoceevieiininenns Poster thPM
486. Calcium channels: molecular properties Poster thPM
219. Calcium channels: pharmacology ........c.cccccveciiiniiniiniiiiiniiiicnceeeeaeans Poster tuPM
125. Direct Ion Channel Gating by Intracellular Ions and Molecules ................ Symp. tuAM
© 536. Ion channels: cell funCtion .........cccooeeiviiiiniiiiinii e Poster fAM
280. Ion channels: chloride and other channels..............cccocvvviiiiininiinencs Poster wAM
420. Ion channels: ligand-gated I .........c.coccoviiiiininiiiiniiiicc s Poster thAM
421. Ton channels: ligand-gated IL.........ccccoccovniniinniininiininiee Poster thAM
86. Ion channels: modulation and regulation I .........cccoccovniinniiiniinnniiiins Poster| mPM
155. Ton channels: modulation and regulation IL.........c.ccccvevciininniniinnninnininns Poster tuAM
329. Ion channels: modulation and regulation III ...........ccocoiiininininies Slide wPM
522. Physiology of Peptidergic Nerve Terminals in the
Vertebrate Neurohypophysis Symp. fAM
30. Postsynaptic mechanisSms I ........cccocovviiiiiiiniiiiinc e Poster| mAM
202. Postsynaptic mechanisms I ... Slide tuPM
6. Potassium channels L.......c..ccccocoviriviiiiininiiiiic e Slide mAM
156. Potassium channels II Poster tuAM
218. Potassium channels III Poster tuPM
281. Potassium channels IV Poster wAM
76. Presynaptic mechanisms L.........ccocooiviiiniiiiiniiee s Slide mPM
216. Presynaptic mechanisms I ..........cccoccviiiniininiiece s Poster tuPM
217. Presynaptic mechanisms I ...........ccccoininiiiiiiniiiiiiiie s Poster tuPM
419. Presynaptic mechanisms IV .........ccocoiviiiniiiniiiiiiiece s Poster thAM
84, Sodium channels T .........cccooviiiiiiriiirnicrcrenccr et Poster| mPM
85. Sodium channels IL ..o Poster mPM
215. Synaptic structure and function I ..........ccccovviiniiiiiiinieens Poster tuPM
282. Synaptic structure and function IT ..........ccoooviiiiiiiiis Poster wAM
31. Synaptic tranSMISSION .....c.cceeveerrirerrenieinicnietiieenise st e esseseaes Poster| mAM
Theme D: Neurotransmitters, Modulators, and Receptors
353. SHT receptors: behavior and pharmacology .........cccceevieiieininiccininrinicieinens Poster wPM
427. SHT, and other SHT receptor SUBLYPES ........cvueuerncucerincinmncueiniciniisiinneinianans Poster thAM
537, SHT, TECEPLOTS ..veoerririeisisiniseieinsiseis it Poster fAM
91. Acetylcholine I .....cccooiiiiiviiiiiiiiiiiiicici e Poster) mPM
434. Acetylcholine I Poster thAM
540. Acetylcholine III Poster fAM
9. AcetylchOliNE—TECEPLOTS .....c.cevvvueeeeeeiriiiiiicicircre s Slide mAM
92. Acetylcholine—receptors: muscarinic I Poster| mPM
227. Acetylcholine—receptors: muscarinic IL..........ccoooviviinininiiiiiniieeeenns Poster tuPM
435. Acetylcholine—receptors: muscarinic II ..o Poster thAM
93. Acetylcholine—receptors: NiCOHNIC I .....cceeveviiiiiniiiiiiiiiiiiee e Poster| mPM
285. Acetylcholine—receptors: nicotinic IT ... Poster wAM
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165. Behavioral pharmacology: acetylcholine, monoamines,
and DeNZodIAZEPINES .......coccvvuvieiriiriiiiiiiriret ettt Poster tuAM
433. Behavioral pharmacology: dopamine and hormones ............cooeeineeceenenennns Poster’ thAM
492, Behavioral pharmacology: opiates, NMDA and others ...........ccooeeveeernnennnnnnnne Poster| thPM
96. Brain glutamate SYSIEIMS .......c.cccereveereieriresisserisisesissssnsneinsieseessesssnssssassssesssassans Poster| mPM
34. Catecholamines I .........ocoeoiveeieriiniiiniiiciitcrie et sr e Poster) mAM
224. Catecholamines IT ...........cccoiviiiiiiiiiiiiiiec e Poster tuPM
332. Catecholamines IIL.........c.coccouevirirenenienriniiniisiieier et ss e anns Slide wPM
43]. Catecholamines IV ......c.ccoocoirerinnnicciiiiiicrcer ettt Poster thAM
432, Catecholamines V .......c..ccccvcviiiiiiiiiinniniine ittt se e es Poster thAM
487. Catecholamines VI ........cccocoiiiiniiiniiiiiiniiieeee e Poster thPM
164. Cell biology of catecholaming rECEPLOTS ........cuiruerieiriieeriieiersesneeesaeseeseeenees Poster’ tuAM
5. Cellular and molecular biology of catecholamine receptors.............ccccceueveuennene Slide mAM
493, Cellular biology Of SHT rECEPLOTS .......ccciiimiiiiiiniitiicnine et eeesresaesssseienes Poster thPM
37. Dopamine physiology L......cccccviiviiiinmiiiniiiiiie e Posterl mAM
226. Dopamine physiology I ........cccccvueivininiiniiiniiinieeieie st sananens Poster tuPM
490. Excitatory amino acids: anatomy and physiology L..........c.ccoeiiimiininninncne. Poster thPM
491. Excitatory amino acids: anatomy and physiology II ...........ccccoeeiiieniinnnne Poster thPM
356. Excitatory amino acids: NMDA receptor antagonists ...........ccouveerereenerecererennnas Poster wPM
430. Excitatory amino acids: NMDA receptor glycine and polyamine sites .............. Poster thAM
489. Excitatory amino acids: non-NMDA receptors Poster thPM
161. Excitatory amino acids: pharmacology I .........c..ccceveeiniininiiiininininieenicseeine Poster tuAM
200. Excitatory amino acids: pharmacology II ..o Slide tuPM
284. Excitatory amino acids: pharmacology III ... Poster wAM
39. Excitatory amino acids: receptors L........coooviiiiiiniiiiiiiiniiineenceenesc e Poster] mAM
40. Excitatory amino acids: receptors IL.........ooooevrmimiinniiceee Poster; mAM
229. Excitatory amino acids: receptors III ..o Poster tuPM
230. Excitatory amino acids: 1eceptors IV ... Poster’ tuPM
231. Excitatory amino acids: receptors V ... Poster’ tuPM
259. Excitatory amino acids: receptors VI .........ccooivminininieniniininncneenseenienecenes Slide wAM
396. Excitatory amino acids: receptors VI ..o Slide thAM
88. EXCItotoXiCity I .....cccevevevcrneninirenicrinnnns Poster| mPM
89. Excitotoxicity II .... Poster| mPM
90. Excitotoxicity III....... Poster| mPM
128. EXCIOLOXICILY IV w.veiiuiieiieterienecciitnt st en s ans Slide tuAM
461. EXCILOLOXICILY V ..covoviieieriieiiiiiririnininiieicieseseseeestsas b sa s sessesssessanessassanaenoncs Slide thPM
36. GABA, receptors I Poster| mAM
162. GABA, 1€CePLOTS IL ..coouiciiiiiiiieeiciiictit s Poster tuAM
289. GABA, 1eceptors IIL......ouiieierriinrinnisticiciceciinces s Poster wAM
335. GABA, TECEPLOTS IV oottt Slide wPM
429. GABA_ TECEPLOLS ....euvererrimcnscrceuenenseniacsnnis snesesaremtenecssosatasessssssatserashasessanensed Poster thAM
257. Galanin: Multidisciplinary Studies Symp. wAM
134. Interactions between neurotranSMitters I .........ccoovieieiniiieninincnecenciieene Slide tuAM
223. Interactions between neurotransmitters IT ..o Poster tuPM
354. Interactions between neurotransmitters Il ... Poster wPM
290. Localization of SHT reCeptor SUDLYDPES ........c.ccccvveirrinerinniarieressessessessssssessassones Poster wAM
470. Localization of neurotransmitter receptor SUbLYPES ........coeevereeirererinerenrsrennnnenens Slide thPM
288. Localization of neurotransmitter receptors I Poster wAM
291. Localization of neurotransmitter receptors II ..........cooveiiiieiiinininineciinnenns Poster, wAM
541. Localization of peptide hormones and MONOAMINES .........c.ceereerersesssisesienenenes Poster fAM
287. Mechanisms in transporter phySiOlOgY ........ccovuiviiririinininiininienieenseeesenieseeieee Poster wAM
94. Molecular biology of dOPamMINE IECEPLOTS ....cuevvrurrririrrrererrerernsisaesestenessesecsnesencs Poster| mPM
462. Molecular neurobiology of SHT I€CEPLOLS .......coevviereriecreriaieniesiestanersieseenneeees Slide thPM
32. Neurochemistry of tranSMitter SYSIEIMS .......cceererieieeriereninissrieiasassenteesseseenieessens Posterf mAM
423. Opioids: anatomy and physiology I Poster thAM
424. Opioids: anatomy and physiology II Poster thAM
95.  OPioids: DENAVIOT .....c.cvvruiimiiiiiriiitiinrcetere sttt sasanens Poster) mPM
158. Opioids: TECEPLOTS L.....ovcriuiiiiiriiiiiiiiiiiiee ettt cseine Poster’ tuAM
159. Opioids: receptors IT ..ot Poster tuAM
333. Opioids: 1eceptors Il ........ccccviviiiiniininiiiiniiiieiteeesesss s eseeeenes Slide wPM
33. Other biogenic amines and PUIIMNES .........ccoceveruerireerereinseresisssnesessssesenssnesessessas Poster) mAM
157. Peptides: anatomical localization L............ccoeiemeiniiieninninnnncceneceenc Poster tuAM
222. Peptides: anatomical localization I ..ot Poster tuPM
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166. Peptides: biosynthesis and metabolism L..........cccccecievirienieinenicinienenenenireniennns Poster tuAM
425. Peptides: biosynthesis and metabolism IT ..........cccoccoeviiininiiinennencceneenes Poster’ thAM
328. Peptides: biosynthesis, metabolism and biochemical characterization ............... Slide wPM
87. Peptides: physiological effects L.........ccccceierererirnerirnerneeireeeceeeeeeeenene Poster, mPM
221. Peptides: physiological effects IT ........c.coccoveviriniinincniriceee et Poster tuPM
422. Peptides: physiological effects III ........c..cceoieinirrineneninceeecncrereeeeceeee Poster thAM
8. PePHAES—TECEPLOTS .....eveurerierinreeiniereteiteteee ettt e see st e b s sae e ebeseeseenees Slide mAM
471. Peptides—receptors, metabolism and actions ... Slide thPM
286. Peptides—receptors: angiotensin, endothelin ... Poster’ wAM
38. Peptides—receptors: CCK, somatostatin .......... Poster mAM
220. Peptides—TeCeptors: OthET ........c.cccivmioiruirienierircnerinecereereseeeeseeseneeeeresseneenens Poster tuPM
428. Receptor modulation: up and down regulation I .........cccoccoeveiiiiiiiiinnnininnnens Poster thAM
468. Receptor modulation: up and down regulation Il ..........cccoooiiriinininiinicniennnnene Slide thPM
539. Receptor modulation: up and down regulation Il.........c.coeevevinercninencncccnnnee Poster fAM
163. Regulation of catecholamine reCEPLOrS ........c.eevmrueverirreierinrereriereenieresesesreneneenes Poster’ tuAM
459. Regulation of Nicotinic Acetylcholine Receptor Expression
and Function Symp. thPM
160. Second MESSENGETS L........o.cvoviviuiiiiiiiretce s Poster tuAM
228. Second messengers II Poster’ tuPM
264. Second messengers III Slide wAM
400. Second messengers IV Slide thAM
488. Second messengers V Poster thPM
538. Second messengers VI Poster’ fAM
35, Serotonin I c.ccvciiiiiiiciriciieicie ettt s neaes Poster) mAM
225. SerotoninII...... Poster tuPM
426. Serotonin III ... Poster thAM
473. Serotonin IV ......ccooeveinennnnnne. Slide thPM
137. Slide tuAM
232. Poster’ tuPM
266. Slide wAM
355. Poster wPM
Theme E: Endocrine and Autonomic Regulation
10. Cardiovascular regulation I .........cccociviiiiniiiinennctcecreere e creesnceeveenees Slide mAM
133. Cardiovascular regulation II ...... Slide tuAM
98. Cardiovascular regulation: brainstem and baroreflexes .... Poster| mPM
233. Cardiovascular regulation: brainstem mechanisms .........ccccoceeecirencrcnnvcnennene Poster’ tuPM
97. Cardiovascular regulation: bulbospinal mechanisms ............ccceceeevecerccenenne Poster, mPM
234. Cardiovascular regulation: hypothalamic, limbic, and cortical mechanisms ...... Poster tuPM
195. Hypothalamic-pituitary-adrenal regulation ............... Slide tuPM
41. Hypothalamic-pituitary-adrenal regulation: CRF Poster| mAM
292. Hypothalamic-pituitary-adrenal regulation: other ...........ccccoceeveriercnecennncnennene Poster wAM
439. Hypothalamic-pituitary-adrenal regulation: Steroids ..........cccoeceeeverencnieenenenns Poster’ thAM
126. Hypothalamic-pituitary-gonadal regulation I .........c..coccoeiiinininnininiicens Slide tuAM
393. Hypothalamic-pituitary-gonadal regulation II..........cccoeceemenniccnnnninnccnrencnns Slide thAM
168. Hypothalamic-pituitary-gonadal regulation: GnRH Poster tuAM
167. Hypothalamic-pituitary-gonadal regulation: modulation by peptides ................ Poster tuAM
495. Hypothalamic-pituitary-gonadal regulation: modulation by steroids
and MONOAIMINES .......cccoveuiiniiriiniiirieireet ettt sasse e es e ae b s sasssasebesnens Poster thPM
403. Neural-immune interactions I ........c.oocooeiriiiiiiinneree e Slide thAM
497. Neural-immune interactions II .... Poster’ thPM
498. Neural-immune interactions III ... Poster thPM
499. Neural-immune interactions: interleukins .............. Poster thPM
494. Neural-immune interactions: stress and behavior............occevveiviiicniinnnennnnne Poster thPM
42. Neuroendocrine regulation: other I .........c.ccooviirireniinenenernereseeeee e Poster| mAM
359. Neuroendocrine regulation: other II ...... Poster’ wPM
542. Neuroendocrine regulation: other I ................c....... Poster’ fAM
438. Neuroendocrine regulation: 0XytoCin, VaSOPIESSIM ......c..eeueeuruerereerereerereseerenennene Poster thAM
460. Neuronal Regulation of Renal Function: A Model System for
Nervous System Interactions Symp. thPM
269. Regulation of autonomic and respiratory functions.........cc.ceceeceeeceeererrceeruenenes Slide wAM
437. Regulation of autonomic function: control of lumbosacral
AULONOMIC OULTIOW ....cviiitiiiiiteetc ettt e st Poster thAM
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358. Regulation of autonomic function: gastrointestinal control .............ccecevecnnnne. Poster wPM
357. Regulation of autonomic function: peripheral autonomic
organization and fUNCLONS .........c.cccecuiiriiiniiiiii s Poster wPM
496. Regulation of autonomic function: temperature regulation and
neural-immune SyStem INEIACHONS .....c..eceverrerereruerrereeerenneteesaesresneneeaeenensenens Poster thPM
436. ReSPIratory CONIIOL ......eueeeveveiemiiiriireeninriiiteteinsesrsese e sesssaessseaesesssssnassnees Poster thAM
405. Steroids: receptors and aCHONS ........coevuruiiiriiiiiiicniiicieseicis e Slide thAM
Theme F: Sensory Systems
192. Brain Modulation of Sensory Signals Symp. tuPM
45. Chemical senses: central pathways I .......cc.cccocoiivviiiiininnns Poster| mAM
170. Chemical senses: central pathways II Poster tuAM
17. Chemical senses: peripheral mechanisms I .......c..cccevvivniinninniniinccnninnnn, Slide mAM
363. Chemical senses: peripheral mechanisms IL ..., Poster wPM
364. Chemical senses: peripheral mechanisms IIT ... Poster wPM
392. Differential Processing of Visceral and Somatic Input in the
Central Nervous System Symp. thAM
62. Hair Celis of the Inner Ear: Structure, Transduction, and
Active Motion Symp. mPM
169. Invertebrate SENSOFY SYSIEIMS ....cc.eeuerueiiriruiriiciuestiiesteiceessenesaessessesessessssssaessenns Poster tuAM
43. Pain modulation: anatomy and physiology I ........cc.cccecerieeinininninnnicneenenes Poster| mAM
44. Pain modulation: anatomy and physiology II..... Poster) mAM
73. Pain modulation: anatomy and physiology III ...... Slide mPM
236. Pain modulation: anatomy and physiology IV ...... Poster tuPM
173. Pain modulation: pharmacology I .........ccccceiviviiiinniniiniiiiiincncceccceeene Poster tuAM
237. Pain modulation: pharmacology I ........cccccceccoiiiioinicinineneieceeceee e Poster tuPM
267. Pain modulation: pharmacology III ........c..cccccvviniiniinininricrenircccecceeens Slide wAM
172. Pain modulation: spinal opioid pharmacology .........cc.cecevevcruerevercrenencienennns Poster tuAM
294. Pain: pathways I Poster wAM
472. Pain: pathways II Slide thPM
440. Pain—pathways: TESPONSE 0 IMJUIY ....cviueruerreuerineenneiecrmeeeceasree e saeteneenns Poster thAM
298. Sensory systems—auditory system: central pathways I ..., Poster wAM
330. Sensory systems—auditory system: central pathways II...........cc.ccccoeiiiiinns Slide wPM
299. Sensory systems—auditory system: central physiology I ..... Poster wAM
362. Sensory systems—auditory system: central physiology II .... Poster wPM
361. Sensory systems—auditory system: hair cells and cochleal..... Poster wPM
442. Sensory systems—auditory system: hair cells and cochlea II Poster thAM
360. Sensory systems—auditory system: models ..........cccoceviierrinininiicniniininene Poster, wPM
300. Sensory systems—auditory system structure: function of identified cells.......... Poster wAM
171. Sensory systems—retina: receptors, outer retina, ERG .......c.ccccoevevnencncnnenns Poster tuAM
441. Sensory systems—retina: retinal chemistry and anatomy ..........cccccecvevecennnnne. Poster thAM
201. Sensory systems—retina: retinal CITCUILS .........cccoevcviiiiriniinininiieeeicecceeas Slide tuPM
501. Sensory systems—retina: retinal ganglion cells .............ccooevvinncniiniininn Poster thPM
297. Sensory systems—retina: retinal $ignals ... Poster wAM
72. Sensory systems—subcortical visual pathways: LGN ........cccceoverviiviiencnnnnnenns Slide mPM
543. Sensory systems—subcortical visual pathways: midbrain, etc. ..........cccccceeeniees Poster fAM
296. Sensory systems—subcortical visual pathways: retinal
projections and thalamus ..........coceverierienienieniinieenerte et se e s e Poster wAM
47. Sensory systems—subcortical visual pathways: superior
colliculus and related ..........c.cooviiiniiciiniici Poster| mAM
130. Sensory systems—visual cortex: architecture and function .. Slide tuAM
295. Sensory systems—visual cortex: COnnections ........c.ceeceeeereeene Poster’ wAM
238. Sensory systems—visual cortex: evoked potentials and stimulation .................. Poster tuPM
260. Sensory systems—visual cortex: exXtrastriate COrteX ..........ccovrverururreriniivesernenens Slide wAM
523. Sensory systems—visual cortex: intracortical interactions .............cecceeccreenenes Slide fAM
7. Sensory systems—visual cortex: motion pathways ........c..ccceeceeererreerreserceenns Slide mAM
502. Sensory systems—visual cortex: reSponse Properties .........ccccoecevveveeeeerereeeenenns Poster thPM
102. Sensory systems—visual cortex: theoretical approaches ..........cc.cececeeeeveeeeennne Poster| mPM
46. Sensory systems—visual psychophysics and behavior I........cccccceveeccncnnncen. Poster| mAM
398. Sensory systems—visual psychophysics and behavior IL...........ccoccecoecnnnnne Slide thAM
175. Somatic and visceral afferents I ...........ccccoveiiiiiinnene Poster tuAM
293. Somatic and visceral afferents II ..... Poster wAM
365. Somatic and visceral afferents III Poster wPM
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528. Somatic and visceral afferents IV ... Slide | fAM
103. Somatic and visceral afferents: capsaicin Poster| mPM
100. Somatosensory cortex and thalamocortical relationships I...........ccocovnninies Poster| mPM
101. Somatosensory cortex and thalamocortical relationships IT ..............cccocoeveennee. Poster| mPM
443. Somatosensory cortex and thalamocortical relationships III ...........ccovrinnnene. Poster thAM
500. Somatosensory cortex and thalamocortical relationships IV ... Poster thPM
235. Spinal cord: anatomy and physiology Poster tuPM
174. Spinal cord: neurotransmitters ............ Poster tuAM
99. Subcortical somatosensory pathways Poster| mPM
Theme G: Motor Systems and Sensorimotor Integration
104. Basal ganglia and thalamus I .................... SO PO POTUR OO Poster| mPM
105. Basal ganglia and thalamus IT ..o Poster| mPM
176. Basal ganglia and thalamus ITL ...........cc.ccoiiiiiiiiiinniiee Poster| tuAM
179. Basal ganglia and thalamus IV ...........cccccociiniiinniniiincaene Poster| tuAM
180. Basal ganglia and thalamus V .........cccocociiiniiiiiinininicc e Poster| tuAM
394. Basal ganglia and thalamus VI.........ccccovviiiniiniininininciiccieeccae Slide thAM
505. Basal ganglia and thalamus VI ... Poster thPM
506. Basal ganglia and thalamus VIII ..o Poster’ thPM
301. Circuitry and pattern generation I ..........ccoociiiiniiiininiiiceces Poster wAM
446. Circuitry and pattern generation II ....... Poster’ thAM
465. Circuitry and pattern generation 111 Slide thPM
- 50. Control of posture and movement I Poster| mAM
69. Control of posture and movement II ...........cc.ccccoiinniiiininis Slide mPM
368. Control of posture and movement: animal l0COMOtION .........ccccceeviiviiincninnnane Poster wPM
445. Control of posture and movement: arm and hand ........... Poster’ thAM
544. Control of posture and movement: clinical studies Poster fAM
545. Control of posture and movement: humans ..........cccceeveevennennene Poster fAM
369. Control of posture and movement: learning and development ...........c.cccoeurunnnee Poster wPM
106.  COTEX L.ttt ea e Poster, mPM
107, COrteX IT ..ottt b e sa e s s e eaean Poster, mPM
178, CortexX IIT ..ot Poster’ tuAM
466. COEX IV ..ottt et s bese s Slide thPM
503, COTEX V ittt e e be e Poster’ thPM
504. Invertebrate MOtOr fUNCHON ......c.coueoiiirrireeiiieiiite et Poster thPM
268. Motor systems and sensorimotor integration: cerebellum I .............ccoceveiinni Slide wAM
370. Motor systems and sensorimotor integration: cerebellum II ...........c.ccccceiiinins Poster wPM
371. Motor systems and sensorimotor integration: cerebellum III .............. Poster’ wPM
372. Motor systems and sensorimotor integration: oculomotor system I .... Poster’ wPM
373. Motor systems and sensorimotor integration: oculomotor system II ... Poster’ wPM
444. Motor systems and sensorimotor integration: oculomotor system III................. Poster’ thAM
304. Motor systems and sensorimotor integration: vestibular system I ...................... Poster’ wAM
305. Motor systems and sensorimotor integration: vestibular system IL..................... Poster’ wAM
401. Motor systems and sensorimotor integration: vestibular system III .... Slide thAM
52. Muscle: SEneral ...t Poster, mAM
177. Muscle: human STUAIES ........ccoeevieeiniineniiiniiicneiiiiee et sssaessiessenee Poster tuAM
51. Muscle: molecular StUAIES ........cccceireiriirniiniininiiiiiiinecntene s Poster) mAM
367. Reflex function: animal StUAIes .........ccceeceeviivieriiniiniinineniiecentereccce e Poster’ wPM
366. Reflex function: RUMAN ..ot Poster wPM
4. Regulation of Pattern Generating Networks Symp. mAM
48. Spinal cord and brainStem ..........coeeuiieirmiiiincniiiiice et Poster, mAM
303. Spinal cord and brainstem: anatomy ........c...ceeoeeieceeineriiiecnensensesseeseesnens Poster wAM
49. Spinal cord and brainsStem: MOONEUIONS .......c..ccceuerrereerreererreeerersereessesensersenans Poster| mAM
302. Spinal cord and brainstem: pharmacological Studies ...........cccccvcereveciiiencnnnnns Poster wAM
Theme H: Other Systems of the CNS
447. Association cortex and thalamocortical relationships .........ccccocveeiiniicnininnnnes Poster’ thAM
129. Brain metabolism and blood flow: central influences ..... Slide tuAM
239. Brain metabolism and blood flow: endogenous factors... Poster tuPM
307. Brain metabolism and blood flow: exogenous factors............cccceueieivveieiienennns Poster wAM
16. Brain metabolism and blood flow: methods ...........ccccoviiivnininnniniiiniiens Slide mAM
507. Brainstem SYStEMS .......ceceevvereeeeeruenrereereesnennennns Poster thPM
55. Comparative neuroanatomy: fish and amphibia Poster) mAM
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108. Comparative neuroanatomy: reptiles, birds, mammals Poster| mPM
546. Hippocampus and amygdala: behavior .........ccccccoeevennn.. Poster fAM
53. Hippocampus and amygdala: neuroanatomy ...........c.eceeeeeereerereresierenenerennenenns Poster| mAM
181. Hippocampus and amygdala: NEUroCytology ........c.cecvveeereuereecesmesereeresesssenenens Poster| tuAM
306. Hippocampus and amygdala: neurophysiology I .... Poster| wAM
448. Hippocampus and amygdala: neurophysiology II ... Poster thAM
240. Hypothalamus .......c.cccceueirenenieneeeneieieeneeeeenens Poster tuPM
54, LImbic SYStem L .....cciiiiiiiiiiiiirieeee ettt Poster| mAM
Theme I: Neural Basis of Behavior I
248. Biological rthythms and sleep L.......ccoccovrevininenineeececee e Posterl tuPM
270. Biological rhythms and sleep IT ........cccccvviiiiininenieccceceee e Slide wAM
317. Biological rhythms and sleep III ... Poster wAM
514. Biological rhythms and sleep IV Poster thPM
550. Biological rhythms and sleep V Poster fAM
451. Drugs of abuse ........ceeveeeevueerunnenens Poster thAM
57. Drugs of abuse: alcOROL I ......cc.ciiieriiiiiniiiiicnieee et Poster| mAM
112. Drugs of abuse: alcohol T1......c..ccoiiiiiiiiiieeeeee e Poster| mPM
183. Drugs of abuse: alcOhOl I ......cc.oueerirueiiieiiiiniicec et Poster’ tuAM
198. Drugs of abuse: alcohOl IV .....ccociiiiiiiiiiiiieccccscecece et Slide tuPM
312. Drugs of abuse: alcONOl V .......cvcveieieirieieieieieeeieceeessceeesss s sens Poster| wAM
243. Drugs of abuse: amphetamine ...........coeeeeiveeueierereeririniecrrere et eseseeseeseseenens Poster| tuPM
136. Drugs of abuse: amphetamine and COCAINE ........c.cccererererieirienireneieeneceeeneens Slide tuAM
450. Drugs of abuse: cannabinoids, nicotine and PCP ..........cc.cccveeevvnecnnecninennns Poster thAM
11, Drugs of abUSE: COCAIMNE ........ovvuemiiriemiiriencenieicetee st eeeee st eeeseseseessseneenes Slide mAM
242. Drugs of abuse: cocaine and others Poster tuPM
310. Drugs of abuse: cocaine, behavior Poster wAM
309. Drugs of abuse: cocaine, cellular ........ Poster wAM
110. Drugs of abuse: cocaine, dOPAMINE ..........ccecverrerrenreersrcrereeriensesnesessnessessessesenses Poster| mPM
111. Drugs of abuse: COCAINE, SEIOLOMIN .....cc.eceruirrierueiriiereirienieseereteeneetereseeseeeeae Poster, mPM
382. Drugs of abuse: OPIOIAS ......ccvvvuruiuiniiieiirieiiiierecctree e ereesteserestenesesesnnenes Poster wPM
204. Hormonal control of behavior I ..........ccccceiviiiiniiinineccccecneec e Slide tuPM
308. Hormonal control of behavior I Poster wAM
315. Hormonal control of behavior ITL .........c.ccoooiniiinciininienieenenecciceeiee Poster wAM
380. Hormonal control of behavior IV ... Poster wPM
18. Human behavioral neurobiology ...........cccccoeiviiniiirinininienneeeeicteeeeciecenas Slide mAM
241. Human behavioral neurobiology: event related potentials,
AENTION, AUAILION ...oiviiiiiiieieieeeiie e et ee e e e eteeeeteeeeaeeebeeeaseeesaeesnsaessnnenes Poster tuPM
509. Human behavioral neurobiology: history, memory, imaging, other ................... Poster thPM
513. Ingestive behavior: body weight and €ating ..........cc.cooceveveeveruenenenrcnenecrenennns Poster thPM
376. Ingestive behavior: MONOAMINES ........cccoviiiiviiviiiiieiiii e Poster wPM
131. Ingestive behavior: monoamines and NUITENLS ........cccereevenriireneiiieisiecnneeenns Slide tutAM
318. Ingestive behavior: peptides I ..o Poster wAM
406. Ingestive behavior: peptides I1 .......c.occeiiiiiiicniini s Slide thAM
510. Ingestive behavior: salt, water and aversion ........c..ceoceeeveeeneeieinnnieeneeseeseenens Poster thPM
381. Interhemispheric relations .........c.coccreeereneieniencnierenei et Poster wPM
14. Invertebrate learning and behavior I ... Slide mAM
246. Invertebrate learning and behavior IT ... Poster tuPM
263. Invertebrate learning and behavior T ..o Slide wAM
249. Learning and memory: anatomy I ........ccccccerieviiiieciininiineciininnncncienceaee Poster tuPM
250. Learning and memory: anatomy IL........cc.ccoiiiiiniinininnene Poster tuPM
115. Learning and memory: CONAitioNINg .........cccccvuiciieniiinuinininniiineccseeeecenns Poster| mPM
127. Learning and memory: human lesion studies Slide tuAM
258. Learning and memory: non-human primate lesion studies ...........cocooeevcenvinnens Slide wAM
549. Learning and memory—pharmacology ..........ccoeiviiiiniieincninnineeee e Poster fAM
58. Learning and memory—pharmacology: acetylcholine I ..o Poster| mAM
374. Learning and memory—pharmacology: acetyicholine I ...........ccccceeiiiinn Poster wPM
316. Learning and memory—pharmacology: excitatory amino acids . Poster wAM
508. Learning and memory—pharmacology: MOnOamines ..........c.ccoeereerevesveneerenenns Poster thPM
113. Learning and memory: physiology I ..o Poster| mPM
185. Learning and memory: physiology II...........ccooevennnnne. Poster twAM
205. Learning and memory: physiology Il Slide tuPM
314. Learning and memory: physiology IV Poster wAM
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378. Learning and memory: physiology V ......cccccoiiiiiiiiniinineniccercreeeceees Poster ‘l wPM }
511. Learning and memory: spatial ...........cc.cccooiiiiiiiini s Poster thPM
56. Monoamines and behavior I Poster] mAM l
75. Monoamines and behavior II ... Slide mPM |
184. Monoamines and behavior ITI ...........c.ccooviiiiiiiiicccccec e Poster tuAM
311. Monoamines and behavior IV ...........cccociiiiiiiiiiiiic s Poster wAM
247. Motivation and emotion ............... Poster tuPM
245. Motivation and self-stimulation ... Poster tuPM
449. Neuroethology: avian song .......c...ccecee. Poster thAM
512. Neuroethology: avian song and Other.........cccooiviiviinieiiiniiincninicncicceneeene Poster thPM
548. Neuroethology: fish .......ccccociiiiiii Poster | fAM
313. Neuroethology: invertebrates .........c...cccocceceenienene. Poster wAM
379. Neuroethology: mammals, reptiles, amphibians Poster wPM
114. Neuropeptides and behavior I .........c....cccoeieiine. Poster, mPM
186. Neuropeptides and behavior IL........c..ccccevveriiniiniiininieninciiece e Poster tuAM
375. Neuropeptides and behavior I........c.cocceiiiiiiiiiininiiniiiincc Poster wPM
547. Psychotherapeutic drugs Poster fAM
377. Psychotherapeutic drugs: antidepressants Poster wPM
109. Psychotherapeutic drugs: antipsychotics I Poster mPM ?
244. Psychotherapeutic drugs: antipsychotics II ..o Poster tuPM
66. Stress, hormones and the autonomic nervous system I ...........ccccocoviiniiiinnns Slide mPM
116. Stress, hormones and the autonomic nervous system II .. Poster| mPM
182. Stress, hormones and the autonomic nervous system III ...... TP Poster tuAM
124. The Olivocerebellar System: Its Possible Role in Learning ...........ccceceueee.. Symp. tuAM
Theme J: Disorders of the Nervous System
12. Alzheimer’s disease: amyloid ©.........coccooviiiinniiininiiniiiiicecenceccees Slide mAM
190. Alzheimer’s disease: amyloid IT .........cccoovimiiiiiiiniiniiccieccccecceiee Poster tuAM
322. Alzheimer’s disease: amyloid II .........cccocceviiicninnnne. Poster! wAM
120. Alzheimer’s disease: biochemistry and clinical studies Poster| mPM
67. Alzheimer’s disease: cognitive and clinical studies .......... Slide mPM
387. Alzheimer’s disease: CYtOSKEIEtON ........ccccocerienieniiiieniinienieiecrccieiteie s Poster wPM
555. Alzheimer’s disease: MOAEIS .........o.vurvveiervereerisireessese e esee s s anene Poster fAM
519. Alzheimer’s disease: molecular StUdIEs ........c.cococvverieiniininiiciiiniiiicienee Poster thPM
199. Alzheimer’s disease: neuropathology I ... Slide tuPM
389. Alzheimer’s disease: neuropathology II .... Poster wPM
517. Alzheimer’s disease: neuropathology III Poster thPM
252. Alzheimer’s disease: pharmacology ......... Poster tuPM
516. Clinical CNS neurophysiolOgy .....c..cocccvererieeiinincniriiiiiicrercre v Poster thPM
457. Degenerative disease—other: basal ganglia ........c.c.cccvveveviciiniciiiinnncniinns Poster thAM
554. Degenerative disease—other: MS, ALS and others ... Poster fAM
337. Degenerative disease—Parkinson’s ..........cccccoveeccvennnicnnnnnns Slide wPM |.
453. Degenerative disease—Parkinson’s: humans and treatment ............. Poster thAM
553. Degenerative disease—Parkinson’s: MPTP monkeys and rodents .................... Poster fAM
323. Disorders of the nervous system: developmental models .............cccccoeveeinnnnnnne. Poster wAM
320. Epilepsy: animal genetic Models..........ccoivivniiiiiininininiii e Poster wAM
551. Epilepsy: animal MOdEIlS ........c..coceiurriiiiiininiiiiieiiiiicee e Poster fAM
321. Epilepsy: anti-convulsant drugs ... Poster wAM
15. Epilepsy: basic mechanisms I ...... Slide mAM
388. Epilepsy: basic mechanisms II . Poster wPM
188. Epilepsy: human StUdIes ........c.cocuecvemericiiiiiiciiiiiiirecisicie s Poster tuAM
138. Epilepsy: human studies and animal models ...........ccocoooiriniiiiin. Slide tuAM
452. Epilepsy: KINAINg L.......cccooiviniiiiiiiiiiiiiiece e Poster thAM
518. Epilepsy: Kindling I .......cccoccciiiiiinininiciiiiicic e Poster thPM
119. Epilepsy: status epilepticus ...........cccceeeee. Poster| mPM
189. Genetic models of nervous disorders I Poster tuAM
383. Genetic models of nervous disorders II Poster wPM
469. Genetic models of nervous disorders ITI .........c..ccocciiiiii, Slide thPM
253, INfECtious GISEASES .....ecuevueeuiirueriieiiiicnie ettt ettt ears e Poster tuPM
13, ISChema I ...coiiiiiiiiiiieiicc ettt Slide mAM
117, Ischemia I1 ......cooiiiiiiiiiccece ettt Poster| mPM
118, Ischemia ITL......c.ooiiiiiiieie et Poster) mPM
384, ISChemia IV ..c.occooiiiiiiiiiicc et Poster ngM
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385, ISCHEIMIA V .o.iuneeoeveeeeeeeeee e e sss s ss st st nse e Poster| wPM
386. ISChEMIA VI ...ooviiiiieieieetee ettt be st Poster| wPM
527. ISchemia VI ......c.ooviieiieieieinict ettt e r et Slide ‘ fAM
59. Mental illness: depression, suicide, Other ...........ccoveeeueiiiiiinriiicccen Poster, mAM
556. Mental illness: SChIZOPRIENIA ........covvvruiiieiiiiiiiiieiieieee e Poster| fAM
60. NeuromusSCULAr dISEASES .......ecveueeverueuerenrenieieireimeiise et ere et es s sassenes Poster, mAM |
454, Neurotoxicity: amin0 ACIAS ......c.coveveureenieririiiiniiiirir et Poster| thAM
187. NeurotOXiCity: MELALS ......ccccurururmriiiccieieiiiicierie et ss s Poster| tuAM
515. Neurotoxicity: MPTP .........ccccoooiureurreerrusenceecsecesseseceecne Poster| thPM
455. Neurotoxicity: other I ....c..cccoeveviiniininiiiene. Poster| thAM
251. Neurotoxicity: PNS and retina Poster| tuPM
256. Recapitulation of Developmental Mechanisms in i
Neurodegenerative Disorders Symp. wAM
200, TIAUITIA covoveeeveeeerveeeesevesesesasseseseneesesessesentsseseseeseneaseseseeseressenssesssnesssssbessesesssnes Slide tuPM
319. Trauma: Brain iNJUIY ......ccceiuiumiiiiiiinineee e Poster| wAM
552. Trauma: spinal cord, NMDA and Other ...........c..eeuueeeremeeersseeemscmesnnessannees Poster fAM
Other: |
325. NINDS: Forty Years of Progress Symp. i wPM

xxi
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374.13

SCOPOLAMINE DISRUPTS WORKING MEMORY MORE IN THE
MORNING THAN IN THE AFTERNOON. $.D. Drastal*, W.N. Tapp, B.H.
Natelson, T.A. Pritzel*. VA Medical Center & New Jersey Medical School,
East Orange, NJ 07019.

Performance fluctuates across the day in both people and animals.
To examine the psychobiological influences on performance rhythms, this
study determined the role of working memory in daily performance of
rhesus monkeys. We studied the effects of scopolamine on performance
at two different times of the day. Scopolamine injections were given at
1 and 5 hrs after lights-on. We used doses reported to affect working
memory selectively.

To earn their food, monkeys had to perform a vigilance task followed
by a color-position discrimination task. Trials were delivered on the
average of every 2.4 min, and response latencies and choices were
recorded. We noticed there was a pause in performance after the
scopolamine injection. This pause lasted longer after the moming dose
than in the afternoon and their performance recovered sooner in the
afternoon.

Normally, these monkeys made only 1 to 3 discrimination mistakes
per day. We compared performance for the 5 hrs following scopolamine
with the comparable time period in baseline nodrug- and saline-injected
conditions. The monkeys made 5.15 times more mistakes when given
scopolamine (p < 0.001) . The monkeys made nearly twice the number
of mistakes in the morning (6.78) as they did in the afternoon (3.52)
following a scopolamine injection (p < 0.02).

The time of day differences in mistakes under the influence of
scopolamine suggests that working memory is more susceptible to
disruption in the morning. This pattern of susceptibility might be
adaptive if we assume that natural disruptions of memory, such as
fatigue, are more likely to occur in the afternoon when the animal is
resistant to such disruptions. Supported by VA Research.

374.15

EFFECTS OF SCOPOLAMINE AND CLONIDINE ON
RECOGNITION MEMORY IN RHESUS MONKEYS WITH
%SIT%II‘\JJS OF THE BASAL FOREBRAIN CHOLINERGIC
Laboratory of Neuropsychology, NIMH, Bethesda MD, 20892.

Both acetylcholine (ACh) and norepmephnne (NE) are thought to
play critical roles in pr of evid suggests
that NE may influence the activity of ACh neurons in the basal
forebrain (BF). ' In an attempt to investigate the mnemonic
contributions of these 2 neurotransmitters, we administered the
muscarinic antagonist scopolamine (SCOP) and the o, agonist
clonidine (CLON) to 4 monkeys with BF lesions (group L) and 3
mmperated control monkeys (group C). Animals were first trained
in g-to-sample with a 10-s delay between
sample presentatmn and choice. Bilateral BF lesions were then
made by injecting ibotenic acid into 17 target sites in each
hemisphere. Magnetic resonance imaging was used to locate the
target sites and to confirm the accuracy of the lesions.
Postoperatively, group L was slower than group C to relearn the
task, but performed normally at delays up to 120 s. At the most
difficult test of remembering a list of 20 items, performance of
group C improved by 14% with continued practice, whereas that of
group L remained the same. Although SCOP (0.32, 1, 3.2, 5.6, 10
& 17.8 pg/kg, IM) impaired the performance of both groups, the
effect was greater in group L. Moreover, CLON (0.032, 0.1, 0.32, 1,
32, 10, 32, and 42.3 pg/kg, IM) differentially affected performance
in the two groups. These results emphasize the role of ACh and,
further, suggest a complementary role of NE in recognition
memory in primates.

NEUROPEPTIDES AND

374.14

CONTINUOUS INTRACEREBROVENTRICULAR (ICV) INFUSION OF
SCOPOLAMINE IMPAIRS CONTINUQUS PERFORMANCE IN RHESUS
MONKEYS. M.J. Callahan, J. Kinsora, R.E. Davis, R.
Harbaugh and 7. Reeder. Parke-Davis Pharm. Res. Div.,
Warner-Lambert Co., Ann Arbor, MI 48105 and Dept. of
Neurosurgery, Dartmouth Med. Sch., Hanover, NH 03756.

Scopolamine impairs cognitive function in animals and
humans when adminstered systemically. Since scopolamine
has profound effects on peripheral and central
cholinergic function, we developed a convenient
refillable system for continuously adminstering compounds
to the central nervous system of rhesus monkeys.

Two eight year old male rhesus monkeys were
implanted with a subcutaneous infusion pump connected to
a cannulae stereotaxically directed toward the right
lateral ventricle. Continuous ICV infusion of scopolamine
produced a dose-dependent decrease in the number of
responses. The magnitude of the response decrement
produced by scopolamine was dependent on the stimulus
duration with fewer responses occurring at the shorter
stimulus durations. This decrease in performance was
also time dependent and occurred mainly during the last
half of the test session.

These data suggest that scopolamine produces a deficit
in sustained attention that is mediated through direct
central cholinergic blockade in the rhesus monkey. These
procedures were well tolerated and the system has
remained functional over an extended time period.

374.16

SINGLE DOSE PHARMACO-EEG PREDICTS RESPONSE TO
TETRAHYDROAMINOACRIDINE TREATMENT IN ALZHEIMER'S
DISEASE. H. Soininen*, K. Alhainen*, J.
Partanen* and P. Riekkinen. Dept. of Neurology
and Clinical Neurophysiology, University of
Kuopio, P.0.Box 6, 70211 Kuopio, Finland.

Only 30-50% of Alzheimer (AD) patients benefit
from various cholinomimetics such as tetrahydro-
aminoacridine (THA). Because we recently showed
that progressive EEG decline is perhaps related
to cell damage of the nucleus basalis of Meynert,
it was reasonable to assume that EEG may help to
identify responders to THA. We selected 12 AD
patients (NINCDS-ADRDA criteria) and 7 controls
with AAMI (age associated memory impairment
without dementia). AD patients had 7-week THA
treatment and seven of them were responders. In
both groups a baseline EEG and another EEG at 90
min after a single dose of 50 mg THA were
recorded.

In responders alpha-delta ratio increased 57.6%
and alpha-theta ratio increased 61.4% compared to
baseline. In nonresponders alpha-delta ratio and
alpha-theta ratio decreased 33.3% and 10.7%,
respectively. The AAMI group showed no change in
these parameters. These results suggest that a
single dose pharmaco-EEG predicts treatment
response to THA.

BEHAVIOR III

375.1

MU-OPIOID AGONIST AUGMENTS LOCOMOTOR ACTIVITY
AFTER BILATERAL 6-HYDROXYDOPAMINE LESIONS IN
THE NUCLEUS ACCUMBENS WITHOUT INVOLVING
RECEPTOR UPREGULATION. L. Churchill and P.W. Kalivas.
Dept. of VCAPP, Washington State University, Pullman, WA
99164-6520.

The mesolimbic dopamine system was lesioned by bilateral
injection of 6-hydroxydopamine into the nucleus accumbens of
rats. Ten days or more after the lesion, logomotor activity
increased to a significantly greater extent after microinjection of
the p-opioid agonist, Tyr-D-Ala-Gly-mePhe-Gly-OH (DAGO). A
much smaller lesion-induced increase was observed after the §-
opioid agonist [D-—pemcxllz.\mmez s) enke?halin (DPDPE). Receptor
autoradiography with [!*IJDAGO or [2°I)DPDPE binding to the
opioid receptors showed no significant differences between control
and lesioned rats at 10 days after the lesion. Forskolin (1 M)
stimulated adenylate cyclase to a greater extent in the lesioned rats
than in the sham treated rats (ascorbic acid treatment), but the
opioid inhibition of forskolin stimulation did not differ between
controls and lesioned rats. DAGO appeared more effective than
DPDPE at inhibiting forskolin-stimulated adenylate cyclase. In
conclusion, the behavioral analyses argue for a greater upregulation
of the p-opioid induced motor activity than that of the é-opioid
after dopamine depletion. The mechanisms underlying this
augmentation do not appear to be caused by an increase in opioid
receptor binding or inhibition of adenylate cyclase.

375.2

NEUROENDOCRINE MODULATION OF LOCOMOTOR ACTIVITY IN AN
AMPHIBIAN: CORTICOTROPIN-RELEASING FACTOR AND OPIOIDS. C.A.
Lowry, P. Deviche and F.L. Moore. Oregon State Univ., Corvallis, OR 97331.

Studies using mammals indicate that corticotropin-releasing factor (CRF) may
coordinate physiological, autonomic and behavioral responses to stressful
stimuli. We present evidence that CRF is involved in regulating stress-induced
behavior in amphibians and further that the behavioral effects of CRF are
modulated by the opioid system. Intracerebroventricular (icv) injections of ovine
CRF dose-dependently stimulated locomotor activity in male rough-skinned
newts (Taricha granulosa). This effect of CRF was completely blocked by the
CRF receptor antagonist, a-helical CRF,,, (@ahCRF). In other experiments,
exposure to stressful environmental stimuli (either warm water or a 30 s period
of handling) also stimulated locomotor activity. Injections of ahCRF reduced
stress-induced locomotor activity regardless of the nature of the stressful
stimulus.

Studies with opioid agonists and antagonists suggest that CRF and opioids
interact to control locomotor activity in T. granulosa. The opioid x-receptor
agonist, morphine, at a dose that did not affect spontaneous locomotor activity,
suppressed CRF-induced locomotor activity in a naloxone-reversible manner.
In contrast, the preferential opioid kappa-receptor agonist, bremazocine, which
dose-dependently suppressed spontaneous locomotor activity, did not affect
CRF-induced locomotor activity. Experiments using the opioid receptor
antagonist, naloxone, found that naloxone had no effect on spontaneous
locomotor activity but under certain conditions enhanced CRF-induced
locomotor activity. Although the effect of naloxone on CRF-induced locomotor
activity is opposite to that typically observed in mammals, our other results are
consistent with observations in mammals. Thus the neuroendocrine
mechanisms controlling stress-induced locomotor activity appear to be
evolutionarily conserved among vertebrates.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 16, 1990
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375.3

PERIPHERALLY ADMINISTERED SUBSTANCE P: EFFECTS ON FUNCTIO-
NAL RECOVERY AFTER NIGROSTRIATAL 6-OHDA LESIONS AND ON
STRIATAL DOPAMINE AS MEASURED BY IN-VIVO MICRODIALYSIS.
F.Boix*, R.Mattioli*, F.Adams*, R.K.W.Schwarting and J.P.
Huston. Inst. of Physiol. Psychol. I, Univ. of Diisseldorf,
Universitdtsstr. 1, 4000 Diisseldorf, FRG

A close neural and functional relationship has been
shown between nigrostriatal dopamine (DA) and the neuro-
peptide substance P (SP). Furthermore, SP can improve re-
covery after lesions of neural tissue. These results indi-
cate that SP might have ameliorating effects after lesionms
aimed at nigrostriatal DA. To test this hypothesis, rats
received daily injections of SP (50ug/kg, ip) after unila-
teral 6-~OHDA lesions of the substantia nigra. 12 hours af-
ter each injection, they were tested for behavioral asym-
metries. SP affected behavior in animals with moderate DA
depletions. These animals showed no asymmetry in turning
and an enhanced recovery from the asymmetry in scanning
behavior. They also showed an increased striatal DA meta-
bolism (post mortem). In a second study, the effect of SP
was analyzed on extracellular DA in intact, freely-moving
animals by means of the microdialysis technique. SP in-
creased neostriatal DA, and this effect could be observed
for several hours. These results demonstrate behavioral
and neurochemical effects of SP related to DAergic mecha-
nisms both in intact and brain-damaged animals. They are
discussed with respect to the possible central and peri-
pheral actions by which this neuropeptide may affect cen-—
tral DA and the recovery from DAergic lesioms.

375.5

CRF-MICROINFUSION INTO THE PARAVENTRICULAR NUCLEUS OF
THE HYPOTHALAMUS (PVN) HAS DUAL EFFECTS ONBEHAVIORAL
PARAMETERS IN RATS.

H. Monnikes®*, I. Heymann-Monnikes* and Y. Taché.

CURE/VA Wadsworth Medical Center, Dept. of Medicine and Brain
Research Institute, UCLA, Los Angeles, CA 90073.

CRF injected ICV has dual dose-related effects on behavior in rats
(increased locomotion at low and freezing-behavior at high doses). CRF
injected into the PVN increases locomotion and grooming but whether the
PVN is involved in mediating these dose-related behavioral responses to
central CRF is unknown. Therefore, in this study we assessed if different
CRF doses microinfused into the PYN mimick the ICV-effects of the
peptide on behavior. 90 SD-rats were implanted with a 22G guide cannula
3 mm above the PVN or the lateral hypothalamus (LH). 7 days later, in
fasted freely moving rats, CRF or vehicle was microinjected (100 nl) via
a 30G cannula. Behavioral parameters were monitored 15 min leaser for 45
{nin in a familiar envir t. Results: (mean+SEM; (Up<0.01, P)p<0.001,
3)p<0.005; t-test). CRF microinjected into the {’VN increased groomin
dose~dependently fron( 1244 (vehicle) to 60+15 3) (0.06 nmol), 69+11(
(0.2 ?mol) and 114+2(?) (0.6 nmol). Locomotion increased from 1944 to
40+9) (0.06 nmol) whereas at the higher dose (0.6 nmol) it decreased to
3420) and freezing-behavior occured in 30%. CRF (0.2 nmol) microinfused
into the LH had no effect on these parameters. These data show that the
PVN is a sensitive site for the dose-related and dual alterations of behavior
induced by CRF. This results and previous studies (Gastroenterology 98:
AS512, 1990) suggest, that the PVN is an important site to integrate both
behavioral and visceral effects of CRF.

Supported by NIH, DK-33061 and the Deutsche Forschungsgemeinschaft.

375.7

NEUROTENSIN IN CHRONIC NEUROLEPTIC EFFECTS. A. J. Stoessl
& E. Szczutkowski*. Dept. of Clinical Neurological Sciences,
Univ. of Western Ontario, London, Ontario, Canada.

Chronic neuroleptic administration produces a syndrome
of vacuous chewing mouth movements (VCM’s) in rodents, which
may serve as a model for tardive dyskinesia, and also
results in elevations of striatal neurotensin (NT)-like
immunoreactivity and nigral NT binding. We examined the
effects of NT manipulations on chronic neuroleptic-induced
VCM’s in the rat. Male Sprague-Dawley rats received
fluphenazine (FLU; 12.5 mg/kg) or its vehicle (VEH; sesame
0il) IM every 3 weeks for 18 weeks, and beginning 4 weeks
after the last injection of FLU or VEH, were then observed
continuously for 60 min. following the
intracerebroventricular ? ministration of NT (1ug, 2ug),
the NT antagonist D-Trp''-NT (tug, 2ug, 5ug), or their
vehicle (0.9% saline). NT significantly increased the
duration of VCM’s in both FLU and VEH groups (p<0.001), but
the effect was more pronounced in animals treated with FLU.
Although there was a tendency for D—Trp'—NT to suppress
VCM’s in both groups, this effect did not reach
significance. Locomotion was decreased in animals tre?ted
with FLU (p=0.001 in NT experiment, 9.003 in D»Trp‘-NT
experiment), but neither NT nor D—Trp“—NT modified this
response. These results are compatible with a contribution
of NT to the dyskinetic effects of chronic neuroleptics,
but further delineation will require the development of
better NT antagonists.

375.4

CHOLECYSTOKININ-INDUCED REDUCTION IN BODY TEMPERATURE
ABOLISHED BY VENTRAL TRUNK VAGOTOMY. E.H. South and P.D.
Huff*., Dept.of Vet.Sci., Univ.of Idaho,Moscow,ID 83843.

The sensory neurotoxin, capsaicin, abolishes reduction
of body temperature as well as the vagally mediated
suppression of food intake by cholecystokinin octapeptide
(CCK) (South,et al;NS Abst,1989). We now find that rats
with a complete transection of the subdiaphragmatic
ventral trunk of the vagus (VAGX) do not reduce rectal
temperature (RT) in response to 4 ug/kg CCK although
their CCK-induced suppression of food intake is
equivalent to sham vagotomized controls (SHAM). The RT
(°C) of the VAGX and SHAM rats 20 min after ip saline or
CCK and the shift in RT from preinjection to the 20 min
time point (°C diff) are tabulated below.

Saline ip CCK 4 gg ip
20 min °C diff 20 min C diff

VAGX  37.7+0.0 0.5+0.1 37.540.1 0.4140.1
SHAM  37.6+0.1 0.5+0.1 37.040.1 -0.1+0.1%

[means *+ SE; * RT significantly (p<.0l) less than 20
min SHAM and CCK saline and VAGX CCK day]

In tests with a preferred food present, there was no
difference in percent suppression of food intake in
response to 4 pg/kg CCK between VAGX (93#4%) and SHAM
(96+1%) groups. Our findings indicate that the reduction
of body temperature by CCK is mediated by vagal neurons
which appear to be distinct from the vagal neurons
mediating suppression of food intake.

375.6

IN VIVO EVIDENCE FOR A NEUROTENSIN/ADENOSINE INTERACTION IN
CNS. E.B. Joli r n Departments of Psychiatry and
Pharmacology, University of Sherbrooke, Faculty of Medicine, Sherbrooke,
Québec, Canada, J1IH5N4.

Although much emphasis has been placed on the interaction of neurotensin
and dopaminergic transmission, it has become increasingly evident that the
peptide interacts with a multiplicity of transmitters. To our knowledge the
possibility that "purinergic transmission” is involved in neurotensin's central
actions has not been examined previously, and is the focus of the present
study. This was prompted by the observation that the neurobehavioral
effects of adenosine agonists are strikingly similar to those produced by
neurotensin.

In preliminary experiments we determined that the IP administration of 10
mg/kg of the adenosine antagonist, theophylline, did not in itself affect either
body temperature or motor activity of rats. We then examined the effects of
pre-administration of this dose of the drug 30 min prior to the ICV
administration of several doses of neurotensin (3.75-30.0 ug) on
hypoactivity and hypothermia induced by the peptide.

Results indicate that theophylline completely biocked or significantly
attenuated the hypothermia induced by 3.75 and 7.5 ug neurotensin
respectively. The decrease in body temperature induced by larger doses of
the peptide were not affected by the adenosine antagonist. For motor
activity, theophylline systematically abolished the hypoactivity produced by
3.75, 7.5 and 15 pg neurotensin. On the other hand, the reduction in activity
induced by 30 pg of the peptide was not significantly affected by
theophylline.

Although the exact nature of theophyliine's blockade of neurotensin's
central actions remains to be determined, these early results point to a
neurotensin/adenosine interaction.

Supported by the Medical Research Council of Canada

375.8

ASTROCYTIC BENZODIAZEPINE RECEPTORS AND THEIR
ENDOGEN1OUS LIGA1N DSIN HEPQ;[‘IC ENCE}PHALDPATZHY.
J.F. Gi ,J. Lavoie', M.C. Tonon ', L. Desy °, H. Vaudry , G.
Egllgﬁgﬁ and R.F. Butterworth', 'Lab. of Neurochemistry, CRC A-
V. Hopital St-Luc, Montreal, Que., 2Lab. Endocrinol., Université
Rouen, France, *Groupe Endocrinol. CHU, Laval, Que., Canada.
There is evidence to suggest that benzodiazepine receptors or
their endogenous ligands may play a role in the pathogenesis of
hepatic encephalopathy (HE). Although central GABA-related
benzodiazepine receptors are unchanged in HE, previous studies
have shown that astrocytic "peripheral-type" benzodiazepine,
receptors (PTBR’s) are significantly increased in density in
postmortem brain tissue from cirrhotic patients who died in hepatic
coma (Lavoie et al., Hepatology (1990). Following portacaval
anastomosis (PCA) in the rat, binding sites for the PTBR ligand 3H-
PK 1195 were found to be similarly increased 2 to 3 fold in brain
without concomitant changes of binding affinities. Diazepam
Binding Inhibitor (DBI) is an endogenous ligand for bénzodiazepine
receptors, found both in astrocytes and neurons. Tryptic digestion
of DBI yields Octadecaneuropeptide (ODN). The localization of
ODN in brain was evaluated by immunohistochemical techniques
using an '®I-antibody of high specificity. Following PCA, ODN-
immunoreactive material was found to be increased 3-fold in
astrocytes of several brain regions. These findings suggest a role for
astrocytic benzodiazepine receptors in the pathogenesis of
experimental and human HE. (Funded by MRC Canada)
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375.9

VASOACTIVE INTESTINAL POLYPEPTIDE (VIP) IS A SECRETAGOGUE
FOR PROTEASE NEXIN I (PNI) RELEASE FROM ASTROCYTES. B. W.
Festoff, J. S. Rao, and D.E. Brenneman*, Department of
Neurology, University of Kansas Medical Center, Kansas City,
KS 66103, and Neurobiology (151), DVA Medical Center, Kansas
City, MO. 64128. *LDN, NICHD, NIH, Bethesda, MD.
Communication between neurons and glia is a fundamental
process underlying nervous system development. Signals
arising from either cell type have critical actions on the
other. VIP has been shown to increase survival (PNAS 83:
1159-1162, 1986) mediated through glial cells (JCB 104, 1603-
1604, 1987). VIP, a known secretagogue, may enhance the
release of glial-derived neuron survival factors. We now
investigate if VIP may promote secretion of the serpin,
GDN/PNI, from astrocyte cultures. Seventy percent confluent
new born rat cortical astroglial cultures were incubated for
3 days with 3°S-methionine. Following the removal of excess
label, VIP, VIP inactive analog, or somatostatin (at 0.1 nM)
were incubated for 3 hours. The labeled medium was removed
and incubated with non-immune serum or monospecific IgG
against 47 kDa PNI. VIP doubled the proteins compared to
control or VIP analog cultures, while somatostatin reduced it
by fifty percent. Autoradiography showed a specific 3-fold
precipitation of PNI by anti-PNI only after VIP treatment.
These results indicate that VIP is a potent secretagogue of
GDN/PNI which may have a fundamental influence on neuronal
development.

Supported by the Medical Research Service of the Department
of Veterans Affairs.

375.11

TEMPERATURE MODULATES THE REGULATORY ACTIONS OF
ALPHA BAG CELL PEPTIDE. R. Sanger Redman and R.W. Berry. Dept.
Cell, Molecular, and Structural Biology, Northwestern Univ., Chicago, IL
60611.

Egg-laying in Aplysia californica is seasonal, occurring mainly in the summer, and
is caused by a peptide egg-laying hormone (ELH) released during a discharge by the
bag cells. Alpha bag cell peptide (x-BCP), one of the peptides secreted along with
ELH, is suspected to play an y role in modulating the characteristics of
the discharge. The feedback effects of «-BCP have been reported as autoexcitatory
by some and autoinhibitory by others, in experiments performed at 14°C and room
temperature respectively. These temperatures approximate winter and summer water
temperatures experienced by the animal; thus the effect of o-BCP may be
temperature-dependent and may be a factor in determining the seasonality of egg
laying. To test this possibility, a-BCP's effect on bag cell membrane potential was
determined. At 159, a-BCP caused a hyperpolarization, whereas at 20°, the peptide
caused a small depolarization. Extracellular recordings revealed that at 159 a-BCP
shortened the duration of the bag cell discharge and decreased the total number of
action potentials generated. At 200, the peptide lengthened the discharge and
increased the number of action potentials. A transient rise in cCAMP is associated with
the discharge; therefore, we measured o-BCP's effect on bag cell cCAMP levels at
various temperatures throughout the animal's natural environmental range (120-220).
The influence of a-BCP is highly temperature-sensitive. The function of the peptide
reversed from inhibition (12-15°) to stimulation (17.5-229) over a 2.5° range. These
results imply that -BCP is temperature-sensitive, functioning in an autoinhibitory
manner at 15° and becoming autoexcitatory at 20°. Thus, it may function in
coordination with other factors to control egg-laying in response to seasonal
temperature variations.

375.10

THE ISOLATED EYESTALK OF THE CRAYFISH MAINTAINS A CIRCA-
DIAN RHYTHM OF NEUROSECRETION. L. Rodriguez-Sosa*, J.
Calderén*, J. Herndndez and H. Aréchiga. Depto. de Fisio-

Togia, Biofisica y Neurociencias and Depto. de Biologfa
Celular, CINVESTAV-IPN. Apdo. Postal 14-740, 07000 México,
D.F.

The crustacean eyestalk is a putative circadian neuro-
secretory pacemaker. However, its capability to maintain
a self-sustained circadian rhythm in vitro has not been
demonstrated. In this work we report the persistence of a
circadian rhythm in the amount of a neuropeptide in the
isolated eyestalk of the crayfish Procambarus clarki.

As a marker of neurosecretion we used the Red Pigment
Concentrating Hormone (RPCH) which was quantified. a) by
immunoenzymatic assay (ELISA), with an antibody raised in
our laboratory. b) by HPLC, and c) by bioassay on isolated
crayfish epithelia. Isolated eyestalks were kept in organ
culture during the experiment, in 20%Leibovitz medium,
with 1% fetal calf serum. While in culture, they were
subjected either to continuous darkness (D:D), cycles of
12:12 hrs. of light and darkness (L:D), or continuous
light (L:L). In isolation the RPCH amount in the eyessalk
varied ig a circadian manner within a range of 2x107°° gr
to 8x10 ~ gr, with maximum during night phase. T was 25.5
+ 1.5 L:L; and 25 + 1 in D:D.

INGESTIVE BEHAVIOR: MONOAMINES

376.1

Histidine, Histamine, and Amino Acid Neurotransmitter
Dynamics of Hypothalamic Nuclei in Meal fed Rats.

Dodds, S.J., L.P, Mercer* and J.D. Dunn. Dept. of Biochem.
Oral Roberts Univ. Sch. of Med., Tulsa, OK 74171.

Neurotransmitter patterns are assessed under regimented
meal conditions and compared to previous findings of
elevated histidine in protein energy malnutrition.

Quantitive experiments were preformed to evaluate
histamine (HA), Gly, Tau, GABA, Glu, Asp, levels of
hypothalamic nuclei, in relation to meal fed rats.

In meal regimented rats, his dynamics of the lateral
hypothalamus (LH) and ventromedial hypothalamus (VMH) are
inversely related. Over the course of the meal, high VMH
his and low LH his reflect hunger, and low VMH his and
high LH his correlate with satiated states. In contrast no
significant dynamics are demonstrated with HA, however VMH
HA decreases with increasing hunger in the premeal (ac)
period. Median Eminence/Arcuate nuclei (ME) reveal
increasing HA with increasing satiety. The paraventricular
nucleus (PVN) was found to have elevated HA in ac period.
Levels fall significantly during the ingestive phase and
return to ac levels 1 hour postmeal. Putative amino acid
neurotransmitter dynamics were also found to correlate
anatomically with food intake changes.

Data is obtained by microdissection of freeze-dried
brain sections, obtained at appropriate time interval.
Amino acid analysis is done by HPLC methodogy and HA
levels are obtained with a radioimmunoassay.

376.2

INDEPENDENT INGESTION OF WATER AND MILK BY PRE-
WEANLING RAT PUPS FOLLOWING SYSTEMIC HISTAMINE. Steven M.

* i *. Psychology
Department, Lebanon Valley College of Pennsylvania, Annville, PA
17003.

An independent ingestion paradigm, in which pre-weanling rat
pups are allowed to consume fluid from the floor of a test chamber,
was used to assess intake levels in 13 day-old rat pups. Each pup
received a subcutaneous injection of either: 1) 0.15M NaCl; 2)
1.0M NaCl; 3) 40 mg/kg histamine (HA) or 4) 80 mg/kg HA and
was placed in a test chamber (35°C) for 30 min with either water
or milk spread on the floor. Although pups exhibited increased
water intake following hypertonic 1.0M NaCl, there was no
apparent increase in water intake following either dose of HA. Pups
in all treatment groups exhibited similar milk intake levels during
the 30 min test. These results suggest that 1) the independent
ingestion procedure may be useful to examine water intake
following homeostatic challenges in pre-weaniing rat pups, and 2)
there may be a relative insensitivity to the dipsogenic effects of HA
for pups at this age tested with this procedure. These results are
consistent with the finding that weanling rats are less sensitive
than adults to the dipsogenic effects of HA, requiring higher doses
of HA than aduilts to elicit drinking (20 vs. 5 mg/kg,
respectively)(Specht, S.M. and Spear, L.P., Physiol. Behav,,
45:63, 1989).
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376.3
DEVELCPNENTAL PATTERNS OF NOUTRIENT INTAKE, SPECIFIC APPETITES AND BCDY WEIGHT:
RELATION TO HYPOTHALAMIC Q-HGRADRENERGIC RECEPTOR SITES AND CIRCULATING LEVELS OF
GLUCOSE AND INSULIN. D.J. Lucas*, M. Jhanwar-Uniyai, K. Leibewitz*, Y.§. Jhanwart
and §.F. Leibowitz. The Reckefeiler University, New York, N.V. 10021

In female (=23} and male (n=18) rats, raised on pure macronutrient diets from
birth, measurements were taken of body weight (BW, days 1-77), post-weaning 24hr
nutrient intake (days 21-77), 10-min intake cf sucrose 18%) cr half & half {10.5%)
solution {days 30-30), and blood leveis of glucose and irnsulin or hypothalamic ¢ -
roradrenergic (3-p-aninoclonidine} receptor binding sites measured at sacrifice {day
77). The main findings are: {1) BW 3 days after birth, in male and female rats, is
pesitively related to the rats' preferencs I/measursd from days 21-77! for
carbohydrate {but not pretein or fat) and for sucrose. {2) At weanimg ({day 21),
carbohydrate and fat intake {for females) and protein, carbohydrate and fat intake
{for males) is positively related to the rats' nucrient intake patterns at maturity
day 77). (3} At pubercy {days 43-50}, females exhibit a strong preference for
carbobydrate and males for protein. In both sexes, 24hr carbohydrate intake is
correiated with appetite for sucrose, whereas preference for half & haif reflects fat
intake. In female rats, a positive relationship exists i BW and appetite for
sucrose or half & half at puberty. 4} At maturity, B% is stremgly related to
appetite for sucrose idays 30-50), fat intake {days 21-77}, and olood levels of
insulin (day 7. (5) az—ncradrenetgic receptor sites, in the paraventricuizr necisus
{PYR) of female rats and dorscaedial nucleus (DN} of male rats, are positively
related to measures of protein intake and BW, while these measures are inversely
related tc ¢, receptors in the ventromedial nucleus (VNN and perifornical lateral
nypothalamus {PLE) of female rats only. Circulating glucose is positively related
to o, receptors in the FVN, VAN and DNN but inversely related to o, receptors in the
PLE. These results reveal a close relationship between nutrient intake and appetite,
BW, circulating hormones and e, receptors in these hypothalamic sites.

376.5

CLONIDINE DIFFERENTIALLY AFFECTS MACRONUTRIENT
INTAKE IN GENETICALLY OBESE AND LEAN MICE: DOSE-
EFFECT RELATIONSHIPS. P.J. Currie and L.M. Wilson.
Psychol.Dept., Univ.Manitoba, Winnipeg, Canada, R3T2N2.

Clonidine [CLON], the a2-noradrenergic agonist, reduces total
energy intake primarily through suppression of carbohydrate
[CHO] and fat ption in both genetically obese [0b] and
lean mice at doses of .1 and .5 mg/Kg (Currie, P.J., Wilson, L.M,,
Neurosci. Abstr. 14:966, 1988). Lower doses, however, selectively
potentiate CHO intake, but only in ob mutants (Currie, P.J.,

Wilson, L.M., Int.J.Obes. 13:550, 1989). This study extended the
dose-effect curve for clonidine [CLON] in ob and lean mice:

[1] to identify an optimal dose for intake potentiation in obs;
[2] to determine whether CLON also exerts a bidirectional dose-
dependent effect on CHO intake in lean mice.

After adaptation to a 6-h feeding regimen, ob and lean mice
[n=14/genotype] were injected IP with .15 M NaCl for 2 days 30 min
before simultaneous access to CHO, fat, and protein. On the 3rd day,
mice were injected with either .025 or .05 mg/Kg CLON or an
equivalent volume of .15M NaCl 30 min before meal access. The lower
dose augmented obs’ total caloric intake and calories obtained from
fat [expressed as % of vehicle control intakes] compared to leans’,
especially within the 1st h of food access [Genotype X Dose X Time:
p<.05,p<.01, respectivelyl. CLON potentiated CHO intake in obs at
both doses at 1 h; the effect declined by 6 h. The lower dose did not
affect lean mice’s CHO intake, but the higher dose suppressed 1-h
intakes, as had doses of .1 and .5 mg/Kg in previous research
[Genotype X Dose X Time: p<.025). With previous results, these
comparisons suggest enh d phar logical itivity of an
o-noradrenergic hanism in genetic obesity. [Supported by
NSERC #7907 to LMW and MHRC Graduate Studentship to PJC]

376.7

THE EFFECTS OF 1-(2,5)-DIMETHOXY-4-IODOPHENYL-2~-
AMINOPROPANE (DOI) ON THE MEAL PATTERNS OF RATS
R. Bauman* and R. Pastel. Dept. of Medical
Neurosciences, Walter Reed Army Institute of
Research, Washington, D.C. 20307.

The meal patterns of non-deprived rats were
used to evaluate the effects of DOI, a 5HT,
agonist, on food intake. A 12 hour 1light/dark
cycle was maintained in each rat's cage and at any
time a rat could eat by pressing a lever once for
each 45 mg food pellet. A meal was defined as a
bout of eating that was not interrupted by a pause
longer than 10 mins. Thirty minutes before the
onset of darkness, either DOI or saline was
delivered IP. A maximum dose of 1 mg/kg was used
because in a prior study, it reduced the total
intake of deprived rats by 50%.

Meal frequency and total food intake were
greater during the dark than during the light. A
1 mg/kg dose but not a 0.3 mg/kg dose of DOI
significantly reduced the size of a meal
(pellets/meal) and total intake during the dark
without affecting meal frequency or rate of eating
pellets. Meal size was reduced for the first
several meals of the dark period. These data
suggest that serotonin is an important determinant
of meal patterning and total intake in the rat.

376.4

az-IORADREIERGIC RECEPTOR AGONISTS AND ANTAGONISTS HAVE OPPOSITE EFFECTS ON
CARBOHYDRATE AND PROTEIN INGESTION IN THE RAT. W.K. Cheung*, C.B. Dietz:, J.T
Mexandert, J. Adet, G. Brennan and §.F.Leibowitz. Rockefeller Univ, N.Y., N.Y.10021

az-lloradrenerqic receptors in the paraventricular aucleus (PVN) of rats are
believed to have opposite effects on carbohydrate and protein ingestion at the omset
of the active (darkj cycle. To examine the physiological role of a, receptors in
controlling natural patterns of nutrient intake at this time, experiments with the
selective e, -receptor antagonists, idazoxan {IDA} or rauwoiscine (RAU), and the 1,
agonist clonidine (CLON) were conducted in Sprague-Dawley rats.

Tests with i.p. injection of IDA or RAU {0.25-1.0 mg/kq} and 90-min measurements
of nutrient intake (protein, carbohydrate and fat) demonstrate that these antagonists
produce dose-dependent effects on carbohydrate and protein intake opposite to those
observed with CLON or norepinephrine (NE).  Whereas carbohydrate inmgestion is
stinulated, and protein intake inhibited, by PVN NB or CLON injection, carbohydrate
intake is either reduced or unaffected by i.p. IDA and RAU, while protein ingestion
is potentiated. The rats' relative preferences for these diets (% concentration of
total intake) reveal a reliable decrease in appetite for carbohydrate and a small
increase in protein appetite. Pat consumption is unaffected by IDA but is increased
by RAU, resulting in a significant potentiation of total Kcal intake. However, tests
with RAU injection directly into the PVN (10-25 pmols) show a reliable suppression
of carbohydrate intake, consistent with this drug's effects after i.p. injection, but
fail to reveal the stimulatory effect on fat ingestion, suggesting that it is
nediated through a different neural systes. Additional tests with i.p. CLON confirs
earlier results demonstrating that ¢, -noradrenergic stimlation increases the number
of carbohydrate-rich meals at dark onset, while protein meals are strongly inhibited.
These findings support the proposal that PVN e, receptors are physiologically active
in balancing patterns of carbohydrate and protein intake at the omset of the active
period.

376.6

MECHANISM OF TYROSINE (TYR) POTENTIATION OF MIXED-
ACTING SXMPATHOMIMETIC ANOREXIANTS (MASA).
K.M.Hull and T.J.Maher. Dept. Pharmacol.
Mass.Coll. Pharm., Boston,MA 02115.

We previously reported a TYR specific potenti-
ation of the MASA (%*)-phenylpropanolamine
(PPA) , (+) ~amphetamine and(-)-ephedrine (EPH).
Thus we examined the dependence on functioning
TYR h{droxylase (TH), brain TYR and the release
of catecholamines (CA) in this potentiation. To
determine if the potentiation by TYR required TH-
mediated conversion for CA synthesis, we pre-
treated with a-methyl-p-tyrosine (aMPT) and then
administered EPH (20mg/Kg) with or without TYR
(200mg/Kg) . aMPT blocked both the anorectic
activity of EPH and its potentiation by TYR in
hyperphagic rats. To determine the reguirement
for central TYR we coadministered equimolar
valine (VAL), which competes with TYR for uptake
into brain, to food~deprived rats, TYR, or
VAL+TYR with either saline (SAL) or PPA (20
mg/Kg) . Neither VAL, TYR or VAL+TYR altered food
intake when administered to SAL pretreated ani-
mals. While VAL alone failed to alter PPA-induced
anorexia, VAL+TYR attenuated the normally ob-
served pot-entiation by TYR. We also administered
two add-itional MASA: (+)-norpseudoephedrine, (+)-
pseudoephedrine, and two direct-acting agonists:
salbutamol and methoxyphenamine. Only the MASA
were potentiated by TYR. These results suggest
that TYR's potentiation results from a central
action involving increased CA synthesis via TH.

376.8

OPPOSITE EFFECTS ON INGESTIVE BEHAVIOR FOLLOWING CHRONIC
MUSCIMOL ADMINISTRATION INTO THE MEDIAN RAPHE OR VENTRAL
TEGMENTAL- AREA, T.R. Stratford and D. Wirtshafter, Dept.
Psychology and Committee on Neuroscience, University of
Illinois at Chicago, Chicago, IL., 60680.

Previously, our lab has demonstrated large increases
in food and water intake in rats during the 2 hours
following acute microinjections of the GABA-A agonist
muscimol into the median raphe (MR). " Smaller increases
were .observed following similar injections into the VTA.
In order to assess the effects of chronic administration
of muscimol into these brain areas, Alzet osmotic
minipumps were attached to injector cannulae terminating
in either the MR or the VTA and were implanted using
ether anesthesia. The muscimol was administered in a
dose of 25ng/0.5ul at an infusion rate of 0.5 ul/hour.

Animals receiving the muscimol infusion in the MR
exhibited extremely large increases in water intake and,
to a lesser extent, food intake, along with a severe
disruption of the normal day/night ingestion cycle. The
hyperdipsia and hyperphagia appeared within a few hours
of the minipump implantation and seemed to continue for
the life of the pump (7-9 days). Peak 24 hour water in-
takes were in the 280-350 ml range with food intakes in
excess of 40 g for the same period. In contrast, chronic
infusions of muscimol into the VTA lead to a complete
aphagia and adipsia which was completely reversed within a
few hours of terminating the infusion. (Supp. by NS21350)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 16, 1990



WEDNESDAY PM

INGESTIVE BEHAVIOR: MONOAMINES

376.9

THE EFFECT OF INTRAPERITONEALLY ADMINISTERED ICS 205-930
AND QUATERNIZED ICS 205-930 ON FOOD INTAKE OF RATS FED AN
AMINO ACID IMBALANCED DIET.
B.J. Hrupka*, D.W. Gietzen, Q.R. Rogers.
Dept VM:Physiol. Sci. and Food Intake Lab, Univ. Calif., Davis, CA, 95616.
We have previously reported that the anorectic response of rats to an
amino acid imbalanced diet (IMB) is blocked by intraperitoneal (ip) injections,
but not intracerebroventricular injections of the serotonin; (SHT;) antagonist
ICS 205-930 (ICS). ICS has been shown to cross the blood brain barricr
(BBB), while quaternized ICS (Q-ICS) should not. Since evidence indicates
that the feeding response to IMB is mediated centrally, we used ip
administration of ICS and Q-ICS to determine whether the SHTj receptors that
are involved in the rat’s response to IMB are located centrally or peripherally.
Male Sprague-Dawley rats (n=7 rats/gp) were prefed a low protein basal diet
for 10 days. Rats received ICS, Q-ICS, (7.8 or 28.1 pumoles/kg body weight) or
saline within 30 min of onset of the dark cycle, and were then fed IMB. Food
intake was recorded after 3, 6, 12, and 24 hr. From O to 6 hr, rats that
received ICS and Q-ICS injections ate similar amounts of IMB (P>.10). Rats
injected with 28.1 pmoles/kg ICS and Q-ICS ate significantly morc IMB
(P<.01) from 6 to 24 hr than rats injected with 7.8 umoles/kg of these drugs,
demonstrating a dose-dependent response to these SHT; antagonists. There
were no significant differences (P>.10) between ICS and Q-ICS in IMB intake.
If Q-ICS does not cross the BBB, these results suggest that a major portion
of the effect of ICS in blocking the anorectic response to IMB is mcdiated
peripherally. Supported by NIH DK 07355, USDA CRCR 1-2418, CNRU
DK35747 and a gift from Sandoz Research Institute.

376.11

INHIBITORY EFFECTS OF 5-HYDROXYTRYPTOPHAN ON FEEDING IN
HUNGRY RATS. C.T. Tsai. Department of Biology, National
Changhua University of Education, Changhua, Taiwan, ROC
The effects of the serotonin precursor, 5-hydroxytryp-
tophan (5-HTP) on food intake in free-feeding and food
deprived rats were examined. In free-feeding rats, S5-HTP
(100 mg/kg, i.p.) reduced food intake by 86.3%. The
anoretic effect of 5-HTP was antagonized by cyprohepta-
dine (CYP, 4 mg/kg, i.p.), a serotonin blockade. However,
following food deprivation, the food intake was increased
24.3% in control rats, whereas, the food intake was dec-
reased 42.8% in 5-HTP treated rats. That is, the feeding
of hungry rats was still inhibited by 5-HTP. Nevertheless,
this inhibition of 5-HTP on food intake in hungry rats was
almost recovered by CYP. The evidences indicated the
anoretic action of 5-HTP in free-feeding and in hungry
rats were mediated by serotonergic mechanism. As to
analysis of meal patterns, the 5-HTP treated hungry rats
ate only 0.16 gms in the initial 2 hr session and took
3.74 gms in the later 6 hr period, while the saline
controls ate 10.3 gms in the initial 2 hr session and
2.1 gms in the later 6 hr period. This opposite result
apparently showed that the effect of 5-HTP on feeding was
inhibition of the initial phase of hungry period. These
evidences are in favor of a conclusion that there is an
existence of a serotonergic mechanism in brain to be
inhibitory for feeding via inhibition of hunger.

376.13

THE EFFECT OF A SUBLETHAL DOSE OF TCDD ON THE TURNDVER*QF
BIOGENIC AMINES IN SUBREGION§10F RAT BRAIN. .M. Unkila

L. Tuomisto”, R. Pohjanvirta =, E. MacDonald -~ and J. Tuc-
misto™, National Public Health Instit., Dept. of Environ.
yg. & Toxicol., P.0.B. 95, SF-70701 Kuopio, Finland,
Dept. of Pharmacol. & Toxicol., Univ. of Kuopio, Kuopio
Finland. .

Male Han/Wistar rats given a sublethal dose of TCDD
(1000 ug/kg ip in corn oil) showed disturbed metabolic
control of food intake and lowered body weight for months
after TCOD administration (Pohjanvirta et al., in this
abstract book). In the present study we examined whether
TCOD is interfering with brain aminergic systems, well
known to participate in the control for energy homeostasis.
3 1/2 Months after TCDD exposure the rats were given alp-
ha-methyl-p-tyrosine (AMPT; 250 mg/kg ip) and 4 hr after
AMPT or vehicle injection their catecholamine (CA) or in-
doleamine (IND, only AMPT-controls) concentrations were
measured by HPLC-EC. TCDD had only minor effects on brain
monoamines. The turnover'of CA:s was accelerated about
5-10 % in almost all brain areas in the TCDD group. The
steady-state concentration of CA:s and IND:s were unaffec-
ted as well as of tryptophan which is usually elevated in
fasted rats. These results support our previous findings
suggesting only a minor or secondary role for the brain
monoamines in TCDD toxicity.

376.10

SUPPRESSION OF FOOD INTAKE BY MK212 AND OTHER
ARYLPIPERAZINES IN FOOD-DEPRIVED RATS. §S. M. Snyder*,
L. R. Reid*, J. L. Buelke-Sam, and D. T. Wong.
Toxicology Division and Central Nervous System Research,
Lilly Research Laboratories, Eli Lilly and Company,
Indianapolis, IN 46285.

The arylpiperazine class of serotonin (5-hydroxy-
tryptamine, 5HT) agonists is known to suppress food con-
sumption in ratsl. 1In the present study, food-deprived
male Sprague-Dawley rats were treated with 0.3, 1.0,
3.0, or 10.0 mg/kg i.p. doses of either quipazine, m-
chlorophenylpiperazine, or MK212. A dose-related sup-
pression of food intake was observed in all groups at
1 and 3 hours of food access. The anorectic effect of
MK212 at 10 mg/kg was reversed by pre-treatment with
0.3-5.0 mg/kg i.p. of metergoline (a non-selective
antagonist of 5HT-1 and 5HT-2 receptors), 3-10 mg/kg
i.p. of mianserin or 3-10 mg/kg i.p. of LY53857 (antag-
onists of 5HT~1C and 5HT~2 receptors). The anorectic
effect of MK212 was not reversed by pre~treatment with
1-3 mg/kg i.p. of ketanserin (an antagonist of the SHT-2
receptor). At the highest doses used, the antagonists,
except LY53857, alone suppressed food intake. The present
findings, however, are consistent with the involvement
of the 5HT-1C receptor mediating the anorectic effect
of MK212. lDavid T. Wong and Ray W. Fuller, Serotonergic
Mechanisms in Feeding, International Journal of Obesity
(1987) 11, Suppl. 3, 125-133.

376.12

CAN 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)-
INDUCED APPETITE SUPPRESSION BE OVERCOME BY
ALTERATIONS OF CENTRAL SEROTONIN LEVELS? B.U, Stahl*,
R.H. Alper, E.J. Walaszek and K. Rozman*. Dept. Pharm. Tox. and Therap. Univ.
Kansas Med. Center, Kansas City, KS 66103 (USA), and Section of Environ. Tox.,
Ges. f. Strahlen und U itforsch mbH Miinchen, D-8042 Neuherberg (FRG).

There is evidence that the appetite suppression which is thc apparent cause of
TCDD-induced death, may be a result of reduced activity of gluconeogenic enzymes
followed by an elevation of serum and hypothalamic tryptophan levels and finally
resulting in a serotonin (5-HT) mediated reduction of feed intake. Consequently,
depletion of central 5-HT should alter the TCDD-induced starvation syndrome. Central
5-HT depletion was accomplished by using i.c.v. infusions of the neurotoxin 5,7-
dihydroxytryptamine (5,7-DHT, 150 pg of free base per 20 pul 0.9%NaCl containing
0.1% ascorbic acid). Rats (n=5) were pretreated with desipramine (25 mg/kg i.p.) 30
min. before i.c.v. infusion. Two wecks after infusion these rats and a group of non-
lesioned rats (n=3) were treated with a lethal dose of TCDD (125 pg/kg i.p.). Three
naive control rats were injected with vehicle alone (corn oil, 4 mi/kg i.p.). All rats
were monitored daily for feed intake and body weight development. On day 13 after
treatment all rats were sacrificed and 5-HT and its bolite 5-hydroxyindol ic acid
(5-HIAA), dopamine (DA) and its metabolite dihydroxyphenylacetic acid (DOPAC)
were quantitated in thé hypothalamus using HPLC with electrochemical detection. In 2
out of 5 of the 5,7-DHT lesioned animals hypothalamic 5-HT was depleted more than
90% and 5-HIAA more than 85% pared to control animals. In the ining 3
animals depletions were between 30% and 61% for 5-HT and 36% and 57% for 5-
HIAA. No alterations were found in the hypothalamic levels of DA and DOPAC. No
differences were observed regarding body weight development and feed intake in TCDD
treated rats with or without central depletion of 5-HT. These results suggest that
although TCDD increases central 5-HT levels as a result of increased plasma
tryptophan, this may not be the sole cause for reduced feed intake and lethality. In
further studies it needs to be determined whether elevations in peripheral tryptophan
and/or 5-HT can cause TCDD induced starvation.

376.14

2,3,7,8-TETRACHLORODIBENZO-p-DIOXIN (TCDD) ENHANCES RE-
SPONSIVENESS TO SATIETY SIGNALS AND CAUSES PERSISTENT
ALTERATIONS IN RESPONSES TO FEEDING REGULATORY CHALLENGES
IN HAN/WISTAR RATS. R. Pohjanvirta¥® and J. Tuomisto. Natl.
Public Health Inst., Dept. of Environ. Hyg. & Toxicol.,
P.0.B. 95, SF-70701, Kuopio, Finland.

A single sublethal dose of TCDD (1000 or 3000 ug/kg ip)
led to persistent hypophagia along with permanent
retardation of growth in Han/Wistar rats. In one-bottle
tests, these rats showed diminished sucrose drinking
accompanied by a progressive tendency toward increased
saccharin consumption over control levels. In contrast to
control rats, they did not display hyperphagia in response
to cellular glucopenia by 2-deoxyglucose and reduced their
feed intake after inhibition of fatty acid oxidation by
mercaptoacetate. Their feeding behavioral responses to
insulin and naloxone were attenuated. Parenterally ad-
ministered glucose and (even more so) fructose significant-
1y suppressed starvation-induced eating in TCDD-treated
rats while being without effect in controls. These find-
ings argue in favor of a central site of action for TCDD.
They also suggest enhanced responsiveness to postingestive
satiety signals coupled with insensitivity to metabolic
cues to be crucial factors underlying the permanently
subnormal body weight maintained by TCDD-treated rats.
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376.15
INDEPENDENT INGESTION AND INTRAORAL INFUSION OF 10%
SUCROSE PRODUCE DIFFERENT PATTERNS OF CENTRAL DOPAMINE
METABOLISM IN 14-DAY-OLD RATS. L. Broder*, G.P. Smith, A. Tyrka*, and
J. Gibbs. Bourne Lab, NY Hosp.-Cornell Med. Ctr., White Plains, NY 10605

The D-2 antagonist, raclopride, and the D-1 antagonist, SCH 23390, inhibit intake
of 10% sucrose in 14-day-old rat pups when a pup ingests 10% sucrose by licking
it from the floor of a ti lined beaker (Independent Ingestion, IT), but not when
a pup ingests 10% sucrose infused into its mouth through an anterior, sublingual,
oral catheter (OC; Smith et al, 1989; Tyrka et al, this meeting). The differential
potency of the antagonists may be due to a differential effect of the ingestion of
10% sucrose on central dopaminergic (DA) activity in the two tests.
Method: To test this hypothesis, DA, DOPAC and HVA were measured by HPLC-
EC in 14-day-old, male and female pups at the end of a 20-min II or OC test.
Results: Ingestion of 10% sucrose by II, but not by OC increased DOPAC/DA in
hypothalamus and olfactory tubercle (p<.05). Both II and OC increased caudate
DOPAC/DA (p<.05). In contrast, ingestion of 10% sucrose by OC increased
HVA/DA in dala and h yp hal (p<.05), but II of 10% sucrose had no
effect on HVA/DA in any region.
Conclusions: (1) Regional pattern of DA metabolism depends on the mode of
ingestion (II or OC) of 10% sucrose; (2) increased DOPAC/DA in hypothalamus
and olfactory tubercle by II, but not by OC, correlates with the inhibitory effect of
raclopride and SCH 23390 on II, but not OC; (3) the significant increase in
hypothalamic DOPAC/DA produced by II of 10% sucrose in 14-day-old pups
extends our observation of this in adult rats (Smith et al, 1987) and suggests that
this effect is innate rather than acquired.

Supported by MH15455 and MH00149 (GPS).

376.17

THE INTERPRETATION OF SHAM FEEDING DATA: CURYE SHIFT
STUDIES. H.P. Weingarten, A. Duong’, S. Gowans® & D. Elstori . Department of
Psychology, McMaster University, Hamilton, Ontario, Canada, L8S 4K1.

Changes of sham feeding are often assumed to reflect alterations of palatability.
However, sham feeding is influenced by many performance variables independent of
palatability. We adapted the curve shift paradigm, used in the brain stimulation
reward field to distinguish reward from performance cffects, to sham feeding to dis-
criminate manipulations which alter palatability from those which influence sham
feeding performance independent of any influence on taste.

Adult rats sham fed sucrose solutions ranging from .03M to 1.50M.
Concentration-intake functions were generated which plotted sham intake (in
mls/30 min) versus log of sucrose concentration. Curve shifts were indexed by cal-
culating the log sucrose concentration which produced 50% of asymptotic sham in-
take, ie the half-max sucrose. Decreasing sucrose palatability by quinine adultera-
tion reduced asymptotic intake by 27% and shifted the concentration-intake function
to the right. Half-max values were .89 for unadulterated, and 1.24 for adulterated,
sucrose. Dopamine antagonism (.5 mg/kg pimozide) mimicked effects of degrading
palatability: reduced asymptotic sham intake with a rightward shift of the
concentration-intake function. Pimozide increased half-max sucrose concentration
from .7 to 1.1. In contrast, rats sham feeding after 1, 6, 12, or 18 hrs food depriva-
tion showed a two-fold change in asymptotic sham intake but no shift in the
concentration-intake functions; half-max sucrose concentrations were identical at all
deprivation levels. These data suggest that: ) the effects of a treatment on sham
feeding must be assessed by examining the entire concentration-intake function,
and; ii) congenial with the conclusion from analogous studies in the brain stimula-
tion reward literature, although many variables alter sham feeding performance,
only those treatments which curve-shift operate by altering the motivating capacity
of taste.

376.19

THE DOPAMINERGIC REGULATION OF FEEDING BEHAVIORS: AN EXAM-
INATION OF THE INVOLVEMENT OF DISCRETE STRIATAL SUBREGIONS
IN THE RAT BRAIN. A.E. KELLEY and V.P. BAKSHI*, Dept. of
Psychology, Harvard Univ., Cambridge, MA 02138.

Dopamine (DA) is thought to be critically involved in
motor and motivational aspects of behavior. In particular
there is considerable evidence that DA may modulate cer-
tain components of feeding behavior. Both neuroleptics and
amphetamine disrupt feeding, but little is known about the
specific striatal subregions involved in these effects.
Food~deprived rats were injected with either haloperidol
(0.025, 0.25, 2.5 ug) or amphetamine (1, 10, 20 ug) in one
of three striatal sites: nucleus accumbens (N.Acc.), ven-—
trolateral striatum (VLS), and dorsolateral striatum (DLS).
It was found that food intake, feeding rate, food spillage
and feeding durations were differentially affected follow-
ing drug administration into N.Acc. and VLS. Injections
into DLS produced nossignificant changes in ingestive beh-
aviors. Results were found to be compatible With previous
work that indicates a functional heterogeneity of the
striatum. Moreover, it is hypothesized from these results
that VLS is specifically involved in the regulation of
oral motor mechanisms and that N.Acc. may regulate atten-
tional or switching mechanisms that are required for the
maintenance of feeding behavior.

376.16

SCH 23390 INHIBITS INTAKE OF SUCROSE MORE DURING
INDEPENDENT INGESTION THAN DURING INTRAORAL INFUSION IN
RATS AS EARLY AS POSTNATAL DAY 7. A. Tyrka* G.P. Smith, and J. Gibbs.
Bourne Lab, NY Hospﬂal Cornell Medlcal Center ‘White Plains, NY 10605.

SCH 23390, a D-1 dop gic the sham feeding of
sucrose in adult rats (IDg=60 ug-kg ip, , Schneider et al, 1988). To determine
the ontogeny of this effect, intake of 10% sucrose was measured at postnatal days
7, 14, and 21. Pups were removed from the litter for 4h and then placed in a
warm, humid chamber for one of two 20-min tests: (1) continuous infusion of
10% sucrose through an anterior, sublingual catheter (Hall, 1979) or (2)
independent ingestion of 10% sucrose from the bottom of a test beaker. A dose
of SCH 23390 (30-267 ug/kg) or saline alone was injected ip 15 min prior to an
intake test. Each pup was tested only once. SCH 23390 was significantly more
potent for decreasing intake in the independent ingestion test than in the
intraoral infusion test at each of the three ages (Table).

POT H (IDy,, ug-kg’, ip)
DAY INTRAORAL CATHETER INDEPENDENT INGESTION
7 >240 60
14 >229 14
21 >267 67

Although the reason(s) for the differential potency in the 2 tests is not clear, the
results suggest that D-1 receptor activity is necessary for the positive reinforcing
effects of sucrose on mdcpendent cating as early as pos(natal day 7. In contrast,
D-2 receptor activity is not y for indep ion until day 14
(Smith et al, 1989).

Supported by NIMH MH15455 and NIMH RSA MH00149.

376.18

EFFECTS OF PIMOZIDE AND AMPHETAMINE ON THE
MICROSTRUCTURAL COMPONENTS OF FEEDING. AK. Houlihan*, M.L.
Volkov*, and S.M. Feldman. Department of Psychology and Center for Neural
Science, New York University, NY, NY 10003

Using a d trials p we igated the effects of systemic
pimozide and amphetamine on the microstructural components of the first meal
following 24 hour food deprivation in rats. Deprived subjects were adapted to
trial-structured meals of wet mash (Purina rat chow and water, 3:2, w/w) and i.p.
injections of physiological saline over 11 days. Each animal served in all
conditions. Experimental sessions consisted of a maximum of 30 feeding trials,
each of 30 sec. duration, separated by a 90 sec. intertrial interval. Food intake was
measured following each trial, and bites and pauses were measured on-linc within
each trial. Sessi were videotaped for subseq verification of latency;
duration; and bite frequency and distribution.

Consistent with previous work in our laboratory, all groups showed a
decline in intake rate over the course of a session that was a function of
decreasing bite size; bite freq y d over trials. In addition,
pimozide (0.5 and 1 mg/kg i.p.) and amphetamine (0.5 and 1 mg/kg i.p.) each
decreased cumulative intake in a dose-dependent manner, by both reducing
amount eaten per trial and decreasing duration of eating per session, compared to
vehicle controls. Pimozide also decreased number of trials on which eating
occurred, leaving duration of eating per trial unaffected. Therefore, pimozide
reduced amount eaten per trial by slowing local rate of intake. By contrast,
amphetamine reduced intake per trial by decreasing duration of eating within 30
sec. trials, either by increasing latency or pausing, and not by altering local intake
rate. The basis for pimozide’s reduction of local intake rate is apparently a
decrease in bite size, because there was no alteration of local bite rate.
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377.1

EFFECT OF LITHIUM CHLORIDE AND DESIPRAMINE ON HIV
REPLICATION, D.L.Evans, M.S. Smith*, J. Petitto*, R.N.
Golden*Depts of Psychiatry & Medicine, and Lineberger Cancer
Research Center, Univ of North Carolina, Chapel Hill, N.C.

Lithium and tricyclic antidepressants are used for the treatment
of affective disorders in patients with HIV-related iliness. Because
lithium has immunoactive properties, we studied the effects of
lithium chloride (LiCl) and the antidepressant, desipramine (DM!),
on HIV replication in order to determine if these agents
demonstrate an anti-HIV effect or conversely, an enhancement of
HIV replication.

We studied the effect of LiCl and DMi on HIV replication in T-
lympochytes in culture, and the effect of LiCl on reverse
transcriptase activity in vitro. H9 and C3 cells were infected with
the LAV-1 strain of HIV-1 and the production of HIV from drug
treated cells was estimated by reverse transcriptase activity.

We found no effect of LiCl (20uM - 20mM) on the activity of HIV
to replicate in T cells, as well as no effect of DMI (10 ng per mL - 1
mg per mL) on virus replication. In addition, we found no effect of
LICl (01 mM-20mM) on the reverse transcriptase enzyme itself.

These preliminary data suggest that neither lithium, nor the
antidepressant, DMI, diminish HIV replication. Thus, these
findings do not support an anti-HIV role for lithium or DML.
However, and importantly for the clinical management of
individuals with HIV infection, these pilot data show no
enhancement of HIV replication and therefore do not call into
question the use of these agents for the treatment of affective
liness in these individuals.

377.3

EFFECTS OF CHRONIC IMIPRAMINE ON TYROSINE
HYDROXYLASE ACTIVITY IN NORADRENERGIC AND
DOPAMINERGIC REGIONS OF RAT BRAIN. D.L. Rosin,
AM. Knorr, EJ. Nestler, R.H. Roth, and R.S. Duman. Depts. of
Pharm. & Psych., Yale Univ. Sch. Med., New Haven, CT 06510.

We previously reported that chronic anudepressants produce a decrease
in tyrosine hydroxylase (TH) mRNA and in TH immunoreactivity in
locus coeruleus (LC) but not in substantia nigra (SN) (McMabhon et al.,
Soc. Neurosci. Abst. 15:986, 1989) To further mvestlgate this ﬁnding
we measured the enzymatic activity of TH (assayed in vitro) in several
regions of rat brain after chronic imipramine treatment. In the dopamine
cell body regions, TH activity was decreased by 20% in SN (A9) and by
45% in the ventral tegmental area (AlO) In an analogous fashion, TH
activity was decreased by 20-40% in projection regions of dopamine A10
neurons, i.. nucleus accumbens and medial prefrontal cortex, and by 30-
60% in subregions of the striatum, an area which receives projections
from both A9 and A10 cell body regions. Despite previously observed
decreases in TH immunoreactivity and mRNA in LC, no significant
decrease in TH activity was found in LC, the noradrenergic cell body
region, or in the hippocampus, which receives projections from the LC.
These results demonstrate that TH activity is diminished in dopamine
neurons by chronic imipramine and support a growing body of evidence
that antidepressants also alter dopaminergic function. It remains to be seen
whether the effects on TH in dopamine regions are relatively more
sclective for dopamine A10 vs. A9 neurons and whether other
R?HM&;@C regions are affected. (Supported by USPHS MH45481 and

1 ).

371.5

PROPHYLACTIC AND THERAPEUTIC EFFICACY OF ADINAZOLAM IN A
RAT MODEL OF DEPRESSION. W. W. Woodmansee, L. H. Silbert*, S
Maler and P. H. Desan. Dept. of Psychology, Univ. of Colorado, Boulder
CO, 80309, and Dept. of Neurology, Stanford University, Stanford, CA,
94304.

We have reported that exposure of rats to three sessions of repeated
Inescapable shock induces a long-lasting period of decreased daily
running wheel activity, which is antagonized by chronic administration of
deslpramine following the stress sessions (Desan, Silbert and Maler,
Pharmacol. Physiol. Behav. 30(1988)21-29). In the present study we
administered adinazolam 30’ prior to each stress session (5 and 10
mg/kg L.p.) or in the days after the stress sessions (5 and 20 mg/100 mi
Indrinking water). Adinazolam both attenuated the stress-induced activity
decrease when given prior to stress, and reversed it when given after
stress. As in the case of desipramine, the effect of adinazolam required
7 days for maximum effect, produced activity in excess of normal levels -
and showed a strongly curvilinear dose response curve. Adinazolam in
elther pattern of administration had_minimal effects on the activity of
unstressed animals. In general, anxiolytic agents acutely administered
prior to stress reduce the effects of inescapable stress such as learned
helplessness, but cannot not reverse them. By contrast, antidepressant
agents acutely administered prior to stress fail to prevent such effects,
but can reverse them in chronic administration. In the present study
adinazolam appeared to have both effects. This result is consistent with
clinical reports of both anxiolytic and antidepressant efficacy for this and
other triazolobenzodiazepines.

377.2

[3HJOPIPRAMOL LABELS A NOVEL BINDING SITE AND THE SIGMA
RECEPTOR IN RAT BRAIN MEMBRANES.

Brooks, A, M. Snowman, and S. H. Snyder, Dept. of Neuroscience, The
Johns Hopkins Univ. Sch. of Medicine, Baltimore, MD 21205.

Opipramol is a tricyclic antidepressant that has a structure which is very
similar to the major clinically effective antidepressants. Though its structure
is similar to other antidepressants, and though opipramol itself has been
used extensively as an effective antidepressant medication, it is virtually
inactive when assayed for inhibition of catecholamine uptake (a mechanism
though which many antidepressants are thought to exert their therapeutic
effects). We have used tritium labeled opipramol to study its high affinity
binding to brain membranes. [3H]opipramol labels two sites in brain
membranes for which it has equal high affinity (Kd=4-6nM, Total Bmax=3
pmol/mg protein). Haloperidol, which has very high affinity for sigma
receptors, differentiates these two site clearly. Haloperidol has a Ki of 1nM
for the sigma receptor component of [3H]opipramol binding and a Ki of
350nM for the novel opipramol binding site. Therefore, we have blocked
the sigma component with 50nM haloperidol to study this novel site in
isolation. Pharmacological characterization has confirmed that
[3H]opipramol labels the sigma receptor and that the second binding site is
not any known neurotransmitter receptor.  Also, several drugs which are
relatively inactive at inhibiting catecholamine uptake and yet active as
antidepressants are potent inhibitors of opipramol binding to this novel site.
We suggest that this site may mediate some of the antidepressant effects
of these drugs

377.4

MIANSERIN ATTENUATES LOCUS COERULEUS (LC) ACTIVATION

ELICITED BY PHASIC SENSORY STIMULI, HEMODYNAMIC STRESS, AND
1.C.V. CORTICOTROPIN-RELEASING FACTOR (CRF): POSSIBLE MODE OF
ANTIDEPRESSANT ACTION. A.L. Curlis and R.J, Valentino, Department of
Mental Health Science, Division of Behavioral Neurobiology, Hahnemann
University, Philadelphia, PA 19102.

CRF hypersecretion has been postulated to occur in depression. Because
CRF alters LC discharge characteristics, we hypothesized that antidepressants
interfere with CRF effects on LC discharge. Previous results supporting this
showed that chronic administration of desmethylimipramine (DMI) attenuated
LC activation elicited by nitroprusside infusion, a hemodynamic stress which is
thought to require endogenous CRF release for LC activation. To further test
this hypothesis, the acute and chronic effects of the atypical antidepressant,
mianserin, on LC discharge characteristics were quantified in the present
study. Acute i.v. administration of mianserin (0.0001 - 1.0 mg/kg) to halothane
anesthetized rats increased LC spontaneous discharge and decreased LC
discharge evoked by repeated sciatic nerve stimulation. Mianserin (0.1 mg/kg,
i.v.) completely blocked LC activation elicited by hemodynamic stress produced
by i.v. infusion of nitroprusside (10 ug/30 utmin; 15 min). Mianserin also
inhibited LC activation produced by i.c.v..administered CRF (3.0 ug in 3.0 ul).
Chronic mianserin administration (10 mg/kg, i.p./day for 21 days) resulted in
tolerance to its effects on LC spontaneous discharge, LC sensory evoked
discharge, and LC activation by i.c.v. CRF. In contrast, LC activation by
hemodynamic stress was still greatly attenuated in chronically treated rats. The
results indicate that acute mianserin administration attenuates LC activation by a
variety of stimuli and that tolerance occurs to some of these effects with chronic
administration. Persistent attenuation of LC activation by hemodynamic stress
after chronic mianserin administration suggests that interference with putative
CRF neurotransmission in the LC may be an important mode of action of
mianserin and other antidepressants. This study was supported by PHS
Grants MH 42796 and MH 40008 and a NARSAD award to ALC.

377.6

ACUTE ADMINISTRATION OF THE ANTIDEPRESSANT TRAZODONE
INCREASES NORADRENERGIC LOCUS COERULEUS NEURONAL FIRING IN
ANESTHETIZED RATS. C. P. VanderMaelen and J. P. Braselton.
Bristol-Myers Squibb Co., CNS Biology, Dept. 404,

5 Research Parkway, Wallingford, CT 06492.

Trazodone is an antidepressant drug with moderate 5-HT
reuptake blockade properties (IC59=115 nM). It also binds
to 5-HTy (IC50=11 nM), 5-HTj5 (IC50=288 nM), and aj-adre-
nergic (IC50=23 nM) receptors (A.S. Eison et al., Psycho-
pharmacol. Bull., submitted). The effects of i.v. adminis-
tered trazodone were assessed on the spontaneous firing
of putative noradrenergic neurons in the locus coeruleus
(LC) of male Sprague-Dawley rats anesthetized with chloral
hydrate. Standard extracellular single-unit recording tech-
niques using glass microelectrodes were employed. Although
considerable variability in responses was observed, over-
all, trazodone increased the firing rate of noradrenergic
LC neurons in a dose-dependent manner when assessed both
between cells and within cells. The dose estimated to pro-
duce an increase in firing rate of 25% (EDj5) was calculat-
ed to be 0.128 mg/kg, i.v., and the EDs5p=0.659 mg/kg, i.v.
These results agree generally with Scuvee-Moreau and Dresse
(1982, Arch. Int. Pharmacodyn., 260, 299-301), who also ob-
served potent inhibition of serotonergic dorsal raphe neu-
rons with trazodone. The combination of potent inhibition
of serotonergic neurons and mild excitation of noradrener-
gic neurons defines a unique electrophysiological profile
for trazodone when compared to other antidepressants.
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377.7

RAPID TRYPTOPHAN DEPLETION REVERSES ANTIDEPRESSANT RESPONSE AND
ALTERS MOOD IN DEPRESSION P.L. Delgado, D.S. Chamey, L.H. Price,

G.R. Heninger, West Haven VAMC and Dept. of Psychiatry, Yale University School of
Medicine, New Haven, CT 06508
Brain serotonin (5-HT) content is dependent on plasma levels of the essential amino acid,
tryptophan (TRP). We have previously reported on the effects of rapid dietary TRP
depletion in psychiatric patients. This study extends those reports and further
characterizes the effects of rapid TRP depletion on mood in depressed patients. METHOD:
87 depressed (DSM-1II-R) patients (47 drug free, symptomatic, and 40 in clinical remission
on antidepressant) have received tryptophan depletion testing with two 2-day tests each
involving a 24-hr., 160 mg/day, low-TRP diet followed the next morning by a 16-amino acid
drink, in a double-blind, placebo-controlled (TRP depletion (TD) and control testing),
crossover fashion. On one test the diet and drink were supplemented with L-TRP (control)
and on the other test neither the diet nor drink were supplemented (TD). Behavioral ratings
(Hamilton Depression Scale (HDRS)) and plasma (for TRP levels) were obtained prior to,
during and after testing. RESULTS: Total and free TRP decreased 80 to 90% 5 hrs. after
the TRP-free drink (TFD). 35% of 47 symptomatic, drug-free depressed patients were
unchanged the day of the TFD, but became clinically less depressed (40% mean decrease in
HDRS >9 point decrease in :otal HDRS score) the day after the TFD. 60% of 40

remitted dep! d patients relapsed (300% mean HDRS increase) the day

of the TFD with return to remitted state the day after. While 80% of monoamine oxidase
inhibitor- or fluvoxamine-treated patients relapsed, only 20% of desipramine-treated
patients relapsed. Implications: Rapid depletion of plasma TRP fransiently reverses
antidepressant response in most remitted depressed patients suggesting that the
antidepressant effects of some of these drugs may be more dependent on 5HT availability
than that of others. Clinical characteristics and ultimate treatment response of
symptomatic, drug free depressed patients in relation to the behavioral response to TD will
be presented.

377.9

MEPACRINE BLOCKS DESIPRAMINE INDUCED BETA
ADRENOCEPTOR DOWNREGULATION IN C6 GLIOMA CELLS. H.
Maniji, G. Chen*, I. Bitran*, F. Gusovsky, and W. Z. Potter*. Sec. Clin.
Pharmacol., Clin. Neurosc. Branch, NIMH, and Lab of Bioorganic
Chemistry, NIDDK, NIH, Bethesda, MD 20892.

Chronic treatment with a number of antidepressants (ADs) results in a
downregulation/desensitization of rat cortical beta adrenoceptors
(BARs). Although this effect has generally been attributed to an
elevation of synaptic norepinephrine, the recent demonstration of
similar BAR alterations in C6 glioma cells and human fibroblasts
following in vitro incubation with desipramine (DMI), has also
implicated direct postsynaptic mechanism(s). Mepacrine (MEP), a
phospholipase A2 (PLA2) inhibitor, has been shown to attenuate
agonist and restraint stress induced BAR downregulation in C6 glioma
cells and rat hypothalamus respectively. In order to investigate the
possible role of PLA2 in AD-induced BAR downregulation, C6 cells were
incubated with DMI (10uM) alone, or in combination with MEP (10uM)
for 5 days. DMI resulted in a 25% decrease in the density of BARs, and a
similar reduction in isoproterenol (but not forskolin) stimulated cyclic
AMP accumulation in intact C6 cells. MEP alone had no effect on BAR
numbers or sensitivity but markedly attenuated both the DMI induced
BAR downregulation and desensitization; these results suggest that
arachidonic acid and/or its metabolites may be involved in DMI's
effects. Preliminary results suggest that protein kinase C (PKC) is not
involved in DMI's effects in C6 glioma cells.

377.11

NEUROENDOCRINE EFFECTS OF TANDOSPIRONE (SM-3997) (N HEALTHY

MALE SUBJECTS. C. T. FISCHETTE, P. L. DELGADO, J. SEIBYL,

J. H. KRYSTAL, G. R. HENINGER, D. S. CHARNEY. Dept. of
Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 06508
& Pfizer Pharmaceuticals, Inc. NY, NY 10017.
Tandospirone, a selective 5-HT,, partial agonist, cur-
rently is being studied for its e}@icacy in depression.

377.8

CHRONIC DESIPRAMINE TREATMENT ELEVATES
EXTRACELLULAR NOREPINEPHRINE IN HIPPOCAMPUS
WITHOUT ATTENUATING STRESS-INDUCED NOREPINEPHRINE
EFFLUX. Elizabeth D. Abercrombie, Dept. of Behavioral
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

We have observed that the stress-induced efflux of norepinephrine
(NE) in hippocampus is significantly augmented in animals previously
exposed to chronic stress [Nisenbaum et al., Soc. Neurosci. Abstr., 15
(1989), 413]. This effect may be relevant to the role of the locus
coeruleus (LC) NE system in stress-induced behavioral disorders such
as depresswn and ant:depressants may thus act in part to dampen
the trar of information in that system. Therefore, the effect
of treatment for 14 days with the antidepressant drug desipramine
(DES; 10 mgkg/day x 2, i.p.) was examined with regard to both
resting and stress-induced efflux of NE in the hippocampus of rats
using in vivo microdialysis. In DES treated animals, the basal level
of NE in dialysates was 46 + 5 pg/20 pl sample (correcbed for probe
recovery) whereas in control animals this value was 10 + 1
pg/sample. Despite this difference, the magnitude of the increase in

E efflux in response to tail-shock stress was 59 + 6% in DES
treated animals vs. 61 + 9% in control animals. The dose-response
curve for inhibition of NE release by clonidine was shifted
significantly to the right by chronic DES treatment over the range of
doses tested (.025 to .25 mgkg, i.p.). Thus, decreased function of
inhibitory presynaptic o, adrenoceptors could permit continued
responding of LC neurons to stress despite the elevated resting NE
level. The above changes, along with associated downregulation of
postsynaptic B adrenoceptors, may contribute to the antidepressant
effects of chronic DES treatment by normalizing the overall level of
NE transmission in a system hyperresponsive to activation by stress.

377.10

CHARACTERIZATION OF THE EFFECT OF ANTIDEPRESSANTS IN
THE TAIL SUSPENSION TEST USING CD-1 MICE. M.E. Nevins and
P.M. Beardsley*, Dept. of CNS Diseases Research, G.D. Searle & Co.,
Skokie, IL 60077.

The tail suspension test is a new behavioral test for the identification
of potential antidepressant drugs. It has been suggested that mouse
strain is an important factor in sensitivity to antidepressants in this
test. Therefore, the purpose of the present study was to characterize
the response of the CD-1 mouse strain to the effects of various types of
antidepressants in the tail suspension test. Groups of 15 mice were
administered test drug s.c., and either 30 or 60 min later, were
suspended from tape attached to their tails for a 6 min test session. The
Itematic TST-1 (I.T.E.M.-Labo) was used to record the total time spent
in immobility and the average power of the movements the mice made
while suspended. The results demonstrate that using CD-1 mice the
typical tricyclic antidepressants (i.e., imiprimine, desiprimine, etc.),
the DA re-uptake inhibitor, bupropion, and the 5-HT re-uptake
inhibitor, zimelidine, decrease immobility. However, the CD-1 mice
appear to be very sensitive to the sedative effects of the
antidepressants with high sedative liability, such as amitriptyline,
mianserin and trazodone. These drugs tended to produce slight, not
statistically significant decreases in immobility at low doses, and to
increase immobility at higher doses. In conclusion, the CD-1 mouse
appears to be sensitive to the antidepressant effects of several types of
antidepressant drugs, and therefore, is useful (with the caveat that
compounds with high sedative liability may not be detected) for the
screening of potential antidepressant drugs in the tail suspension test.

377.12

COMPARISON OF THE EFFECTS OF MIANSERIN ENANTIOMERS AND
METABOLITES ON A BEHAVIORAL SCREEN FOR ANTIDEPRESSANT
ACTIVITY. G.J. Marek, T.H. Hand and L.S. Seiden. Dept.
Pharm/Physiol.Sci., Univ. of Chicago, Chicago, IL 60637.
The behavioral effects of racemic mianserin, its (+)
and (-) enantiomers, and its metabolites desmethyl-
mianserin and 8-hydroxymianserin were evaluated on the

WEDNESDAY PM

differential-reinforcement-of-low-rate 72-sec (DRL 72-s)
schedule, an operant behavioral screen known to be
sensitive to and specific for the antidepressant
properties of drugs. Racemic mianserin produced the
antidepressant-like effect (increased reinforcement rate,
decreased response rate) at 5 and 10 mg/kg. The mianserin
enantiomers showed the antidepressant-like effect begin-
ning at lower doses ((+)-mianserin: 0.6 mg/kg; (-)-mian-
serin: 2.5 mg/kg). The mianserin metabolites showed no
clear dose-related effect at doses up to 10 mg/kg. It is
concluded that the antidepressant-like effects of
mianserin are due to the activity of the parent compound
rather than to its metabolites, and that they may be
primarily attributable to the (+) enantiomer. Given the
known pharmacological profile of the mianserin enantiomers
and metabolites, the present results suggest that the

This study explores the neuroendocrine profile of tandospi-
rone in fasting healthy subjects. Subjects received single
doses of either placebo, 30, 40 or 50mg tandospirone at
weekly intervals. At each testing session beginning at ap-
proximately 8:00 AM, blood was collected via an indwelling
catheter at -20, -5, 30, 60, 90, 120,150 and 240 minutes
after oral drug administration for plasma levels of growth
hormone (GH), prolactin and cortisol. In preliminary data
(N=7) peak minus baseline GH concentrations were (mean %
S.D.): 0.1 + 1.2ng/ml after placebo and 7.3 % 7.1ng/ml
(p¢.05), 9.2 + 7.6ng/ml (p<.05) and 7.7 + 8.4ng/ml (p<.09)
after 30, 40 and 50mg tandospirone, respectively. Cortisol
levels peaked in a few subjects but no effect on prolactin
was evident. Tandospirone exhibited rapid absorption and
metabolism to 1-phenyl piperazine (1-PP), a common meta-
bolite of this class of drugs which exhibits alpha, an-
tagonist activity in animal studies. 1-PP levels were antidepressant-like effects of mianserin on DRL behavior
much higher than the parent compound. Increasesin GH, are mediated through antagonist action at the 5-HT)

but not prolactin, suggest differential regulation of receptor. This work supported by PHS MH-11191 and RSA-
these hormones by serotonergic and/or alpha2 noradrenergic 10562 (L. Seiden).

réceptor systems.
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377.13

DOWN-REGULATION OF 5-HT2 RECEPTORS AND
BEHAVIORAL RESPONSES FOLLOWING CHRONIC
TREATMENT WITH ANTIDEPRESSANT DRUGS. |. Lucki and
S. Wieland. Depts. of Psychiatry and Pharmacology, University
of Pennsylvania, Philadelphia, PA 19104.

Chronic administration of different types of antidepressant drugs reduce the
number of 5-HT2 receptors and diminish the magnitude of behavioral
responses mediated by 5-HT2 receptors. This experiment examined the
ability of prior depletion of 5-HT content caused by the neurotoxin 5,7-DHT to
prevent the effects of chronic treatment with two different types of
antidepressant drugs: the tricyclic desipramine or the monoamine oxidase
inhibitor phenelzine.

Rats were pretreated with 5,7-DHT (200 ug i.c.v. with 25 mg/kg
desipramine) or vehicle 7 days prior to the initiation of chronic drug
treatments. Different groups of rats were then injected for 14 days with either
0.9% NaCl, desipramine (10 mg/kg b.i.d.), or phenelzine (10 mg/kg once
dally). On Day 16, 24 hours following the cessation of drug treatment, rats
were injected with the 5-HT2 agonist DOB (1.0 mg/kg) and tested for the
elicitation of head shaking behavior. In separate groups of drug-treated rats,
the density of 5-HT2 receptors in the frontal cortex was measured.

Chronic treatment for 14 days with either desipramine or phenelzine
reduced the number of head shakes elicited by the 5-HT2 agonist DOB.
5,7-DHT pretreatment diminished the ability of phenelzine to reduce the
5-HT2-mediated response but had no effect on the reduction of the
response caused by desipramine. 5,7-DHT pretreatment attenuated the

duction of 5-HT2 recept d by chronic phenelzine treatment but did
not alter the reduction of 5-HT2 receptors caused by chronic treatment with
desipramine. Different mechanisms probably underlie the reduction of 5-HT2
receptor density and 5-HT2-mediated behavioral responses by these
antidepressant drugs.

377.15

G-PROTEINS IN RAT BRAIN EFFECTS OF LITHIUM. M.B. Williams, F.H.
. Depts. Pharmacology and Psychiatry,
University of Alabama, Bu'mmgham, AL 35294

Lithium is the primary treatment for bipolar affective disorder, but its
mechanism of action is unknown. Recent evidence suggests that a primary site of
action of lithium may be the G-proteins associated with second messenger systems in
the brain. Therefore, we measured the effects of chronic treatment of rats with
lithium on the ADP-ribosylation of G-proteins and on the G-protein mRNA levels.

ADP-Ribosylation of G-proteins was measured in tissue from rat hippocampus
and cortex. Three processes were measured, ADP-ribosylation induced by pertussis
toxin, cholera toxin, and the endogenous ARF (ADP ribosylation factor). ADP-
Ribosylation was measured by incubation of membranes (for pertussis or cholera
toxin) or homogenates (for ARF) with 32P-NAD, ATP, thymidine, ATP, triton-X-
100, and guanine nucleoudes followed by electrophoresxs on 10% polyacrylamlde
gels, di and ive d ric scans. With pertussis toxin,
APD- nbosylauon was maxnmal with GDP and was reduced by a stable analog of
GTP, and was limited to proteins of approximately 40 kD. With cholera toxin and
ARF, ADP-ribosylation was maximal with a stable analog of GTP and several
proteins were labelled.

Total RNA was lsolawd from rat hxppocampus and cortex by acid guanidinium

hi ph m and mRNA was analyzed by Northern blot
hybridizations using Gs, Go, Gi1, Gi2, and Gi3 cDNA clones generously provided
by Dr. R. Reed.

Rats were treated with dietary LiCl for 4 weeks using a protocol which causes no
weight loss and produces plasma lithium levels of approximately 0.8 mM. For each
assay, lithium-treated and control rats were run in parallel and the results
quantitatively compared. The results of these studies should indicate whether chronic
lithium treatment affects the mRNA levels for G-proteins or the G-proteins available
for ADP-ribosylation by any of the three methods studied.

377.17
INOSITOL PHOSPHATES IN RAT BRAIN REGIONS EFFECTS
OF LITHIUM AND SEIZURES. R, RE R.A

MacQuarrie. Dept. of Psychiatry, University of Alabama, Bu'mmgha.m,
AL 35294 and University of Missouri, Kansas City, MO 64110.

Anion exchange chromatography coupled with detection by chemical
suppression was used to measure inositol phosphates in rat brain
regions after sacrifice by microwave irradiation. Coadministration of
acute lithium and pilocarpine induced seizures which were accompanied
with large increases of InsP3 and InsP2 in the hippocampus and cortex.

Chronic dietary LiCl (4 weeks) produced b%am Li levels of 0.60-
0.97 mmole/kg and resulted in 74 to 87% depletions of InsP3 and
InsP). Stimulation of seizures with pilocarpine only slightly increased
InsP3 but significantly elevated InsP2.

In contrast to inositol phosphates, chronic Li did not alter the
concentration of cyclic AMP nor did it reduce the elevation induced by
seizures.

These results demonstrate directly that chronic lithium treatment
severely reduces phosphoinositide metabolism in rat brain regions, but
the system is still capable of responding to a stimulus. Furthermore, the
effects of chronic lithium were much more evident on inositol
phosphates than on cyclic AMP.

377.14

CHRONIC ADMINISTRATION OF PHENELZINE AND N2-ACETYLPHENELZINE
CAUSES ELEVATION OF WHOLE BRAIN AMINE NEUROTRANSMITTER
LEVELS AND ap RECEPTOR DOWN REGULATION. K.F.McKenna*, G.B.Baker.
R.T.Coutts* and A.J.Greenshaw*. Neurochemical Research Unit. Dept. of
Psychiatry, University of Alberta, Edmonton, Canada, T6G 2B7.

Phenelzine (PLZ), an irreversible nonselective monoamine oxidase (MAO)
inhibitor, is widely used in psychiatry for the treatment of panic disorder (PD)
and depression. PLZ has long been thought to be acetylated in humans but
IhIS is controversial. It hag been shownthat 1-acetyl-2-(2-phenylethyl)hydrazine
[N2-acetylphenelzine (N2AcPLZ)] is a metabolite of PLZ in rat brain and blood.
We have investigated the effects of chronic 28 d administration of PLZ (0.05
mmol/kg/d) and N2AcPLZ (0.10 mmol/kg/d) on ap adrenoreceptor function
using abehaviouralteston days 21 and 22. After administration of physiological
sahne or the ap agonist clonidine (0.05 mg/kg), rats treated with PLZ and
N2AcPLZ displayed a significant attenuation of the suppressant effects of
clonidine on spontaneous locomotor activity compared to controls, indicating
down regulation of ap receptors. This finding is of interest as ap receptor
supersensitivity is h{)pothesued in %atlents with PD and PLZ has antipanic
efficacy. By day 28 both PLZ and N<AcPLZ had produced greater then 90%
inhibition of MAO-A and -B in liver and heart. Both drugs induced significant
elevation of whole brain noradrenaline, 5-hydroxytryptamine (5-HT), and
dopamine levels compared to controls. The acid metabolites of dopamine and
5-HT  [homovanillic  acid,  3,4-dihydroxyphenylacetic  acid  and
5-hydroxyindole-3-acetic acid (5- HIAA)] were significantly reduced in drug
treated anlmals There were no significant differences between the effects of
PLZ and N2AcPLZ in these studies (except in the case of 5-HIAA), suggesting
that N=AcPLZ is a potent nonselective MAO inhibitor which can downregulate
« 2 receptors.

Funded by the Alberta Heritage Foundation for Medical Research, the MRC
of Canada and the Provincial Mental Health Advisory Council.

377.16

LITHIUM ATTENUATES ADENYLATE CYCLASE ACTIVITY IN
INTACT RAT BRAIN: AN IN VIVO MICRODIALYSIS STUDY.
M1 n A, Bitran* jao* and W. Z. P
Sec. Clin. Pharmacol., Clin. Neurosc. Branch, NIMH,
Bethesda, MD 20892

The effects of chronic and acute lithium treatment on
adenylate cyclase activity in intact rat brain were
examined using in vivo microdialysis.  Basal extracellular
cyclic AMP was measurable in dialysate when the
phosphodiesterase inhibitor, rolipram, was present (0.52 *
0.06 fmol/min, n=14) and increased in a dose dependent
manner after agonists were added to the perfusate. The
increase in cyclic AMP in brain extracellular fluid after
stimulation with 100 UM norepinephrine was blocked by
addition of 1 UM of the B-blocker, propranolol (p<0.025).
Chronic lithium treatment (8 weeks, serum level 0.7 mEq)
modestly increased basal brain extracellular fluid cAMP
levels, while significantly blunting the cyclic AMP
response to stimulation with 100 UM norepinephrine
(57.9% increase after lithium versus 170.6% increase in
controls, p<0.005). Acute infusion of lithium also modestly
inhibited the cyclic AMP response to norepinephrine
stimulation (99.7% increase). The effects of lithium
treatment on different components of the adenylate
cyclase transduction system (forskolin and cholera toxin
stimulated cyclic AMP increase) were also assessed.

377.18

LITHIUM, CALCIUM, AND LOCOMOTOR ACTIVITY IN SYRIAN
HAMSTERS. K.E. Greene, H. Klemfuss, and D.F. Kripke’.‘ Depts.
of Neurosciences and Psychiatry, University of California,
San Diego, and VA Medical Center, San Diego, CA 92093.

Lithium (Li+) is an effective antidepressant and anti-
manic agent, but its mechanism of action is not well
understood. Lithium's primary action may be to compete
with endogenous cations for binding sites. This study
tested interactions of dietary calcium (Cat++) and lithium
on plasma Cat+t+ concentration, locomotor activity, and
toxicity in 30 male Syrian hamsters.

A diet high in calcium (3% CaCly) significantly
increased total running wheel locomotor activity by 657
compared to a low calcium diet (0.17% CaCly). Addition of
lithium (0.4% LipCO3) to either low or high Cat++ diets,
producing plasma Li+ concentrations ranging from 0.6 to
2.0 mM, significantly increased both plasma Ca++ and
locomotor activity. Overall activity levels were signifi-
cantly correlated with plasma Cat++ levels. While there was
no difference in toxicity between the low and high Ca++
diets, calcium protected against some of lithium's toxic
side effects.

Although central homeostatic mechanisms protect the
brain from changes in peripheral calcium, we found that a
modest change in plasma calcium concentration can have
clear effects on CNS-controlled behavior. The data also
support a stimulatory action of lithium on locomotor
activity, one that may be mediated through calcium.

NIMSU 8rted by UCSD, Department of Veterans Affairs, and

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 16, 1990

915



916 PSYCHOTHERAPEUTIC DRUGS: ANTIDEPRESSANTS WEDNESDAY PM
377.19 377.20
ALTERED FENFLURAMINE- STIMULATED PROLACTIN RELEASE NORADRENERGIC DYSFUNCTION IN PANIC DISORDER. D. S, Chamey. S. W.

DURING TREATMENT OF OBSESSIVE
COMPULSIVE PATIENTS. W.A. Hewlett*. Dept. of Psychiatry,
Stanford University School of Medicine. Stanford.CA.94305.

OCD is a psychiatric disorder which may involve alterations in
serotonin functioning. In order to assess serotonergic functioning
in OCD patients fenfluramine-stimulated prolactin release was
measured in both a medication free condition and during treatment
with either clomipramine, clonazepam, clonidine, or
diphenhydramine. Two baseline prolactin samples were drawn 30
minutes apart prior to administration of a 60 mg oral dose of
fenfluramine.  Fenfluramine-stimulated prolactin samples were
then drawn hourly over the next five hours. Treatment with
clomipramine significantly elevated baseline prolactin levels as
compared to the untreated condition. Female patients showed
significantly greater elevations in fenfluramine-stimulated
prolactin release in both treated and untreated conditions.
Fenfluramine-stimulated prolactin release was significantly
greater under conditions of clonazepam and clomipramine treatment
than that seen during diphenhydramine treatment. These results
are consistent with altered serotonergic functioning during
serotonergic treatment of OCD.

377.21

LITHIUM AUGMENTATION IN FLUVOXAMINE-REFRACTORY OBSESSIVE
COMPULSIVE DISORDER.

Price. M.D.. D.S. Chamney, M.D.. G.R, Heninger, M.D,, Yale Univ. Dept. of
Psychiatry, 34 Park St., New Haven, CT 06519.

These double-blind placeb()comrolled studies examined the efficacy of adding lithium
carbonate, which may augment serotonin (5-HT) function, to an ongoing treatment trial
of fluvoxamine (FVX) in 30 patients with primary OCD who had failed to respond to
FVX. Methods: Study 1: 20 patients (4 inpatients, 16 outpatients) with OCD (DSM-
I-R) were randomized to 2 weeks of treatment with active (N=11) or placebo (N=9)
lithium augmentation of ongoing FVX treatment. Study 2: An additional 10
outpatients with OCD were randomized to 4 weeks of treatment with active (N=5) or
placebo (N=>5) lithium augmentation of ongoing FVX treatment. Outcome was assessed

with Y-BOCS scores before and after the addition of lithium to FVX. Results: Study 1:

Two of 11 (18%) patients met criteria for a meaningful clinical response (1 marked, 1
partial) to active lithium. No patients responded to placebo. Active lithium
augmentation of FVX produced a statistically significant improvement in scores on the
Y-BOCS (4.0+£5.2, p<.03, paired t-test, two-tailed). There was no significant change in
severity of OCD symptoms in the placebo lithium-treated group. There were significant
between-group differences as measured by the Y-BOCS (p<.04, student's t-test). An

lysis of all pati treated quently with 3-5 weeks of open active lithium
augmentation (N-16) found a statistically significant improvement in Y-BOCS scores (-
3.1%2.5, p<.003), 5/16 (31%) patients showed a qualitative response (1 marked, 4

partial). Study 2: No patients demonstrated a response during the 4-week controlled trial

of lithium augmentation of FVX. In addition, there was no sxgmﬁcam change in scores

on the Y-BOCS. Combined Analysis: For all patients receiving 4 weeks of open active

lithium augmentation of FVX (N=20), no significant change in Y-BOCS scores was
found (-1.5£5.2, n.s.). Only 4/20 (20%) of these patients showed a response (1 marked,
3 partial). Conclusion: These double-blind placebo-controlled trials suggest that
lithium augmentation is not an effective strategy in most OCD patients. The different
rate. of response to this treatment strategy between patients with OCD and depression
suggests that pathophysiological differences may exist between these two disorders.:

I i I

Abnormal regulation of brain noradrenergic neurons may be involved
in the pathophysiology of anxiety disorders. This investigation evaluated
noradrenergic function in panic disorder by evaluating responses to
intravenous yohimbine and clonidine in the same panic disorder patients
and healthy subjects. METHODS: Thirty-eight patients and 15 healthy
subjects (HS) participated in the study. Infusions of clonidine (0.2 pg/kg),
yohimbine hydrochloride (0.4 mg/kg), or saline, over 10 min. was given
during a series of 3 test days. Before drug administration, and at intervals
thereafter, behavioral ratings, blood pressure, heart rate, and plasma
samples for MHPG and growth hormone were obtained. Each patient was
assessed to determine whether a panic attack occurred. RESULTS:
Yohimbine produced panic attacks in 63% of the patients. Patients who
experienced yohimbine induced panic attacks (YPA) had greater increases
in plasma MHPG than the patients who did not (NPA) and the HS. The YPA,
but not the NPA, patients had a blunted growth hormone rise to clonidine
compared to the HS. Clonidine produced significant decreases in plasma
MHPG and anxiety symptoms in the YPA patients, but not in the NPA and HS.
CONCLUSIONS: Abnormal yohimbine induced increases in plasma MHPG,
blunted growth hormone responses to clonidine, and significant clonidine
induced decreases in plasma MHPG and anxiety symptoms are restricted to
YPA patients. These patients may represent a subgroup of panic disorder
patients with noradrenergic neuronal dysfunction, specific clinical
characteristics and treatment response.

LEARNING AND MEMORY: PHYSIOLOGY V

378.1
ORBICULARIS OCULI AND EXTRAOCULAR MUSCLE AC-
TIVITY DURING UNCONDITIONED AND CONDITIONED
EYEBLINKS IN THE RABBIT. N.E. Berthier, J.W. Moore, De-
partment of Psychology, University of Massachusetts, Amherst, MA
01003.

The activity of the retractor bulbi (RB), superior rectus (SR),
and orbicularis oculi (OO) muscles were recorded in awake animals
using chronically and acutely implanted teflon coated microwires.
Eyelid and nictitating membrane positions were measured with po-
tentiometers. All three muscles showed a two component response
to trigeminal nerve stimulation, air puff, and periorbital electros-
timulation. With periorbital electrostimulation the latencies of the
two responses were about 5 and 10 ms. Crosscorrelegrams of EMG
activity taken from conditioning trials showed less than 5 ms shift
in the peak correlations. Examination of individual conditioning
trials showed that the time course of EMG activity in the RB, SR,
and OO muscles was highly correlated. Two differences in EMG
activity were seen between muscles: (1) The OO showed tonic ac-
tivity while the RB and SR did not. (2) The SR showed small EMG
responses relative to the RB and OO. Given the high correlation
between the activity of extraocular and OO activity we conclude
that muscle activity during blinks is the result of a single premotor
system. (Supported by AFOSR 89-0391 and BNS 88-10624).

378.2

GENOTYPE AND REGION DEPENDENT BRAIN DNA SYNTHESIS DURING
HABITUATION TO SPATIAL NOVELTY IN THE ALBINO RAT.
A.G. Sadile*, A, Cerbone*, C. Lamberti-D'Mello**, T.Menna,
C. Buono, F., Rafti & A. Giuditta**, IIGB, CNR, Naples;
#*Dipt. Fisiol.Um. & Funz.Biol.Integr. "F.Bottazzi"; and
**Fisiol.Gen, & Amb., Univ., Naples Federico II, Naples, I.
To investigate the role of brain DNA synthesis in non
associative learning, adult male albino rats of a random-
bred Sprague-Dawley stock (NRB), and of the Naples High
(NHE) and Low-Excitability (NLE) strains, selectively bred
for divergent activity in a novel environment (Sadile et
al,, Soc.Neurosci. 9:643, 1983) were used. Three groups of
rats from each strain were exposed or re-exposed one day
later, or unexposed to a Lat-maze. The frequency of corner
crossings and rearings were monitored during a 15min-test.
Rats received an intraperitoneal injection of 3H-thymidine
15 min before test trial 1 or 2. Brain DNA synthesis was
measured in ex-vivo homogenates of neocortex, hippocampus,
neostriata, midbrain, hypothalamus and cerebellum by the
incorporation of 3H-thymidine into DNA after a 30min pul-
se, Both NLE/NHE rats had a higher basal DNA synthesis in
the hippocampus and neostriata. Upon test trial 1, but not
upon re-test, there was a significant decrease in DNA syn-
thesis in the neocortex and hippocampus of both strains,
and in the hypothalamus, midbrain and cerebellum of NLE
only. The decrease was lower in NHE than in NLE rats. The
results support the proposed involvement of brain DNA in
information processing and storage.
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378.3

IMMUNITY FROM NICOTINE-INDUCED CONDITIONED
FOOD AVERSION IN MICE. N.E. Kinney. Dept. of
Psychology, SE Missouri State Univ., Cape
Girardeau, MO 63701.

Mice (Mus musculus) demonstrated dose-
dependent conditioned food aversion (CFA)
when novel food (almond) consumption was
paired with a subcutaneous injection of (-)
nicotine tartrate (0.2 - 1.6 mg/kg). Controls
showed no aversion (but rather a significant
increase in consumption) at 0.2 mg/kg, and
complete aversion at 1.6 mg/kg. This
contrasts with reported aversion to nicotine
at 0.1 mg/kg in rats. Immunity to nicotine-
induced CFA was demonstrated by bilaterally
olfactory nerve-sectioned mice on day 7 post-
surgery (while anosmic). This protection was
lost by day 15 post-surgery.

The novel food effect shown by controls
was not observed in nerve-sectioned mice.
These findings are in agreement with earlier
work using tilted-rotary motion to produce
malaise. The loss of CFA in anosmic animals
(and its appearance following olfactory nerve
regeneration) for both motion-induced and
nicotine-induced malaise strengthens support
for a dominant role of olfaction in the
formation of conditioned flavor aversions.

378.5

CHANGES IN MEMORY FUNCTION ACROSS THE MENSTRUAL CYCLE
S.M. Phillips and B.B. Sherwin. Department of Psychology,
McGill University, Montreal, P.Q., Canada, H3A 1Bl

Thirty healthy cycling women (mean age 23.6 years)
underwent cognitive testing during the menstrual ™M)
and midluteal (ML) phases of the menstrual cycle. Radio-
immunoassay was performed on blood samples drawn at both
test times in order to measure plasma estradiol (E2) and
progesterone (P) levels. Based on hormone levels,
menstrual cycle phase was confirmed for 25 subjects.

In this confirmed sample, higher scores on a visual
memory (30-minute delayed recall) task occurred in the
ML relative to M phase (p<.0l), coincident with higher
levels of plasma E2 (p<.001) and P (p<.001).

No significant differences across the menstrual phases
were found on verbal memory (immediate or delayed recall),
visual memory (immediate recall), digit span, or paired-
associate learning. There was, however, a significant
positive correlation within the ML phase between plasma

P and verbal memory scores (immediate recall, p<.04;
delayed recall, p<.03); whereas plasma E2 was positively
correlated with paired-associate learning scores (p¢.03).

Results indicate that mild variations in memory
function occur in some women across the menstrual cycle
in association with changes in plasma E2 and P levels.

378.7

NEURAL SUBSTRATES FOR DISCRIMINATIVE OPERANT CONDITIONING
VISUALIZED USING 2-DEOXYGLUCOSE AUTORADIOGRAPHY. M. Garrosa
F. Gonzalez-Lima and F.J. Helmstetter. Dept Med Anat, Texas
A&M Univ, College Station, TX 77843; Univ Valladolid, Spain.
2-DG techniques applied to rats trained in four groups were uscd

to map the neural respresentation of the behavioral components
involved in discriminative operant conditiong. 1) Rats trained to bar
press for food during a sound discriminative operant conditioning
(sound — operant CR — reward); 2) Rats without bars yoked to
those in Group 1 (sound — reward); 3) Rats trained to bar press for
food, independently of sound, nondiscriminative operant conditioning
(random sound, operant CR — reward); 4) Rats without bars yoked

- to those in Group 3 (random sound and reward). Group 1 rats (disc.)
compared to 3 (nondisc.) showed 2-DG changes in accumbens,
ventral cochlear and ventroposteromedial thalamic nuclei. Structures
with the same 2-DG uptake in the operant groups (1=3) but different
than the nonoperant groups (2,4) included frontal cortex, paratenial
and reticular thalamic nuclei, medial geniculate and cerebellar vermis.
Common changes in the conditioned groups (1=2=3) but different
than the random group (4) included the caudal caudatoputamen,
posterior parietal cortex, dorsal cochlear nucleus, and cerebellar
flocculus. These changes are the first demonstration of brain
metabolic alterations related to a learned discriminative response to
sound. (Supported by NIMH grant RO1 MH 43353)

378.4
PLASTICITY IN THE REINFORCEMENT

SYSTEM OF INFANT RATS. R.M. Sullivan and
D.A. Wiison. Developmental Psychobiology Laboratory, Dept.
Psychology, University of Oklahoma, Norman, OK

Newborn rat pups learn to approach odors paired with tactile
stimulation which mimics stimulation during maternal care.
This learned behavioral preference is associated with a
modified olfactory bulb neural response to that odor. Odor-
stroking pairings in pups after PN8-10, however, do not
produce these learned neurobehavioral responses, suggesting
a sensitive period in early olfactory learning. The present
study examined the nature of this age sensitivity.

Pups were trained on PN5, PN12 or PN20 in an olfactory
conditioning paradigm employing either STROKING, intra-
oral MILK infusions, LOW intensity foot shock (0.5 mA) or
HIGH intensity foot shock (1.5 mA) as the UCS. Training
consisted of a 10 min CS/UCS pairing, or randomized UCS - CS
presentation.  Pups were tested for neurobehavioral responses
to the odor CS 24 hr later. The results suggested that while
STROKING was only effective at PNS, pups could learn odor
preferences at all ages if trained with MILK as a UCS. HIGH
shock produced odor aversions at all ages, while LOW shock
produced odor preferences at PN6 and aversions at older ages.

These results suggest that sensitive periods in early olfactory
learning may reflect ontogenetic changes in reinforcement
pathways, rather than in the olfactory system itself.

378.6

MAPPING OF AUDITORY MEMORY WITH 2-DEOXYGLUCOSE:
LATERALIZED CONDITIONING EFFECTS IN SPLIT-BRAIN
RATS AND GERBILS. F. Gonzalez-Lima, H.
Scheich, and A.R. McIntosh. Dept Med Anat,
Texas A&M Univ, College Station, TX 77843; Inst
Zool, Tech Univ, Darmstadt, W Germany.

The 2-DG method was used to map memory-
related activity in twelve split-brain rats and
gerbils. Training started 2 weeks after
surgery and consisted of unilateral
presentations of sound and foot shock in paired
(one side) and unpaired (other side) sessions.
The next day, subjects were tested for
conditioned suppression of drinking, injected
with 2-DG, and stimulated binaurally with
sound. Differences in 2-DG uptake between the
two sides of the brain were quantified. The
conditioned hemisphere (side contralateral to
paired stimuli) showed striking enhancements of
uptake in forebrain structures, including
hippocampus, subiculum, accumbens, entorhinal
and perirhinal cortex, amygdala, and fundus
striati. The largest increase (70%) was in the
CA2 region of the hippocampus. The findings
revealed for the first time a direct, within
subjects, comparison of the cerebral
representation of auditory memory. (Supported
by NIMH grant R01-MH43353).

378.8

PHYSIOLOGICAL PROPERTIES OF MEDIAL SEPTAL NEURONS
(MSNs) IN UNANESTHETIZED RATS. J.E. Sweeney, M.H. Bassant*
and Y. Lamour, INSERM U 161, 75014 Paris France.

Rhythmically bursting neurons (RBNs) of the medial septum may
trigger one type of hippocampal theta rhythm that correlates to behavior
in the rat. Since the activity of RBNs varies with different anaesthetics,
we have chosen to characterize their properties in unanesthetized rats
habituated to a painless restraint.

In 355 MSNs (recorded from 12 rats), 59 neurons (17%) exhibited a
rhythmic bursting activity. This percentage is clearly different from the
45% of bursting MSNs recorded in urethane-anesthetized rats. The
bursting activity was also of a significantly higher frequency than with
urethane (5.8 £ 0.1 vs. 3.9 = 0.1 bursts/sec). The majority of bursting
neurons were recorded during EEG arousal (with a theta). Nevertheless,
2 bursting neurons were recorded in "drowsy" states (in the absence of a
theta) and 10 during paradoxical sleep (with a frequency of 6.2 £ 0.2
bursts/sec). Tactile or electrical stimulation of the reticular formation
induced EEG arousal and rhythmicity in 13 of 58 previously non-
bursting neurons that had a high (>15 spikes/sec) spontaneous activity.

Clearly, properties of rhythmically bursting neurons differ between
unanesthetized and urethane-treated rats. These results also suggest that
there may be discrete pools of MSNs--a small number that maintain
rhythmicity regardless of the state of arousal and a reserve population of
rapidly firing cells that can be recruited by an arousing stimulus to fire
rhythmically.

This work was supported by a NATO postdoctoral fellowship to JES
and a grant from Bayer-Pharma France.
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378.9 378.10

THE CONTRIBUTION OF THE MEDIAL SEPTAL AREA TO ENTORHINAL MEDIAL SEPTAL AREA CODES MNEMONIC COMPONENTS
CORTICAL AND SUBICULAR SINGLE-UNIT ACTIVITY. i i OF A WORKING MEMORY TASK. B, Given d D.S, Olton.

and K. E. Ward*, Dept. Psych., Univ. Utah, Salt Lake City, UT 84112

Reversible inactivation of the medial septum temporarily disrupts spatially
selective discharge of hippocampal hilar/CA3 (and not CA1) cells, reduces
movement-sensitivity of stratum granulosum (SG) units, and produces a
spatial working memory impairment in rats (Mizumori et al., J. Neurosci.,
1989). Recently, we examined the possibility that septal inactivation
produced these effects by functionally isolating hippocampus from its
primary input (entorhinal cortex) and/or output (subiculum) structures.

Spontaneous single unit activity was monitored in hippocampus (CA1:
n=16; FD: n=16), dorsal subiculum (n=20), and medial entorhinal cortex
(n=13) before, during, and after septal inactivation in 10 Nembutal-
anesthetized F-344 rats. Baseline activity was recorded for 10 min,
lidocaine (0.5 ul; 2% solution) was injected into the medial septal area, then
unit activity was monitored for at least an additional 20 min. Similar to
previous results, few (6%) CA1 complex-spike cells and 50% of SG and
hilar/CA3 cells showed altered discharge patterns following lidocaine
treatment. A small percentage of subiculum (10%) and entorhinal (15%)
cells responded by either increasing or decreasing firing. Ongoing
experiments with freely behaving animals thus far confirm this pattern of
responses. These data suggest that septal inactivation-induced alterations
in subcortical, rather than entorhinal, afferents underlie the hippocampal unit
effects. Furthermore, the behavioral impairment described earlier may have
resulted from a disruption of hippocampal, and not subicular, unit activity.
[Supported by BRSG Grant S07 RR07092]

378.11

CHOLINERGIC ACTIVATION OF MEDIAL SEPTAL AREA
CAN RESTORE WORKING MEMORY IN OLD RATS AND IN

_ SCOPOLAMINE-TREATED YOUNG RATS. A. L. Markowska,
B. Givens, and D.S, Olton. Dept. of Psychology, The Johns Hopkins
University, Baltimore, MD 21218.

Functional deterioration in the cholinergic system with age may
be partly responsible for age-related memory deficits. Therefore,
activation of cholinergic neurons in the basal forebrain may alleviate
these memory impairments. In the present study, naive young (4
mo), scopolamine-treated young (4 mo), or naive old (24 mo) rats
were microinfused into the medial septal area (MSA) with
cholinergic receptor agonists (carbachol, oxotremorine), a GABA
receptor antagonist (bicuculine), or saline. Working memory, as
assessed by choice accuracy in a spatial alternation task, was tested
before and after infusion, then compared to baseline performance
during saline and non-infusion trials. Preliminary data indicate that
cholinergic agonists infused directly into MSA can partially reverse
scopolamine-induced deficits in young rats and may also improve
performance in the aged rats in this task. These data suggest that
cholinergic drugs may act directly on basal forebrain cholinergic
neurons for their mnemonic effects. Hippocampal EEG recordings
before and after microinfusion are currently being analyzed for
electrophysiological correlates of the behavioral data. Supported by
NRSA # NS8616.

378.13
Single Cell Specificity of Molecular Changes During Memory Storage. D
? P

LMCN, NINDS, NIH, Bethesda MD, 20892.

Hermissenda crassicornisexhibits a learning-specific increase in Protein
Kinase C that is localized to individual types of nerve cells as assessed by
3H-phorbol 12,13-dibutyrate ([3H]-PDBU) emulsion autoradiography in
4pm epon sections of circumesophageal ganglion. The increase is
anatomically localized to neurons previously shown to be critically
involved in the storage of a classically conditioned response which has
been shown to undergo specific biochemical, electrophysiological and
morphological modifications. The present study confirms and extends
these previous results while implicating anatomically-localized increases
in PKC to learning-specific molecular processes.

The circumesophageal ganglion of animals in three treatments (Paired,
Random and Naive) were incubated with 3H-PDBU and then processed
for histology and subsequent computerized image analysis. Paired, but
not Random or Naive, animals showed a significant increase in 3H-
PDBU binding in the medial and intermediate B photoreceptors and in
cells of the optic ganglion(17%, 10%, and 16% respectively. p<.01, n=6
per group, planned orthagonal contrast). Such increased binding of [3H]-

DBU in Hermissenda represents to our knowledge the first conclusive
evidence for neuronal specificity of memory-specific changes in the
distribution of this regulatory enzyme (Olds et al Science,1989).

Dept. Psychology. Johns Hopkins University. Baltimore, MD 21218

The contribution of the medial septal area (MSA) to
working memory processes was investigated in rats performing a
delayed continuous conditional discrimination (CCD) operant task.
Single neurons in the medial septum, lateral septum and CA1l
hippocampus were analyzed for changes in activity that correlated
with components of the task. In addition, MSA neural output was
altered by intraseptal microinfusions, and changes in operant
behavior and hippocampal EEG were recorded. Single unit analysis
revealed that although some CA1 complex spike cells fired
differentially to the task components, most hippocampal neurons
showed little event-related firing. Conversely, most septal cells
fired differentially to the stimulus/response contingencies.
Microinfusion of tetracaine or muscimol into the MSA suppressed
hippocampal theta and decreased choice accuracy in the CCD task.
These changes returned to baseline more rapidly following
tetracaine (25 min) than muscimol (60 min), and at shorter
interstimulus delay intervals. The changes in EEG and choice
accuracy were correlated most strongly at the longest (20 sec)
delay. Taken together, these data support a role for the MSA in
the neural coding of non-spatial information important for working
memory in rats. Supported by NRSA # NS8616.

378.12

A CORRELATE FOR OLFACTORY LEARNING IN AN IDENTI-
FIED NEURON IN THE HONEY BEE BRAIN. J. Mauels-
hagen* and R. Menzel. Institut fiir Neurobiologie,
Freie Universit&t Berlin, K&nigin-Luise-Str.28/30,
D-1000 Berlin 33, FRG.

A single large neuron extrinsic to the pedun-
culus of each mushroom body, identified by intra-
cellular marking, responds to a variety of senso-
ry inputs with excitation (olfactory, mechanical,
taste, vision). Recording experiments were per-
formed under conditions, which in behavioral ex-
periments lead to sensitization and conditioning
of olfactory stimuli (Menzel, R. in Olton and
Kesner (eds) Neurobiology of comparative cogni-
tion, Erlbaum 1990). Compared to the control group,
sensitization results in a significant frequency
increase during the first 100 msec interval of
the response. In contrast, conditioning resultsin
a significant frequency decrease during the third
and fourth interval of the response. This suggests
different processes involved in coding the olfac-
tory information depending on the temporal order
of the CS and US. Further experiments have to en-
sure that the observed response modulations are
specific effects of non-associative and associa-
tive memory processing.

378.14

GABA-INDUCED PROTEIN KINASE ACTIVATION IS ENHANCED
WHEN PAIRED WITH POST-SYNAPTIC DEPOLARIZATION.

L.D. Matzel and D.L. Alkon

Laboratory of Molecular and Cellular Neurobiology, NINDS-NIH

The characteristic inhibitory influence of vestibular hair cells on the B
photoreceptors of the Hermissenda’s eye is mediated by a GABAergic
synapse. Hair cell impulses (like that which accompany rotation) as well as
exogenous GABA (12.5 uM) application activate a primary Cl' conductance
that is accompanied by a decrease in membrane resistance. Activation of a
second, slower K* conductance, characterized by an increase in resistance is
also observed 60-90 sec after GABA application. If the CI' channel blocker
NPPB (10 uM) was added to the extracellular bath, this increase in resistance
was observed within 10 sec of GABA application, suggesting that the second
conductance is normally masked by the faster CI' conductance. Moreover, if
the B cell was depolarized 20-40 mV by positive current injection (analogous
to that which occurs in response to light), the magnitude of the GABA-
induced increase in resistance was dramatically enhanced. This latter effect
was not observed if Ca** was removed from the extracellular bath or if the
protein kinase inhibitor H7 (100 #uM) was added to the bath, suggesting that
the activity of a GABA-activated protein kinase was enhanced by depolariza-
tion-induced intracellular Ca** elevation in the post-synaptic neuron. These
results suggest a mechanism underlying the temporal dependence of stimulus
pairings in classical conditioning, and in particular, the biophysical changes
in single neurons which accompany light-rotation pairings in Hermissenda.
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378.15

ACTIVATION OF Ca""-DEPENDENT PROTEIN KINASE

ALTERS BIOPHYSICAL RESPONSES OF ISOLATED
HERMISSENDA PHOTORECEPTORS WHEN PAIRED WITH
INTRACELLULAR Ca™" ELEVATION

1. Lederhendler, L. Matzel, P. Huddie, and D.L. Alkon. Laboratory of
Molecular and Cellular Neurobiology, NIH-NINDS.

Following classical conditioning, H ermissenda Type B photoreceptors
show increased input resistance and light responses. The protein kinase
activator, phorbol ester (PDBU), has been shown to reduce outward K~
currents that underlie this increased excitability. Ca™ -dependent
activation of protein kinase C mediates long-term reduction of K*
currents and also produces dramatic outgrowths from the soma of
isolated photoreceptors. We studied the relationship of this
morphological change to biophysical properties of Type B cells with
current and voltage clamp, using specific conditions which produce
outgrowth activity. In these isolated photoreceptors only pairing light
with PDBU, but not light alone, nor light paired with an inactive
phorbol ester, increased the light response and input resistance
(ANOVA, N=18, p<.01). These changes could not be duplicated when
Ca** was absent from the bath. Furthermore, single-clectrode voltage
clamped photoreceptors showed reduced Ca”"-dependent K™ currents
when PDBU was present and Ca” " influx was increased by depolarizing
voltage steps equivalent in magnitude to light stimulation used in the
current clamp experiments. These results suggest that certain key
biophysical and morphological changes in the Type B soma may be
cxpressions of the same conditioning experience.

NEUROETHOLOGY: MAMMALS, REPTILES, AMPHIBIANS

379.1

RESPONSE OF TEMPORAL LOBE NEURONS TO SOCIAL
STIMULI IN MACACA ARCTOQIDES . L.A. Brothers,
B.D. Ring* and A.S. Kling . UCLA/Sepulveda VA
Medical Center, Sepulveda CA 91343

Accurate evaluation of social signals is
essential to group-living primates; however,
neural processing of the full range of social
stimuli remains little understood.

We used laser disks containing 50,400 frames
of moving pictures and vocalizations of macaques
recorded in natural settings to deliver 2s clips
of a broad array of body parts, movements,
expressive behavior, and social interactions.
Recordings of single unit activity in the region
of the right amygdala and neighboring cortical
areas were obtained in an alert stumptail
macaque.

Of 275 isolated units, 21 were selectively
responsive to a subset of the presented stimuli.
0Of these, 2 responded to one or a few specific
pictures only. The remainder responded to a
heterogeneous subset of the stimuli or were
selective for a single feature common to a
number of stimuli. These results suggest that
anterior temporal neurons of the macaque brain
participate in ensembles coding features of the
social environment.

Supported by the Dept. of Veterans Affairs.

379.3
REPRESENTATION OF TARGET ELEVATION IN UNIFIED IMAGES
PERCEIVED BY FM ECHOLOCATING BATS. J.A. Simmons, J.M. Watton™,
M. Ferragamo®, and C.F. Moss!. Dept. of Psychology and Section of
Neurobiology, Brown Univ., Providence, RI 02912 & 1Dept. of Psychology,
Harvard Univ., Cambridge, MA 02138

The big brown bat, Eptesicus fuscus, perceives images that incorporate
both target range and shape onto a common psychological axis of range,
defined in terms of echo delay (Simmons, J.A., Cognition, 33:155, 1989).
Target range is represented by the timing of neural discharges encoding
echo delay, while target shape (range separation of reflecting points) initially
is represented from frequency-dependent stimulus amplitude (notches and
peaks in echo spectra) but is transformed into equivalent time-domain
information before being expressed in perceived images. The external ears of
humans, cats, and FM bats similarly modify sounds entering the ear canal to
encode the vertical position of sound sources by adding reverberation and
spectral emphasis. As vertical angle changes, a prominent notch in the ear’s
spectral response moves to different frequencies (from 40 to 55 kHz in
Eptesicus) and changes occur in the height of an adjacent spectral peak
(around 60-65 kHz in Eptesicus). The bat incorporates external-ear effects
into the images in perceives by transforming these spectral cues into
equivalent time-domain information, just as it transforms spectral shape cues.
The bat thus recovers external-ear reverberation-time as an estimate of time,
not frequency. The resulting images express range, shape, and vertical
position along a single, computed psychological axis of range, still defined in
terms of echo delay. The neural representation of vertical position may be
difficult to identify without consideration of the encoding of spectral notches
and the transformation of spectral into temporal estimates. (Work supported
by ONR grant N00014-89-J-3055 and NIH grant DC00511)

379.2

SPATIAL TUNING IN MUSTACHE BAT AUDITORY NEURONS
WITHIN THE CONTEXT OF ECHOLOCATION. Z.M.Fuzessery. Dept. of
Psychology and Zoology, Univ. of Wyoming, Laramie, WY 82071.
Echolocating animals have the potential to modify both their acoustic
emitters and receivers to optimize signal analysis. This study examines
how spatial processing in the mustache bat might be optimized. It
combines data on the directionality of the external ears and the radiation
pattern of the echolocation pulse (Hartley and Suthers, 1990) to determine
the distribution of acoustic energy in the frontal sound field of the mustache
bat while it echolocates. One finding is that intensity level is almost
constant across the center of the sound field, from 40° to either side of the
midsagittal plane. This is not the case when only ear directionality is
considered. In addition, energy drops away more rapidly at locations
lateral to 40°. This suggests that the echolocation system may stabilize one
stimulus parameter, intensity level, at the center of the sound field to
allow for a less ambiguous analysis of target location, as well as other
features of the scanned object. This, for example, would allow the bat to
resolve interaural intensity differences independent of absolute intensity
level. Moreover, binaurally facilitated neurons that exhibit a broad
spatial tuning when only ear directionality is considered show a sharper
selectivity when evaluated within the context of echo-location. In
addition to maintaining an almost constant intensity level across the center
of the sound field, the mustache bat also "intensity compensates” (Henson
et al., 1985) to maintain the echo at an absolute intensity level. These
findings suggest that this echolocation system may be optimized to reduce
the ubiquitious problem of differentiating stimulus quality and quantity.
NS-13276, NS-21286.

379.4
NEURAL PROCESSING OF PULSE REPETITION RATE AND PULSE
DURATION IN THE BAT INFERIOR COLLICULUS.
AND P.H.-S, JEN Div. Bio. Sci. University of Missouri-Columbia,MO 65211
Encoding of stimulus repetition rate and duration by the inferior collicular
neurons(IC) of the big brown bat, Eptesicus fuscus was studied by recording
responses of each neuron to a wide range of repetition rates and durations at several
stimulus intensities under free field stimulus conditions. A total of 277 IC neurons
were recorded at depths between 147 and 2370 um with latencies between 3.4 and 28.4
ms. They were tonotopically organized along the dorsoventral axis of the IC
according to their best frequencies(BFs). While individual IC neurons varied their
number of impulses but not their discharge pattern when stimulated with different
repetition rates and durations, they generally discharged with a maximal number of
impulses to a specific repetition rate (the best repetition rate) and duration (the best
duration). According to the filtering properties for the stimulus repetition rate or
duration, IC neurons can be classified as high-pass, low-pass, band-pass (or semi band-
pass) and multipass neurons. A wide range of best repetition rates and best durations
were identified for IC neurons but they were not correlated with either the BFs or
recording depths. Futhermore, the best repetition rates and durations of tonotopically

" organized IC neurons isolated within an electrode penetration varied unpredictably.

According to the correlation of their responses to stimulus duty cycle, IC neurons can
be classified into two groups. Responses of one group correlated with the duty cycle
thus enable the bat to avoid pulse-echo overlap during echolocation. Responses of the
other group do not correlate with the duty cycle. These neurons likely enable the bat
to encode the pulse emission rate and duration effectively during different phases of
hunting. The effect of stimul ition rate and duration on the intensity rate

function of IC neurons was examined. While the stimulus repetition rate might affect
the dynamic range and overall profile of the intensity rate function curve, only little
effect was observed with different stimulus durations.
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379.5

SPECTRAL SELECTIVITY OF DELAY-SENSITIVE NEURONS
IN THE AUDITORY CORTEX OF AN FM BAT. D. Wong
and M. Maekawa, Anatomy Dept., Indiana Univ.
School of Medicine, Indianapolis, IN 46202.

Spectro-temporal processing plays prominently
in auditory perception. In the echolocating
bat, Myotis lucifugus, delay-sensitive, cortical
neurons process target-distance information in
the time domain. The concurrent role of
spectral processing in target perception was
further examined neurophysiologically. Delay-
sensitive neurons were isolated by stimulation
with FM~FM sound pairs at frequency excursions
mimicking this species' natural echolocation
sounds (pulse) and echoes. The pulse and echo
FMs were each arbitrarily divided into four
spectral quarters and the quarter essential for
delay-sensitivity was determined. Neurons typi-
cally required a spectral combination consisting
of both the IV pulse-quarter and the III or IV
echo-quarter. The essential echo component did
not change when the rate of pulse-echo stimula-
tion was increased. The preservation of this
spectral combination for delay-sensitivity
suggests that throughout echolocation FM bats
employ specific parts of their pulse-echo
spectra for ©perceiving target structure.
(Supported by NIH grant DC00600).

379.7

CENTRAL MONOAMINES and BEHAVIOR IN THE LIZARD, ANOLIS

CAROLINENSIS N. Greenbergl, Cliff H. Summers’, and P, H.
Desan“. University :?.f Tennessee, Knoxville, Graduate 2
Program in Ethology™; Stanford University Medical Center®.

To clarify monoamine function in stereotyped
behavior, the selective neurotoxin MPTP was used to
deplete dopamine (DA) and norepinephrine (NE) in a model
species, the lizard, Anolis carolinensis.

Following the intraperitoneal injection of MPTP,
animals manifested reduced spontaneous activity but normal
or slighly facilitated aggression and reproductive
behavior. Body color change, an index of altered autonomic
sensitivity, suggested enhanced responsiveness.

Earlier work (Font et al. 1987) revealed MPTP-induced
central neuropathies. Immunohistochemistry was employed to
discriminate specific central catecholaminergic systems
thereby affected. DA and NE immunoreactive perikarya were
found in several sites in and near the periventricular
hypothalamus, ventral tegmentum, substantia nigra, locus
ceruleus, nucleus of the solitary tract, and raphe; while
immunoreactive 5HT cells were found at one periventricular
hypothalamic site and in the raphe nuclei.

Estimates of quantitative change in catecholamine
levels obtained with high pressure liquid chromatography
revealed that 100 hr after MPTP injection, DA and NE
levels were 26% and 7% of control, respectively, while 5-
HT was elevated to 200%.

379.9

INVOLVEMENT OF MECHANOSENSORY LATERAL LINE SYSTEM IN
FEEDING BEHAVIOR OF THE AXOLOTL. H.-A.Takeudn'l, H.Nambal*
and T.Nggaiz. 1Dept. Biol, Fac. Sci, Shizuoka Univ., Shizuoka 422,
Japan, <Dept. Physiol., Teikyo Univ. Sch. Med., Tokyo 173, Japan.

Axolotls (Ambystoma mexicanum) exhibit a series of feeding behavior
to the prey objects moving in the water. The feeding behavior is
elicited by the artificial moving object. To understand the neural
mechanisms of thus elicited feeding behaviar, we identified the effective
parameters of the vibrational stimuli applied to the water. Feeding
behaviors were compared between normal and genetically blind (eyeless)
axolotls. Then, we studied the effects of blocking the lateral line
system on the feeding behavior. We used two methods to block the
lateral line system: 1) the exposure to cobalt solution [Co treatment] and
2) the transection of ramus ophthalmicus superficialis (r.o.s) and ramus
buccalis (r.buc.) of anterior lateral line nerve [ALL transection]. We
also examined the central projection of r.0s and r.buc. by using the
transganglionic transport of cobaltic lysine.

The feeding behavior was evoked by the water movement produced by
the vibrating sphere (frequency: 2-35Hz; amplitude: 1-4mm). The
vibrational stimuli were effective in normal as well as blind axolotls,
suggesting that sensory system other than vision was involved in the
feeding behaviar. In the blocking experiment of lateral line system, the
feeding responses were significantly reduced in the animals exposed to
0.05-1.0mM Co2* solution. Experiment of ALL transection showed that
the transection of r.o.s. and rbuc. significantly suppressed the feeding
behavior. The present results suggest that the mechanosensory signals
mediated by anterior lateral line nerve (r.buc. and r.os.) are involved
in the release of feeding behavior in the axolotl.

379.6

EFFECT OF GONADAL STATE ON SEXUALLY DIMORPHIC BRAIN AREAS
OF TWO SPECIES OF WHIPTAIL LIZARDS: A QUESTION REVISITED. ],
Wade! and D Qrggsl-z Departments of 1 Psychology and 2 Zoology, and the
Institute of Reproductive Biology, University of Texas, Austin, TX 78712.

Cnemidophorus inornatus is a sexually reproducing species. The closely related
C. uniparens is all-female and reproduces by parthenogenesis. However, C. uni-
parens consistently display reproductive behaviors common to both male and female
C. inornatus. Both the anterior hypothalamus-preoptic area (AH-POA), a critical
location of androgen action on mounting, and the ventromedial hypothalamus
(VMH), where estrogen implants elicit receptivity, are sexually dimorphic in C.
inornatus. The AH-POA is larger in males, while the VMH is larger in females. In
C. uniparens, both brain regions are comparable in size to female C. inornatus
(Crews et al., Brain Behav. Evol. In press). To investigate whether these brain areas
change in volume with the reproductive state, the AH-POA and VMH were
measured during the breeding season, during a simulation of winter hibernation and
in gonadectomized male and female C. inornatus and C. uniparens. Neither brain
area was significantly different in female C. inornatus or C. uniparens as a function
of season or gonadal state. The AH-POA results in female C. inornatus were con-
sistent with a previous study (Wade & Crews, Soc. Neurosci. Abst. 15: 1089).
However, the VMH results did not replicate, perhaps due to procedural differences
or different lengths of time the animals were in captivity. The magnitude of change
in the female VMH volume was the same in both studies, but when corrected for
brain size the second year, the difference was not statistically significant. In con-
trast, the AH-POA was smaller in hibernating and gonadectomized males than in
reproductively active males (ANOVA: F(2,22)=21.5, p<.01). Conversely, the VMH
was larger in hibernating and castrated than reproductively active males (ANOVA:
F(2,22)=7.2, p<.01). In both cases the non-breeding males had brain areas that were
not significantly different from those of intact females.

This work supported by NIMH grant 41770, Research Scientist Award 00135 to
D.C. and Research Fellowship Award 09878 to J.W.

379.8

EVENT RELATED POTENTIALS IN TECTUM AND CORTEX OF FREELY
MOVING TURTLES TO VISUAL STIMULI. J.C. Prechtl and T.H. Bullock.
Department of Neurosciences A-001., School of Medicine & Neurobiology Unit,
Scripps Institution of Oceanography., UCSD, La Jolla, CA 92093

Pond turtles (Chryseniys picta, Pseudemys scripta elegans) were chronically
implanted with 13-20 epipial electrodes on the midbrain and dorsal cortex. After
recovery the turtles were placed in plastic chambers with 2 cm of water (20-
23°C), and responses were recorded to single flashes and trains of flashes. Tectal
visual evoked potentials (VEPs) with long interstimulus intervals (ISI=20 s)
consist of a principal positive peak at ca. 95 ms (P95) and smaller waves. A
change in the ISI from 20 s to 3 s, delivered for 1 min, attenuates the P95, peak-
to-peak by 23+3% (SEM). The largest cortical VEPs were dominated by an
N130 that showed a greater response attenuation (40+6%) at the 3 s ISL
Distinct from the tectum, the cortical VEP includes a late, broad (ca. 230-490 ms)
negative wave especially sensitive to repetition rate; it declines by 68+ 6% with the
shorter (3 s) ISI. Tectal VEPs to trains of flashes show 1:1 following up to ca.
20 Hz, without averaging. At 35 Hz in averages of 10 sweeps fusion is complete,
whereas, from the cortex fusion occurs at less than 25 Hz.

As in the fish tectum (Bullock et al. 1989, Soc. Neurosci. Abstr., 15:1137) event
related potentials are eyoked in the turtle tectum and cortex by the omission of
a flash after a conditioning series. The latency of this omitted stimulus potential
(OSP) after the due-time of the first missing flash tends toward a constant, ca. 50
ms, as though the brain had learned an expectation. Jitter in the ISI however,
does not reduce the OSP greatly. The form of the OSP is not the same in the
tectum and cortex. Its amplitude increases with conditioning flash rate, which
must be minimally 3 Hz for tectal OSPs, <2 Hz for cortical OSPs. On some
electrodes, after certain conditioning frequencies, the OSP included c« U
oscillations between 16 and 25 Hz. The findings suggest that the OSP reflects a
release from an accumulated inhibition, hence endogenous processes although
minimal cognition.

379.10

ROLE OF PHASIC NEURONS IN THE PROCESSING OF TEMPORAL
INFORMATION IN THE FROG AUDITORY SYSTEM. C.J, Condon', S.-H.
Chang, D.M, Gooler, J.C, Hall, W.Y. Lin*, K.R. White, and A.S. Feng.
1Neuroscience Program, and Dept. of Physiology and Biophysics, Univ. of
Iliinois, Urbana, IL 61801.

While phasic neurons are considered to be essential for encoding the
time of occurrence of a sensory event, other specific functions these
neurons serve in acoustic information processing have not been fully
elucidated. Given that various temporal parameters [e.g. rise-fall time,
duration, and rate of amplitude modulation (AM)] of frog calls serve as
essential cues for call discrimination, one might predict that phasic neurons
are likely to be involved in the coding of temporal patterns of complex
sounds. With this as a working hypothesis, we have systematically recorded
single unit activity at various levels in the auditory system of the leopard frog
(Rana p. pipiens) in order to characterize the role of phasic neurons (relative
to tonic neurons) in the encoding of such behaviorally significant temporal
sound parameters.

With respect to the processing of signal rise-fall time and duration, phasic
neurons in the auditory brainstem nuclei (dorsal medullary, superior olivary,
and torus semicircularis) develop temporal selectivities typically not mani-
fested by tonic neurons. For example, many neurons that were found to be
"tuned" to a narrow range of AM rates (i.e. BAND-PASS response functions)
were phasic responders in the various auditory stations examined. Thus, in
addition to coding for the arrival time of an acoustic stimulus, phasic neurons
also act as "temporal filters™ with respect to rise-fall time, signal duration, and
the rate of AM. This suggests that the temporal selectivity of phasic neurons
for various temporal parameters may contribute to the recognition of complex
sounds in the acoustic communicative behavior of frogs and perhaps other
species. [Research supported by NSF grant BNS 88-09490}
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379.11

THE INFLUENCE OF SOUND DIRECTION ON PROCESSING OF COMPLEX
SOUNDS BY MIDBRAIN AUDITORY NEURONS. D.M. Gooler, C.J. Condon',
and AS. Feng. Dept. of Physiology and Biophysics, and TNeuroscience
Program, University of lllinois, Urbana, IL 61801.

Head and body orientations are important for acoustic communication in
complex environments. Whether animals change orientations to improve
sound localization, and/or to aid the detection of complex sound features is not
clear. Inthe complex acoustic environment of a breeding pond, frogs can
discriminate between different signals as well as perceive the locations of
muttiple sources. We are interested in the mechanisms by which the frog's
nervous system forms a coherent image of acoustic space. This study
focuses on the influence of sound direction on the neural processes underlying
sound pattern recognition, especially those of behaviorally meaningful sounds.

We have recorded from single neurons in the auditory midbrain, the
torus semicircularis (TS), of leopard frogs to investigate the influence of sound
direction on frequency tuning characteristics (FTCs) and responses to
amplitude modulated sounds. Free field acoustic stimuli were presented to the
frog from equidistant azimuthal locations. The process of encoding sound
pattem and direction by neurons in the TS appears to be complex. In many
cases a change in sound direction elicited pronounced changes in the FTCs
and modulation transfer functions (MTFs) of individual TS neurons. Most
notable changes were shifts in the unit's characteristic frequency (CF),
threshold at CF, and shape of the FTC and the MTF. The relationship
between sound incident angle and specific changes in the features of the
FTCs and MTFs varied from cell to cell. In contrast, some neurons showed no
change in CF or MTF with a change in sound direction.

(Research supported by NIH grant 1 RO1 DC00663.)

379.13

WITHIN AND BETWEEN POPULATION VARIATION IN THE ACOUSTIC
COMMUNICATION SYSTEM OF CRICKET FROGS. A. C. Keddy-Hector,*
W. Wilczynski, and M. J. Ryan.* Depts. of Psychology and
Zoology, Univ. of Texas, Austin, TX, 78712.

We compared variation in basilar papilla (BP) tuning
and call dominant frequency in populations of Acris crep-
itans from Wimberley (WB) and Stengel Ranch (SR), Texas.
The best excitatory frequencies of BP afferents were ob-
tained in 28 females and 16 males, calls recorded from 107
males, and snout-vent lengths measured in all individuals.
In both populations, females were tuned lower than males
and lower than the dominant frequency of male calls. An
inverse relationship existed between body size and BP tun-
ing in both sexes (WB male r= -0,38, female r= -0.57; SR
male r= -0.62, female r= -0.64). However, analysis of co-
variance showed that body size differences do not account
for the sex difference in BP tuning (WB F=9.32, df=1,20; SR
F=4.5, df=1,15). The analysis also showed that tuning and
calls differ between populations independent of body size.
The slopes of female tuning or male calls vs. body size
did not differ in the two populations, but the y-intercepts
did (F=728, df=1,12; F=4,92, df=1,104). Slopes of male
tuning vs. body size differed between populations (F=7.35,
df=1,13). These results suggest that in cricket frogs
interpopulational differences in vocal and auditory traits
result from concomitant shifts in the intrapopulational
allometry of these traits with body size. (Supported by
NIMH 1T32 MH18837 and NSF BNS 8606289.)

379.15
ACOUSTICALLY SUBOPTIMAL MALE SPACING IN HYLA CINEREA

CHORUSES J. H. Fox, W. Wilczynski, and W. M. Moss®.
Dept. of Psychology, University of Texas, Austin, TX 78712

Previous computer models of frog chorus acoustics have
revealed that males can maximize per-capita mating call
active space by utilizing "optimal" neighbor spacing (Fox
and Wilczynski, 1986. SN Abst. 12:314). Here, we examine
whether local green treefrog (Hyla cinerea) males utilize
this strategy. For this species, optimal interindividual
distance (IID) depends on threshold distance (TD -- the
distance at which a female can just detect a male's call),
call duty cycle (DC -- the proportion of time the male
produces sound), and chorus population. TD was determined
by filtering calibrated call FFTs with female audiograms,
derived from multiunit auditory midbrain (torus
semicircularis) responses to sinusoidal acoustic stimuli.
DC was measured by playing tape recordings of long calling
bouts into an electronic timing apparatus. We find that
TD = 377 + 181 m, DC= .128 * .033, and chorus population
is typically ca. 10 - 20. Therefore, computer models
predict an optimal IID of 310 m. Actual IID, 8.21 + 7.28
m, is much lower than optimal. Such a large optimal IID
must be impractical for H. cinerea, because the resulting
chorus would be too large for the breeding area and would
be difficult for females to traverse; therefore, "optimal
spacing" would have 1little biological relevance. It now
seems likely that active space maximization through use of
optimal IID may be feasible only for species with lesser
TD values, such as Acris crepitans (Fox, 1988. SN Abst.
14:88). (Supported by NSF BNé 8606289. )

379.12

COMPARISON OF TIME-LOCKED RESPONSES OF FROG'S CENTRAL
AUDITORY NEURONS TO SINUSOIDAL-AMPLITUDE-MODULATED
SIGNALS WITH PHASI;-LOCKED RESPONSES TO SINUSOIDAL
CARRIERS. W.-Y. Lin, K.R. White, and A.S. Feng. Department of
Physiology and Biophysics, University of lllinois, Urbana, IL 61801.

-Single unit recordings were made from the frog's dorsal medullary
nucleus (DMN), a homolog of cochlear nucleus, to determine whether or
not the phase-locked response capacity of a central auditory neuron to
sinusoidal stimuli can be used to predict the time-locked response capacity
to sinusoidal-amplitude-modulated (SAM) signals, and vice versa. For each
cell, we first determined the best excitatory frequency (BF) and the
frequency tuning curve (FTC) of the unit. We then quantitatively analyzed
the unit's responses to: (1) tone bursts at a number of frequencies within
the unit's FTC at 10 dB above the respective thresholds of excitation, and
(2) SAM stimuli at various modulating frequencies (ranging from 5Hz to half
of the BF or 1000 Hz, whichever was less) using the unit's BF as the carrier
at 10 dB above the excitatory threshold at BF. The synchronization
coefficient (SC) was calculated from the period histogram derived from each
of these responses using the formula given by Goldberg and Brown (1963).
The SCs from time-locked and phase-locked responses at comparable
frequencies (modulating vs carrier frequency) were compared.

We found that for mid- to high- frequency neurons (BF>700 Hz), SCs for
SAM stimuli were typically lower than SCs derived from phase locked
responses to sinusoidal carriers of comparable frequencies. For low-
frequency sensitive neurons (BF=100-650 Hz), the SCs derived for the two
types of stimuli at comparable frequencies were similar.

(Research supported by a NSF grant 88-09490)

379.14

SEXUALLY DIMORPHIC LARYNGEAL MORPHOLOGY IN CRICKET FROGS
(ACRIS CREPITANS). B. E. McClelland, W, Wilczynski and M. J. Ryan®. Depts.
of Psychology and Zoology, University of Texas, Austin, TX 78712.

In every frog species studied so far, male larynges are significantly larger
than females', but differences exist among the species in the relative
development of the female larynx. The degree of sexual dimorphism in the
laryngeal morphology of a species may be related to the presence or absence
of vocalizations in the female's behavioral repertoire. Because female cricket
frogs (Acris crepitans) are completely silent, we predict extensive quantitative
and/or qualitative laryngeal differences between the sexes.

In this study we used morphometric techniques to explore the differences
between the anatomy of male and female larynges. Although the body size
[snout-vent length: male (n=13) =2.30 mm, female (n=8) =2.24 mm] and head
widths of the males (.79 mm) and females (.78 mm) were not significantly
different, the volume of each male (M) laryngeal component was much larger
than the corresponding feature of the females' (F) larynx (arytenoid cartilage:
M=.68, F=.046; vocal cord: M=.048, F=.004; constrictor muscle: M=.64,
F=.064; dilator muscle: M=.182, F=.023; all volumes mm3). Female vocal cords
were rudimentary and did not stretch across the laryngeal lumen which may
have rendered them non-functional. Within each sex, the volumes of all the
laryngeal features are positively correlated with body size. However, the slopes
describing the male relationships are, in all cases, much steeper than the
females'. Additionally, within each sex, the size relationships among the
laryngeal components appear to be the same. In summary, although male
larynges are considerably larger, the anatomical components of male and
female larynges maintain the same allometric relationship within the sex. Not
only the small size, but also the lack of vocal cord development may prevent
females from vocalizing. (Research supported by NSF BNS 8606289.)

379.16

REPRODUCTION AND FEEDING OF THE FEMALE FROG, RANA PIPIENS
AFTER ADMINISTRATION OF YOHIMBINE, CLONIDINE, AND NEURO-
PEPTIDE Y. C, Diakow, M.C. Lanzillotta* and J.T. Clark,
Biol. Dept., Adelphi U., Garden City, NY 11530 and Physiol.
Dept. Meharry Med. Col., Nashville, TN 37208.

This study provides evidence that both 02 receptors
and neuropeptide Y (NPY) play roles in enhancing
reproductive behavior of the female frog, and that oy
receptors play a role in reducing the tendency to feed.

When females become receptive to males there is a
decline in the terdency to emit a vocalization, the
release call, in response to tactile stimulation. In
this experiment, the number of release calls in response
to manual stimulation declined after administration of
0.08 ug/g yohimbine, or 0.001769 mmoles/g NPY, but not
after injection of 0.08 ug/g clonidine. Injections were
administered through cannulae surgically implanted in
the 3rd ventricle. Control and drug injections were
counterbalanced one day apart. Each female received
only one drug and there were eleven, 30 sec. release call
tests between 5 min. and 3 hr. after injection.

Between tests for the release call, females were
placed in a tank with crickets. The number of crickets
eaten was not affected by drug treatment, but the latency
to eat the first cricket was highest after yohimbine
injection.
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380.1

TESTOSTERONE IMPLANTS RESTORE STEROID-SENSITIVE
VASOPRESSIN INNERVATION IN CASTRATED RATS. G.J. De Vries, and
RM. Bnqs , Prog. in Neurosci. and Behav., Univ. of Mass., Amherst, and
Netherlands Inst. for Brain Res., Amsterdam.

Vasopressin-immunoreactive (AVP-IR) projections of the bed nucleus of the
stria terminalis (BST) and the medial amygdaloid nucleus (MA) are steroid-
sensitive. Gonadectomy wipes out AVP staining while subsequent testosterone
treatment restores it. We studied whether unilateral implantation of testosterone
in and around the BST and MA could restore this staining in long-term castrated
rats.

Implants in the BST of long-term castrated rats restored most of the
innervation at the side of the implant, but there were differences depending on
where the implants were placed. For example, implants in medial regions of the
BST restored most of the original ﬁber staining in the lateral septum but not the
staining in the lateral habenul, Impl in lateral regions of the BST
restored some fiber staining in the lateral habenular nucleus. Most fiber staining
in the lateral habenular nucleus was restored, however, by implants in the MA.
Since implanting testosterone between the BST and MA did not restore any fiber
staining, the steroids acted probably locally in both nuclei. The differences in the
effects of the implants might be directly related to differences in projections of
subgroups of AVP cells in the BST and MA. Steroid implants may restore AVP
fiber staining only in areas that receive direct AVP projections from the site of
the implant. Alternatively, steroid implants might have stimulated other steroid-
sensitive neuronal systems that, in turn, might have activated steroid-sensitive
AVP neurons transsynaptically. This would explain why implants in the MA
restored much of the AVP innervation of the lateral septum, even though the MA
projections to the lateral septum are much less dense than those of the BST.

380.3

GABA IN THE MIDBRAIN CENTRAL GRAY FACILITATES LORDOSIS IN
THE FEMALE RAT. M.M. McCarthy, D.W. Pfaff and
S. Schwartz-Giblin. Rockefeller University, New York, NY 10021

The inhibitory neurotransmitter GABA has been implicated in the control
of female reproductive behavior. Microinfusion of the GABA-A agonist,
muscimol, into POA inhibits lordosis whereas muscimol into medial
hypothalamus facilitates lordosis (McCarthy et al, Brain Res. 507: 1990).

Using a 2-chamber apparatus in which a sexually active male is restricted
to one chamber, several parameters of female sexual behavior were
measured during 10 min tests. After pre-testing, steroid-primed females
were infused with GABAergic drugs via bilateral cannulae (0.25ul/side) in
the midbrain central gray (MCG). In estrogen (E) + progesterone (P)-primed
females with high lordosis quotients during pre-tests, the GABA-A
antagonist, bicuculline, significantly reduced lordosis and proceptive
behaviors by 5 min at a dose of 30ng but not 10ng (p<.05; Wilcoxon Test).
By one hour post-infusion, lordosis quotients were equal to pre-test levels.
Infusion of muscimol (50ng) did not affect behavior in E + P-primed
females. Conversely, with low lordosis quotients and high avoidance index
(# rejections / # mounts) in E-primed females, muscimol (50ng) significantly
increased lordosis quotient while decreasing avoidance index as compared
to saline-infused controls at 5 and 60 min post-infusion (p<.05; Mann-
Whitney U). Locomotion and time spent in the male’s chamber did not
change after treatment with either drug.  **

Infusion of the retrograde tracer Fluorogold (0.25!) through each cannula
after behavioral testing showed strong descending projections to MCG from
the anterior hypothalamus, zona incerta, ventromedial nucleus of the
hypothalamus and amygdala (central and medial nuclei). Ascending
projections from lumbar cord included cells in laminae |, V, X and lateral
spinal nucleus. Therefore, in addition to being facilitatory in the medial
hypothalamus, GABA also facilitates lordosis at MCG sites which receive
behaviorally relevant afferent inputs from forebrain as well as spinal cord.

380.5

STEROID MODULATION OF CHOLINE ACETYLTRANSFERASE ACTIVITY IN
THE ZEBRA FINCH BRAIN. A. Gardner* and C.F. Harding. Bio-
psychology Program, Hunter College, CUNY, New York, NY 10021.

380.2

SPECIES AND SEX DIFFERENCES IN VASOPRESSIN PATHWAYS OF
VOLES THAT SHOW DIFFERENT PA*’I'I'ERNS OF PARENTAL CARE.
M. Bamshad, G.J. De Vries, M.A. Novak_. Prog. of Neurosci. and Behav. and
Dept. of Psychol.,, Univ. of Mass., Amherst, MA 01003.

Prairie voles (Microtus ochrogaster) spend longer time in close contact with
their young than meadow voles (Microtus pennsylvanicus). In addition, meadow
vole males do not show any parental care towards their young, whereas prairie
vole males do. In rats, body temperature of the mother appears to determine
how long she nurses the young during each nesting bout (Leon M, Phys. Behav.
1978 21:793). Since vasopressin-immunoreactive (AVP-IR) projections of the
bed nucleus of the stria terminalis (BST) and medial amygdaloid nucleus (MA)
have been linked to body temperature regulation (Pittman Q, Brain Res. Bull.
1988 20:887) we studied whether there were differences in these projections that
could be related to the aforementioned sex and species differences.

Brains of sexually inexperienced voles and voles that were six days postpartum
were stained immunocytochemically for vasopressin. In both species, AVP-IR
projections of the BST and MA were much denser in sexually inexperienced
males than in females. This pattern was changed in parental Is. In
females of both species, AVP-IR projections of the BST and MA were just as
dense as in sexually inexperienced males. In meadow vole males, there were no
differences between parental and inexperienced males, whereas in prairie vole
males BST and MA projections showed less staining in parental animals. These
findings suggest that, in females, BST and MA projections are involved in
changes that take place when animals become parental. The sex difference in
the direction of changes in parental prairie voles that become parental suggest
that vasopressin might serve different functions related to parental behavior in
both sexes. .

380.4

GABAERGIC CONTROL OF SEXUAL RECEPTIVITY IN THE
FEMALE RAT. Institu
of Animal Behavior, Rutgers Umversnty, Newark, N.J. 07102 U.S.A.
Recently, we reported that GABA agonist infusion into medial hypothalamus(mHYP)
and preoptic area (POA) has facilitory and inhibitory actions on lordosis behavior, respec-
tively (McCarthy et al, Brain Res. 507, 1990). These data suggest that GABA differentially
mediates receptive behavior. Therefore, in this study we hypothesized that endogenous
GABA levels will be greater in mHYP than in POA in recepuve (Rec) and opposite in
non-receptive (NRec) females along with concomitant changes in GABA receptor binding.
Intact and ovariectomized (OVX) rats were tested for receptivity 24 and 1 hr before their
mHYP, POA & cortex (CTX) were dissected & frozen (lig N2). Sections were homogenized
in 1 m1 4% perchlorate & 50O pM norvaline (int std.), centrifuged, and the supema!am was
measured for GABA (blinded procedure) by high p liquid ct phy (HPLC).
The results (fig. 1), normalized by [CTX-GABA], show a sngmﬁcam difference be-
tween mHYP and POA [GABA]/mg tissue in Rec & NRec females. The [CTX-GABA]
was unchanged (p> 0.83). The mHYP/POA GABA ratio was significantly” greater in Rec
vs NRec & OVXrats, 1.34+0.07, 0.90+ 0.08, & 0.88 £ 0.09, respectively (avg+ sem).
In a parallel experiment 3H-muscimol binding (Bmax) to the high affinity receptor site
was significantly* lower in POA of Rec vs NRec & OVX rats. Receptor affinity in
mHYP of Rec rats was significantly” less (3 fold greater Kp) than NRec & OVX groups.
In conclusion, the data support our hypothesis that GABA plays a dual role in control
of female mating behavior. Increased GABAergic activity in mHYP with a concurrent re-
duction in POA activity promotes receptivity, whereas the reverse inhibits this behavior.
It is possible that tonic GABA levels and receptor dynamics in mHYP and POA are modu-
lated by systemic steroids associated with the estrus cycle, regulating the natural onset and
termination of receptive behavior in femalerats. *ANOVA (p< 0.05) was used.

Rt aasa 3300 B “Receptive (n=5)
‘:.?s/?eg 2500 O *Post-Receptive (n=6)
=
2100 ‘mHYP POA N OVX (l’\ 8)
380.6

ESTROGEN-DEPENDENT CHOLINERGIC REGULATION OF LORDOSIS IN

INTACT CYCLING FEMALE RATS. C.S. Menard and G.P. Dohanich.

Dept. of Psychology, Tulane Univ., New Orleans, LA 70118.
Intracerebral administration of the acetylcholines-

WEDNESDAY PM

Acetylcholine appears to be present throughout the song-
bird’s vocal Cont.nﬂ sySte'.“' Vocal contr9] .nuc}e1 (VCN) intact, cycling female rats during proestrus, but not
Con?entrate §tero1ds, .a]te':mg neural funCtmm.ng a.nd act1.- diestrus when estrogen levels are lowest (Neurosci. Abst.,
vating behavior. Cho]merg]c neurons ’!ave b.een ’"'phcatefi n 435.9, 1989). Therefore, cholinergic activation of sexual
the control of steroid-mediated behaviors in other species, receptivity in intact female rats may be possible only
and cholinergic enzyme .act1v1ty in the finch syrinx is when sufficient estrogen priming exists. In this study,
hormone dep.endent. This study .examined the effects of cycling female rats received pulse injections (24 and 36
androstenedione (AE), the ster‘md . hormone we fmd best hrs before behavior testing) of 0.2, 0.1, or 0.05 ug free
restores hormone-dependent behavior in castrated finches, on estradiol or ethanol vehicle at either Diestrus I or Mid—
cholinergic enzyme aCtiY‘ty m the. ﬁ.nCh brain. diestrus. On the following day, females that were not

Castrated males received silastic implants of cholesterol sexually receptive (LQ<50%) received intraventricular
or AE and were then paired with females in individual cages infusions of either saline or physostigmine (10 ug
for one "'e.e'? prior to sac”ﬁ.ce' Ch°]1n.e acety)tranSferas? bilaterally) and then were tested for lordosis. Lordosis
(CAT? activity was measured in 10 'stero'1d~sensxt1‘ve‘nuc]eT was increased 15 min (p<.0001) and 1 hr (p<.0063) after
(VCN: RA, I'.IVC, oM, le’ MAN, Area X; auditory area._ E]e'ld L; physostigmine infusion on both days. The level of facil-
hypothalamic nu.c.le“ POA’ PVM, IN). CAT ac.t]“t-y was itation at 15 min {p<.0001) and 1 hr (p< .0212) increased
measqrgd by raf"wenzymat]c assay and exp_ressed in terms of with the levels of estradiol priming. No facilitation was
SPeXIﬁC ac?‘é]ty’t nM .ZUthtratte/"t':g p{f?te;néh&l\j{' tivity i evident with ethanol priming on either day. These results

s .‘exPefF :h’ SVCelrmt dre(ai menI % ecte. ] ac '|"Vk1 -y“:n indicate that in intact female rats, cholinergic systems
several 0 e ¥ studied. nterestingly, uniike ihe that regulate sexual behavior are dependent upon suffi-
effects of steroid hormones on catecholamines, which in- cient estrogen priming. Furthermore, estrogen levels
creased neurotransmitter levels and turnover in some areas above normal diestrus levels appear to be necessary for
but decreased them in others, AE always increased CAT cholinergic regulation to occur.
activity in those brain areas in which it exerted an effect. USPHS grant HD-22235 and Louisiana Education Quality
(Supported by grants HD-15191 and MH-00591 to CFH.) Support Fund 86-TUU(16)~133-11

terase inhibitor, physostigmine, activates lordosis in
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380.7

SEXUAL DIFFERENTIATION AND MONOAMINERGIC SYSTEMS: STEROID
INDUCED BEHAVIORAL AND NEUROCHEMICAL  CHANGES. M.A.

nabi*, A. Powell+, C. Rexroad+ and M.A. Ottinger*. *
Dept of Poultry Science, Univ. of Maryland,College Park, MD
20742 and +Reproduction Lab, USDA-ARS,Beltsville,  MD 20705

Monoaminergic systems and sexual differentiation in
Japanese quail were studied by 1) assay of hypothalamic
monoamine content and turnover during development and 2)
study of long term effects of exogenous steroids on
neurochemistry and behavior. In Study 1, female embryonic
and perinatal quail had higher levels of norepinephrine
(NE) (382.8 ng/g) than males (160.8 ng/g) at day 10
prehatch, while males had higher levels of DA (16.1 and
40.9 ng/g) than female at Days 12 and 16 respectively. 5-
HT was higher (25.6 ng/g) in females at Day 14 prehatch,
vhile males showed high levels (1107 and 1416 ng/g) at Day
5 and 7, posthatch. Turnover rates were significantly
higher for both NE and DA (51.1 and 54 ng/g/hr) at Day 7
posthatch, respectively and differed with sex. In Study 2,
avian embryos, treated on one of 9 ages with estradiol,
testosterone or oil showed lorg term effects on male
behavior. Preoptic area monoamine content showed that
females had higher levels of NE and SHT than males. These
results demonstrate permanent alteration of the monoamine
system with early exposure to steroid hormones. These data
indicate that steroid induced behavioral responses in the
adult may rely on steroid induced alterations in
neurctransmitter systems during sexual differentiation.

EFFERENT PROJECTIONS FROM THE VENTROLATERAL
HYPOTHALAMUS IN FEMALE GUINEA PIGS. K.H. Nielsen and
Neuroscience and Behavior Program and Psychology
Depanment University of Massachusetts, Amherst, MA 01003.
Implants of estradiol in the ventrolateral hypothalamus (VLH) are
sufficient to prime ovariectomized guinea pigs to show progesterone-
facilitated lordosis. To determine the efferent projections from this
area, Phaseolus vulgaris Leucoagglutinin (Pha-L) was applied
iontophoretically into the rostral VLH of ovariectomized guinea pigs.
After a survival period of two weeks, the Pha-L was visualized
immunocytochemically. The majority of Pha-L labelling was observed
ipsilateral to the injection site, but occasional axons were labelled in
the same contralateral structures. The following areas received the
heaviest projections: bed nucleus of the stria terminalis, medial
preoptic area, anterior hypothalamus, tuber cinereum, ventromedial
nucleus, dorsomedial and dorsolateral hypothalamus, posterior
hypothalamus, dorsal longitudinal fasciculus, midbrain central gray,
and the recess inferior colliculus. The latter three areas also received
the heaviest contralateral projections. Areas with fewer labelled
terminals and fibers included the diagonal band of Broca, lateral
septum, medial and cortical amygdala, lateral preoptic area,
paraventricular nucleus, arcuate nucleus, premammillary nucleus,
dorsal tegmental area, and pontine central gray. Fibers with few or
no terminals were observed in the median forebrain bundle, stria
terminalis, and medial lemniscus. Many of these projections are
similar to the efferents from the ventrolateral-ventromedial nucleus
in rats, the area apparently analogous to the VLH in guinea pigs.
(Supported by NTH NS 19327 and RCDA NS 00970)

380.11

EFFECTS OF PVN LESIONS ON THE RESPONSIVENESS OF
OVARIECTOMIZED RATS TO ESTRADIOL P.C. Butera,
D.M. Willard* & S.A. Raymond*. Dept. of Psychology
Niagara University, NY 14109

This experiment tested the effects of estradiol on
ingestive behaviors and body weight in female rats with
bilateral lesions of the hypothalamic paraventricular
nucleus (PVN). Thirty-two adult females received either
bilateral or sham PVN lesions. All subjects were ovar-
iectomized two weeks after the lesion. Two weeks
following ovariectomy, half the animals were injected with
2 ug of estradiol benzoate (EB) for 3 days and half were
injected with the oil vehicle. After 10 days of recovery
the hormone treatments were reversed. Histological
analysis indicated that 9 females had bilateral PVUN
lesions and 4 had bilateral lesions of the dorsomedial
hypothalamus (DMH). Eleven animals received sham lesioms.
There were no significant effects of oil injections on
food intake, water intake, or body weight. EB signif-
icantly lowered water intake and body weight in all
groups, however, food intake was suppressed in the DMH and
Sham but not PVN-lesioned females. These findings indicate
that the effects of estradiol on feeding behavior are
attenuated by PVN lesions. In addition, the results
support the hypothesis that the effects of estradiol on
food intake are mediated by its actions in the PVN.

(Supported by NIH NS26020)

380.8

NORADRENERGIC REGULATION OF SONG AND COURTSHIP IN MALE
ZEBRA FINCHES. S. R. Barclay, S. A. Waterman and C. F. Harding.
Biopsychology Program, Hunter College, CUNY, New York, N.Y. 10021.

Previous studies have suggested that catecholamines (CA) may be
involved in controlling courtship behaviors in male zebra finches. Hormone
treatments which increased courtship behaviors in castrated males
significantly altered CA levels and turnover in both hypothalamic and vocal
control nuclei. Similar changes in CA function were seen during the initial
phases of the reproductive cycle. While hormone treatment affected both
norepinephrine (NE) and dopamine (DA) function, the changes in NE were
much more striking. We therefore decided to manipulate NE levels and
examine the effects on courtship behavior.

Intact male finches were pretreated with zimelidine and then injected with
N-(2-chloroethyl)-N-ethyl-2-bromo-benzylamine (DSP-4, 50ug/g) or saline ip.
Birds were observed for 15 minutes in pre- and post-drug pair tests. Vocal
control and hypothalamic nuclei were assayed for NE, DA and serotonin
(5-HT) using HPLC-EC. DSP-4 birds showed significant post-drug decre-
ments in total courtship behavior. This treatment increased the latency to
sing and decreased the total number of song bouts, while the motor
patterning of songs appeared unaffected. As expected, DSP-4 significantly
depleted telencephalic (i.e., vocal control nuclei) NE while hypothalamic NE
was not affected. Zimelidine pretreatment prevented significant changes in
DA and 5-HT levels. These results suggest that the noradrenergic system is
important in modulating courtship vocalizations in the zebra finch.

Supported by HD15191, MH00591 and PSC-CUNY 668237 to CFH, and
MH09425 to SRB.

380.10

VENTROLATERAL HYPOTHALAMUS PROJECTIONS TO
ESTROGEN RECEPTOR-IMMUNOREACTIVE SITES IN THE
FEMALE GUINEA PIG BRAIN. J.C. Turcotte, K.H. Nielsen and

1.D. Blaustein. Neuroscience and Behavior Program and Psychology
Dept., University of Massachusetts, Amherst, MA 01003

The ventrolateral hypothalamus (VLH), an area in which
implantation of estradiol is sufficient to prime guinea pigs to display
progesterone-facilitated sexual behavior, contains a large number of
estrogen receptor-immunoreactive (ER-IR) cells. In rats, projections
from the analogous ventrolateral-ventromedial nucleus, have been
traced to a variety of brain sites which contain estradiol-concentrating
cells. These projections may be part of a neural network which may
be involved in the regulation of sexual behavior. In order to
determine if efferents from the VLH project to ER-IR neurons, we
iontophoretically applied the anterograde tracer, Phaseolus vulgaris
Leucoagglutinin (Pha-L) and visualized projections from this area
with a double label immunocytochemical procedure. Pha-L injection
sites were small and localized in sites containing a high concentration
of ER-IR cells. VLH efferents were observed in many sites
throughout the brain (Nielsen and Blaustein, 1990 Neurosci. abst.),
some of which also contain ER-IR neurons. The ER-IR containing
areas which receive VLH projections include the medial preoptic
area, the periventricular area and the midbrain central gray. Within
these areas, some projections were found closely associated with ER-
IR neurons suggestive of synaptic contacts. This finding supports the
concept of a neural network of estradiol-sensitive neurons.
(Supported by NIH NS 19327 and NS 00970)

380.12

HYPOTHALAMIC LESIONS FACILITATE THE DISPLAY OF
SEXUAL BEHAVIOR IN THE FEMALE GOLDEN HAMSTER
INDEPENDENTLY OF PHOTOPERIOD. A.S. Elliott* and A.A.
Nunez, Dept. of Psych., Neuroscience Program, Michigan State
University, East Lansing, MI 48824,

In order to further elucidate the role of the suprachiasmatic nucleus
(SCN) in photoperiodic control of socio-sexual behaviors, electrolytic
lesions aimed at the SCN were made in female golden hamsters
(Mesocricetus auratus) and the animals were then placed in either a
long or short photoperiod. After ovariectomy, the estrogen-primed
animals with lesions showed lordosis more frequently than those
without lesions, regardless of photoperiod. No differences were
detected when the estrogen treatment was supplemented with
progesterone. Animals with lesions also attacked less frequently than
controls, again regardless of photoperiod. Histology revealed that the
actual placement of the lesions ranged from the preoptic area through
the caudal aspects of the SCN. Of the lesion group, those with
damage in the anterior hypothalamus (AH), including the SCN,
showed lordosis more frequently than those with damage solely in the
preoptic area (POA). Conversely, those with AH lesions showed less
aggression than those with POA lesions. These data support the
findings that the POA, AH and SCN may play a role in mediating the
inhibitory action of the septal-POA on lordosis in female hamsters
(Brain Res. 1980, 181: 267 Physiol. Behav. 1982, 29:1131).
Supported by grant BNS8908576 from the NSF and by Biomedical
Research Funds from M.S.U.
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380.13

PREOPTIC AREA (POA) KNIFE CUTS AND KNIFE CUTS POSTERIOR TO
THE VENTRAL TEGMENTAL AREA (VTA) DISRUPT MATERNAL BEHAVIOR
IN RATS. M. Numan, M.J. Numan* and C.E. Lupini¥. Dept. of
Psychology, Boston College, Chestnut Hill, MA 02167.

The present series of experiments explored the possibi-
lity that POA projections through the VTA to lower brain-
stem regions are critical for maternal behavior in post-
partum lactating rats. The first experiment found that
bilateral coronal knife cuts posterior to the VTA depress-
ed all aspects of maternal behavior: Retrieving, nest
building and nursing behavior. In a second experiment, it
was found that a parasagittal unilateral knife cut lateral
to the medial POA paired with a contralateral coronal
knife cut posterior to the VTA also disrupted maternal
behavior, suggesting that POA projections through the VTA
to lower regions may be important. In a final anatomical
study, animals received knife cuts posterior to the VTA
or served as controls. Horseradish peroxidase (HRP) was
immediately injected into the knife cut region. Animals
with the cuts had more HRP labeled cells in the POA than
animals without such cuts, suggesting that the cuts did
indeed sever descending POA efferents. However, in the
animals with cuts many other brain regions were also
labeled with HRP. One functionally relevant area was the
sensory trigeminal nucleus. This system may be particular-
1y important for retrieving behavior which is influenced
by orosensory input.

Supported by a Whitehall Foundation grant.

380.15

GUINEA PIG PERINEAL MOTONEURONS ARE SEXUALLY DIMORPHIC
IN SIZE BUT NOT NUMBER. Louise M. Freeman & S. Marc Breedlove,
Psychology Dept., U.C. Berkeley, Berkeley CA 94720.

Motoneurons (MNs) innervating the bulbocavernosus (BC), levator ani (LA)
and ischiocavernosus (IC) muscles of male guinea pigs are located in the ventral
horn of the S1-L6 spinal cord. Caudally these neurons form a single cluster, but
more rostrally they separate into two distinct motoneuronal columns, with BC and
LA MNs in the medial cluster and IC MN:s in the lateral group. Female guinea
pigs have a muscle that appears homologous to but smaller than the LA of males;
MNs of this muscle, like those of the male LA, are seen predominantly in the
medial column. There is no obvious IC in adult female guinea pigs.

To determine whether these MNs were sexually dimorphic in number or size,
we examined ten spinal cords from intact adults of each sex. Cords were frozen
sectioned at 50 pm and alternate sections mounted and stained with thionin. The
caudalmost section in which the medial and lateral motoneuronal columns were
distinguishable was chosen as anchor point; MNs of the medial and lateral
clusters were counted for 20 sections rostrally. Counts were also made of the
"presplit” cluster for 10 sections caudal to the anchor point. Raw counts were
corrected for split nuclei by the method of Konigsmark. Nuclear and soma arcas
were measured from camera lucida drawings of 12 cells/cluster/animal. There
was a sex difference in soma area and raw MN count. However, the latter
difference appears to be an artifact of the difference in cell size since the
correction procedure eliminated the difference in MN number.

MEAN SOMA AREA+SEM (3) CORRECTED # MNs+SEM
Cluster:  Presplit ~Medial  Lateral Presplit Medial Lateral
Males 942+44  981+47 969+44 179+14 476+12 407+14
Females 786+44 799+24 813435 156+8 475416 402+24
2-way ANOVA shows a sex difference in MN size (p<.001) but not # (p=.81).
Supported by a NSF predoctoral fellowship (LMF) and March of Dimes (SMB).

380.17

PELVIC AND PUDENDAL NERVES INFLUENCE PACED MATING
AND POSTURAL ADJUSTMENT IN FEMALE RATS. M.S. Erskine and
E. Kornberg. Dept. of Biology, Boston University, Boston, MA 02215.
The present studies examined the relative contributions of the pelvic and
pudendal genitosensory nerves to lordosis behavior, to the pacing of
mating stimulation, and to the postural adjustments required for receipt of
cervical-vaginal stimulation in estrous female rats during mating. Bilatcral
surgical transection of the pelvic (Pe), pudendal (Pu), pelvic and pudendal
(Pe+Pu) nerves, or shamn surgery (Sh) was performed on ovariectomized
Long-Evans rats. Lordosis, pacing, and postural adjustment were measured
after the sequential administration of estradiol benzoate (EB, 8ug/kg, s.c.)
and progesterone (P, 2 mg/kg) in Experiment 1 and after 7 daily injections
of EB only (8ug/kg) in Experiment 2. In both experiments, high levels of
lordosis behavior were seen in all groups. Pacing of mating stimulation
was disrupted in Pe and Pe+Pu groups after EB and P; these females
failed to show the pattern of withdrawal from males which in Pu and Sh
groups reflected a discrimination between mounts (M) and intromissions
(I). After EB only, Pu animals as well as Pe and Pe+Pu failed to show
discriminatory responses to M and I. Thus, the pelvic nerves are
necessary for the display of pacing behaviors, and normally depend upon
the presence of P to become sensitive to selective mating stimulation.
lation of the pudendal nerves by males is not sufficient to induce
pacing behavior. Posmral adjustment, indicated by the ratio M:I, was
similar in all groups given EB and P in Experiment 1, but after EB only
M:I was elevated in the Pe and Pe+Pu groups. Thus, neither the pelvic
nor the pudendal n. are required for postural adjustment if P is present;
without P, intact pelvic ns. are necessary for the female to make postural
adjustments which increase the likelihood of intromission. HD21802.

380.14

TECTORET ICULAR NEURONAL ACTIVITY ASSOCIATED WITH BEHAVIOR
AND PROGESTERONE ACTION DURING THE INDUCTION OF LORDOSIS
RESPONDING IN HAMSTERS. J. D. Rose. Depts. of Psychology
and Zoology-Physiology, Univ. Wyoming, Laramie, WY 82071.

Superior colliculus neurons with antidromically-
identified projections to the medial medulla were re-
corded in estrogen-primed golden hamsters during the
induction of lordosis by systemic progesterone (P) in-
jection. A crystalline progesterone-horseradish per-
oxidase conjugate (P-HRP) was applied to the superior
colliculus with a removable cannula, near the location of
the recording electrode array. P-HRP was used to distin-
guish non-genomic from genomically-mediated P effects on
tectoreticular neurons. Rapid effects of P-HRP and more
slowly-developing effects of systemic P were seen, inclu-
ding changes in firing levels, antidromic excitability
and antidromic spike configuration. Tectoreticular neu-
rons that fired actively during head movements ceased fi-
ring and displayed antidromic spike blockade during lor-
dosis. Other tectoreticular neurons showed changes in
antidromic spike configuation during movements, that dif-
fered from configuations present during episodes of lor-
dosis. These results identify specific patterns of tec-
toreticular neuronal activity in relation lordosis and
active movements. The activity and excitability of tec-
toreticular neurons during induction of lordosis appears
to be regulated by a combination of membrane and genomic
P effects. Supported by NIH Grant NS13748.

380.16

ANDROGEN DOES NOT INCREASE MOTONEURONAL
UPTAKE OF CT-HRP. Marianne Leslie and S.Marc Breedlove
Psychology Department, U.C. Berkeley, Berkeley, CA 94720.

It has been suggested that systemic androgen may augment
cholera toxin-conjugated horseradish peroxidase (CT-HRP) uptake
in hormone-sensitive systems. We tested this possibility by
gonadectomizing 38 male rats at 50-56 days of age, and implanting
of silastic capsules filled with testosterone (T) or blank (B). 25-
44 days later, CT-HRP was injected into 2 muscles: the left side
of the hormone-sensitive bulbocavernosus muscle (BC) (2ul),
innervated by the spinal nucleus of the BC (SNB) and the right
flexor digitorum brevis (FDB) (lul), innervated by the
retrodorsolateral nucleus (RDLN). Animals were killed 8-22
hours later, perfused, spinal cords frozen-sectioned at 50u, and
motoneurons containing HRP reaction product counted by nucleus
and by intensity of labeling (heavy or light).

Mean Total # Cells Labeled (heavy & light, both muscles):

QR Hrs: 8 10 13 16 19 22
0 12+7 27+8 76+5 80+50 56+32
B 0 26+5 50+13 5545 99+35 70+5

Two-Way ANOVA: Time p<.01, Hormone p=.4
2-way ANOVA'’s of heavily labeled SNB and RDLN motoneurons
also reveals a significant effect of time but not hormone.
We found no evidence that systemic androgen could increase the
rate of CT-HRP arrival in the spinal cord, discounting one
potential source of artifact when using CT-HRP to label dendrites.

380.18

LOCAL SITE OF ACTION FOR DEXAMETHASONE'S CATABOLIC EFFECT ON
RAT BULBOCAVERNOSUS. Mark N. Rand and S. Marc Breedlove, Psychology
Dept., U.C. Berkeley, Berkeley, CA 94720.

‘We previously found that local of adult rat bulb ernosus (BC) with
testosterone can maintain muscle weight in orchidectomized animals; i.e. steroid
capsules placed directly on the muscle show a local anabolic effect (Rand & Breedlove,
Soc. Neurosci. Abstr. 1987). Last year we reported that the dendritic arbors of
motoneurons innervating such T-treated muscles are 37% longer than those of
motoneurons innervating the contralateral BC (p < 0 04 one-tailed). We now report
that local treatment of BC muscle with the syntt gl ticoid D thasone
(Dex) results in a local bolic effect on the le; our analysis of motoneuronal
dendritic arbor length is pending.

Gonadally-mtact adult male rats 90-180 days of age were implanted with two

one g Dx b (Sigma), and the other blank. The capsules
wete sutured on the surface of the muscle, one on one side of the BC, the other on the
conualateral side. After 30 days the animals were sacrificed and the BC, spinal cord,

and 1 vesicles were di d out. The left and right BCs were separated and
weighed thhout knowledge of their steroid treatment. Muscle half weights were
mpared using a rep t-test.

Muscle halves receiving local Dex were 10% lighter than those given blank capsules
(p < 0.003), indicating that Dex acts at or near the muscle for its catabolic effect.

The effect of this non-androgenic muscle-size manipulation on the length of SNB
dendrites should be interesting. If dendrites of motoneurons innervating the
Dex-treated muscle half are shorter, they would be shown to vary independently of
normal androgen levels. If there is no difference in dendritic length with Dex
treatment, then muscle size per se would be shown to vary independently of dendritic
arbor. We are currently measuring SNB dendrites to test these two possible outcomes.

Supported by NSF #BNS 8451367
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381.1

COMMISSURE FORMATION IN SIX MOUSE STRAINS WITH ABSENT
CORPUS CALLOSUM. D. Wahlsten and B. Bulman-FIeminq‘, Dept. of
Psychology, Univ. of Alberta, Edmonton, AB, T6G 2E9 and’ Depts. of
Psychology and Health Studies, Univ. of Waterloo, Waterloo, ON, N2L
3Gt (Canada).

The study sought evidence of single gene effects on forebrain
commissure growth. Brains were studied morphometrically in fetuses of
13 inbred and one hybrid mouse strains ranging from 0.2 g to 1.0 g body
size. Among six strains known to suffer absence of the corpus callosum
(CC) in the adult, there was an association between a) percentage of
adults with total CC absence and b) degree of retarded formation of the
hippocampal commissure. The rank order of strains on both measures
was IlLnd (worst), 129/J, BALB/cWahi and a tie of BALB/cWah2,
BALB/cByJ and CXBG/By. This association occurs because in these
strains the pioneering CC axons usually traverse the midplane via the
HC. The cross-sectional area of the medial septal region at the
telencephalic midplane was greatly reduced in certain strains (e.g., I/LnJ
and BALB/cWah1) but close to normal in others (129/J and BALB/cWah?2).
These results support previous findings that there are two genetically and
developmentally distinct processes which contribute to absent CC
(Wahisten and Smith, J. Hered., 80:11-16, 1983). The causes of CC
absence reside not in the CC axons themselves but in either the
generation or migration of cells that form the substrate for axon guidance.

Supported by NSERC grant OGP0045825.

381.3

COMPLETING THE SPLIT IN THE SPLIT-BRAIN RAT:
TRANSECTION OF THE OPTIC CHIASM. M.F. Novotny, D.P.
Crowne, and I.S. Russell. Dept. of Psychology, Univ. of Waterloo,
Waterloo, Ont. N2L 3G1, CANADA.

To study interocular transfer (IOT), we depend on directing
sensory input to a single hemisphere. In studies of cat and
monkey, division of the optic chiasm routes all visual inflow in
monocularly occluded animals to the ipsilateral hemisphere,
enabling tests of IOT by section of forebrain commissures.
Hemispheric asymmetries have also been investigated in this
preparation. In the rat, section of the optic chiasm is formidable,
and the alternative has been to exploit the marked asymmetry of
crossed and uncrossed projections. Since the small proportion of
uncrossed optic fibres in the rat is functional, the role of forebrain
commissures in IOT is not firmly established. We describe a
stereotaxic technique using a microknife to transect the optic
chiasm in the rat that minimizes superficial damage and mortality,
and we present illustrative data on the interocular transfer of
visual discrimination in chiasm-sectioned and chiasm-plus-
forebrain commissure-sectioned animals. Chiasm-sectioned rats
are visually competent and show mean savings (756%) on second-
eye transfer. Rats with divided chiasm and corpus callosum show
no evidence of transfer on first-eye reversal.

381.5

SEX DIFFERENCES IN THE ASYMMETRICAL BEHAVIORAL RESPONSE TO
BRAIN INJURY IN THE RAT. S.E.Starkstein, J.B.Bryer% T.H.
Moran, R.G.Robinson. Degtmmv.
Sch. Med. Balto., MD 21205.

We have previously reported that right hemisphere or bi-
lateral suction lesions of the dorsal lateral frontal cor-
tex or electrolytic lesions of the nucleus accumbens (NAS)
in male rats produce spontaneous running wheel hyperactivi-
ty. In the present experiments, we examined these two phe-.
nomenon in female rats. Twenty-four adult female Sprague-
Dawley rats were given either left, right, bilateral or
sham frontal cortical suction lesions and placed in running
wheel cages for activity monitoring for 30 days. The re-
sults showed no significant between-group differences in
locomotor activity, demonstrating, in combination with our
earlier findings in male rats, the presence of sexual di-
morphism in the lateralized behavioral response to fronto-
cortical lesions. In the second series of experiments, 27
adult female Sprague-Dawley rats were given either left,
right, bilateral or sham NAS electrolytic lesions and acti-
vity was monitored as above. The results showed that rats
with either left or right NAS lesions had significantly
more locomotor activity than rats receiving either sham
treatment or bilateral lesions. These results also contrast
with our earlier findings in male rats where right but not
left NAS lesions produced significant hyperactivity. More~
over, in adult male rats, bilateral NAS lesions produced
more hyperactivity than single right NAS lesioms.

381.2

A NEW MOUSE MODEL OF PARTIAL AND COMPLETE AGENESIS OF THE
CORPUS CALLOSUM. H.-P. Lipp, R. Waanders* and D.P. Wolfer*. Institute of
Anatomy, University of Ziirich, CH-8057 Ziirich, Switzerland.

Available animal models of callosal agenesis (thc mouse strains BALB/c, 129/J and
ddN) have the disadvantage of demonstrating a low frequency of this trait. The recently
discovered mouse strain I/Ln shows completc penetrance of agenesis of the corpus
callosum (personal communication, R.E. Wimer), but has low viability and is only
available in small numbers. In order to obtain a complementary mouse model with high
callosal variability and high frequency of complete agenesis, we studied the changes in
size of the corpus callosum after crossing male I-mice with C57BL/6 females and
backcrossing the female offspring.

Changes in midsagittal cross-sectional area of the forebrain commissures were
assessed in brains of adult mice (4-8 months of age), 20 per generation. Groups included
Fl1-hybrids (F1), 3 randomly mated generations (F2, F3, F4) and 3 generations from
consecutively backcrossing female hybrid mice to the males of the parental strain I/Ln
(BX1, BX2, BX3). Area of the corpus callosum changed little in the F2-F4 groups (92-
98% as compared to the F1). In the backcross generations, the corpus callosum was
increasingly reduced with every generation (BX1: 76%, BX2: 25%, BX3: 5%). This
corresponded to the number of mice with apparently complete agenesis of the corpus
callosum (BX1: 0 %, BX2: 45% and BX3: 75%). The reduction of the corpus callosum
was correlated with a smaller arca of the anterior commissure (r=0.58, p < 0.001) and of
the hippocampal commissures (r=0.86, p < 0.0001), predominantly of their dorsal
components.

Thus, variation in size and frequency of agenesis of the corpus callosum can be
controlled by means of systematic breeding. Functional and neuroanatomical correlates of
callosal variation are studied preferentially in BX2 mice, whereas BX3 mice combine
decent viability with a high frequency of complete agenesis of the corpus callosum. Supp.
by SNF Grant 3100-009470.

381.4
BEHAVIORAL ASYMMETRY IN MALE, FEMALE AND PERINATALLY
GONADECTOMIZED RATS. XK. J. Schultz. Psychology Depart-
ment, Univ. of Winnipeg, Winnipeg, MB, Canada R3M 2E9.
Behavioral asymmetry was examined in 317 Sprague-
Dawley rats (105 males, 109 females, 103 perinatally
gonadectomized males). Adult animals completed four tri-
als on each of seven side preference tasks. Laterality
ratios were derived for each task. A direct discriminant
function analysis was performed using these laterality
ratios as predictors of condition (male, female, gonadec-
tomized male). The discriminant functions derived signi-
ficantly separated males from females (p <« .000) but
failed to differentiate the two groups of males (p = .613),
The loading matrix values suggest that the best behavioral
predictors for distinguishing between males and females
were two circling tasks, a direction choice task and a
water bottle preference task. On each of these tasks
females exhibited a greater right preference than did
males. None of the behavioral tasks discriminated between
males and gonadectomized males. Analyses of hemispheric
differences in neocortical volume are in progress and
suggest that groups differ significantly on these
variables.

381.6

ANTERIOR BRAIN ELECTRICAL ASYMMETRIES IN
RESPONSE TO REWARD AND PUNISHMENT. S. Sobotka, R.J.
Davidson*, & J. Senulis*. Department of Psychology, University of
Wisconsin, Madison, WI 53706.

Recent findings on both brain-damaged and normal individuals
indicate differential involvement of the anterior regions of the two
hemispheres in approach and withdrawal-related emotional processes.
In this study, 15 right-handed subjects were tested in a paradigm which
manipulated reward and punishment contingencies while brain
electrical activity was recorded. Each trial began with the presentation
of a fixation point, which was followed by an arrow which was either
in the up or down position. Four seconds later, an imperative stimulus
was presented. In the arrow up trials, if the subjects responded
sufficiently quickly, they received $.25; in the arrow down trials, if the
subjects responded too slowly, they lost $.25. RT criteria were
adjusted for each trial block based upon the median RT of the previous
trial block. After they responded, subjects were given feedback about
their performance. Trial type was randomly varied. EEG was recorded
from F3,F4,F7,F8,T3,T4,C3,C4,01,02,Pz,Cz and sites between T3
& P3 and T4 & P4, referenced to A1-A2. Power in the theta, alpha,
and beta bands of the EEG during the 4 s inter-stimulus interval was
computed by Fourier Transformation. In addition, the contingent
negative variation (CNV) was quantified during this interval. For alpha
power, the Condition X Hemisphere interaction was significant for the
frontal leads. Punishment trials were associated with less right frontal
power (i.e., more activation) compared with reward trials. These
effects were present only in the frontal leads and were more robust
when the analysis was restricted to trials on which the subjects won or
lost money. No significant Condition X Hemisphere interaction was
found for the CNV.
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381.7

INVESTIGATION OF LEFT/RIGHT ASYMMETRIES OF SPATIAL
NAVIGATION LEARNING IN RATS WITH UNILATERAL 6-OHDA LESIONS
OF THE SUBSTANTIA NIGRA. R. Sullivan® and H. Szechtman
Dept. Biomedical Sci., McMaster Univ., Hamilton, Ontario,
CANADA L8N 325.

Damage to central dopam1ne {DA) systems in rats impairs
aspects of spatial learning in the Morris water maze task.
As the right hemisphere in humans is thought to
preferentially mediate spatial processing, we sought to
determine if selective damage to the left or right
nigrostriatal DA system of rats would differentially impair
the profile of spatial learning. Male Sprague-Dawley rats
(300-350 g) received unilateral 6~OHDA lesions of the left
or right substantia nigra (N=24 per group) or control
operations (N=14). Group assignment was based on a pretest
for directional bias (undrugged) in a 2-m diameter pool,
also used for subsequent watermaze testing. Following a
rotometer test on apomorphine (APO) at 2 weeks post-lesion,
rats were tested for acquisition of a place task (latency
to find a submerged platform) in the water maze, for 4
consecutive days. On day 5 (reversal), the location of the

platform was switched to the opposite quadrant. Rats
received 4 trials a day (water temp. 25° C). Only in
reversal, did group differences emerge. Right-lesioned

rats were significantly impaired in escape latencies
(P=0.016) while left-lesioned rats did not differ from
controls. In controls, a leftward pretest bias was
correlated with time spent in the former escape quadrant in
reversal (r=.56, P=0.018), suggesting right-sided DA
dominance for superior retention, a conclusion supported by
significant correlations of APO rotation with the same
measure in lesioned groups. [Supported by NSERC. HS is a
Research Associate of the OMHF].

381.9

SOUND LOCALIZATION IN NORMAL AND CALLOSAL
AGENESIS HUMAN SUBIJECTS. P.Poirier*, S Miljours*,
ELeporé, L.Richer* and M.Lassonde. Groupe de Rech. en
gleuropsy. Exp., Université de Montréal, Mtl, PQ, Canada, H3C
J7.

In cats, electrophysiological and tracing studies of the primary
auditory cortex as well as the corpus callosum suggested the latter's
implication in sound localization (Imig et al.,1986; Poirier et al.,
1989). The present study examined manual pointing to audnory
targets in 4 Ss with callosal agenesis paired to 4 age- and 1.Q.-
matched controls. Ss were required to locate broadband noise
bursts (BBN) at fixed intensity in the horizontal plane in an
anechoic chamber. BBNs were delivered randomly through 16
speakers and repeated 5 times. The speakers, which were invisible
to the Ss, were mounted at approximately 10° intervals on a
perimeter frame having a radius of 50 cm. Ss responses consisted
of manual pointing on the frame. Aiming accuracy was assessed by
calculating the mean deviation of the pointing responses from the
target position. There was no difference between the 2 groups in
terms of accuracy. However, acallosal Ss tended to overshoot
throughout the field while no such pattern was seen in the control
Ss. Furthermore, acallosal and control Ss made significantly more
errors when aiming was carried out in the left auditory hemifield.
The hemifield differences were not due to sensory deficits in sound
localization. This conclusion is supported by visuo-motor pointing
task with humans which showed similar differences (Lassonde et
al. 1989). (supported by FCAR and CRSNG).

381.11

EFFECTS OF SEX AND AGE ON REGIONAL MORPHOLOGY OF THE HUMAN
CORPUS CALLOSUM. P.E. Cowell. L.S, Allen®. N. Zalatimo*®, and V.H.
Denenberg. Biobehavioral Sciences Graduate Program, Univ. of
Connecticut, Storrs, CT 06269 and Dept. of Anatomy and Cell Biology,
UCLA School of Medicine, Los Angeles, CA 90024.

Midsagittal callosal (CC) tracings from MRIs of 73 pairs of
age-matched males and females (age 2-79 years) were digitized
using computer assisted software. The following parameters were
derived: 99 percentile widths along the curved longitudinal axis,
length of this axis, area, and perimeter. The width percentiles were
grouped into regions based upon prior factor analyses of human
callosal material. The regions are widths 3-18 (W3-18), W22-39,
W49-62, W65-74, W77-85, W89-94, and W95-99. Trend
analyses of these regions with Sex and Age (blocked in 10-year bins)
as independent variables, found the following significant effects. The
two anterior-most regions (W3-18 and W22-39) had a cubic Sex x
Age interaction. In both regions males reached a maximum value at
Age 21-30 while females did not peak until Age 41-50. In W3-18
both sexes dropped sharply after peaking. Their callosal widths after
age 60 were no greater than seen in childhood. The same phenomenon
was seen for females in region W22-39, while male widths remained
asymptotic over age. The remaining callosal regions were relatively
homogeneous: the CC of both sexes grew with age (quadratic effect)
and showed some gradual diminution but no sharp drop off. The genu
and anterior body were the CC regions most sensitive to the
interactive effects of sex and age.

381.8

SPATIALDEFICITS AND THEIR LATERALIZATION FOLLOW-
ING UNILATERAL POSTERIOR PARIETAL LESIONS IN THE
RAT. _S.E. Maier, R.W. Vitols*, M.F. Novotny, & D.P. Crowne,
Dept. Psychology, Univ. Waterloo, Waterloo, Ont. N2L 3G1,
CANADA.

Both egocentric and allocentric (landmark) cues serve in spatial
mapping and navigation. In humans, monkeys, and rats posterior
parietal cortex (PPC) is involved in maintaining a reference
system to guide spatial movement. Bilateral lesions of PPC yield
allocentric deficits. Spatial deficits from unilateral lesions,
especially in rats, are less well documented. To show a true
homology of PPC function, we tested rats with unilateral lesions
on egocentric and allocentric spatial tasks. Rats sustained left or
right PPC lesions, lateralized PPC lesions + section of corpus
callosum, CC section alone, or sham operations, and were tested
on egocentric and allocentric versions of the Morris Water Maze.
Both left and right PPC + CC lesions resulted in significant
deficits compared to controls on latency and heading error in
egocentric place navigation. With reversal of platform location,
only controls and animals with left or right PPC lesions were
impaired. On the allocentric task, rats with right, but not left,
PPC + CC lesions were significantly worse than controls in
latency to find the platform. We demonstrate a nonlateralized
PPC impairment and a lateralized one in allocentric spatial navi-
gation.

381.10

DEFICITS IN INTERFIELD MEMORY TRANSFER IN CASES
OF CALLOSAL. AGENESIS. D.J. Ingle, L.S.Jakobson,
M.C. Lassonde, & H.C. Sauerwein. Northeastern
Univ, Univ.W.Ontario, & Univ. of Montreal.

In man the ease and accuracy with which we re-
member locations of objects after moving about
without vision is taken for granted. When an ob-
ject is viewed in one hemifield, and the subject
rotates so as to "move" the remembered location
into the opposite hemifield, does the neural
representation of that locus jump from one side
of the brain to the other?

We performed a relevant experiment with four
subjects with congenital agenesis of the caliosum
who could point to remembered visual targets
(an eye-level cylinder seen for only % second)
with either hand and in either hemifield. When
memory locations remained within the same hemi-
field all subje¢ts easily discriminated different
locations; when the remembered location fell into
the ogp051te hemifield after rotation locations
of 30~ vs 60  from the midline were very poorly
discriminated.

These results support the hypothesis that the
underlying memory representatlons normally do
change hemispheres post rotation, since good com-
pensation occurred in controls équated for I.Q.

381.12

CORRESPONDENCE OF AUDITORY AND VISUAL LATERAL
ASYMMETRIES FOR LANGUAGE IN DEXTRALS BUT NOT
IN NON-DEXTRALS. Z. Caramanos*, R.J. Zatorre and D.
Bub*. Montreal Neurological Institute, McGill
University, Montreal, Quebec, Canada. H3A 2B4.

Cross-modal correlatlons of visual and auditory
measures of hemispheric language dominance were cbtained
for 15 dextral and 30 non-dextral human subjects. The
auditory measure, ear advantage on the dichotic fused
rhymed words test (B. Wexler & T. Halwes, Neuropsycho-
logia, 21:59, 1983) is known to relate to individual
hemispheric asymmetry on the intracarotid sodium Amytal
test (R. Zatorre, Neuropsychologia, 27:1207, 1989).
visual measure involves the difference between the
slopes of mean reaction times to words presented in the
left and right visual fields as a function of length,
which is taken to reflect hemispheric differences in
reading efficiency (D. Bub & J. Lewine, Brain lang.,
33:161, 1988). Both dextrals and non-dextrals showed the
expected distributions of asymmetry on the two measures.
Dextrals showed a significant correlation (r=.56)
between scores on the two tests, suggesting that, to
some extent, a common mechanism may underlie the
asymmetries observed in the two modalities. Non-
dextrals, however, did not demonstrate significant
cross-modal correlations (r=.13), which may indicate a
partial dissociation between visual and auditory
laterality in the non-dextral population.
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381.13
HAND AND SEX DIFFERENCES IN SYLVIAN FISSURE
MORPHOLOGY S.F. Witelson and D.L. Kigar, Dept. of
Psychiatry, McMaster Univ., Hamilton, Ont.,
Canada, L8N 325

Morphology and asymmetry in the Sylvian
fissure (SF) in the human brain was studied by
dividing it into 3 segments: anterior (A),
horizontal (H), vertical (V). Segment perimeters
in each hemisphere were measured in 67 brains (24
men, 43 women) from individuals whose hand
preference [consistent-right-handed (CRH) and
nonCRH] was tested prior to death. Marked
asymmetry was observed: 1left (L) HSF was greater
than right (R); R VSF was greater than L; ASF
showed no asymmetry. Sex and Hand were factors
in HSF only. (1) Men had greater asymmetry than
women. (2) Men had a greater HSF than women but
only for L HSF. (3) Only among CRH did men have
a greater HSF (over both hemispheres) than women,
suggesting that hand has a greater effect in men.
In summary, there are two complementary
asymmetries in the SF (HSF & VSF). The influence
of handedness in men supports the role of SF
morphology in functional asymmetry. The sex
difference in the association of SF anatomy and
handedness is consistent with previous results
that area of the isthmus of the corpus callosum
varies with hand only in men (Witelson, 1989).

381.15
COORDINATED NONINVASIVE STUDIES (CNS) PROJECT.
J.L.Lauter. Speech & Hearing Sciences, Univ. of
Arizona, Tucson, AZ 85721

Several noninvasive methods for studying hu-
man brain structure and function are combined in
a test battery to study aspects of behavior in
the same subjects. Each individual is tested
with behavioral methods, MRI, EPs, qEEG, PET,and
MEG. Current focus is on asymmetries for complex
sounds. First each subject is trained on dicho-
tic listening for two sound sets which evoke
"opposite'" asymmetries. Next brain anatomical
asymmetries are measured with MRI, and a repea-
ted measures auditory EP series is done to de-
fine brainstem asymmetries. Then each individual
subject is run on the two sound sets while being
monitored with qEEG, then PET, then MEG. Results
to date show: 1) good "internal consistency"
comparing behavioral, anatomical, and physiolo-
gical asymmetries within subjects; 2) individual
differences in the specifics of the various asy-
mmetries; and 3) agreement across subjects in
the patterns of these asymmetry "profiles."
Findings suggest that the approach is not only
viable, but that exploiting the complementarity
of the noninvasive techniques may reveal unsus-
pected relations among aspects of human neuro-
anatomy, neurophysiology, and behavior.

381.14

EMERGING SIGHT-WORD READING IN A VISUALLY AGNOSIC AND
PROSOPAGNOSIC CHILD. I.S. Brown and F.B. Wood*. Section
on Neuropsychology, Bowman Gray School of Medicine of
Wake Forest University, Winston-Salem, NC, 27103.

We report a patient who at 16 months of age suffered
cardiac arrest and anoxia during bronchoscopy to remove
an aspirated bean. Onset of seizures originating in the
left hemisphere occurred soon after. Following the anoxic
episode visual evoked response showed functioning of the
visual pathways. At age 5, magnetic resonance imaging
revealed multiple high signal lesions in both parieto-
occipital cortices, worse on the right. Now at age 8,
seizures are controlled with Tegretol; visual acuity is
decreased, but relatively intact with corrective lenses.
His verbal IQ is 74 and verbal short-term memory is
within normal limits. He does simple computaticns
mentally, spells orally, reads simple sight words in large
print, and is able to name many real objects in his
environment, apparently employing color and shape cues to
do so. However, with few exceptions he cannot identify
large pictures of similar objects, or actual faces of
familiar people, including his mother. Dissociation of
early reading skills and non-verbal skills in this child
is striking and informative, not only by reference to a
large normal sample of 8 year olds studied through our
NICHD Program project on dyslexia, but also (following
Caramazza) as a single case existence proof of emerging
reading despite visual agnosia.

DRUGS OF ABUSE: OPIOIDS

382.1

CONDITIONED AND UNCONDITIONED MORPHINE WITHDRAWAL IN THE
HAMSTER. P. Schnur. Center for Alcohol and Addiction
Studies, Brown University, Providence, RI 02904.

Naloxone-precipitated morphine withdrawal was studied in
morphine-pelleted and in subcutaneously injected hamsters.
On five days, morphine-pelleted (75 mg) hamsters were in-
jected with naloxone (1 mg/kg) in a distinctive environ-
ment. They were observed for signs of withdrawal 10 min
before and 30 min after the naloxone injection. Results
indicated that a) withdrawal intensity was a direct func-
tion of the number of implanted pellets, and b) compared
with several control groups, conditioned withdrawal devel-
oped among animals withdrawn in the distinctive environ-
ment and was evident up to 30 days after pellet removal.
To extinguish conditioned withdrawal, some animals were
given daily saline injections for 1 wk in the distinctive
environment while others remained in the home cage. Con-
ditioned withdrawal was attenuated, but not eliminated by
the extinction treatment. A separate experiment indicated
that verapamil (10 and 20 mg/kg) did not attenuate nal-
oxone-precipitated withdrawal. In other experiments,
withdrawal was precipitated by naloxone (0,0.4, 1 mg/kg)
following 4 or 8 sc injections of morphine (15 mg/kg).
Withdrawal, measured as above, as well as by the disrup-
tion in morphine-elicited running wheel activity, was evi-
dent after 4 morphine injections. Again, verapamil failed
to attenuate withdrawal. (Supported by NIDA Fellowship
and by a Rhode Island Foundation Grant)

382.2

MORPHINE AND COCAINE-REGULATED PHOSPHOPROTEINS (MC-RPPs)
IN CRITICAL REWARD REGIONS OF RAT BRAIN: IDENTIFICATION OF
TYROSINE HYDROXYLASE (TH) AND OTHER DRUG-REGULATED
PHOSPHOPROTEINS. D.B. Beitner and E.J. Nestler, Laboratory of
Molecular Psychiatry, Depts. of Pharmacology and Psychiatry, Yale
University School of Medicine, New Haven, CT 06508.

The nucleus accumbens (NAc) and ventral tegmental area (VTA)
appear to mediate some of the rewarding properties of opiates, cocaine,
and other drugs of abuse. In the present study, we have identified a
number of phosphoproteins, among which is TH, that are regulated by
both chronic morphine and cocaine specifically in these brain nuclei.

Protein phosphorylation was analyzed in brain regions of control rats
and rats treated chronically with cocaine or morphine by back
phosphorylation with cAMP-dependent protein kinase and 2D-gel
electrophoresis. We found that chronic, but not acute, morphine and
cocaine treatments regulated a number of the same phosphoproteins in
the VTA and NAc. Both treatments increased the total amount of TH in the
VTA, but reduced its phosphorylation state (without a change in its total
amount) in the NAc. Several other, novel phosphoproteins also showed
similar regulation by chronic morphine and cocaine in these brain
regions. Drug regulation of most of these various phosphoproteins in the
VTA and NAc showed regional specificity in that such regulation was not
observed in the substantia nigra and striatum.

We propose that these Morphine and Cocaine-Regulated Phospho-
Proteins (termed "MC-RPPs"), together with increased adenylate
cyclase and cAMP-dependent protein kinase activities observed in the
NAc in response to chronic morphine or cocaine (see Nestler et al., this
volume), represent part of the biochemical basis by which these drugs
of abuse alter the functional state of brain reward regions.
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382.3

A GENERAL ROLE FOR ADAPTATIONS IN G-PROTEINS AND THE CYCLIC

AMP SYSTEM IN MEDIATING THE CHRONIC ACTIONS OF MORPHINE AND

COCAINE ON BRAIN FUNCTION. I . i y
i illi Lab. of Mol. Psychiatry, Depts. of

Psychiatry and Pharmacology, Yale Sch of Med, New Haven, CT 06508.

We have shown that chronic morphine increases levels of Gia, Goa,
adenylate cyclase (AC), cyclic AMP-dependent protein kinase (cA-K),
and certain phosphoproteins (MARPPs) in the locus coeruleus, but not
in some other brain regions studied (see J. Neurosci. 9:4371, 1989).
These changes may occur at least in part at the level of gene expression.

In the present investigation, we surveyed the effects of chronic
morphine or chronic cocaine treatments on the G-protein/cyclic AMP
system in a large number of brain regions. While most regions showed
no regulation in response to morphine, nucleus accumbens (NAc) and
amygdala did show increases in AC and cA-K, and thalamus showed an
increase in cA-K only. Morphine regulation of G-proteins was
variable, with decreased levels of Gio. and Goo. seen in NAc, increased
levels in amygdala, and no change in thalamus. Interestingly, chronic
cocaine produced similar changes compared to morphine in G-proteins,
AC, and cA-K in NAc, but not in the other brain regions studied.

These results indicate that changes in the G-protein/cyclic AMP
system represent mechanisms by which a number of opiate-sensitive
neurons adapt to chronic morphine and contribute to varying aspects of
opiate tolerance and/or dependence in these cells. The findings that
chronic morphine and cocaine produce similar changes in G-proteins,
AC, cA-K, and phosphoproteins (see Beitner et al., this volume) in the
NAc, a brain region important for the reinforcing actions of abused
substances, suggests further that changes in the G-protein/cyclic AMP
system may also underlie psychological aspects of drug addiction.

382.5

MORPHINE-INDUCED HYPOTHERMIA AND SUPPRESSION OF LUTEINIZING
HORMONE (LH) SECRETION: A MECHANISM FOR MORPHINE TOLERANCE.
R. Ganesan, T. Romano* & J. Simpkins, Dept. of
Pharmacodynamics, Univ. of Florida, Gainesville, Florida
32610. .

We investigated the role of opponent processes in
morphine tolerance by comparing morphine’s effects on body
temperature and LH secretion. All experiments used 4-week
ovariectomized rats which were administered either a low or
a high dose of morphine (5 or 30 mg/kg, s.c.) daily for 6
days. The low dose induced hyperthermia and caused a
transient suppression of LH levels (for 0.5 h) following the
first exposure. Both responses showed little change with
repeated injections. The high dose induced hypothermia and
a sustained suppression of LH (up to 6 h) following the
first exposure. After the sixth injection of 30 mg/kg
morphine, rats showed hyperthermia in contrast to the
initial hypothermia. With the LH response, tolerance to the
high dose was exhibited by an accelerated rate of recovery
to normal LH levels rather than an attenuated suppression of
LH. These results are best explained by an opponent-
process account of morphine tolerance.

Our previous investigations indicate that luteinizing
hormone-releasing hormone (LHRH) attenuates morphine’s
effects on various response systems by inducing responses
which oppose those of morphine. The present results are
consistent with the hypothesis that enhanced LHRH release
may mediate tolerance to morphine. (Supported in part by AG
02021)

382.7

VERAPAMIL REDUCES HYPERCAPNIA AND EUPHORIA PRODUCED BY
MORPHINE IN HUMANS. -
E.D. London. NIDA Addiction Research Center, Baltimore, MD 21224.
Verapamil (V), a calcium channel blocker, antagonizes morphine
(M)-induced respiratory depression in rats (Szikszay, M. et al., J.
, 238:192, 1986). As such an antagonism
might be useful therapeutically, we extended the earlier work to a
study in human volunteers. We tested the ability of V to reduce M-
induced respiratory depression and to modulate subjective effects of M
in four experienced, male heroin users. Five treatments, each
consisting of two, simultaneous 2 min i.v. infusions, included: saline
(S)+S;M10mg + S; M10 mg + V 2.5, 5 or 10 mg. Carbon dioxide
tension in the blood was measured transcutaneously (PicCO3), and
respiratory rate was determined by impedence pneumography.
Questionnaires and visual interval scales were used to evaluate
subjective changes. Observations were made from 0.5 hr before to 4
hr after drug administration. M significantly increased PyCO2 levels
above S + S levels (P < 0.05), whereas none of the increases in
P1CO, following M + V combinations differed from S + S condition.
No consistent effects on respiratory rates were found. M produced
slight to moderate subjective effects, which included self-reports of
"good effects”, "liking" and of being "high." These marginally sig-
nificant effects (P < 0.1) occurred in 3 of 4 subjects. Additionally,
all three doses of V consistently reduced the positive effects of M on
mood, as well as the strength of the drug effect. Although further
studies are indicated, the present results suggest that co-
administration of calcium channel antagonist drugs, such as V, may
improve safety and reduce abuse liability of M treatments.

382.4
MORPHINE-INDUCED EFFECTS ON EEG AND

BEHAVIOR DIFFER IN LEWIS AND FISCHER 344
RAT STRAINS.

L. Mayo-M chelson: N.C Paquette, H, Stamidis,
E.R. George' and G.A Young. Dept of Pharmacol., 20
N. Pine St. Sch. of Pharmacy, Univ. of MD.,
Baltimore, MD 21201.

Previous studies have demonstrated genetic differences in
various inbred strains of rats during preference tests and
operant self-administration of ethanol, cocaine and various
opiate derivatives (George and Goldberg, 1989). Lewis
(LEW) rats self-administered and displayed a preference for
these drugs, while Fischer 344 rats did not. In the present
study, the effects of morphine (10 mg/kg, i.v.) on EEG and
behavior were examined and compared in these two strains.
Duration of morphine-induced EEG slow-wave bursts and
associated behavioral stupor was greater in LEW rats. Latency
to onset of slow-wave sleep after morphine injection was also
greater in LEW rats. Effects of morphine on EEG spectral
parameters are being assessed. These EEG effects may reflect
differences in neurosensitivity and/or opioid receptor
populations. (Supported by NIDA DA01050 and NIAAA
AA07754).

382.6
THE NMDA ANTAGONISTS LY274614 AND MK801 AND MORPHINE
WITHDRAWAL: A BEHAVIORAL AND ELECTROPHYSIOLOGICAL STUDY.
Kurt Rasmussen, Marsha E. Stockton and Paul Ornstein, Lilly Research
Labs, Eli Lilly & Co., Lilly Corporate Center, Indianapolis, IN 46285.
There is a clinical need for improved treatments for opiate
dependency, especially since intravenous drug abusers are at increased
risk for contracting the AIDS virus. This study was designed to
evaluate the effects of compounds that are selective for a subtype of
excitatory amino acid receptor (the NMDA receptor) on morphine-
withdrawal behavior and withdrawal-induced activation of
noradrenergic neurons in the locus coeruleus (LC). Systemic
administration of the non-competitive NMDA antagonist MK801 dose
dependently blocked the behavioral signs of withdrawal in morphine-
dependent rats. However, the same doses of MK801 that blocked
morphine withdrawal also simultaneously (and dose dependently)
produced PCP-like behavioral effects. The competitive NMDA
antagonist LY274614 also dose dependently blocked the behavioral
signs of withdrawal in morphine-dependent rats but did not produce
any PCP-like behavioral effects. Single unit recordings of LC neurons
from morphine-dependent animals showed that neither MK80l nor
LY274614 blocked the withdrawal-induced activation of these neurons.
These results indicate .that non-competitive NMDA antagonists like
MK801 may not be useful to alleviate opiate-withdrawal symptoms in
man because of their PCP-like side effects. However, competitive NMDA
antagonists like 1LY274614 could be of great benefit for alleviating
opiate-withdrawal symptoms in man. In addition, NMDA antagonists
(unlike the alpha-2 agonist clonidine, which is currently in clinical
use) attenuate the behavioral signs of morphine withdrawal without
blocking the withdrawal-induced increase of LC unit activity.

382.8

ANALOG OF FMRF-NH-LIKE MAMMALIAN PEPTIDE ATTENUATES MOR-
PHINE ABSTINENCE SYNDROME. J.R. Lake, D.H. Malin, M.V.
Hammond*, S.L. Brown*, J.L. Sims*, K.R. Arcangeli*, G.M.
Moore* and K. Payza. Univ. of Houston-Clear Lake, Houston,
TX 77058 and NICHD, Bethesda, MD 20892.

It has been suggested that the peptide FLFQPORF-NH,
(F-8-F-NH2) may play a role in opiate dependence and subse-
quent abstinence syndrome. This peptide precipitated opiate
abstinence syndrome, while IgG from antiserum against this
peptide largely prevented subsequent naloxone-precipitated
abstinence signs .in dependent rats. The peptide desamino-
YFLFQPQR-NHp (daY-8-R-NHp) was synthesized as a possible
F-8-F-NH2 antagonist. It appears to be a mixed agonist/
antagonist. At doses of 2ug or higher it precipitates absti-
nence syndrome in dependent rats in a manner similar to
F-8-F-NH,. However, 600ng i.c.v. did not induce withdrawal
and attenuated subsequent naloxone-precipitated withdrawal.
Fourteen rats were cannulated in the 3rd ventricle and ren-
dered dependent by 7 days continuous s.c. infusion of mor-
phine sulfate (0.3 mg/kg/hr. via Alzet osmotic minipump).
Seven rats were injected with daY-8-R-NH; i.c.v. while 7
received saline alone. Twenty-eight mins. later, all rats
were challenged with 10ug naloxone through the same cannula.
During the following 20 mins., each rat was observed under
"blind" conditions for standard abstinence signs. The daY-
8-R-NHy-pretreated rats had 80% fewer abstinence signs than
saline-pretreated controls, a significant difference, p<.00L
There were significant differences in writhes/gasps, shakes/
tremors, teeth chatter/chewing and ptosis.
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382.9

BUPRENORPHINE-INDUCED TOLERANCE TO DISCRIMINATIVE
STIMULUS EFFECTS OF MORPHINE AND BUPRENORPHINE.
G. Kapitsopoulos* and A.M. Young. Department of Psychology,
Wayne State University, Detroit, MI 48202

The effects of acute or repeated treatment with buprenorphine
(BUP) were examined in Sprague-Dawley rats trained to discriminate
saline and 3.2 mg/kg morphine (MS) under a two lever fixed-ratio 15
schedule of food delivery. Cumulative doses of MS (0.1-3.2 mg/kg)
or BUP (0.001-0.32 mg/kg) evoked MS-appropriate behavior in a
dose-dependent manner, with complete generalization at 1.78 mg/kg
MS or 0.032 mg/kg BUP. Acute doses of BUP given 30 min (0.003-
0.01 mg/kg) or 24 h (0.1-0.3 mg/kg) before a test decreased the dose
of MS or BUP required for stimulus control in an additive manner.
In contrast, suspending training and administering repeated doses of
BUP (0.32 mg/kg b.i.d.) for 1 to 2 weeks increased the dose of MS
or BUP required for stimulus control by at least 3-fold. However,
during repeated BUP treatment, MS did not evoke stimulus control in
3 of 8 rats, and BUP did not evoke MS-like stimulus control in 2 of
8 rats. Repeated BUP treatment increased the dose of MS required
for rate suppression by >6-fold, and that of BUP by >30-fold.
Stimulus control by BUP recovered within 1 week after BUP
treatment ended; stimulus control by MS, within 2 weeks. These
results suggest that repeated treatment with BUP produces a prolonged
tolerance to the MS-like stimulus effects of MS and BUP.
(Supported by USPHS grants DA03796 and K02 DA00132.)

382.11

ULTRASONIC VOCALIZATION AS A MEASURE OF LONG-TERM AND
SHORT-TERM TOLERANCE AND WITHDRAWAL IN NEONATAL RATS.
Fite* w. Dept. of Psychology, Dartmouth

College, Hanover, NH 03755.
Ultrasonic vocalizations are typically reduced by acute adminstration of
opiates (eg., Kehoe & Blass, 1986). We compared this behavior to nociceptive
responses (pawhft on a hotplate) and used it as an index for studying the

of tol to and withd 1 from opiates in neonatal rats.
Morphme sulfate (2 4, or 10 mg/kg) given once daily for the first 10
postp days ially eli lizations compared to saline controls on

each day. On Day 11, pups from each treatment group were adminstered saline,

morphine (1 mg/kg) or naloxone hydrochloride (10 mg/kg). The morphine-exposed
groups were as vocally depressed by the test injection of morphine as was the saline
control group. Naloxone did not increase vocalization in the drug-exposed groups.
Thus, unlike adults, neonatal rats did not develop tolerance and withdrawal using
what have been termed "long-term” parameters. An alternative form, "short-term”
tolerance, has been proposed for rats given closely-spaced doses of opiate (Baker &
Tiffany, 1985). To test this form, pups received morphine (10 mg/kg) or saline at
6-hr intervals for 2 days, beginning on Day 1 or Day 10. They were then given
saline, morphine (1 mg/kg) or naloxone (10 mg/kg) 6 or 36 hr after the last
exposure and tested using ultrasonic vocalization and pawlift latency. In general,
newborn rats appeared to be capable of acquiring tolerance and withdrawal if given
massed injections of morphine in high doses. The apparent distinction between
infant rats' ability to form long- and short-term tolerance suggests that the
mechanisms surbserving each form of tolerance develop at different ages.

382.13

THE ROLE OF NIGRAL OPIOID RECEPTORS IN MEDIATING MORPHINE
WITHDRAWAL. M. Nagy and A. A. Baumeister. Department of
Psychology, Louisiana State University, Baton Rouge, LA
70803.

These studies were conducted to investigate the role
of opioid receptor subtypes in’ the substantia nigra in
behavioral symptoms of morphine withdrawal. Male
Sprague-Dawley rats were given daily injections of
increasing doses of morphine sulfate (20-80mg/kg/5ml,
s.c.), dissolved in a sustained release preparation (7.52
mineral 0il:42.5Z Arlacel A:50% saline). Eighteen hours
after the last morphine injection, animals received
bilateral intranigral injections of 5nm/0.5ul, naloxone
(nonspecific antagonist), beta-FNA (mu specific antago-
nist), nor-BNI (kappa specific antagonist), or sterile
water (0.5ul). Withdrawal behaviors were observed for 20
minutes following intranigral injection. Naloxone
produced significant increases in wet dog shakes, ptosis,
teeth chatter and squealing (irritability to touch), when
compared to the intranigral water control. The only
effects produced by beta-FNA and nor-BNI were an increase
in teeth chattering and wet dog shakes, respectively.
Ptosis and squealing were significantly increased by
naloxone compared to beta-FNA and nor-BNI. These data
suggest teeth chattering and wet dog shakes in morphine
dependent rats are mediated by nigral mu and kappa recep-
tors, respectively, whereas squealing and ptosis are not
mediated exclusively by these receptor subtypes.

382.10

HEROIN SELF-ADMINISTRATION ON A PROGRESSIVE RATIO
SCHEDULE OF REINFORCEMENT: THE EFFECT OF DOSE
MANIPULATION, OPIATE ANTAGONISM AND SALINE
REPLACEMENT. S.AL. Bennett and D.C.S. Roberts
Department of Psychology, Carleton University, Ottawa,
Ont., K1S-5B6.

Heroin self-administration was cxamined using a
progressive ratio schedule of reinforcement.  On the first
test day, the response requirements began at 1 and
escalated exponentially after each drug infusion. On the
second and subsequent test days, the initial rcsponse
requirements were adjusted according to the previous
day's final ratio. An inverted U dose response
relationship was established for animals
self-administering 12.5, 25, 50, and 100 pg/injection
heroin with breaking points peaking at the 50
pg/injection dose. Breaking points were shown (o
significantly increase following saline substitution for
heroin injection and remain elevated for sevcral days
before extinction of the self-administration responsc was

obscrved. Heroin-reinforced breaking points were shown
to decrease rapidly following daily IP naltrcxone (0.6
mg/kg) pretreatment. These results  suggest that

progressive ratio  schedules of reinforcement arc uscful
in quantifying changes in opiate-motivatcd bchaviour
(Supported by the M.R.C).

382.12
THE OBLIGATORY NATURE OF MORPHINE-INDUCED
ORAL STEREOTYPIES. J. Pollock, R. Galli* and C. Kornetsky.
Laboratory of Behavioral Pharmacology, Boston Univ. Sch. of
Med., Boston, MA 02118.

Three high doses of morphine will produce oral stereotypies
in rats that can be re-expressed up to 6 months later. Because
amphetamine-induced oral dyskinesias are often dependent on the
mode and setting of drug delivery, the present study determined
the role of these variables in morphine-induced stereotypy. Male
F-344 rats were continuously infused with morphine (53 mg/ml)
over 36 hours, or were injected with 3 high doses of morphine
(10,20,20 mg/kg, sc) over 24 hours. Throughout the morphine
administration, rats were placed in test chambers with steel bar
floors. Thirty days later animals received morphine (4.0 mg/kg)
and were observed for evidence of oral stereotypy. There was no
significant difference in the incidence of stereotypy between the
two groups. In a second study rats received 3 high doses of
morphine and were placed in either the test chambers with floor
bars or in a solid plastic box. Thirty days later, all animals
were injected with morphine (4.0 mg/kg) and were placed in the
chambers with bar floors. All animals showed oral stereotypy.
Unlike amphetamine-induced oral dyskinesias, the stereotypies
produced by morphine appear to be obligatory. (Supported by
NIDA grant DA02326 and RSA DA00099 to CK).

382.14 |

Electrophysiolegical identification of Accumbens (NAS)
neurons by evoked responses to multiple afferent stimulation
explains variance of NAS opioid drug effects. R. L. Hakan* and
$.J. Hemriksen, +U. of North Carolina-Filmington &
Research Inst. of the Scripps Climic, La Jolla, Ca. 92037

The effects of systemic morphine on fimbria-evoked NAS
neuronal respomses in anesthetized rats have been described
as heterogeneous (Hakan & Hemriksen, 1987; Neursci. Lett).
As part of ongoing studies of the =ffects of opiate drugs on
FAS newronal activity we currently report that the effects
of systemically administered opiates on ventral pallidum
(YP)-evoked NAS newronal activity are also hetercgeneous.
However, concurrent stimulation of VP and fimbria input to
the NAS have shown patterns of convergence and
nonconvergence that indicate several different categories of
FAS newrons, and has consequently provided a means of
functionally identifying distinct Nas newronal
subpopulations (Hakan & Henriksen, 1989). Further snalysis
of morphine effects in this light bas indicated that, in
contrast to earlier observations of heterogenecus  opiate
actions, for some NAS subpopulations morphine effects are
largely uniform. For example, those NAS newrons that are
monosynaptically driven by both fibria and TP stimulation
are consistently inhibited by systemic worphine. Yet the
effects of opiates on other NAS subpopulations are still
apparently mixed. It is predicted that further functional
categorization of these subpopulations by reponses to other
afferent inputs will ultimately explain the remaining
variance of opiate effects in this region.
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382.15

BLOCKADE OF MORPHINE INDUCED STIMULATION OF MESOLIMBIC
AND STRIATAL DOPAMINE RELEASE BY IBOGAINE. |.M.Maisonneuve,
R.W.Keller, Jr. and S.D.Glick. Dept. Pharmacology & Toxicology,
Albany Medical College, Albany, NY 12208.

Ibogaine, an indolalkylamine, has been claimed to abolish the drug
craving of a few heroin and cocaine addicts for at ieast 6 months
(patent No. 4,449,096) and, in preliminary studies in this laboratory,
one to five doses of ibogaine (40 mg/kg) has decreased 1.V. morphine
self administration by rats for several days thereafter. Drugs of abuse
belonging to different pharmacological classes have been shown to
stimulate dopamine (DA) transmission in the mesolimbic system; this
is believed to be the basis for the rewarding effects of those drugs.
The present study used the microdialysis technique to determine the
effects of a single dose of ibogaine on basal extracellular DA levels
and also the effects of ibogaine pretreatment on morphine stimulation
of brain DA systems. Ibogaine (40 mg/kg, IP) decreased DA extra-
cellular levels in nucleus accumbens and striatum and increased DA
levels in the prefrontal cortex. When injected 19 hr prior to a morphine
challenge (5 mg/kg, IP), ibogaine (40 mg/kg, IP) prevented the rise in
DA levels in the striatum and nucleus accumbens observed after
morphine injection alone. These results are consistent with the
proposed use of ibogaine in the treatment of opiate addiction.
(Supported in part by NDA International, Inc. and NIDA grant
DA03817).

382.17

INCREASED D1 AND D2 RECEPTOR ACTIVITY DURING OPIATE
WITHDRAWAL: BEHAVIORAL AND BINDING EVIDENCE. J.W. Tidey and
K.A. Miczek, Dept. of Psychology, Tufts University, Medford, MA 02155.

The motor and social-aggressive activity of mice is greatly affected by morphine
withdrawal; converging evidence particularly implicates altered dopaminergic
activity in these behavioral effects Previously, we reported that the administration
of d h ine to morp withdrawn mice results in high levels of aggression
which outlast motoric withdrawal signs. We have investigated this effect further by
administering the selective D1 and D2 agonists SKF 38393 (1-100 mg/kg) and
quinpirole (0.1-1 mg/kg) to mice which had undergone removal of s.c. morphine or
placebo pellets at varying time points before evaluation of both motor activity and
aggressive behavior toward an intruder. The D1 agonist SKF 38393 decreased
aggressive behaviors in both morphine-withdrawn and placebo mice without
affecting rearing, walking or grooming. The D2 agonist quinpirole maintained
elevated levels of attack, threat, and motor behavior in morphine withdrawn mice
while all of these behaviors were suppressed in placebo controls. A similar
behavioral profile was seen in mice who were administered 3.0 mg/kg SKF 38393
before quinpirole injection. To determine whether these behavioral changes are due

to upregulation of dopamine receptors during withdrawal, D1 and D2 binding of

3H-raclopride and 3H-SCH 23390 was measured in vivo in the striatum, olfactory
tubercles and cerebellum of mice which had undergone morphine or placebo pellet
removal 5, 48, or 96 hours previously. Morphine-withdrawn mice showed high
levels of D1 and D2 receptor bihding as compared to placebo controls; this
increased D1 and D2 receptor occupancy during withdrawal may be relevant to the
heightened aggressive behavior.

382.19

SELF-ADMINISTRATION OF MORPHINE, [D-ALAZ,N-ME-
PHE4-GLY5-OL]-ENKEPHALIN (DAGO), AND [D-PENZ,D-
PENS]-ENKEPHALIN (DPDPE) INTO THE VENTRAL
TEGMENTUM OF THE RAT. D. P. Devine and R. A. Wise.

Center for Studies in Behavioral Neurobiology, Department of
Psychology, Concordia University, Montreal, Canada H3G 1M8.

Intracranial self-administration of opioid agonists
which are selective for the p and o receptor
subtypes was demonstrated in independent groups of
male Long-Evans rats. Each animal was unilaterally
implanted with a chronic guide cannula and was
allowed to lever-press for ventral tegmental area
(VTA) injections of one of three compounds:
morphine (mixed agonist), DAGO (selective p
agonist), or DPDPE (selective 9 agonist). Each
compound was effective in establishing and P
maintaining a lever-pressing habit in animals with
VTA cannulae. Animals with dorsal control cannulae
did not learn to lever-press. These results raise the
possibility that u and o receptors in the VTA are
involved in the rewarding effects of opiates.

382.16

MORPHINE ACTS IN THE PARABRACHIAL NUCLEUS TO PRODUCE
DISCRIMINATIVE EFFECTS. T.V. aeger' and D. van der Kooy. Dept. of Anatomy,
Univ. of Toronto, Toronto, Canada, M55-1A8.

Previous experiments have shown that the motivational properties of morphine that
support conditioned taste aversion and place preference are distinct from those which
underlie its discriminative stimulus actions. However, the neural basis for this
dissociation is not yet apparent. We attempted to identify the neuroanatomical sites that
mediate the discriminative stimulus properties of morphine using a discriminated taste
aversion paradigm. Rats were injected i.p. with 5 mg/kg of morphine 15 min prior to
the presentation of a 0.1 % saccharin solution. After 20 min of exposure to the flavour,
lithium chloride (130 mg/kg i.p.) was injected. On alternate days, an injection of 0.9%
saline both preceded and followed the presentation of saccharin. Animals learned to
consume significantly less saccharin after morphine than after saline injections. Guide
cannulae were then implanted into brain areas containing relatively high densities of
opiate binding sites, including the hippocampus, medial prefrontal cortex, ventral
tegmental area (VTA), nucleus accumbens, dorsolateral striatum, ventromedial
thalamus, parabrachial nucleus and the caudal aspects of the periaqueductal grey.
Generalization to central routes of administration was then evaluated following the
microinjection of morphine (5, 10 and 20 pg) into these brain areas. Dose-dependent
stimulus effects like those of systemic morphine were produced in all rats by the
administration of morphine into the parabrachial nucleus. Control data showed that
these effects were not due to unconditioned effects of central morphine on fluid
consumption. Morphine injected into the VTA, the nucleus accumbens and the
ventromedial thalamus produced some morphine-appropriate responses in some of the
animals tested. In the remaining brain areas, morphine generalized to the systemic
saline condition. The data point to ascending visceral pathways (parabrachial nucleus
and ventromedial thalamus) and possibly ascending dopamine projections (VTA and
nucleus accumbens) as possible substrates for opiate discriminative effects. These
putative discriminative substrates are distinct from the descending medial forebrain
bundle pathways mediating the positive reinforcing effects of opiates.

382.18

SOMATODENDRITIC RELEASE OF DOPAMINE IN THE
VENTRAL TEGMENTAL AREA FOLLOWING MORPHINE.
M.A. Klitenick and P.W. Kalivas. Department of VCAPP,
Washington State University, Pullman, WA 99164-6520.

A number of recent studies have suggested a modulatory role
for opioids and GABA in the mesolimbic A10 (VTA)
dopaminergic system. Opioid injection into the VTA elicits an
increase in dopamine (DA) metabolism and locomotor activity, the
latter of which can be blocked by DA antagonists. Repeated
administration of morphine results in a progressively augmented
behavioral response in addition to a decrease in DA utilization
within the VTA. GABA has also been shown to regulate DA
transmission. Injection of a GABA A agonist into the VTA
activates the mesolimbic DA system, while a GABAp agonist
inhibits DA activity.

In order to further assess the suggested modulatory role of
opioids and GABA on the mesolimbic DA system, in-vivo dialysis
was used to measure DA and its metabolites in the VTA following
administration of morphine (1 and 10 M) or baclofen (1 and 10
pM) through the dialysis probe. Administration of baclofen
through the probe had no effect on DA levels within the VTA;
however, morphine was found to elicit a dose-dependent increase
in the somatodendritic release of DA, DOPAC and HVA.

382.20
MORPHINE WITHDRAWAL SYNDROME AFTER LOCAL ADMINISTRATION OF
METHYLNALOXONIUM IN SEVERAL BRAIN STRUCTURES. R. Maldonado*. L. Gold
L. Stinus and G.F.Koob. Dept. of Neuropharmacology, Research Institute of Scripps Clinic,
La Jolla, CA 92037

Opiate withdrawal is a common occurrence in human opiate addicts that is not life threatening,
but is thought to contribute to the maintenance of opiate dependence. Little is known about the
neural substrates for the physical signs of opiate withdrawal, although recent work has
implicated the region of the nucleus accumbens in the motivational aspects of opiate withdrawal.
The purpose of this study was to establish a protocol of morphine withdrawal with minimal
between subject variation in order clearly to investigate the neuroanatomical regions implicated
in the expression of the physical signs of morphine withdrawal. Morphine withdrawal was
precipitated by local administration of methylnaloxonium (MN), a hydrophilic opiate antagonist,
into several brain regions in the rat. Cannulae were implanted into the lateral ventricle (ICV),
periaqueductal gray (PAG), medial thalamus (MT) and nucleus accumbens (NAC). Following
surgery, rats were made physically dependent by sc implantation of two 75 mg morphine pellets.
MN (500 ng) was administered to rats with ICV cannulae 60 h after pellet implantation, and
was repeated each 12 h until a total of 5 injections was made. MN administered ICV induced a
withdrawal syndrome similar to systemic naloxone. Several signs as diarrhea, salivation,
lacrimation and rinorrhea did not appear suggesting possible peripheral mediation.The
withdrawal syndrome observed after the four last MN injections was similar, showing that it is
possible to induce this syndrome several times in the same animals. When MN was injected, 72 h
after pellet implantation, into the PAG (250 or 1000 ng) or into NAC (64 or 250 ng) it
produced fewer withdrawal signs than when injected ICV (64-4000 ng). Rats injected with MN
{64 or 250 ng) into the MT showed almost no signs of withdrawal. These preliminary results
suggest that in contrast to the aversive stimulus effects of opiate withdrawal the
neuroanatomical substrate for the physical withdrawal signs in the rat seems to depend on
multiple brain structures.These results have important implications for our understanding of
the basic brain mechanisms invoived in opiate dependence, a condition which causes widespread
profound human suffering. These studies were performed under protocol ARC 44FEBQ
approved by the Institutional Animal Care Committee of the Research Institute of the Scripps
Clinic.
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383.1
CHF-146 STRAIN DYSTROPHIC HAMSTERS (DH) AS A MODEL FOR
MUSCULAR DYSTROPHY WITH CARDIAC HYPERTROPHY. P. L. Johnson,
C. I. Tillilie*, T. A. Adamec*, D. R. Shanklin*, and S. K.
Bhattacharya. Depts. of Surgery, Anatomy & Neurobiology,
and Pathology, University of Tennessee, Memphis, TN 38163.
Membrane-mediated excessive intracellular Ca accumula-
tion (EICA) is a fundamental pathogenetic event in'muscular
dystrophy (Bhattacharya & Johnson, Neurology India, 37:145,
1989). Concommitant to EICA, elevated plasma CK, histopatho
logy, cardiac dysfunction, and reduced lifespan are common
in Duchenne muscular dystrophy (DMD). We have shown
striking similarities in pathobiology between DMD and
BIO-14.6 strain DH ( Muscle & Nerve, 10:168, 1987). Since
BIO-14.6 DH are no longer available, we investigated
CHF-146 strain male DH from Canadian Hybrid Farms, Nova
Scotia, as a model for DMD. CHF-148 strain albino normal
hamsters (NH) served as controls. EICA, measured by
atomic  absorption  spectroscopy, was profound in the
cardiac and skeletal muscle of DH. Plasma CK and relative
cardiac enlargement were also elevated. Among the most
noticeable histologic changes in DH were the abundance of
atrophic, hypertrophic, and necrotic fibers with fatty
infiltration, centronucleation, fascicular disarray, and
fibrosis. EM of myocardium revealed mitochondrial Ca
deposition and loss of striations. Increased mortality in
DH ensues at 90 days of age with average life expectancy
of 250 days, compared to 3 years for NH. We conclude that
CHF-146 strain DH 1is an excellent model for therapeutic
scanning in DMD. Supported by MDA and NIH Grant AR-38540.

383.3

CONTRIBUTIONS OF GENOTYPE TO CEREBELLAR MORPHOLOGY:
DIFFERENCES IN PRIMARY FISSURE DISTORTION IN INBRED STRAINS
OF RATS . G.R, Ward, CR, Goodlett, * and LR. West. Dept. of
Anatomy, University of Iowa, Iowa City, 1A 52242.

Aberrant development of the primary cerebellar fissure in rats, including fusion
in the depths of the fissure and the presence of ectopic neurons, has been reported in
a number of studies of outbred rats. Substantial variation in the frequency and
extent of such distortion has been found both within and between outbred strains.
In this study, we examined the primary fissure of eight inbred rat strains--ACI,
Brown Norway [BN], Buffalo [BUFF], Fisher 344 [F344], Maudsley Reactive
[MR], Marshall [M520], White Norway [WN] and Wismr-Kyoto [WKY]. All
subjects were derived from a breeding colony maintained in our laboratory,
originally established using breedi pair btained from NIH. Sagittal sections,
either 30-um frozen sections or 2 -um JB-4 sections, were taken through the
cerebellum, stained with a Nissl stain, and examined microscopically. Several
strains [BN, F344, MR] exhibited severe distortions of the primary fissure within
the vermis, with extensive fusion of the fissure and numerous ectopic cell clusters.
Others [ACI, M520, BUFF] had mild to moderate distortion, usually limited to
partial fusion of the primary fissure, with only occasional ectopias. Little or no
distortion of the primary fissure was seen in the remaining two strains [WN,
WKY]. Regardless of strain, these perturbations were generally more pronounced in
the 10-day-old subjects than in adults. A number of other differences were found in
cerebellar structure, ranging from ectopic cells in lobule IX [M520] to dramatically
increased gyrification [BN]. Although variation in the extent of distortion was
observed wuhm strains, the marked individual differences in severity were

ly ac d for by diff among strains. These findings
demonstrate differences among inbred strains in the morphological development of
the cerebellum, and suggest that studies of inbred rats may provide a useful model to
evaluate the contribution of genotype to aberrant development of cerebellar fissures
and lobules. (Supported by Grant #AA 07313)

383.5

THE TWITCHER MOUSE: IN VITRO STUDIES OF SCHWANN CELLS (SC)
ON ADHESIVENESS AND RATE OF PROLIFERATION. A. Komiyama¥*
and K. Suzuki. Department of Pathology, School of Med.
Univ. of North Carolina, Chapel Hill, NC 27514.

A previous study of isolated SC from twitcher revealed
apparent differences in the rate of cell growth between
suckling and adult mice (Irino and Suzuki, 1990). To
elucidate the cause of such differences, we examined
adhesiveness and rate of proliferation of SC in vitro. SC
were isolated from sciatic nerves and brachial plexus of
three genotypes (twi/twi, twi/+, +/+) at PlO (group 1) or
P30 (group 2) and were cultured (3 X 10 %ls/lme
coverslip). Cell numbers were counted and [“H] thymidine-
uptake of the SC were determined at 1, 2, 4, 6, and 8 days
in vitro (DIV). SC adhesiveness at 1DIV in group 1 was
similar in all genotypes and was significantly higher than
that from twi/+ and +/+ in group 2. In contrast, SC
adhesiveness in twi/twi in group 2 was higher than any
genotype in group 1. Thymidine incorporation was generally
higher in group 1 than group 2. However, labelling index
in twi/twi was less than twi/+ or +/+ in both groups. In
twi/twi in group 2, SC adhesiveness was most pronounced
but thymidine incorporation remained low. The results
indicate that 1) hypofunction or dysfunction exists in
twi/twi SC and is more prominent in the adult; and 2) the
apparently accelerated cellular proliferation in adult
twi/twi is a result of increased adhesiveness of the SC
secondary to demyelination in adult twi/twi nerves.

383.2

EVOLUTION OF TREMOR IN A NEUROLOGICAL MUTANT OF
SPRAGUE-DAWLEY RATS. Doger E., Vega J*, Holmgren B.*
and Vega-Saenz de Miera E.* Dept. de Ciencias
Fisiolégicas ICUAP, Univ. Autdénoma de Puebla. P. O.
Box 406, Puebla, México.

In the rat colony of our laboratory, a neurological
mutation appeared, characterized by tremor, ataxia,
tonic immobility episodes and paralysis. The initial
neurological sign is a fine tremor in the tail and
hindlimbs which is visible at 1 month age. this
syndrome is transmitted by autosomal recessive
inheritance.

Tremor frequency was recorded in rats from 15 days to 12
months old, using power spectral analysis following

a procedure described by Shinozaki (Neurosc. Res. 2:63-
76, 1984). One month old rats exhibited tremor at an
average frequency of 7 - 0.3 Hz; at the age of 2
months ind until 12 months the main peak frequency is
at 5.9 - 0.4 Hz. Tremor 1is attenuated by the
administration of the dopaminergic agonist apomorphine
(APO) (0.01-0.1 mg/Kg), effect which is not observed
with higher doses of APO (0.5-1) nor with the
dopaminergic antagonist sulpiride (30-100 mg/Kg). The
underlying mechanisms of this hereditary neurological
syndrome is under current study by our group.

383.4

TESTS OF GENETIC ALLELISM BETWEEN FOUR INBRED
MOUSE STRAINS WITH ABSENT CORPUS CALLOSUM.

D.J. Livy and D. Wahisten, Department of Psychology, University of
Waterloo, Ontario, N2L 3G1 and Department of Psychology,
University of Alberta, Edmonton, Alberta, T6G 2E9 (Canada).

If two inbred strains show absence of the corpus callosum (CC)
because they have the same genetic defect, then a hybrid cross
between them should also have CC absence. If the hybrid is normal,
the parent strains must differ at one or more relevant genetic loci.
Over 450 weanling mice were obtained from five inbred strains and
11 hybrid crosses, and their brains were sectioned sagittally and
stained for myelin. All crosses with the normal strain CS7BL/6J were
normal, demonstrating recessive inheritance. When the I/LnJ strain
(100% total CC absence) was crossed with less severely affected
strains (BALB/cWah1, BALB/cWah2, 129/RelJ), hybrid mice with a
BALB/c parent showed numerous CC defects, whereas those with a
129 parent had less severe defects than 129. Crossing either BALB/c
strain with 129 yielded offspring with no or very few CC defects.
Crossing the two BALB/c strains produced mice resembling
BALB/cWah2. It is concluded that the strains BALB/cWahl,
BALB/cWah?2 and I/LnJ have essentially the same genetic
abnormality, differing only in severity of the defective alleles, but that
129/Re] differs from these three strains, most likely at a single locus.

Supported in part by an NSERC postgraduate scholarship to DJL
and operating grant to DW. Thanks to Kathryn Blom for doing the
histology.

383.6

CHANGES OF NEUROPEPTIDES IN SPINAL CORD AND BRAINSTEM OF

WOBBLE MOUSE AT DIFFERENT STAGES OF MOTONEURON DISEASE.
* F.Tang*!, LI Vacca-Galloway. Depts. of Anatomy and Physiology!,

Fac. of Med., Univ.of Hong Hong, Hong Kong.

As a model for study of human motoneuron disease, the autosomal recessive mutant
Wobbler mouse (wr) exhibits a progressive loss of motoneurons in spinal cord and
brainstem. In early stages of the disease, axons containing substance P (SP) and
thyrotropin releasing hormone (TRH) but not leucine enkephalin (LE) appeared
increased by immunocytochemistry around cervical motoneurons (Vacca-Galloway,
L.L.and Steinberger,C., J. Neurosci. Res., 16:657-670,1986). Recent
radioimmunoassay (RIA) studies have shown that TRH, LE and methionine
enkephalin (ME) contents increased in the spinal cord at different stages of the wr
disease (Tang, F. et al, Brain Res., in press, 1990).

In the present study stages of the motoneuron disease were evaluated in NFR/wr
mice (NIH, Besthesda, Md.), 3 weeks to 11 months old, identified by behaviorial tests
(Lange, D.J. et al, ]. Neurol, Sci., 61:211-216, 1983). The wr mice (Stages 1 to 4)
and their control littermates (Stage 0) were decapitated, the cervical spinal cord,

also hypothal. and midbrain were collected, and the TRH, SP, LE and
ME contents were compared by RIA.

In experiments wherein all control values were pooled, TRH in wr spinal cord was
increased significantly in Stages 1 and 2, SP increased in Stages 1 and 4, and LE
increased throughout Stages 1 to 4. When control littermates were statistically pair-
matched with wr littermates, SP contents at Stage 1 showed no increase in spinal cord.
ME contents increased in Stages 1 and 2 but not 3 and 4 when control values were
pooled, but showed opposite results when control and wr values were pair-matched. In
wr brainstem TRH increased sxgmﬁcam.ly in Stages 2 and 3, however SP showed no

ME and LE b i d in Stages 3 and 4. Trends observed for these
peptides in spinal cord and brainstem may relate to disease development.
Supported by awards from UPGC (338/031/0006) and Croucher Foundation
(360/031/0814).
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383.7

ABERRANT DEVELOPMENTAL REGULATION OF TYROSINE
HYDROXYLASE EXPRESSION IN TOTTERING AND LEANER
MOUSE MUTANTS. EJ. Hess and M.C. Wilson, Dept. of Neuro-
pharmacology, Research Institute of Scripps Clinic, La Jolla, CA 92037.

The inherited autosomal recessive mutations, tottering (gene symbol: 7g) and
leaner (gene symbol: rgl“) are functional alleles of a single gene locus in mice. The
tottering mouse mutant exhibits spontancous absense seizures, focal motor seizures
and mild hindlimb ataxia while the congenic mouse mutant leaner displays severe
ataxia and no focal motor seizures. We have previously reported ectopic expression
of tyrosine hydroxylase (TH) in the cerebellar Purkinje cells of the adult mouse
mutants tottering and leaner (Soc. Neurosci. Abstr. 15:986, 1989). In order to
assess the onset of ectopic TH expression, TH mRNA expression was examined by
in situ hybridization in postnatal day 1 (P1) through P28 tottering and leaner mouse
mutants and age-matched heterozygous littermates. Hybridization of the 35S-cRNA
TH probe was detected in the locus coeruleus and substantia nigra in all mice from
P1 through adulthood. TH expression in the Purkinje cells of tottering and lcancr
mice was first obscrved at P18 and persisted through adulthood. On P18, TH
cxpression was also observed in the Purkinje cells of the heterozygous control mice
and in wild type C57BI/6J mice; the TH expression in Purkinje cells of control mice
persisted through P28 and was absent in adult mice. These data indicate that TH is
normally transicntly expressed in Purkinjc cells during postnatal development,
similar to transicnt developmental TH expression observed in other brain regions,
such as the inferior colliculus. Moreover, these data suggest that tottering and leaner
mouse mutants are deficient in the signal which supresses TH expression in adult
Purkinje cells. The identification of such a deficiency may aid in cloning and
characterizing the tg gene. Supported by PHS CA33730, NS23038 and an American
Epilcpsy Socicty Rescarch Fellowship.

383.9

RESTING AND EVOKED REILEASE OF ENDOGENOUS DOPAMINE IN
STRIATAL SLICES FROM THE WEAVER MUTANT MOUSE. Yu, H.,
Simon, J.R., Richter, J.A., Vasko, M.R. and Ghetti, B.
Indiana Univ. Sch. of Medicine, Indianapolis, IN. 46202

Previous studies revealed that the weaver (wv) mutant
mouse has a defect in the nigrostriatal dopaminergic
pathway. The objective of this study was to determine if
mice homozygous for the wv gene (wv/wv) exhibit an
enhanced capacity to release striatal dopamine (DA) in
order to compensate for the DA deficiency.

Striatal slices obtained from 3 month old wild type
(+/+) and wv/wv mice were superfused and the release of
endogenous DA was assayed by HPIC. Resting release of DA
(expressed as a fraction of the tissue content) was
significantly greater fram wv/wv than from +/+ striatum
(0.48%/min vs 0.24%/min). Fractional DA release evoked
by 1 uM amphetamine was also significantly higher in the
wv/wv (0.55%/min vs 0.29%/min), but there were no
significant differences between +/+ and wv/wv in the
fractional release evoked by either 24 mM or 48 mM
potassium. These data suggest that under resting
conditions, as well as during amphetamine stimulation,
release mechanisms in the wv/wv striatum may adapt in an
attempt to compensate functionally for the dopaminergic
deficit. (Supported by RO1 NS 14426).

383.11

GENETIC PERTURBATION OF DENDRITE FORMATION.
S. Roffle lov, A.M. Graybiel and B. Martin . Program in
Neurosclences Tufts Univ. Sch. Med., Boston, Ma 02111 & Dept.
of Brain and Cognmve Sciences, MIT Cambridge, MA 02139.

Weaver is an autosomal recessive mutation in mice that results
in cell death among the dopamine-containing mesencephalic
neurons and in cerebellum early in Fostnatal development.
Previous observations made both of cerebellar granule cells and
the dopamine-containing cells suggest that the gene affects
neurite development. This hypothesis is supported also by the
present comparison of tyrosine hydroxylase (TH)--stained cells in
the midbrains of 7-day old mice of three genetic types:
homozygous normal, heterozygous weaver and homozygous
weaver. The examination was made before the onset of most of
the cell death that takes place in the mesencephalon of the
homozygous weaver. We saw a dramatic lack of TH-positive
dendrites in homozygous weavers in areas of pars reticulata
adjacent to densely packed TH-positive cell bodies. The weaver’s
midbrain contrasted markedly with that of the homozygous
normal mice in which TH-positive dendrites formed a curtain of
thickly aligned processes in the pars reticulata. In the
heterozygous weaver in which dopamine-containing cells do not
die, the pars reticulata was nevertheless only sparsely filled with
dendrites.

The results show that the gene’s effects on dendrites precede
the death of vulnerable cells and that a single dose of the gene
affects dendrite formation without causing cell death. Supported
by NS20181 and MH00655.

383.8

MEANDER TAIL: GENETIC AND HISTOLOGICAL ANALYSIS OF A MOUSE
MUTATION WHICH MAY DEFINE A DEVELOPMENTAL COMPARTMENT IN
THE MAMMALIAN CEREBELLUM. Colin Fletcher*, Elizabeth Ross

Carol Mason, Mary Beth Hatten, and Nathaniel Heintz.
Rockefeller University and Columbia University College of
Physicians and Surgeons, NY, NY, 10021.

As part of a comprehensive program to identify the
genes responsible for several aberrant neurological pheno-
types in the mouse, we have adopted a molecular genetic
approach to clone the gene product mutated in the meander
tail mouse. Meander tail (mea) is a recessive mutation
mapping to mouse chromosome 4, whose phenotype is
characterized by both neurological and skeletal
abnormalities. Thus, the adult mea/mea mouse displays
normal foliation and cytoarchitecture in the posterior
lobes of the cerebellar cortex. However, starting with an
abrupt  transition, Purkinje cells are completely
disorganized in the anterior lobe: their dendrites extend
in all directions, including into the white matter.
Granule cells are sharply reduced in number at this
transition and rapidly become indiscernible. Additionally,
glial cell processes extend in all directions.

The mea locus has been fine mapped on chromosome 4 by
analysis of several hundred progeny of an interspecific
backcross to Mus castaneus. Closely linked markers are be-
ing used to isolate mouse YAC clones for the purpose of
walking toward the locus.

The striking transition from normal to grossly dis-
rupted cytoarchitecture involving at least three cell
types in the mea/mea cerebellum suggests the presence of a
discrete developmental compartment in the anterior cere-
bellum.

383.10

UPTAKE OF DOPAMINE, CHOLINE AND GABA IN THE STRIATUM OF
WEAVER MUTANT MICE: TOPOGRAPHICAL DISTRIBUTION. J.R.
Simon, A.B. Dunni *, H. Yu and B. Ghetti. Indiana
Univ. Sch. of Medicine, Indianapolis, IN. 46202.

The objective of the present study was to determine the
topographical distribution of dopamine (DA), choline and
GABA uptake in the striatum of control (+/+) and weaver
(wv/wv) mice. Uptake of [3H]-DA, [3H]—choline and
[14C)-GABA was determined in sucrose homogenates prepared
from the dorsolateral (DL), dorsomedial (M), ventro-
lateral (VL) and ventramedial (VM) portions of the
striatum from +/+ and wv/wv mice. In 45-60 day old
control mice, DA uptake was homogeneously distributed
throughout the striatum. This distribution was altered in
the wv/wv with the ventral aspects being less severely
affected than the dorsal portions, though all areas
exhibited significantly reduced uptake rates. In 9 and 12
month old mice choline uptake was higher in lateral than
in medial aspects of the striatum of both genotypes with
no differences being observed between genotypes. GABA
uptake was evenly distributed in both genotypes, and
again no differences were cbserved between +/+ and wv/wv
mice. The present cbservations indicate that the entire
weaver striatum is severely deficient in its ability to
recapture DA and thus is functionally campromised. The
results also indicate that striatal cholinergic and
GABAergic interneurons are not directly or indirectly
affected by the weaver gene. (Supported by RO1 NS 14426).

383.12

TWO GENES FOR TEMPORAL LOBE EPILEPSY MAPPED IN THE
MOUSE. M.L. Rise’, W.N, Frankel". JM. Coffin*. and T. N. Seyfried. Dept.
of Biology, Boston College, Chestnut Hill, MA 02167, and Dept. of Molecular
Biology, Tufts Univ. School of Medicine, Boston, MA 02111.

Elis a neurological mutant strain of mice which is considered a model
for complex partial seizures in humans (Seyfried and Glaser, Epilepsia 26:
143, 1985). Two FI hybrid populations were generated from the following
reciprocal crosses: El x ABP/Le and El x DBA/2J (D2). All of the Fl progeny
from both crosses were seizure susceptible, substantiating previous
evidence that El is inherited as a dominant trait. Beginning at 30 days of age,
the mice were tested by vestibular stimulation twice a week for 10 weeks.
The frequency of seizures per 20 tests was used to assess seizure
susceptibility. The Fl mice were backcrossed (BC) to their respective non-El
parental types. The offspring of both BCs were divided into Fl-like (seizure-
susceptible) and D2- or ABP/Le-like (seizure-resistant) groups.
Coinheritance of El with 6 conventional genetic markers and 46
endogenous proviruses was studied. El mice are wild-type at the se and d
loci and express high Bgl activity, whereas D2 mice are d/d and ABP/Le mice
are se/se, with both strains expressing low Bgl activity. A significant
association was found between El and the chromosome 9 markers se and d,
(which are tightly linked), and 8gl. The apparent recombination frequency
between El and the d, se loci was 32%, and that between El and Bgl was
27%. Also, a significant negative association was found between El and two
tightly linked chromosome 4 markers: b and an endogenous provirus.
These findings indicate that El seizures resuit in large part from the actions of
a major gene on distal chromosome 9, and a minor gene tightly linked to the
b locus on chromosome 4. (Supported by NIH grant NS23355).
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384.1
THE RELATIONSHIP OF INFARCT SIZE TO BLOOD PRESSURE AND
TIME OF OCCLUSION DURING (PHOTOCHEMICALLY INDUCED)
THROMBOTIC STROKE-IN-EVOLUTION. BD Watson, H Kanemitsu,
R Prado, WD Dietrich, MD Ginsberg, Neurology, University
of Miami, Miami, FL USA

The middle cerebral artery of halothane-anesthetized
mature male Sprague—-Dawley rats was exposed and ir-
radiated with three independently positionable 457.9 nm
laser beams. In order to lower the power threshold for
thrombus formation and enhance lysis by t-PZ&, bixin (a
singlet oxygen quencher) was injected with flavin
mononucleotide (FMN) at 13.4-66 uM and 1.34-2.00 mM
respectively. With two beams positioned distal to the
rhinal branch and the other just below it, infarct area
(A) at epicenter was proportional to the time of occlu-
sion (t) in the blood pressure range of 90-110 mmHg for
beams focussed sharply across the arterial diameter (0<a<
6.83 mmHg , 40 min<t<4 hr, n =7, r = 0.96). Diffuge
beam focussing enhanced clot stability (1.37<A<7.86 mm ,
3 hr<t<4 hr, n = 5, r = 0.48). At higher pressures (115
to 130 mmHg and diffuse focussing, A and t were not cor-
related. These results indicate that infarct suscepti-
bility in thrombotic stroke is fundamentally conditioned
by arterial blood pressure and collateralization. The
rheological and histopathological characteristics of
this minimally invasive and recanalizable (by endogenous
or exogenous t-PA) model of arterial thrombotic stroke
should provide insights into human clinical stroke.

384.3
POSTISCHEMIC (S)-EMOPAMIL T§ERAPY AMELIORATES FOCAL
ISCHEMIC INJURY. E. Morikawa , M.D. Ginsberg, W.D.
Dietrich, and R. Busto. Cerebral Vascular Disease
Research Center, Univ. of Miami, FL 33101.

In a previous study, (S)—emopamil (E), a

calcium-channel blocker and serotonin S_ antagonist, re-
duced cortical infarct volume in rat middle cerebral
artery occlusion (MCA-0) (Nakayama et al, Neurology
38:1667, 1988). 1In this study, we explored the temporal
window of therapeutic efficacy. Fifty-four fed male
Sprague-Dawley rats underwent permanent proximal right
MCA-O plus 30 min halothane-iduced hypotension to 50 mm
Hg (Osborne et al, JNNP 50:402, 1987). There were 4
E-treatment groups: Group 1 (n = 9) received E 20-30 min
prior to MCA-0O; Groups 2 (n = 13), 3 (n = 12), and 4 (n
= 8) received E 1, 2 and 3 hours, respectively, following
MCA-O. Group 5 (n = 12) consisted of vehicle-injected
controls. The initial E dose was 20 mg/kg IP with a 2nd
dose 2.5 h later and twice daily x 2 days. Three days
after MCA-O, brains were prepared for histologic quanti-
tation of infarct area at 8 standard coronal levels;
numeric integration yielded infarct volume. Cortical ip-
farct volume in Groups 1-5, respectively, were (in mm ,
mean + S.D.): Group 1, 84.5 + 26.4; Group 2, 37.6 +
27.6; Group 3, 47.8 + 34.1; Group 4, 76.0 + 26.9;
Group 5, 72.9 + 33.3. Striatal infarct volume was not
affected. These data confirm a significant reduction of
infarct volume with 1-h post-treatment and a trend at
2-h, suggesting a temporal window of efficacy.

384.5
EFFECT OF ISCHEMIA AND REPERFUSION IN VIVO ON
ENERGY METABOLISM OF RAT SﬁCIATIC-TIBIﬂAL AND
CAUDAL NERVES. P.J. Zollman, O. Awad , J.D.
Schmelzer , and P.A. Low. Neurophysiology Lab.,
Dept. Neurol., Mayo Fdn., Rochester, MN 55905
Oour model of severe nerve ischemia
consistently results in extinction of the
compound nerve and muscle action potential (NAP;
CMAP) within 30 minutes. Since impulse
transmission may depend on nerve energy
metabolism (NEM), we studied the effects of
ischemia with reperfusion on NEM in vivo, in
vitro and postmortem. Ischemia for 30 minutes
postmortem or in deoxygenated Ringer's solution
resulted in marked depletion of adenosine
triphosphate (ATP), glucose (GLU) and creatine
phosphate (CP) and an increase in lactate (LAC)
of sciatic-tibial nerve of adult male Sprague-
Dawley rats. In vivo ischemia for up to 3 hours
in sciatic-tibial nerve was sufficient to
extinguish CMAP but did not deplete ATP, CP, or
GLU and did not increase IAC. Ischemia
sufficient to extinguish NAP (caudal nerve)
resulted in reduction of energy substrates to
about 50% of resting. Muscle fails to conduct
impulses before nerve and in vivo reductions of
energy substrates are milder than in vitro
changes.

384.2

ISCHEMIA INDUCES RELEASE OF GLUTAMATE IN RE-
GIONS WHICH ARE SPARED FROM HISTOPATHOLOGI-
CAL DAMAGE. M.Y.-T. Globus, R. Busto, E. Martinez*, I. Valdés*,
and W.D. Dietrich. Cerebral Vascular Disease Research Center, Univer-
sity of Miami, School of Medicine, Miami, FL, 33101.

Excessive release of glutamate is thought to play a major tole in the
susceptibility of neurons to ischemia. In the present study we evaluated
whether regional differences in the magnitude of glutamate release could
explain selective vulnerability. Ischemia-induced changes in extracellular
levels of glutamate in a region selectively vulnerable to 10 min of transient
ischemia (CA1 sector of the hippocampus) were compared to the changes
occurring in regions which, although rendered ischemic, are usually un-
affected by a 10-min insult (thalamus, cortex and striatum). The degree
of ischemia and the final histopathological outcome were also evaluated
in these regions. Blood flow reduction and energy depletion were severe
and uniform in all regions. The histopathological outcome illustrated a
severely damaged CA1 sector of the hippocampus while all other brain
regions were unaffected. Extracellular glutamate levels, measured by mi-
crodialysis, were significantly elevated during ischemia in all four regions.
Glutamate levels continued to increase during the early recirculation pe-
riod and gradually returned to baseline by 30 min of reperfusion, with .
similar temporal changes in all regions. These results demonstrate that
elevated intra-ischemic glutamate levels of themselves are insufficient to
engender ischemic damage, and other factors may play a pivotal part in
the detrimental role of glutamate during ischemia in vivo.

384.4
MORPHOLOGICAL AND NEUROCHEMICAL SEQUELAE OF GLOBAL
ISCHEMIA: COMPARIGON OF SINGLE- AND MULTIPLE-INSULT

PARADIGMS. B. Lin _, W.D. Dietrich, M.Y.-T. Globus, R.
Busto, E. Martinez , S. Kraydieh and M.D. Ginsberq.
Cerebral Vasc. Dis. Research Center, Miami, FL 33101.

To compare the consequences of global ischemia due to
multiple vs. single insults, we subjected Wistar rats to
either A) a single 15-min high—grade forebrain ischemic
insult (n = 7), or B) three 5-min insults separated by
one-hour intervals (n = 7). Ischemia was produced by bi-
lateral carotid artery occlusion plus moderate hypcten—
sion (50 mm Hg) in rats whose cranial and recgal
temperatures were separately thermostated at 36 and 37 C,
respectively. Three days later, ischemic cell change
(ICC) was quantitated. In hippocampus, caudoputamen, and
cerebral neocortex, ICC was equally severe in Groups A
and B. The ventrolateral thalamus, in contrast, showed
moderate-to-severe ischemic injury in all rats of the
multiple-insult group (B)“but in only 1 of 7 rats in the
single-insult group (A); numbers of ischemic neurons per
high-power field were 4.7 + 3.2 (mean + S.E.) in Group A,
and 30.8 + 4.0 in Group B (p < 0.01). Preliminary intra-
cerebral microdialysis data revealed 1) a delayed massive
increase in extracellular striatal glutamate levels asso-
ciated with 2) diminished extracellular glutamine 5-6
hours following the third multiple insult —-- findings not
observed in the single-insult group These results indi-
cate cumulative effects of repeated normothermic insults.

Supported by Grants NS22603, NS05820, and NS26784.

384.6

EFFECT OF ISCHEMIA AND REPERFUSION ON OXYGEN FREE
RADIQALS IN RAT SCI&TIC—TIBIAL NERYFS. K.K.
Ward , J.D. Schmelzer , N. Parinandi , E. E.
Benarroch, and P.A. Low. Neurophysiology
Laboratory, Department of Neurology, Mayo
Foundation, Rochester, MN 55905 )

Our model of severe nerve ischemia
consistently results in extinction of the nerve
impulse, reduced reflow and reperfusion injury
to blood-nerve barrier. We therefore examined
if oxygen free radicals (OFR) were generated
during ischemia and reperfusion. Conjugated
dienes (cD), hydroperoxides (OOH) and
malondialdehyde (MDA) were measured in rat
sciatic nerve. The endoneurial:epineurial ratios
for CD, OOH and MDA were 3.46, 0.16 and 0.93
respectively, indicating that CD was mainly in
endoneurium, OOH mainly in epineurium and MDA
evenly distributed. In vitro deoxygenation
resulted in no significant generation in OFR.
Reoxygenation resulted in near doubling of MDA
without changes in CD or OOH. Ischemia results
in a reduction in OOH with a near 3-fold increase
above the ischemic value on reperfusion. Smaller
changes were seen with CD and MDA. These
findings suggest that OFR is generated during
reperfusion rather than during ischemia.
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384.7

CEREBRAL ISCHEMIA AND REPERFUSION CAUSE BIPHASIC
CHANGES IN EXTRACELLULAR DOPAMINE LEVELS IN THE
STRIATUM. C.D. BLAHA, E.R. WOOD AND A.G. PHILLIPS. Dept. of Psychology,
University of British Columbia, Vancouver, B.C., Canada.

Extracellular striatal dopamine concentrations were measured using 60s
repetitive chronoamperometry in urethane anesthetised rats before, during and
after transient forebrain ischemia. Stearate-modified carbon paste electrodes
were implanted bilaterally into the striatum, and baseline extracellular
dopamine was monitored for at least one hour. Ischemia was induced for 20
minutes by bilateral carotid occlusion combined with hemorrhagic hypotension
to 30 mmHg. After this period, the carotids were unclamped and the shed blood
reinfused over about 10 minutes. Extracellular dopamine levels followed a
characteristic biphasic pattern: within three minutes of carotid clamping there
was a 15-20 fold rise, followed by a gradual steady increase during the 20 minutes
of occlusion. When the arterial clamps were removed there was an immediate
decrease in the chronoamperometric signal. This was followed a few minutes
later by a second 25-30 fold increase. The second rise in extracellular dopamine
lasted for approximately 40 minutes, after which the concentration dropped
gradually to a stable, elevated level with respect to the initial preischemic
baseline. We suggest that the initial rise in extracellular dopamine is due to
ischemic depolarisation of the neuronal membrane, whereas the second, larger
increase is a result of reperfusion. Either of these increases in extracellular
dopamine may be involved in striatal neuron death following cerebral ischemia.

384.9

GENDER-RELATED DIFFERENCES AND GLIAL CHANGES IN A RAT
MODEL OF TRANSIENT FOREBRAIN ISCHEMIA. W.R.Woodward
H.Downes*, N.lLessov*, T.Williams* and C.K.Meshul. Depts.
of Neurology, Biochemistry and Pharmacology, Oregon
Health Sci. Univ. and VA Med. Ctr., Portland, OR 97201.

Transient forebrain ischemia (15 min) was produced in
anesthetized d and Q@ rats by bilateral carotid clamping
coupled with reduction of blood pressure to 25 torr by
rapid removal of blood. During ischemia the EEG became
isoelectric, but recovered to normal levels once the
carotids were unclamped and the blood reinfused. Animals
were sacrificed at 7 d post-ischemia. 1In the post-
ischemic period J rats were slower to recover from the
acute procedure than Q rats and lost rather than gained
weight. In J rats 5743% of hippocampal circumference
from CAl through CA3 suffered severe neuronal damage
(>75% loss) compared to 42%3% for Q rats. In both sexes
neuron losses in CAl were severe (=85%) and less
pronounced in CA3 (=35%). Glia proliferated in CAl
(=10-fold) and in CA3 (=3-fold): rod-shaped microglia
were prominent in stratum radiatum, and astrocytes and
oligodendroglia increased in strata pyramidale and
oriens. Gliosis occurred in animals even when there was
little or no neuronal loss. We conclude that J rats are
more vulnerable to ischemia than Q rats and that glial
proliferation can occur in areas where only relatively
mild neuronal losses are observed. Supported by NIH
grant NS17493 and the Veterans Administration.

384.11

TEMPORAL CHANGES DURING CEREBRAL EDEMA IN
LACTATE AND PH MEASURED IN VIVO BY ‘H/*P-NMR.

S. Mun-Bryce, G. Rosenberg. Neurology Service, Veterans Medical
Center, and the Dept. of Neurology and Physiology, Univ. of N.M.,
Albuquerque, NM 87131.

Changes in brain metabolism during the development of brain
edema were examined using in vivo '"H- and *P-NMR with surface
coils and depth pulses. We produced a collag induced
intracerebral hemorrhage in adult rats (Rosenberg et al., Stroke,
1990). Coll injected animals had increased water content in
the posterior brain region, and a high behavioral injury score. Fifty-
five animals had two NMR recordings each prior to injury and at 4,
12, 24, 48, 36, 72 hrs after injury, in a GN300 7T, 89 mm vertical-
bore spectrometer. 'H spectra were graded for peak heights of
lactate (1.3 ppm), N-acetyl aspartate (2.0 ppm), and PCr/Cr (3.0
ppm). Differences in chemical shift between Pi and PCr peak
determined the pH values from *P spectra. Lactate was increased
over pre-injury values at 4, 12, 24, 36, and 48 hrs (p<0.05), but
corresponding pH was similar for all time points. These experiments
indicate that an increase in brain lactate concentration may occur in
the edematous region without a decrease in brain pH.

384.8

EFFECTS OF DICHLORACETATE (DCA) ON LACTATE UPTAKE AND
PYRUVATE DEHYDROGENASE ACTIVITY IN CULTURED ASTROCYTES.
J.L. Tomsig!, E, Gruenstein? and R.V.W. Dimlich!-3.
Departments of !Emergency Medicine, 2Molecular Genetics,
Biochemistry and Microbiology and °Anatomy and Cell
Biology. University of Cincinnati, Cincinnati, OH 45267.

Elevated brain lactate is an important contributor to
the development of post-ischemic cerebral edema due to
astrocytic swelling. DCA has been shown to reduce brain
lactate in experimental cerebral ischemia in rats.
Therefore we have investigated the effects of DCA on a
human astrocytoma cell line, UC-11MG (Lomneth et. al.,
Brain Res.,486:95, 1989). Two hypotheses were tested:1l)
DCA alleviates astrocytic swelling by increasing the
rate of lactate metabolism via the stimulation of
pyruvate dehydrogenase (PDHC) (E.C. 1.2.4.1) and 2) DCA
decreases cell swelling by inhibiting the uptake of
lactate into cells. We have found that exposure of cul-
tured cells to 5 mM DCA for 30 min stimulates PDHC
activity by 83%. We have also found that DCA acts as a
competitive inhibitor of lactate uptake (Ki=1.7 mM at pH
6). Furthermore, cell swelling induced by exposure to 20
mM lactate at pH 6 for 30 min was blocked by 5mM DCA.
These results are consistent with DCA acting to reduce
ischemic injury by either or both of the proposed
mechanisms. Supported in part by grants NIH BRSG SO7 RR
05408-28 and NS 25635 (RVWD), and NS 21663 and NS 27814
(EG) .

384.10

ARE SODIUM CHANNELS OR SODIUM-CALCIUM EXCHANGE INVOLVED IN
MEDIATING ANOXIC INJURY IN MAMMALIAN CENTRAL WHITE MATTER?
P.K.Stys, B.R.Ransom,S.G.Waxman. Dept. of Neurology, Yale Univ., New Haven, CT
06510 and Neuroscience Research Center, VA Hospital, West Haven, CT.

‘White matter (WM) in the mammalian CNS suffers irreversible injury when exposed to
extended periods (>30 min) of anoxia. Clinically, strokes involving WM can result in
severe neurological disability. In spite of these facts, relatively little is known about the
basic pathophysiology of WM anoxia. Using the isolated rat optic nerve (RON) as a
model of central WM anoxia, we demonstrated the critical role played by extracellular
Ca2+(SLys, PK. etal., Proc Natl Acad Sci USA,1990 in press) and suggested that
irreversible anoxic injury in WM depends on Ca?*influx into a cytoplasmic
compartment. We subsequently investigated how ct might enter cells during anoxia.
Adult RONs were exposed to a standard 60 min period of anoxia. Functional recovery
was assessed 1hr after re-oxygenation by measuring the area under the compound action
potential. Blockade of voltage-dependent Na* channels with 1uM TTX significantly
improved recovery (81.5+11.1% vs 38.3+10.6%, P<0.00001). This suggested that part
of the damaging inward 2 flux might occur through these channels. Alternatively,
degradation of the transmembrane Na* gradient by channel-mediated Na* influx might
cause reverse operation of the Na*-Ca“exchanger, resulting in increased [Caz*]i. This
hypothesis was tested by blocking the exchanger with bepridil (10-100pM), a
mechanism-based inhibitor of N& -Ca2*exchange; this resulted in significantly
enhanced recovery (59.5+13.4 % vs 38.3+10.6%, P<0.005). Inhibition of voltage-gated
Ca?*channels by bepridil is unlikely since dihydropyridines did not improve recovery
(Stys, PX. et al., Neurosci Lett, 1990 in press). Combined treatment with bepridil and
TTX did not improve recovery (73.6+9.8%) over that seen with TTX alone. These
results suggest that transmembrane C: *influx during anoxia occurs, at least in part, as a
result of reverse operation of the Na*-c2* exchanger. Thus TTX protects WM by
slowing the rise in [Na\]i , which in turn affects the Na* ~Ca2*exchanger; TTX may also
block direct C22* influx via Na* channels imperfectly selective for this ion.

384.12
CI-977, A NOVEL KAPPA OPIOID RECEPTOR AGONIST, REDUCES
INFARC] SIZE IN A MODEL OF FOCAL CEREBRAL ISCHEMIA. J.J.
Cordon” , P.A. Boxer, M.A. Dominick™, F.W. Marcoux.
Parke-Davis Pharm. Res. Div., Warner-Lambert Co., Ann
Arbor, MI 48105

Both opioid agonists and antagonists have been shown
to be beneficial in the treatment of ischemic injury.
The current experiments determined the efficacy of
CI-977 a novel, potent kappa-selective agonist
(affinity=0.11 nM, mu/kappa ratio=905) in reducing damage
resulting from focal ischemia. The left common carotid
artery of F-344 rats was ligated along with coagulation
of the middle cerebral artery at the rhinal fissure.
CI-977 or vehicle (saline) was adminstered IV 30 min and
24 hr post occlusion. In one experiment animals were
sacrificed 2 days post occlusion and the degree of damage
assessed by exclusion of the dye TTC in 2 mm sections.
CI-977 (0.05 to 0.5 mg/kg) produced dose-related
reductions in infarct volume, which were significant at
0.1 and 0.5 mg/kg. In another experiment the animals were
perfusion fixed with 10% buffered formalin at 10 days
after occlusion and sections 6 uM thick were taken every
800 p and stained with iron haematoxylin/cresyl-echt
violet. CI-977, at 0.1 mg/kg significantly decreased the
volume of ischemic damage by 57% as compared to saline
control. At 0.5 mg/kg CI-977 produced a non-significant
decrease of 27%. These data suggest that CI-977 may be
beneficial in the treatment of abrupt occlusive stroke.
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384.13

OPIOID RECEPTOR ANTAGONIST NALMEFENE STEREO-
SPECIFICALLY INHIBITS GLUTAMATE RELEASE DURING
GLOBAL CEREBRAL ISCHEMIA. S.H. Graham, H. Shimizu*, A.
Newman# P. Weinstein, and A.L. Faden. Dept. of Neurology and
Neurosurgery, University of California, San Francisco, CA 94121
and Department of Applied Biochemistry, Walter Reed Army
Institute of Research, Washington D.C. 20307#

The opioid antagonist nalmefene, which has increased affinity for
K-opiate receptors, attenuates the reduction in tissue glutamate after
global cerebral ischemia/reperfusion (Faden et al, in review). In the
present study, the effect of nalmefene upon excitatory amino acid
release during global ischemia was studied using the technique of
microdialysis. A 4 mm microdialysis probe was stereotactically
placed in the dorsal hippocampus and perfused with mock CSF at 2
uL/min in 26 isoflurane anesthetized rats. One hour after insertion of
the probe, complete global cerebral ischemia was induced for 30
minutes by the 7 vessel occlusion method. ~ Saline, 0.1 mg/kg of (-)
nalmefene or the inactive (+) enantiomer was given 15 minutes prior
to ischemia. Samples of dialysate were collected every 10 minutes
before, during, and after ischemia and amino acid content determined
by HPLC.  Peak dialysate glutamate during ischemia was
significantly (P<.05) less than in (-) nalmefene treated animals
(21.344.0 pM), while there was no difference between the saline
(35.144.6 pM) and (+) nalmefene groups (34.945.0 uM). These
results suggest that K-opiate receptors may modulate glutamate
release during ischemia and that inhibition of excitotoxin release may
cox;ltﬁbpte to the protective actions of opioid antagonists in cerebral
ischemia.

384.15
FPL 13950, AN ANTICONVULSANT WITH MARKED ANTI-ISCHEMIC
PROPERTIES IN ANIMAL MODELS. G.C. Palmer, E.W. Harris, J.
C. Strand*, M.L. Stagnitto*, A.R. Borrelli*, E.F. Cregan%*,
J.C. White*, R.J. Murray* and R.C. Griffith*. Fisons
Pharmaceuticals, Div. R&D, Box 1710, Rochester, NY 14603.

FPL 13950 (formerly PR 1013-708 or 2-amino-N-[1,2-diph-
enylethyl]acetamide) is a moderately potent, safe, orally
acting anticonvulsant which protects rodents against max-
imal electroshock seizures (ED50=20.5 in mice & 15.5 in
rats; Garske et al., Soc. Neurosci. l4: 866, 1988). Dur-
ing routine screening with thermoregulated mice, oral FPL
13950 extended the time to death during hypoxia (ED50=19).
Analogous tests in rats were confirmatory. In global is-
chemia models rats were subjected to 30 min. of 4-vessel
occlusion, followed by 20 mg/kg FPL 13950 or saline i.p.,
immediately upon reflow and daily for 1 or 2 weeks. Drug-
treated had much less CAl cell loss and larger CAl electro-
physiological responses (orthodromic & antidromic populat-—
ion spikes recorded in vitro) than saline-treated rats.
Dogs were subjected to 8 min global ischemia (clamping the
ascending aorta), treating with FPL 13950 i.v. 30 min. post
ischemia, then b.i.d. for 3 days and then once daily for 7
days). Histological examination confirmed that FPL 13950
markedly reduced ischemic damage in CAl.

These findings warrant continued development of this or
similar compounds for eventual indications in patients
suffering from cardiac arrest or coronary by-pass surgery.

384.17

CORTICOSTERONE EXACERBATES ISCHEMIC-LIKE INJURY IN MIXED
HIPPOCAMPAL CULTURES. G.C. Tombaugh and R.M. Sapolsky.
Dept. of Biol. Sci., Stanford Univ., Stanford, CA 94305

Glucocorticoids can potentiate ischemic neurotoxicity in the
rat hippocampus. However, the cellular and biochemical
mechanisms underlying this synergy are not known. To begin to
characterize this effect we have used primary hippocampal
cultures, containing both neurons and astrocytes (~1:1), derived
from 18d fetal rats. At 10-12 days of age, cultures were refed with
experimental medium containing SmM glucose with or without
100nM steroid. 24hr later, cultures were refed with steroid-free
medium containing varying glucose concentrations, immediately
made hypoxic (100% N2) for 6hr, then refed with fresh medium
(5mM glucose). The following day, cell damage was measured by
lactate dehydrogenase assay. Pretreatment with corticosterone
(CORT) enhanced hypoxic cell damage under low (0.4mM) or no-
glucose conditions but had no effect when glucose = 5SmM. In
normoxic controls, CORT was damaging only in the "no-glucose”
group even though glucose-free exposure alone caused no
significant damage. Neither progesterone, estrogen, nor
testosterone had any measurable effect. Thus, CORT aggravates
hypoxic injury in hippocampal cultures only under conditions
that are likely to cause energy failure and subsequent cell death.
These results are consistent with the idea that glucocorticoids
enhance cell vulnerability by weakening cellular energy state.
In support of this mode!, glucocorticoids have been shown to
inhibit glucose transport into cultured hippocampal neurons and
astrocytes.

Supported by NIH AG-06633

384.14
THE LACK OF EFFECT OF FLUNARIZINE ON PRESERVING
NEUROLOGIC FUNCTION AFTER EXPERIMENTAL
STROKE. W. M. Clark*, K. P. Madden, J. A. Zivin.

Dept. of Neurosciences, UCSD, La Jolla, CA.

Prior studies using calcium entry blockers in experimental
CNS ischemia have produced conflicting results. We studied
the efficacy of Flunarizine (Janssen Research) in two models
of selective CNS ischemia. A dose of 5mg/kg was given IV to
treatment NZW rabbits 5 minutes post ischemia. In the first
study, we used a model of spinal cord reperfusion to calculate
the average length of ischemia required to produce
paraplegia in each of the groups (ETsg). The ETsg in the
Flunarizine group (N=17) was 29.8% 3.6 min., in controls
(N=13) 24.1+ 2.2 min.; P=.19. In the second study, we used
microspheres to produce multiple brain infarcts. The average
amount of microspheres required to produce abnormal
neurologic function was calculated (ESsg). Agents which
protect the CNS increase the ESsg. For the Flunarizine group
(N=9), the ESsp was .36% .09 mg; in controls (N=14) .44+ .12
mg; P=>.25. Thus, Flunarizine did not improve neurologic
function in two sensitive models of CNS ischemia.

384.16

REDUCTION IN ISCHEMIC INFARCTIONS PRODUCED BY
OCCLUSION OF RAT MIDDLE CEREBRAL ARTERY BY
TREATMENT WITH AGENTS ACTING AT IMIDAZOLE
RECEPTORS. L. Pek* i .B. Berger D.J. Reis. Div. of
Neurobiol., Comell Univ. Med. Coll.,, NY, NY 10021.

Treatment with the o-adrenergic (0,) receptor antagonist idazoxan
(IDA) reduces the size of the cerebral infarction produced by global
cerebral ischemia (Gustafson, L. et al, J. Cereb. Blood Flow Metab.
9:171-174, 1989). It is not known whether: (a) IDA can modify a focal
ischemic injury; (b) if its effect is entirely attributable to an interaction
with o,-receptors since IDA also binds to imidazole (IM) receptors.
Thus, we compared the effects of IDA with the selective non-imidazole
a,-antagonist SKF 86466 (SKF) and the oxazole rilmenidine (RIL), an
o,-agonist which also binds at IM sites, on infarctions produced by
occlusion of the middle cerebral artery (MCA) in rat. The MCA was
occluded in rats anesthetized with isoflurane in 100% O, and drug
immediately administered while maintaining arterial pressure and blood
gases for 1h. Animals were sacrificed 24 h later, brains stained and
lesions measured. IDA (3mg/kg) and RIL (1mg/kg) both significantly
(p<0.05, n=5 each group) reduced lesion size compared with controls
(IDA, 153+4.5 mm®, RIL, 139+7.8 mm’; control, 196+6.6 mm’; n=5).
SKF (15 mg/kg) had no effect (186+6.5 mm’ n=5). We conclude: (a)
IDA and RIL can reduce a focal ischemic infarction; (b) the effect of
IDA cannot be attributed to antagonism of o,-receptors. An interaction
with IM receptors may underlie the tissuc preserving actions of IDA
and RIL.

384.18

HYPERTENSIVE RATS PRODUCE MORE TUMOR NECROSIS FACTOR THAN
NORMOTENSIVE RATS IN RESPONSE TO CHALLENGE WITH
LIPOPOLYSACCHARIDE. J.M. Hallenbeck®, D A, Doron, 1G. Feuerstein, 2H.B.
Pollard and E, Heldman. Dept. of Neurology, U.S.U.H.S., Bethesda, MD 20814
and 1Dept. of Pharmacology, Smith, Kline and French laboratories, King of
Prussia, PA 19406 and 2Lab. Cell Biol. and Genetics, NIH, Bethesda, MD
20892.

Hypertension is one of the most common risk factors for stroke.
Spontaneous hypertensive rats (SHR) have been demonstrated to experience
a high incidence of ischemic and hemorrhagic lesions in the brain stem,
following a provocative dose of lipopolysaccharide (LPS). LPS stimulates
macrophages to secrete the cytokines interleukin-1 (IL-1) and tumor
necrosis factor- & (TNF- @), both of which convert the endothelium surface
from an anticoagulant to a procoagulant state and thus may cause the
production of focal ischemic lesions. In order to determine if increased TNF-a
activity were one of the factors which may be responsible for the high
incidence of ischemic lesions in LPS-treated rats, we challenged SHR and
normotensive rats (WKY) with 1.8 mg/kg LPS and measured TNF-a levels in
the blood and cerebral spinal fluid (CSF). We found that LPS induced a marked
elevation of TNF& activity in both SHR and WKY. However, the response of
the SHR was significantly higher than that of the WKY controls, resulting in a
significantly higher TNF-a level in the blood of SHR 2 h following challenge
with LPS. Furthermore, when LPS was delivered intravenously, TNF- a
activity was elevated mainly in the blood but not in the CSF. By contrast,
when LPS was injected intracerebroventricularly, TNF-q was high in the CSF
and low in the blood. These results strongly suggest that TNFa is produced
locally in the brain and thus may cause focal ischemic lesions. The higher
incidence of stroke-like events occurring in SHR as compared to WKY may be
related to the higher level of TNF-a obtained after challenge with LPS.
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384.19
ACETAZOLAMIDE-OUABAIN INHIBITS CEREBROSPINAL FLUID
PRESSURE RISE BY CEREBROVENTRICULAR INFUSIONS IN RATS.
Morrow, BA* LC Keil and WB Severs, Hershey Medical Center, Penn. State Univ.
School of Medicine, Hershey, PA 17033

Cerebrospinal fluid pressure (CSF-p) rises 2-3 fold about 2 hr after an 8
p#1/min x 10 min infusion of artificial cerebrospinal fluid (aCSF) in conscious rats.
(FASEB J., 4:A1095, 1990) Elevated resistance to outflow (Ro) accompanied the

1 d CSF-p. Acetazolamid (ACI' 'Z), a carbonic anhydrase inhibitor, and

ouabain, an inhibitor of Na* /K* ATPase, were both employed to prevent the
formation of CSF. Six Male S-D rats (300-400g) were surgically implanted with a
sealed 4 mm cerebroventricle cannula (1.5 mm 1 & 1.0 mm p to bregma) and
allowed to heal for 2 days. The evening prior to the experiment, ACTZ, 50 mg/kg,
s.c., was given. On the test day, the rats received both ACTZ, 50 mg/kg, i.p., and
ouabain, 2.5 ug/5 u1 aCSF, ivt, just before connecting to the recording system.
Ouabain caused a brief 1-2 min seizure after a 1-3 min delay. Thirty min after
dosing, the rats received the infusion, 8 p1aCSF/min x 10 min. Ro and compliance
(Comp) were evaluated by boluses of aCSF (10 11/0.5 sec) at 20 min and 4 hr after
the infusion. CSF-p’s were not different (p>0.05). However, Ro rose (*=p<0.05),
while Comp fell (*=p<0.05). In this study, the increase in CSF-p, but not Ro, was
prevented by blocking CSF formation. These data indicate that increased CSF-p is
not essential for increased Ro. We propose that elevated Ro causes the increase in
CSF-p.

20 min 4 hr
CSF-p, (cmH,,0 + SEM) 10+2 13+3
Ro, (cmH, ofm/mm +SEM) 15406 78+21*
Comp,(ul/cmHO«rSEM) 21+ 06 06+ 0.1*

CSF-p’s of rats receiving the 8 41/min aCSF infusion with no drug therapy
were 9.3 + 0.9 and 23.6 + 2.8 (cmH,O + SEM) for 20 min and 4 hr, respectively.

384.21

3P.NMR STUDIES OF ISCHEMIA IN NG108-15 CELLS: EFFECTS OF
PHENYTOIN AND MG? ON RECOVERY OF HIGH ENERGY PHOSPHATES.
E.A.X. Schannes, PK. n, B.H. Smith an . Dept. Neurosurgery,
Albert Einstein Col. Med, Bronx, NY 10467.

Intracellular high energy phosphates (HEP) were monitored in differentiated cells
by 3 P-NMR under conditions of continuous perfusion, no flow and reperfusion to
model changes occuring during cerebral ischemia and reperfusion. NG108-15 cells
were attached to Cytodex microcarrier beads and differentiated for 5 days in dbcAMP
(1 mM). Medium was supplimented with creatine (10 mM) 24 hrs before NMR
observation. Cells on beads were transferred to an NMR tube and perfused with
artificial cerebrospinal fluid at a flow rate of 1 ml/min. Cells were maintained at
37°C and the perfusion medium was saturated with 95% O,/5% CO, (pH 7.4).
Under these perfusion conditions, stable intracellular HEP resonance signals were
observed using a Varian VXR 500 spectrometer with a 10 mm probe. Upon
stopping the perfusion, there were rapid decreases in pH and in phosphocreatine
(PCr), followed by losses in nucleotide phosphates. Upon reperfusion, the pH
returned to normal and the HEP recovered towards normal levels, depending upon
the duration of no flow. These changes follow a pattern similar to that observed by
A P.NMR of cerebral ischemia in vivo. Following 40 min of ischemia and 40 min
of reperfusion PCr returned to 52+/-4% of preischemia levels. Treatment with
phenytoin at Sug/ml and 20 ug/ml enhanced recovery to 75+/-6% and 73+/-7%,
respectively. 10 mM Mg improved recovery to 80%. These data demonstrate that
phenytoin as well as Mg are protective against neuronal damage induced by
ischemia. Thus this model system should prove useful in helping to elucidate
some of the molecular mechanisms underlying the neurotoxicity induced by
ischemia.

384.20

Physiological and Metabolic Changes During Gravity (+Gz)
Induced Loss of Conscjousness (G-LOC) in Rat Brain. A. R.

Shahed, F. G. A]dape , J. A. Barber and P. M. Werchan™.
USAF Schoo] of Aerospace Medicine, Op. Tech. Corp., and
Krug Int., Brooks AFB, San Antonio, TX 78235.

High sustained or rapid onset of +Gz is known to cause
G-LOC in pilots of high performance aircraft with potenti-
ally grave consequences. Relatively little is known about
G-LOC and so approaches to its prevention are limited. In
the present study a small animal centrifuge (SAC) was used
to investigate the neurophysiological mechanism of G-LOC.
Rats with surgically implanted electrodes for EEG, ECG and
heart rate were loaded on a SAC equipped with a freeze
blowing device. Control rats received identical surgical
treatment but were not centrifuged. Rats were centrifuged
for 30s at 1 to 32.5 Gz to determine G-tolerance and time
for G-LOC to occur. Brains were frozen immediately (group’
1), or 30-60s (group 2) after G exposures and analyzed for
energy metabolites. At 25 + 1 Gz (n=19), G-LOC was ob-
served within 17 + 1s and EEG remained isoelectric for 15-
24s. Brain glucose decreased (70%) in group 1 and remained
unchanged in group 2 over controls. Brain lactate increased
2- 2.5 fold over control in both groups. ATP and creatine
phosphate levels decreased and AMP, ADP and adenosine
levels increased significantly in both groups. This is the
first report to show metabotic changes during G-LOC. Inves-
tigations continue to determine if these and/or other
changes contribute to G-LOC.

ISCHEMIA V

385.1
FOREBRAIN ISCHEMIA INDUCES SELECTIVE BEHAVIORAL IMPAIRMENTS
ASSOCIATED WITH HIPPOCAMPAL CA1 INJURY. LD, Thomas, T. X. Gionet*,
C.R. Goodlett, , M. M, Todd*, E.A. Wasserman*. and J.R. West. Dept.
of Psychology, Anesthesiology, & Anatomy, Univ. of lowa, lowa City, IA 52242,
Studies of forebrain ischemia in rats have demonstrated significant loss of
hippocampal CA1 neurons and deficits in working memory. The selectivity of the
behavioral deficits induced by forebrain ischemia was evaluated using six tasks, tested
sequentially: retention of a radial maze discrimination {postoperative days (PO) 5-16],
open field activity (PO 18), general motor performance (PO 18), step-through passive
avoidance (PO 20-21), the Morris place learning task (PO 26-27), and rotarod perfor-
mance (PO 28). All rats were trained on a 12-arm radial maze discrimination (6 arms
baited and 6 arms unbaited) for 50 days, one trial per day. They were then randomly
assxgned to either the 1schem1a condition (n=8) or to the sham condition (n=6). Ten
of ischemia with an isoelectric EEG was produced by bilateral carotid artery
occlusion and sy hyp ion (mean arterial pressure=50+5 mm Hg). Controls
underwent the same surgery except ischemia was not induced. In the postoperative radial
maze test, the ischemic group committed significantly (p<.05) more working memory
errors than controls during the first block of six trials, but recovered to control levels
by the second block. The ischemic group also had a nonsignificant trend toward more
reference memory errors in the first block. The groups did not differ significantly in
open field activity, motor perf passive avoidance performance, spatial learning
in the Morris navigation task, or balance on the rotarod. Neuronal loss in CA1 was
rated (scored O to 3) from 5-pum coronal sections by an investigator blind to group
membership and behavioral performance. The severity of working memory deficits was
associated with the extent of CA1 damage. Furthermore, if only the rats with severe,
bilateral CA1 loss were considered (n=4), passive avoidance retention deficits were also
evident. In summary, none of the tests of motor function distinguished the groups,
indicating that generalized motor dysfunction is not a reliable index of the outcome of
forebrain ischemia in this rat model. However, ischemia resulted in relatively specific
cognitive impairments that were associated with the extent of hippocampal CA1
neuronal loss. (Supported by grants #GM 39771 to DSW and #AA 05523 to JRW)

385.2

Immunohistochemical study of ”Delayed Neuronal Death” with
anti-NF200 antibodies. Y. Kaku, Y. Yonekawa, N. Ogata and T.
Tsukahara. Department of Neurosurgery, National Cardiovascular
Center, Suita, Osaka 565, Japan.

Selective  vulnerability and “delayed neuronal death” of
hippocampal CA1 region have been well documented, but its
precise mechanism has not been clarified so far. Our previous
report demonstrated that the degradation of the neurofilament
(NF) triplet proteins occurs in cerebral ischemia and suggested
that it may be related to irreversible neuronal cell death
(Ogata et al. J. Neurosurg,70:103,1989). In this study,
“delayed neuronal death” was induced in a rat by lowering the
systemic systolic blood pressure to 50 mmHg in addition to
temporal occlusion of the bilateral common carotid arteries,
followed by reperfusion. The duration of the ischemia was 2
min, 5 min, and 8 min; and the duration of reperfusion was 1
day and 7 days. The histology was confm:ned by hematoxylm-
eosin (HE) staining and by i >histc ing with
anti-NF200 antibodies (NF staining). In 8 minutes ischmia, HE
staning showed the survival of most of the neurons in the CA1l
region at 1 day after ischmia and more than 75 % loss of the
neurons in the same region at 7 days after ischemia. In
contrast, NF staining showed that the reactivity to anti—NF200
in the CA1l region was already decreased at 1 day and remained
to be low at 7 days after ischemia. Immunoreactivity in the
CA3 region, in which almost all the neurons survived, was
unchanged both at 1 day and at 7 days after ischemia. These
results suggest that the decrease of the immunoreactivity to
anti—NF200 precedes the neuronal cell death.
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385.3

RESPONSE OF SOMATOSTATIN NEURONS TO TRANSIENT
FOREBRAIN ISCHEMIA IN THE GERBIL: AN IN SITU HYBRIDIZATION
STUDY. ) L. Secburger. J. E. Springer. and C.-S. Lin, Depts of Neurology
and Physiology & Biophysics, Hahnemann University , Philadelphia, PA 19102-
1192
The selective vulnerability of specific populations of forebrain neurons to
ischemic insult has been well documented. These include neurons in the
hippocampal CA1 and dentate hilar areas, layers 2/3 and 6 of the somatosensory
neocortex, the dorsolateral striatum, and the lateral septum. Recently,
somatostatin positive neurons have been found in these regions. We therefore
investigated the response of these in neurons to isch insult.
Because different forms of the somatostatin molecule are derived from a smgle
precursor and individual neurons may not express all forms, an in_situ
hybridization procedure was used to localize neurons containing somatostatin
mRNA. Ischemic lesions were produced by 5-min bilateral occlusions of the
common carotid arteries in Mongolian gerbils. Fresh sections were collected on a
cryostat after 2d, 4d, and 2wk post-occlusion survival periods. Sections were
processed with a nonradioactive olig leotide probe compl to
somatostatin mRNA. Adjacent sections were stained with Cresyl Violet or sﬂver
A decrease in somatostatin mRNA signal was noted in regions known to be
sensitive to ischemic damage as early as 2d post-occlusion. Similar results were
obtained with the 4d and and 2wk survival conditions. Furthermore, cell loss and
argyrophilia were noted in the same regions stained with Cresyl Violet and silver,
respectively. Therefore, the loss of somatostatin mRNA signal was most likely
due to cell death. It remains possible, however, that surviving cells ceased to
express somatostatm mRNA. Our present results suggest a correspondence
the 1 ion of s in neurons and neurons sensitive to
ischemic damage in the gerbil forebrain. Supported by NIH SO7RR07241.

385.5

DISTRIBUTION OF 70 KDa HEAT SHOCK PROTEIN mRNA INDUCTION
AFTER TRANSIENT GLOBAL ISCHEMIA IN THE RAT. T.S. Nowak, Jr.. G,
i Laboratory of Neuropathology
and Neuroanatomical Sciences, NINDS, NiH, Bethesda, MD 20892.
Recent studies have documented the induction of the 70 kDa stress /
heat shock protein, hsp70, following transient ischemia in the gerbil,
and have suggested its utility as an early marker for neuronal
circuitry which may participate in the evolution of subsequent
pathology. Since postischemic protein synthesis deficits may variably
limit the capacity of cells to express immunoreactive hsp70 protein,
localization of hsp70 mRNA by in situ hybridization has proved a more
reliable index of the stress response. This method was applied in the
present study to evaluate the distribution of hsp70 mRNA in rat brain
after 10 min transient global ischemia subsequent to cardiac arrest
produced by compression of the major thoracic vessels, followed by
resuscitation. Results obtained at 6 h recovery, the time of maximal
hsp70 induction in the gerbil ischemia model, demonstrate a generally
similar distribution of hybridization in the rat, including all
hippocampal pyramidal neurons as well as the dentate granule cell
layer, lateral striatum, piriform cortex and neocortex. In contrast to
the gerbil, modest hybridization was also apparent in ventral thalamic
nuclei, which subsequently show evidence of cellular injury, as well
as serum protein and calcium accumulation, in this model. These
results provide further support for the use of hsp70 hybridization in
the molecular mapping of postischemic neuropathology.

385.7

METABOLIC VIABILITY AND PROTON HOMEOSTASIS IN THE
HIPPOCAMPAL SLICE: EFFECT OF ACID LOADING. H.A. Assaf* T.§

ittingham, J.C. LaManna, R.A. Ratcheson W.D. Lust. Lab. of
Experimental Neurological Surgery, Case Western Reserve University,
Cleveland, OH 44106.

Intracellular acidification secondary to lactic acid accumulation has been
implicated in the evolution of brain damage following an ischemic episode.
It has been shown that lactic acid in an acidic medium is more toxic than
HCI to cells of neural origin grown in culture (Goldman et al., J. Cereb.
Blood Flow Metab., 1989), suggesting that uncharged organic acids may
facilitate the flux of protons across membranes. Similar experiments were
performed on hippocampal slices to determine the effect of a number of
weak acids on pHi during an acid load. The metabolic viability (i.e., ATP
levels) and pHi, derived from the creatine kinase equilibrium, were
determined in hippocampal slices incubated for up to 30 min in media
acidified to pH 4.9 with the following acids: hydrochloric (H), pyruvic (P),
D-lactic (DL), L-lactic (LL), formic (F) or acetic (A) acids. While ATP
levels in the H and P groups were maintained for up to 30 min (> 80% of
cont), those in the remaining groups were depleted (<25% of cont) by 30
min. The loss of ATP in the F and A groups was complete within 5 min of
incubation, whereas ATP depletion occurred between 10 and 30 min in the
DL and LL groups. The pHi at 10 min of incubation dropped from a
control value of 7.62 + 0.04 to 7.41 + 0.06, 7.20 + 0.08, 7.12 + 0.20* and
6.61 + 0.07* for the H, P, LL and DL groups, respectively (¥, p < 0.05).
In contrast, the pHi decrease in the A and F groups was greater and at 5
min was 629 + 0.15*% and 5.60 + 0.21*, respectively. The observed
differences in hippocampal slice pHi appear to be determined by both the
pK” and lipid solubility of the acids. The ability of weak organic acids to
enhance the movement of protons suggests that this process may modulate
localized acid-base imbalances following anoxia/ischemia.

385.4

EFFECT OF TRANSIENT FOREBRAIN ISCHEMIA ON SOLUBLE
PROTEINS FROM CAl AND CA3 REGIONS 'OF THE
HIPPOCAMPUS. E. A. Heinicke* and A. M. Buchan,
Robarts Research Institute, London, Canada.

CAl pyramidal neurons of the hippocampus die
2 to 3 days after transient forebrain ischemia,
whilst neurons of the CA3-dentate gyrus region
survive. The distribution of soluble proteins
from these regions was examined for changes that
might lead to cell death.

Male Wistar rats were subjected to 15 min.
transient forebrain ischemia (4-VO model),
followed by reperfusion for 1, 3 or 7 days.
Normal, untreated rats served as controls.
Soluble proteins from CAl and CA3-dentate regions
were separated electrophoretically by SDS-PAGE,
stained with Coomassie Blue, and those of less
than 87 KD (constituting 83% of the applied
sample) were quantitated by densitometer.

The banding patterns from the two regions
were identical, with two exceptions; two bands,
58 and 11 KD, occurred in different proportion in
CAl and CA3 in all groups of animals. Only three
protein bands - 76, 54 and 26 KD - were affected
quantitatively by ischemia. The constancy of the
composition of the cytosolic protein compartment
of the two regions before and after ischemia
suggests that protein breakdown may not be a
major factor in ischemic neuronal death.

385.6

EXPRESSION OF HEAT SHOCK PROTEIN 70 mRNA
FOLLOWING REVERSIBLE FOCAL ISCHEMIA IN RAT BRAIN
F.A.Welsh and D.J.Moyer. Div. of Neurosurgery,
Univ. of Pennsylvania, Philadelphia, PA 19104.

To investigate the relationship between the
expression of heat shock proteins and ischemic
brain damage, in situ hybridization was performed
in postischemic rat brain using an oligonucleo-
tide probe specific for inducible 70-Kd heat
shock proteins (HSP-70). Reversible focal
ischemia was produced by transient occlusion
(1 hr) of both carotid arteries combined with
permanent occlusion of the middle cerebral
artery. After reperfusion for 2 hr, intense
expression of HSP-70 mRNA was evident in the area
of ipsilateral neocortex known to undergo
infarction. However, HSP-70 mRNA was also
expressed in regions net normally injured,
including paramedian neocortex, striatum, and
hippocampus. After 24 hr reperfusion, expression
of HSP-70 mRNA was still evident in neocortex and
CA; subfield of hippocampus, but not in striatum.
These results demonstrate that the postischemic
expression of HSP-70 mRNA occurs both in regions
undergoing ischemic injury and in regions that
recover without histologic evidence of damage.

385.8
DIALYSIS PERFUSION EXACERBATES STRIATAL ISCHEMIC DAMAGE.
L.A. Phebus*, R.E. Mincy® and J.A. Clemens. The Lilly
Research Laboratories, Eli Lilly and Co. *and The Program
in Medical Neurobiology, Indiana Univ., Indpls. In 46285
Ten minutes of four-vessel occlusion (4-VO) in the rat
usually produces no striatal ischemic damage. We tested
the effect of dialysis probe implantation. and perfusion
on the striatal cell loss produced by 10 min of 4-VO.
Male Wistar rats were prepared for 4-VO by permanently
cauterizing the vertebral arteries and placing an
atraumatic snare loosely around the carotids. At the same
time, a "loop type" microdialysis probe was
stereotaxically inserted in the anterior, lateral
striatum. The next day, the rats were placed in a
circular chamber and the dialysis probe was perfused at a
rate of 1 uL/min with an artificial CSF solution
containing 150 mM NaCl, 3 mM KCl, 1.7 mM CaCly and 0.9 mM
MgCly with a pH of 7.4. After about 2 hours of perfusion,
4-VO was produced in the animals by closing the snares
around the carotids. Loss of righting reflex was used as
an index of adequate ischemia. After 10 min. the snares
were opened and reperfusion begun. At least 24 hours
later, the rats were sacrificed and striatal damage was
assessed histologically. In eleven rats, there was never
any ischemic cell loss in the non-perfused striatum. In
the perfused striatum, 10 of the 11 rats showed some cell
loss and 5 of these showed severe cell loss symmetrically
distributed around the dialysis membrane.
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385.9

REDUCED PARTICULATE PKC ACTIVITY DURING FOCAL
CEREBRAL ISCHEMIA. R.C. Cr mrine, W.R. Selman , J.C. LaManna
K.A, Seta”. W.D. Lust. Department of Neurology and Division of
Neurosurgery, University Hospitals of Cleveland, Cleveland, Ohio 44106.

Protein kinase C (PKC) is a component of intracellular signaling systems.
Activation of PKC has been implicated in the modulation of neuronal
excitability, neurotransmitter release and modulation of intracellular pH.
Thus, altered PKC activity may have an influence on the ability of
cerebral tissue to survive an ischemic insult. Occlusion of the left middle
cerebral artery (MCA) in the spontaneously hypertensive rat strain results
in a consistent and reproducible area of tissue damage. The MCA was
occluded for 6 hours with a snare ligature and then the rats were frozen in
situ. The brains were removed and sectioned in a microtome (-20°C) at the
level where the right and left aspects of the corpus collosum fused.
Representative histological sections confirmed a focal ischemic event and
were used for dissecting the appropriate regions. Tissue samples for PKC
assay were then obtained from the dorso-lateral cerebral cortex both
ipsilateral and contralateral to_the occlusion. PKC was assayed by
measuring the incorporation of 2P from the gamma position of ATP into
exogenous histone (type IIls).

Total PKC activity (particulate + soluble) in the ipsilateral cerebral
cortex was depressed by 56% as compared to the contralateral cerebral
cortex (1.24+0.44 vs 2.84+0.14 nmol/min/mg protein; NS, paired t-test).
The proportion of particulate PKC activity in the ipsilateral cerebral cortex
was 52% of that of the contralateral cerebral cortex (17.6£0.6% vs
33.8+2.0%; p<0.05, paired t-test). Thus, the detectable particulate PKC
activity was only 25% of normal in the ipsilateral cerebral cortex after 6
hours of focal ischemia. The marked reduction in activity of this second
messenger system may not only influence tissue survival during stroke, but
also may retard functional recovery following reperfusion.

385.11

TISSUE OXYGENATION AND EVOKED POTENTIAL RECOVERY
AFTER GLOBAL CEREBRAL ISCHEMIA. Z.-C. Feng, T.J. Sick and
M. Rosenthal. Dept Neurology, Univ Miami Med Sch, Miami, FL 33101

. Recovery following cerebral ischemia may be impaired by effects of reper-
fusion and ‘oxidative stress.” Recordings by optical and electrode tech-
niques in control rats anesthetized with pentobarbital and respired with
30% O, showed that reperfusion after ischemia (30 min; 4-vessel occlu-
sion model) is accompanied by: a) recovery of extracellular potassium ion
activity (K*o); b) hyperemia; c) tissue hyperoxygenation; and d) hyper-
oxidation of cytochrome a,a3. However, clearance of K* after its elevation
by direct cortical stimulation remained slowed. Present studies examined
effects of increasing or decreasing the fraction of oxygen in the inspired
gas mixture (FiO;) one minute prior to reperfusion. This was done to
manipulate amplitudes and durations of post-ischemic mitochondrial hy-
peroxidation (PIMHo) and tissue hyperoxygenation which were increased
by high FiO; and decreased or suppressed by low FiO;. In the former an-
imals, K*o baseline remained elevated (approx 1 mM) above baseline and
there was significantly poorer recovery of somatosensory evoked potentials
and EEG activity. In animals respired with 15% O, during the first 10
minutes after reperfusion, recovery of evoked potential and EEG activity
was enhanced over control animals. Clearance of K*o following stimula-
tion was not significantly influenced by changes in FiO;. We suggest that:
a) hyperoxygenation and PIMHo residual metabolic dysfunction after is-
chemia; b) the events may be related to reperfusion or ‘oxidative stress’
injury; c) events associated with PIMHo and tissue hyperoxygenation may
decrease electrophysiological recovery; and d) suppression of PIMHo and
tissue hyperoxygenation by respiration of a slightly hypoxic gas mixture
in the early post-ischemic period may have beneficial effect.

385.13

EFFECTS OF BILATERAL CAROTID ARTERY OCCLUSION (BCO) ON GABA,
RECEPTOR FUNCTION IN MONGOLIAN GERBIL BRAIN Beth E. Mileson and
Rochelle D. Schwartz, Dept. of Pharmacology, Duke University Medical Center,
Durham, NC 27710.

The selective neuronal damage which occurs in the hippocampus (HIP),
striatum (STR) and cortex (CTX) following transient forebrain ischemia is
thought to be mediated by excessive neuronal stimulation. We examined the
possibiiity that a loss of inhibitory neurotransmission may compound the
overstimulation and contribute to cell death. GABA, receptor function in
occluded and sham-operated mongolian gerbils was measured in
synaptoneurosomal preparations of HIP, STR and CTX.

Gerbils were allowed to recover from a 5 minute BCO for 1, 4 or 29 days.
Since the degree of HIP, STR and CTX damage following 5§ minute BCO may
vary, all gerbils were screened one day after occlusion for locomotor activity in
a novel environment. An increase in this measure is a reliable indicator of HIP
damage inthe gerbil. A “mini’ dose-response curve of muscimol-stimulated *Cl
uptake was produced for each brain region using 2, 5, and 20 M muscimol.
No difference in GABA gated CI uptake was seen in any brain region 1 or 4
days after BCO compared to controls, though a loss of binding to the CI
channel of GABA, receptors has been observed in BCO gerbils on day 4 (see
next poster). Twenty-nine days after BCO, no changes in CI' uptake were seen
in the STR or CTX, but a 30 % decrease was seen in the HIP of BCO gerbils.

These results do not support the hypothesis that a loss of GABA, receptor
function plays a role in overstimulation and neuronal death, but they do not rule
it out. GABA neurotransmission may be impared in specific populations of
neurons within a brain region, but not detected in synaptoneurosomes from an
entire brain structure. Supported by NIH AG00029 (BEM); NS24577, AHA grant in aid (RDS);
RDS is an ished igator of the American Heart A iati

385.10

SEGMENTAL BLOOD FLOW IN ISCHEMIC SPINAL CORD OF
RABBITS. K.E. Peek, ]. Goddard-Finegold, M.]. Joerger*, C.S.
Robertson*. Dept. of Neurosurgery, Baylor College of Medicine,
Houston, TX 77030.

Blood flow before, during, and/or after spinal cord ischemia may
affect neurological recovery. Eight New Zealand albino rabbits,
anesthetized with ketamine, were artificially ventilated with
supplemental oxygen. A balloon catheter was positioned in the
abdominal aorta just distal to the origins of the renal arteries.
Somatosensory evoked potentials were recorded at L5-L6 during
sciatic nerve stimulation, and functional spinal cord ischemia was
determined by the disappearance of postsynaptic potentials following
balloon inflation. Segmental spinal cord blood flow (sSCBF) was
measured in the 9 caudal segments using 15-micron radiolabeled
microspheres at 4 times: before and during ischemia and at 30 and 120
min reperfusion.

Before ischemia, means+SD sSCBF varied from 12.2+3 mL/100g/min
at T12-L1 to 25.7+10 mL/100g/min at L7-S1. During ischemia, sSSCBF
was reduced between 31.7%+33 (L1-L2) and 91.3%+12 (L7-51). At 30
min reperfusion, hyperemia was evident at all segments, with the
greatest percent change from pre-ischemia values (179%274) at L7-51.
By 120 min reperfusion, sSCBF values had normalized to control levels
at all segments. sSCBF may prove to be an important correlate in acute
and chronic measures of functional recovery from spinal cord
ischemia.

385.12
SELECTIVE CORTICAL ISCHEMIA AFTER OCCLUSION OF A
MIDDLE CEREBRAL ARTERY IN GERBILS.
O. Takemoto* and T. Yanagihara. Dept. of
Neurology, Mayo Clinic, Rochester, MN 55905

We developed an experimental model of selec-
tive cortical ischemia by occlusion of a middle
cerebral artery through the suprazygomatic
retro-orbital approach in gerbils and followed
the evolution of ischemic damage from 30 min to
7 days by using the immunohistochemical reac-
tions for a-tubulin and microtubule associated
protein (MAP) 1 and 2. Five gerbils were used
for each ischemic period. Ischemic lesions were
detected first in the frontoparietal cortex in
the layer III/IV at 30 min, in all gerbils after
1 hr with the reaction for MAPs and after 2 hrs
with the reaction for a-tubulin. Extensive
lesions developed in 12 hrs. Ischemic lesions in
the parietal cortex progressed more slowly.
Laminar lesions were visible with the reaction
for MAPs at 3 hrs, but only a few scattered
lesions were recognizable with the reaction for
a-tubulin. It took 24 hrs before all gerbils
developed extensive lesions in the parietal
cortex. This model may be useful for a compara-
tive study of the ischemic focus and the sur-
rounding area with marginal blood flow in the
cerebral cortex.

385.14

EFFECTS OF BILATERAL CAROTID ARTERY OCCLUSION (BCO) ON THE
GABA, RECEPTOR/CHLORIDE CHANNEL IN MONGOLIAN GERBIL
BRAIN: AUTORADIOGRAPHY USING *S-TBPS. Martha L. Ehrmann*
Beth E. Mileson, Patricia P. Edgar,_and Rochelle D. Schwartz, Dept. of
Pharmacology, Duke University Medical Center, Durham, NC 27710.

The role of GABAergic neurotransmission following transient forebrain
ischemia was investigated in brain regions selectively vulnerable to neuronal
injury. Gerbils were subjected to 5 min of BCO and allowed to recover for
1 or 4 days. Behavioral and histologic analyses were performed to assess
the extent of CA1 hippocampal damage. A significant correlation was
observed between the extent of CA1 hippocampal degeneration and
increased locomotor activity. Gerbils with > 100% increase in locomotor
activity were subsequently used for autoradiography. Slices from the cortex,
striatum, hippocampus, and cerebellum were incubated with 1 nM *S-TBPS
and exposed to film for autoradiography (Edgar and Schwartz, J. Neurosci.
10:603-612, 1990). Significant decreases in TBPS binding 4 days following
BCO were observed in the hippocampus: stratum oriens (CA1, 35%; CA2,
20%), CA1 molecular layer (44%), stratum radiatum (CA1, 14%; CA3, 14%),
and in the lateral striatum (55%), n=9. No changes in binding were
observed in the cortex or cerebellum. These studies indicate that the
binding of a probe to the Ct channel of the GABA, receptor is significantly
attered in certain regions of the gerbil hippocampus and striatum that were
damaged following transient ischemia. This may represent altered CI ion
channel activity associated with loss of specific neurons. Our ongoing
studies will indicate whether receptor binding changes occur prior to
neuronal degeneration and/or if compensatory changes occur over time
following neuronal degeneration.

d by the PMA | ion, NIH NS 24577, and AHA Grant in Aid (RDS). RDS is an
igator of the American Heart Associati
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385.15

THROMBOSIS IN PARIETAL CORTEX OF RATS IMPAIRS LEARNING IN
A 14-UNIT T-MAZE. D. Ingram, E. Spangler*, B. Jones, P. Garofalo*, M.
Jucker, J. Long, M. Pontecorvo. Gerontol. Res. Ctr., NIA, NIH, Baltimore,
MD 21224; Nova Pharmaceutical Corp., Baltimore, MD 21224.

Using a photochemical method (Watson B. et al, Ann Neurol 17:497,
1985), focal thrombosis was produced in parietal cortex (PCtx) of 3-mo old
male F-344 rats. One wk after implantation of jugular catheters, experimen-
tal rats (n=7) were anesthetized by halothane; given scalp retraction;
injected with rose bengal dye (60mg/kg) via catheter; and then illuminated on
cranium (bregma coordinates: A/P=-1.6;M/L=4.3 mm) with a high intensity
light source for 40 min bilaterally. Controls (n=7) received identical treat-
ment except for dye injection and skull illumination. After 10 days rats were
pretrained in 1-way active avoidance to criterion (8 avoidances/10 trials), and
24 hr later received 15 trials in a 14-unit T-maze with performance sensitive
to aging and septo-hippocampal damage (Ingram D., Neurobiol. Aging,
9:475, 1988) as well as to aspiration lesions of PCtx during acquisition (Ber-
man R. ef al. Soc. Neurosci. Abst., 14:234, 1988) but not retention (Jucker
M. et al. Physiol. Behav. 47:207, 1990). Rats locomoted to goal through 5
maze segments each within 10 sec to avoid footshock. Compared to controls
in the T-maze, PCtx-damaged rats had increased errors, runtimes, shock fre-
quencies and durations. In pretraining, no differences were observed in
shock avoidance. Thus, the infarct primarily affected cognitive performance in
the maze. Histological assessment showed infarct usually confined to PCtx
with no hippocampal encroachment but occasional occipital cortex damage.
Additional experiments using occipital cortex infarct will determine the signifi-
cance of this damage. However, results suggest PCtx involvement in the
age-related learning deficit in this task and provide a model of cerebral
ischemia with a well-defined functional impairment.

385.17
THE EFFECTS OF TRANSIENT ISCHEMIA ON THE M1 MUSCARINIC
RECEPTOR IN GERBIL FOREBRAIN. G.R. Luthin and C.S. Lin.
Department of Physiology and Biophysics and.Institute for
Neuroscience, Hahnemann University, Philadelphia, PA 19102
Transient ischemia produces selective neuronal death in
gerbil forebrain. The goal of this study was to establish
the pattern of staining of another marker, the ml subtype
of muscarinic acetylcholine receptor (ml mAChR), following
ischemia. This marker was chosen based on our recent
observation that regions known to contain high levels of
ml mAChR are those most affected following ischemia. An
anti-peptide antiserum was produced in rabbits, affinity
purified and used to localize the ml mAChR in gerbil brain
Ischemia was produced by bilateral carotid occlusion
(5 minutes). 5-7 days following the occlusion, gerbils
were sacrificed, perfused with 3% paraformaldehyde, and
brains were sectioned with a vibratome. Tissue was
blocked with 107 normal donkey serum, incubated with
primary and secondary antibodies, and the ml mAChRs were
localized using DAB as substrate for HRP. The brain
regions showing a decrease of ml mAChR staining directly
paralleled those evidenced by staining with silver.
These include the hippocampus, but not the dentate, and
lateral portions of the caudate-putamen. These data
indicate that there is a direct correspondence between
the neuronal areas containing a high concentration of ml
mAChRs and those most vulnerable to transient ischemia.
(Supported by NS 23006 and NIH SO7RR07241)

385.19
DEVELOPMENT OF A NO-REFLOW MODEL OF CEREBRAL ISCHEMIA IN
THE RAT USING ANGIOGRAPHY. R.M. Kline,* T. Panetta,* B.V. Updyke and
N.G. Bazan, LSU Eye Center and Neuroscience Center, New Orleans, LA 70112
The no-reflow phenomenon and iis role in the pathophysiology of human
stroke are poorly understood. No-reflow is seen in rat models of global cerebral
ischemia incorporating cerebrospinal fluid compression or artificially induced
hypotension, although neither of these is a feature of human stroke. Because
the production of no-reflow is related to the severity of ischemia produced,
models that produce no-reflow may be used to help distinguish neurochemical
events of pure ischemia from those due to reperfusion. Thus, a more physio-
logic model of no-reflow would provide unique opportunities to compare
ischemic-phase events to reperfusion-phase events.

A novel in-vivo angi phi hnique using intr lar BaSO, has been
employed to identify collateral sources of blood flow in pure ligation models of
cerebral ischemia. S i gical eli of observed collateral flow
was achieved by per g of the internal thoracic and vertebral
arteries at their origins, followed by temporary ligation of the subclavian and
common carotid arteries. The hydrogen clearance technique was used to
measure average cortical blood flows of 2.7 + 1.3 ¢c/100g/min and midbrain
flows of 3.3 + 1.3 cc/100g/min during ischemia. No-reflow was observed in 73%
of electrodes upon attempted reperfusion. Use of a standardized neurologic
scoring system after 20 min of ischemia and 1 h of reperfusion documented a
consistently severe clinical insult. This model provides the unique opportunity
to study the effects of severe global ischemia without the additional variables
of artificially increased intracranial pressure or artificially induced systemic
hypotension.

385.16

PHOTOCHEMICALLY-INDUCED ISCHEMIA OF THE FRONTAL CORTEX
RESULTS IN A TRANSIENT MEMORY IMPAIRMENT IN RATS. D. B.
Clissold, B. E. Jones, R. G. Cutler*, and M. J. Pontecorvo.
CNS Pharmacology, NOVA Pharmaceutical Corp., Baltimore,
MD 21224.

Exposure of the rat motor cortex to an intense light in
the presence of a fluroescin dye initiates a sequence of
events, including local thrombosis and subsequent; infarct,
that mimic the events occurring during a stroke in man.
We now report that it is possible to produce a bilateral
infarct in the dorsal-medial prefrontal cortex of the rat
which results in a reliable impairment of delayed
alternation memory performance.

Rats were trained to alternate responses between two
levers. Intertrial (retention) intervals of 2.5, 5 and 10
seconds were randomly distributed within each session.
Upon reaching criterion rats were assigned to a Lesion or
Sham group (n=5). The lesion was produced by administering
the fluroescin dye rose bengal, i.v., exposing the skull,
and centering a 6 mm diameter beam of high intensity light
2 mm anterior to Bregma for 60 minutes. The lesion produced
a significant, retention interval-dependent impairment of
alternation accuracy over the first post-operative week .
Mean percent correct at the 2.5, 5 and 10 sec intervals was
97, 89, and 78 in the Sham and 96, 87, and 69 in the Lesion
group. With continued testing, the magnitude of the .
deficit diminished. The lesion did not affect one measure
of performance (probability of any response) but slightly
increased the latency to a response (reaction time).

385.18

SILICONE CYLINDER EMBOLIZATION AS A RAT STROKE MODEL._A.D.
Perez-Trepichio and S.C. Jones. Cerebrovascular Res. Lab., Cleveland Clinic
Foundation, Cleveland, OH 44195

Reliable stroke models are important for further investigation of the
pathophysiology and treatment of stroke. Silicone cylinder embolization, in
contrast to the middle cerebral artery (MCA) occlusion, avoids craniotomy,
leading to a less traumatic model.

Seven male Sprague-Dawley rats weighing (293 + 6 g, mean + SEM)
were anesthetized with pentobarbital (50 mg/kg ip). Body temperature was
maintained at 37°C during the surgery. Unipolar EEG was recorded over the
MCA region. The left common carotid (LCC) was exposed and the pterygo-
palatine artery electrocoagulated. The LCC was temporarily clamped, for less
than 10 min to allow cannulation of the left external carotid. In five animals
(embolized) a silicone cylinder (300 um long, 300 um diameter) was then
infused into the left internal carotid with normal saline. Two sham animals
received only normal saline. EEGs were obtained before and after emboliza-
tion, under anesthesia and 24 hr later in the unanesthetized state and were
analyzed using Fourier frequency analysis. Total surgery time was 80 min.
After 24 hr the animals were decapitated and 2 mm brain slices were obtained.
The slices were incubated with 2,3,5-triphenyltetrazolium chioride in
phosphate buffer at 40°C for 30 min and fixed in formalin. The infarct volume
was determined using digitized image analysis for at least 8 photographed
sections for each animal.

The infarct volume ratio, expressed as percentage of total brain, was
10.68 + 1.86%, n = 5 in embolized animals (mean + SEM) and 0.15 + 0.15%,
n = 2 for the sham animals (mean * range). The EEG analysis showed an
immediate decrease in amplitude following embolization in the ipsilateral
hemisphere. One hour and 24 hours after embolization, clinical observation
showed persistent rotation to the right. This model of focal cerebral ischemia
mimics, closely a clinical embolic stroke and could be developed into an
awake stroke model.

Supported by NIH NINDS grants NS21538 and NS24343

385.20

DISTRIBUTION OF 14C-PHENYTOIN IN RAT BRAIN FOLLOWING MIDDLE
CEREBRAL ARTERY OCCLUSION (MCAO). W.P.McNally, P.DeHart*,
J.J.Cordon, D.M.Rock, C.P.Taylor. Parke-Davis Pharm. Res.,
Ann Arbor, MI 48105 -

In several rodent models phenytoin (P) has been reported
to reduce neuronal cell loss following temporary global
ischemia or permanent focal ischemia resulting from MCAO.
We examined the distribution of P in brains of MCAO (with
ipsilateral carotid artery occlusion) and sham operated
rats. Animals were given 30 mg/kg(50 uCi) 1l4C-phenytoin
IV, 30 min. after surgery and sacrificed under halothane
anesthesia at 0.25, 1, 2, or 4 hrs after dose for section-
ing and quantitative autoradiographic analysis. Radio-
activity (R) was evenly distributed in gray matter at 15
min. although slightly lower levels were seen in neocortex
on the operated side of MCAO brains. Only a relatively
small (2-4mm) area originating in agranular-parietal cortex
contained significantly lower R than surrounding tissue, in
spite of the fact that in separate studies of matched rats
kept two days after MCAO much larger areas were infarcted.
From 1 through 4 hours .R in this small area (core of
infarct) increased and was considerably higher than sur-
rounding cortex or sham operated cortex at 4 hr. Distribu-
tion patterns suggest diffusion of R into ischemic regions
presumably from residual collateral circulatiom. Thus, P
distributes homogeneously and rapidly to brain tissues
despite greatly reduced blood flow in MCAO induced focal

_ischemia in the rat. Persistence of R in core of infarct

may result from lack of circulation in the area.
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386.1

SEX DIFFERENCE IN VULNERABILITY TO SEVERE FOCAL CEREBRAL
ISCHEMIA. K.E. Pazara’, K.L. Linseman’, P.A. Yonkers and E.D. Hall. CNS Dis.
Res., The Upjohn Co., Kalamazoo, Ml 49001.

Possible gender-related differences in ischemic and post-ischemic
pathophysiology and neuronal damage were examined in Mongolian gerbils
subjected to a 3 hr. period of unilateral carotid occlusion (UCO). Only gerbils
showing neurological signs of UCO-induced cerebral ischemia were studied. In
initial experiments, it was observed that females displayed significantly less 24
hr. post-ischemic neuronal necrosis in both the hippocampal CA, and lateral
cortical regions. Males exhibited 34.8% more necrosis in CA, and 38.3% more
in the lateral cortex. In a second set of mechanistic experiments, no difference
was observed in cortical blood flow between the two sexes before, during or for
2 hr. after the 3 hr. UCO. Moreover, the ischemic decline in cortical extracellular
calcium did not differ, but the post-ischemic recovery was significantly greater in
the females. Measurement of brain vitamin E levels as an index of lipid
peroxidation (LP) showed a 43.5% decline by 2 hrs. after reperfusion in males
while in females the decline was only 4.2% (p<0.05). Previous studies showing
protective effects of antioxidants in this model have suggested an important role
of oxygen radical-induced LP. Thus, it is postulated that the lesser ischemic
vulnerability and preservation of brain vitamin E in females may be due to an
antioxidant effect of endogenous estradiol.

386.3
MEASUREMENT OF HYDROXYL RADICALS BY QUANTITATION OF
METHANE SULFINIC ACID (MSA). M.A. Elchisak, L.

Kendall,* C. Babbs,* and M.C. Scott. Dept Vet Physiol
and Pharmacol, Purdue Univ, West Lafayette, IN 47907.

Production of hydroxyl free radicals is difficult to
measure due to their short half-lives. We report here a
method to measure MSA, the immediate and stable product
of a trapping reaction between a hydroxyl radical and
DMSO. We used HPLC with dual-coulometric electrode
electrochemical detection. The column was silica-based
trimethyl (Burdick and Jackson, 5 micron) and the
mobile phase (pH 3.4) was sodium acetate (100 mM) and
tetrabutylammonium hydroxide (8 mM). Output was
monitored from the second working electrode (W2). MSA
produces a response approximately 30,000 times greater
than DMSO, thus allowing measurement of small amounts
of MSA in the presence of large amounts of DMSO, even
though the resolution (alpha) between the two compounds
is only 1.2. The detector response was linear for MSA
between 0.39 and 200 pmol. This method was utilized to
quantitate MSA in perfusate from the transendothelially
perfused rat lung to study pulmonary generation of
hydroxyl radicals during reperfusion injury. No sample
preparation was required prior to the HPLC analyses.
The within-assay coefficient of variation (CV) for
these samples ranged from 0.40 to 1.44 percent (n=3);
the between-assay CV was 5.4% (n=2).

386.5

EFFECTS OF HYPOXIC ISCHEMIA ON SOMATOSENSORY [EVOKED
POTENTIALS IN NEWBORN PIGLETS. T.A. Conner-Kerr ., T.M.
Louis , R.H.Ray. Depts. of Anatomy & Cell Biology and
Physiology, East Carolina Univ., Greenville, NC 27858

The purpose of this study was to determine the effects
of hypoxic ischemia on the somatosensory evoked potential
(SEP) of the newborn piglet. Newborn piglets under
halothane anesthesia received one of the following treat-
ments: sham (n=3), hypoxia (n=3), ischemia (n=2), hypox-
ic ischemia (n=4). SEPs were recorded at the following
times: baseline, 1 hour, 2 hours, 3 hours, and 7 days
after treatment. SEPs were also recorded during the 4
minute ischemia, 8 minutes, 15 minutes, and 30 minutes
after ischemia. Stimuli were delivered to the volar pad
of the forelimb (20 mv intensity, 0.3 ms duration, 1/s).
The active recording electrode was placed intradermally
over vertex and the reference electrode was clipped to
the ear. A Nicolet 1170 was used to average the SEPs
over 128 stimulus trials. SEPs of animals which received
hypoxia alone did not become isoelectric at any time.
However, SEPs were isoelectric during ischemia in both
the ischemia only and hypoxic ischemic animals. Wave-
shape analysis indicated that the waveshape remained
changed after 7 days only in animals which received
ischemia and hypoxic ischemia. We conclude that SEPs
provide a reliable noninvasive technique for early detec-
tion of events leading to hypoxic ischemic encephalopathy
in newborns.

386.2

COUPLING OF METABOLISM AND EIECTRICAL ACTIVITY IN
OORTICAL ASTROCYTES IN CULTURE. D.E. Harold and W. Walz.
Dept. of Physiology, Univ. of Saskatchewan, Saskatoon,
Sask., S7N OWO, Canada.

The effect of metabolic inhibitors and of ouabain on
menbrane potential and input resistance of primary
cultures of astrocytes from newborn Swiss mice were
evaluated. Astrocytes always react to metabolic
inhibitors with an immediate depolarization and not with
hyper-polarizations as neurons. Antimycin A caused
depolarizations of up to 50 mV. These depolarizations
are always reversible even after a 60 min exposure time.
Thus astrocytes are well capable of surviving a prolonged
hypoxic insult. The glycolytic inhibitors Na fluoride
and iodoacetic acid caused an initial depolarization rate
of 0.6 respective 0.7 mV/min, which is less than the 1.2
mV/min caused by ouabain. Addition of ouabain did not
exceed the 1.2 mV/min rate. Thus it seems that
inhibition of glycolysis exerts its effects by Na', K©
putp blockade via ATP depletion. Long-term exposure (>20
min) to the reversible glycolytic inhibitor Na fluoride
caused irreversible effects depending on the amount of
depolarization which were accompanied by a 3-5 times
increase in resistance. Astrocytes were usually capable
of recovering well from similar depolarizations caused by
ouabain. Thus, we conclude that inhibition of glycolysis
is causing irreversible damage, which is not directly
related to the resulting ion gradient breakdown.

386.4

BRAIN DAMAGE IN THE NEWBORN PIGLET AFTER HYPOXIA AND
SEVERE PNEUMOTHORAX. C.S. Easley*, A.E. Kopelman*, F.S.
Wartman*, T. Conner-Kerr*, and T.M. Louis. Depts. of
Pediatrics and Anatomy/Cell Biology, East Carolina
University School of Medicine, Greenville, NC 27858.

We examined the effect of severe pneumothorax (SP) in
combination with hypoxia on brain histopathology in 32
newborn piglets. This model parallels hypoxic ischemia
seen in newborn infants with air block syndrome. We
randomly assigned the piglets to 4 groups: control,
hypoxia only, SP only, or a combination of hypoxia and
SP. ‘We produced hypoxia in halothane-anesthetized
piglets by having them breathe a 1:1 mixture of air and
nitrous oxide for 2 hours. We then induced SP by
injecting air into the right pleural cavity until the
mean systemic blood pressure fell to 33% of baseline and
was maintained for 4-16 minutes. Blood pressure, heart
rate, blood gases, and blood chemistries were monitored
throughout the surgical procedures. We resolved the.SP
and re-stabilized and maintained the piglets for 3-7
days. The basal ganglia, neocortex, and hippocampus were
examined for pathological changes using a silver
impregnation method highly selective for degenerating
neurons. The brain regions were scored by an independent
observer for the presence or absence of damage and
analyzed using a Fisher’s exact test. Damage was found
only in the animals exposed to a combination of SP and
hypoxia. Neurons containing silver precipitate were
found in the dorsal lateral basal ganglion and the depths
of neocortical sulci. We rarely found degenerating
neurons in the hippocampus. (Partially supported by the
NC Affiliate of the American Lung Association).

386.6

PERINATAL HYPOXIC-ISCHEMIC (HI) BRAIN INJURY ALTERS
STRIATAL AMINO ACID EFFLUX IN RAT BRAIN: AN IN VIVO
MICRODIALYSIS STUDY. K Gordon, J Simpson, D Statman. FS
Silverstein. Depts of Pediatrics and Neurology, University of
Michigan, Ann Arbor, MI.

We used microdialysis (MD) to determine the influence of an
acute Hl insult on striatal extracellular fluid (ECF) excitatory amino
acid (EAA) efflux in perinatal brain. In 7 d.o. rats, MD probes
were inserted into the right striatum. To induce HI injury, the right
carotid artery was ligated and animals were exposed to 8 % O2 for
2.5 hr (n=22). Ischemia alone (n=10), hypoxia alone (n=8), and
untreated controls (n=17) were also studied. With an HPLC-EC
assay, glutamate (GLU), aspartate, asparagine, serine, glutamine,
glycine, taurine (TAU), & alanine were consistently detected in
dialysates; baseline GLU efflux was 2 pmol/min. In untreated
controls, efflux values were stable over 4 hr. During HI, efflux
values fluctuated widely and there was marked intra- and inter-
animal variability. Significant changes in HI animals included:
transient increases in GLU (peaks > mean+2 SD) in 0/17 controls
& 8/22 HI, p<0.03, 2-tailed, Fisher's exact test; increased taurine
efflux in 10/22 HI (vs 1/17 controls), p = 0.01, and in 7/8 HI
animals with the greatest increases in GLU (p<.006). ASP efflux
did not change during HI. GLU and TAU efflux did not change in
ischemia- or hypoxia- alone controls. In this experimental model of
perinatal HI brain injury 1) HI stimulates transient bursts of GLU
release, 2) TAU efflux rises co-incident with GLU accumulation,
and 3) patterns of striatal EAA efflux differ considerably from
findings in stroke models in mature brain.
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386.7
AGE AND SUBSTRATE DEPENDENCE OF ANOXIC DAMAGE IN RAT
HIPPOCAMPAL SLICES. E.L. Roberts, Jr. and T.]. Sick. Department of
Neurology, University of Miami School of Medicine, Miami, FL 33136
Metabolic substrate concentrations and type were altered to see if the
diminished recovery of ion transport and of synaptic transmission
following anoxia in hippocampal slices from aged rats (26-27 mon.)
(Roberts, E.L., Jr. et al., Brain Res., in press, 1990) might be due to age-
related changes in glycolysis or oxidative phosphorylation. Hippocampal
slices from rats of ages 6 (young adult) and 26 (aged) mon. were super-
fused with an artificial cerebrospinal fluid containing 0-20 mM glucose,
and subjected to anoxia (95% N,, 5% CO,). Normoxia (95% O,, 5% CO,)
followed anoxia one minute after complete loss of ion homeostasis (anoxic
depolarization) in a slice. In 0 mM glucose, 20-30 mM sodium lactate was
added to the superfusate to support oxidative phosphorylation. As
glucose concentration increased, the duration of anoxia needed for anoxic
depolarization was prolonged in young adult slices. After anoxia, the
recovery of ion transport and synaptic transmission, as assessed respective-
ly from reuptake of K* and from the orthodromic population spike
recorded in hippocampal subfield CA1, improved as glucose concentration
increased, but recovery was less in aged slices. Slices exposed to sodium
lactate maintained K* homeostasis prior to anoxia, but varied greatly in
their retention of synaptic excitability. Recovery of synaptic transmission
following anoxia in sodium lactate solution was usually not seen. The
faster loss of jon homeostasis during anoxia in aged slices may be due to
a defect in glycolysis. Also, glycolysis may be necessary for recovery of
synaptic transmission following anoxia. (Work supported in part by a
research grant from the American Society for Aging Research).

386.9

ADENOSINE ANTAGONISTS FAIL TO PREVENT ANOXIC G-
MEDIATED HYPERPOLARIZATION OF HIPPOCAMPAL NEURONS. K.
Krnjevié¢ and Y. Xu. Anaesthesia Research Dept., McGill
University, Montréal, PQ., Canada H3G 1Y6.

Adenosine (ADN) has a G-protein mediated
hyperpolarizing effect on hippocampal neurons (Segal
(1982): Eur. J. Pharm. 79, 193). Anoxia causes a
liberation of ADN from brain tissue (Berne et al.
(1974): Circ. Res. 35, 262). If ADN is responsible
for the hyperpolarization seen early during anoxia in
pyramidal neurons (Hansen et al. (1982): Acta.
Physiol. Scand. 115, 301), its action should be
susceptible to block by ADN antagonists. In CAl
pyramidal cells of rat hippocampal slices at 34°,brief
anoxia (2-3 min) usually evoked a reversible
hyperpolarization, increase in conductance, and loss
of action potentials. In 9 slices, superfusion with
caffeine (in doses ranging from 0.05 to 1.0 mM) tended
to augment synaptic responses and caused some
progressive depolarization; but the main anoxic
effects (hyperpolarization, conductance increase and
inexcitability) were not consistently reduced.
Similar negative results were obtained in 7 other
slices when applying the even more specific ADN
antagonist 8(p-sulfophenyl)theophylline. We conclude
that the anoxic hyperpolarization of hippocampal
pyramidal cells cannot be principally caused by
adenosine release. (Supported by MRC of Canada).

386.11

BEHAVIORAL CHANGES FOLLOWING VARIOUS PERIODS OF TEMPORARY

ISCHEMIA IN MONGOLIAN GERBILS. E. Fadda, S. Mazzari, M.M.

Zanellato*, R. Zanoni*, A. Zanotti*, G. Toffano and

A. Leon. Fidia Research Laboratories, 35031 Abano Terme,
Italy

In gerbils, transitory forebrain ischemia can be easily

produced by bilateral occlusion of common carotid arteri-
es (CCAo) and there occurs, following reperfusion, delay-
ed neuronal death in the CAj; hippocampal region. We
studied the changes of locomotor activity consequent to
different periods of CCAo (1, 2, 3 and 5 min) at 1, 2, 6,

24, 96 hours after reperfusion. CCAo was performed in

overnight fasted female gerbils (50-60 gr of body weight)

after their exposure under local anesthesia: mortality

rate was lower than 5%. Histopathological changes were
examined in coronal sections stained with cresyl violet

and silver impregnation. Locomotor activity significantly
increased only following 3 and 5 min ischemia, reaching
in both cases a maximum at 6-24 hrs after reperfusion and

then declining. Degeneration of CAj pyramidal cells was
evident only after 3 min of CCAo and after 5 min of
ischemia, neuronal death was observed also in somato-
sensory cortex. These data indicate that in gerbils 1)
the evolvement of hippocampal neuronal death is associat-
ed with augmented locomotor activity and 2) the behavior-
al and histologic changes are dependent on the duration
of CCao.

386.8
NEUROPROTECTIVE EFFECTS OF ADENOSINE AGONISTS ON CEREBRAL
ISCHEMIA IN THE GERBIL. R.L. Dean D. Lutz, S. Mennerick and R.T.

Bartus. CORTEX Pharmaceuticals, Inc., Irvine, CA 92718

Bilateral occlusion of the carotid arteries in the gerbil (@ model of
cerebral ischemia in humans), followed by reperfusion, results in elevated
glutamate levels which lead to hippocampal degeneration. Adenosine A1
receptors exist in areas particularly affected by ischemia (e.g., hippocampus,
striatum, cerebral cortex). This distribution is similar to that of the glutamate
receptor subtype, NMDA. Since adenosine analogues are potent inhibitors
of the presynaptic release of glutamate and down-modulate the postsynaptic
effects of NMDA stimulation, adenosine agonists may be useful for the
treatment of ischemia and stroke.

This study was designed to determine: 1) the effect of adenosine as a
neuroprotectant when compared with NMDA receptor system antagonists,
and 2) the neuroprotective role of A1 vs. A2 adenosine receptor-specific
compounds. First, we directly compared the effects of pre-occlusion
administration (ip) of the adenosine analogue, ADAC, with the selective
NMDA antagonist, CPP, and the non-competitive NMDA antagonist, MK-801,
for their ability to protect both histologically and behaviorally against
Ischemia-induced CA1 neurodegeneration (5 minute occlusion). Next, the
effects of a selective A1 agonist (CHA), A2 agonist (DMPA), and the mixed
A1/A2 adenosine agonist (NECA) were directly compared to further
characterize the neuroprotectant role of adenosine in this model. Because
adenosine agonists produce overt side effects (e.g., sedation, hypothermia),
the peripherally vs. centrally mediated protective actions were also
characterized and will be discussed.

386.10
ATP DOES NOT CORRELATE WITH RECOVERY FROM ANOXIA
WITH THIOPENTAL IN THE RAT HIPPOCAMPAL SLICE. LS.

Kass, J.E. Cottrell* and G. Chambers*. Anesthesiology Dept. State
University of New York, Health Science Center, Brooklyn, NY 11203
We used the in vitro hippocampus as a model system to examine

whether CA 1 pyramidal cells are protected inst anoxic d ge by
thiopental. The postsynaptic evoked populatlon spike was recorded
from the CA 1 pyramidal cells after of the Schaeffer

collaterals. Significance was determined using ANOVA and t-tests (p
< .05); values are mean * standard error.

When the CA 1 pyramidal cells are subjected to 3.5 min. of anoxia
the postanoxic population spike recovers to only 104 % of its
preanoxic amplitude. If slices are treated with thiopental (600 uM) 15
min before,during and 10 min after anoxia there is 67+10 % recovery
of the resp Thus thiop 1 significantly improved recovery of the
response after anoxia. A lower concentration of thiopental (250 uM)
also showed significant protection (24+2 %), however there was a clear
dose related effect. The lowest dose-of thiopental tested (100 uM) did
not show significant protection (17%6 %).

Thiopental (600 uM) significantly decreased the level that ATP fell
to in the CA 1 region during 3.5 min of anoxia (2.3+.11 nM/mg dry
wt., untreated; vs. 1.6+.07 thiopental). After 5 min of anoxia there
was no significant difference between treated and untreated slices.
Only after 10 min of anoxia did thiopental show a slight preservation
of ATP during anoxia.

Thus neurons in the rat hippocampal slice recover better from short
periods of anoxia if they are treated with high concentrations of
thiopental but this recovery does not correlate with ATP levels during
anoxia.

386.12
FOCAL CEREBRAL ISCHEMIA: CHARACTERIZATION OF INFARCT
EVOLUTION AND EFFECTS OF GM1 TREATMENT. M.S. Seren, T.

Koga®, _N. Schiavo®, Lazzaro*, G. Vantini, G.
Toffano and A. Leon. Fldla Research Laboratories, 35031
Abano Terme, Italy

In the experimental model of rat middle cerebral artery
occlusion (MCAo) according to Tamura, both cortex (mainly
the parietal portion) and striatum are severely damaged.
In these two areas we evaluated the temporal profile of
infarct progression by assessment of water accumulation
(edema), ionic alterations as well as loss of character-
istic neurotransmitter-related parameters. Cerebral edema
appeared already at 3 hrs after MCAo reaching its maximum
at 24-72 hrs and thereafter declining. Calcium and sodium
accumulation showed a similar trend. Furthermore, focal
ischemia induced a severe and long-lasting loss of
choline acetyl transferase (ChAT) activity as well as of
dopamine content. These metabolic alterations were more
pronounced in striatum than in cortex and were associated
with diffuse morphological damage which began to be
histologically evident already after 2 hrs. In addition,
the exogenous administration of monosialoganglioside GMl1
(30 mg/kg post-operatively) was capable of exerting a
significant neuroprotective effect. These latter results
strengthen the therapeutic potential of the ganglioside
in clinical situations of cerebrovascular insufficiencies.
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386.13

MEMBRANE FATTY ACID CHANGES IN PRIMARY & PERI-
ISCHEMIC CORTICAL TISSUE FOLLOWING ACUTE GM1 GANGLIO-
SIDE TREATMENT. B. Hungund. V. Gokhale. A. Ortiz, S. E. Karpiak and
S. P. Mahadik. Div. Neuroscience, NYSPI & Columbi U. (P&S), N.Y., N.Y.
We have reported that 24hrs after global cerebral ischemia (gerbil) individual
membrane fatty acid (FA) losses are reduced with GM1 ganglioside treatment.
Here we report this protective effect of GM1 in focal cerebral ischemia [per-
manent occlusion of the MCAo & ipsilateral common carotid artery (CCAo) &
1hr temporary contralateral CCAo]. Three groups of rats were used - ischemic

/GM1 (10mg/kg, i.m.), ischemic/saline & sham/saline. Rats were sacrificed at
3&72hrs, 4&6wks. Ipsi- & contralateral brain areas (primary & peri-ischemic)
were di d out. Total b fractions were isolated & treated with

ethanolic HCl to produce ethyl esters of individual FAs (palmitic; stearic; oleic;
linoleic; arachidonic). FA ethyl esters were analyzed by GC; values were ex-
pressed as ugms/mg membrane protein. In the primary infarct, at 72hrs, slightly
reduced levels of saturated FAs & significantly reduced levels of unsaturated
FAs were found. These losses were slightly reduced in GM1 rats. /z the peri-
Ischemic ares, large (25-35%) losses of unsaturated FAs were observed, but, a
(10%) incresse in all individual FAs in GMI treated rats was found. At
4&6wks, FA levels were similar in the peri-infarct area in all groups. At 3hrs, in
all groups there were no changes in FA levels. In contralateral tissue in all
groups, FA levels were unchanged. The data indicate that GM1 treatment re-
stores membrane FA acid metabolism in ischemia. Supported in part by
NINCDS (NS-2525856) & FIDIA Research Foundation.

386.15

GM1 GANGLIOSIDE TREATMENT MAINTAINS CAPACITY OF

ISCHEMIC TISSUE TO DEFEND AGAINST FREE RADICAL DAMAGE.
ik, J. * i i Div. Neuroscience,

NYSPI, and Columbia U., Physicians & Surgeons, New York, NY.

We have shown in rat, that cortical focal ischemia initiates a series of acute
biochemical changes: cellular levels of Na+, K+, Ca2+; loss of plasma mem-
brane Na+,K+- & Ca2+-ATPase; and increases in oxy-radicals, which reflect a
general failure of plasma membrane function in primary & peri-infarct areas.
Plasma membrane failure is thought to result from toxicity due to increased oxy-
radical levels. This toxicity can be eliminated by the synergism of superoxide
dismutase (SOD), catalase (CAT) & glutathione peroxidase (GSHPOD). We
find these enzyme levels very low in normal tissue but increase (SOD=65%;
CAT=250%; GSHPOD=120%) in the primary infarct, persisting up to 6 wks.
Since irreversible membrane function loss occurs by 72 hrs, enzyme level in-
creases are too slow to fully counteract oxy-radical toxicity. We have reported
that acute GM1 ganglioside treatment of ischemia reduces membrane function
losses. We have tested whether GM1 i yme levels of oxy-radical
metabolism sooner. Rats were treated with GM1 immediately after ischemia. En-
zymes were assayed at 24,48&72hrs. No differences were found between GM1
treated & saline injected ischemic rats. But, iz GM/ treated rats, no loss of
membrane fatly acids or other membrane function parameters (supra) were
seen. These data indicate that GM1 treatment protects membrane function and
preserves normative physiological responses to defend against oxy-radical tox-
icity. Supported in part by NIH (NS-2525856) & FIDIA Research Foundation.

386.17
AUTORADIOGRAPHIC ANALYSIS OF REDUCED [45]Ca++ LOADING
IN CORTICAL ISCHEMIA WITH GM1 GA.NGLIOS]DE TREATMENT &

NY State Psych. Inst., & Columbla U (Physxclans & Surgeons), NY NY

GM]1 ganglioside treatment reduces injury (edema, Na+, Ca++ increases) &
behavioral deficits after CNS ischemia. We report here an autoradiographic
stt Iy of [45]Ca++ uptake in ischemia, & the effects of GM1 treatment.
Ischemia is induced by middle cerebral artery (MCAo0) & ipsilat. carotid ahcry
(CCAo0) occlusion & 1hr temporary contralat. CCAo. Tissue is restricted to
cortex; no tissue pathology occurs in subcortical areas. Our prior studies indicate
that maximal Ca++ levels in primary & peri-infarct areas occur 72hrs after
ischemia (basal Ca+ + levels = 10umoles/gr d.w. tissue; Ca+ + in primary infarct
= 170umoles/gr d.w. tissue). To visualize the Ca++ increases, at 72hrs after
ischemia, rats were injected (i.p.) with 100uCi [45]Ca++. After Shrs rats were
sacrificed & coronal brain slices were prepared for film autoradiography. Data
indicate that GM1 reduces both [45]Ca++ loading and infarct size. We a/s0 0b-
served high levels of (45]Ca + + loading in subcortical structures (thalamic nucles,
tracts & the internal capsule). These regions show no tissue pathology. High
levels of Ca++ in tertiary brain areas may reflect injury processes heretofore
not included in stroke pathology. These sucortical [45]Ca++ increases were
markedly reduced using GM1. The ability of GM1 to reduce Ca++ increases in
primary, peri-infarct and Zertiary injury aress may be the basis for improved
recovery seen on a spectrum of complex behavioral paradigms. Supported in
part by grants from NINDCS (NS-2525856) and FIDIA Research Foundation.

386.14

EFFECTS OF GM1 ON SPREADING DEPRESSION. P. Miu, and K. Krnjevi€.
Anaesthesia Research Dept., McGill University, Montreal, Canada. H3G 1Y6.

Spreading depression (SD) is a transient wave of depolarization resulting from
disturbances in the composition of the intracellular and extracellular ions and
water. Since exogenous monosialoganglioside (GM1) reduces Ca®* current
(Agopyan et al., Soc. Neurosci, Abstr., 1990) and enhances Na*/K* pump activity
(Vyskocil etal, Pflugers Arch., 403:1, 1985) we examined the possible protective
role of GML1 in SD-like depolanzancn In the present study, SD-like potenual
changes were triggered in hippocampal slices (34°-36° ) by hypoxia and high KL
A tungsten bipolar stimulating electrode was placed in the s. radiatum to elicit
orthodromic responses in the CA1 region of s. pyramidale.

Extracellular recordings showed that prolonged application of GM1 (1 M) may
reduce the occurrence of SD (SD in 5 out of 10 slices) as compared with controls
(SD in 6 out of 9 slices). In GM1 treated slices the latency and duration of SD
were increased, and the post-hypoxic positive shift was augmented as compared to
the control slices. Intracellular recordings showed that GM1 (1 M) perfusion
consistently induced cell depolarization associated with an increase in Ry. No
significant changes were observed in hypoxia-induced hyperpolarization between
the control and GM1 perfused slices. However, the ouabain-sensitive post-hypoxic
hyperpolarization was greater during GM1 perfusion (-19.4 £ 1.9 mV, n=19) than
control (-9.9 £ 1.0 mV, n=14).

The results suggest that exogenous GM1 may have a protectwe role in ischemia
through its ability to reduce Ca** current and facilitate Na*/K* pump.

Supported by Medical Research Council of Canada.

386.16
GM1 GANGLIOSIDE PREVENTS HYPOXIA-INDUCED
NEUROTRANSMITTER CHANGES IN THE BRAIN OF THE
DEVELOPING RAT. N.H. Neff, J. Stanisic, D. Krainc, and M.
Hadjiconstantinou. Departments of Pharmacology and of
Psychiatry, The Ohio State University College of Medicine
Columbus, Ohio 43210 USA

Exogenously administered GM1 ganglioside (IPNeuAc-
GgOse,Cer) promotes recovery of biochemistry, morphology and
function following selective lesions of the nervous system. We
have evaluated the consequence of administering GM1 on
hypoxia-induced neurotransmitter changes in neonatal rats. Seven
day old rats were exposed to hypoxic conditions (8% O,, balance
N,) for 2.5 - 3 hr and the concentration of GLU, DA, DOPAC,
5-HT, S-HIAA and ACh assayed in hippocampus, striatum and
frontal cortex 1S min after the insult. Exposure for about 3 hr
resulted in significant increases of GLU, DA, 5-HT and their
metabolites in all three regions of brain. For ACh there was a
decreased content in the three regions of brain. Treating rats
daily with GM1, 50 mg/kg ip., beginning on day S and 1 hr
before and after exposure to hypoxia corrected these changes
including the decrease of ACh. Furthermore, GM1 also
decreased the mortality of the hypoxic rats. We conclude that
GM1 may be of significant benefit for treating suspected neonatal

hypoxia.

386.18
NERVE GROWTH FACTOR TREATMENT OF CORTICAL FOCAL
ISCHEMIA. A, Ortiz, J.S. MacDonall . S.P. Mahadik & S.E. Karpiak. Div.
Neuroscience, NYSPI, & Columbia U., Coll. Physicians & Surgeons, N.Y., N.Y.
We are studying the role of NGF in recovery processes following cortical
focal ischemia. We report here a study of intraventricularly (icv) injected NGF
on neurological, sensory/motor, cognitive functions, and associated biochem-
ical parameters (tissue ion concentrations, and changes in enzymes of oxy-
radical metabolism) after cortical focal ischemia in rats. Previous reports in-
dicate that NGF treatment after CNS lesion reduce behavioral dysfunction
and protect selective neuronal damage. We have reported that rats with cortical
focal ischemia [middle cerebral artery (MCAo) and common carotid artery
occlusion (CCAO0)], exhibit sensori-motor & cognitive dysfunctions, and, loss
of plasma membrane function. Forty rats exposed to cortical focal ischemia
and sham controls received 4 icv injections of either mNGF (supplied by Dr.
E. Johnson: 2.5S: 10ug dissolved in Sul saline) or saline, at 0,24,48&72hrs after
surgery. After fourteen days, rats are exposed to a series of behavioral tests
[days 14-40]. These include the tail-hanging, prehensile-traction, inclined plane
and pole balancing tests. Spontaneous activity is also electronically monitored.
In addition rats are trained and tested on a cognitive paradigm (spatial re-
versal learning). After all behavioral testing rats are sacrificed and tissue is
analyzed for ion concentrations as well as levels of enzymes involved in oxy-
radical toxicity (e.g. catalase). Initial data indicate that NGF treatment can
ameliorate behavioral dysfunction d with the ischemic injury. Sup-
ported in part by NINCDS (NS-2525856) & FIDIA Research Foundation.
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386.19

PATTERN OF BEHAVIORAL DEFICITS FOLLOWING FOCAL CEREBRAL
ISCHEMIA IN RATS: SENSORIMOTOR INTEGRATICN AND COGNITIVE
Hurwitz, E. ikawa® ietri

FUNCTION. C.G. M E. Morik .D. Dietri .D.
Ginsberg, E. J. Green, P.M. McCabe and N. Schneiderman. Dep'ts.

Psychology and Neurology , Univ. of Miami, Coral Gables, FL 33124.
Assessment of behavioral recovery of animals following focal cerebral
ischemia is often difficult due to the subjective nature and limited scope of
many behavioral tests. Using a number of behavioral tests, the present study
quantified neurologic status in 6 Sprague-Dawley rats with proximal middle
cerebral artery occlusion (MCAO) and 6 sham operated rats. MCAO leads to
reproducible infarction of the striatum and overlying cortex. Five tests
designed to measure forelimb reflexes and sensorimotor integration were
given twice weekly for 1 week pre-operatively and 4 weeks post-operatively.
ANOVA revealed no differences between the groups pre-operatively. Two
days after MCAO, infarcted animals displayed significant neurological deficits
compared to controls in abnormal posture when lifted by their tails; in foot
faults on an elevated grid; on a bilateral assymmetry test of sensory neglect,
and in contralateral limb placing to visual and tactile stimuli. Observed deficits
were maximal on days 2-7 post-operatively and gradually recovered to control
levels by day 28. Deficits were not seen in ipsilateral limb placing or on a test
ot strength on an inclined screen. Following the 30 days of neurologic
testing, animals were given 10 days of testing in the Morris water maze, a test
of spatial mapping ability. While ANOVA revealed that both MCAO and sham
groups showed a decrease in latency to locate the hidden platform over
days, the MCAO animals were consistently slower (latency=16.8 + 1.5 sec.
vs. 6.3 + 1.5 sec. on day 10) and significantly less accurate in their initial
heading than were controls. This battery of tests reveals a comprehensive
picture of the deficits following MCAO and indicates that while sensorimotor
integration recovers over 28 days, cognitive mapping deficits persist,
paralleling results reported in human patients with striatal infarcts.

ALZHEIMER'S DISEASE:

386.20

ARGININE VASOPRESSIN (AVP) AND EDEMA 1IN
INTRACEREBRAL HEMORRHAGE. G.A. Rosenberg, O.
Scremin, E. Estrada*, W.T. Kynerx*. Neurology
and Research Services, Veterans Medical Center,
and Departments of Neurology, Physiology and
Mathematics, University of New Mexico School of
Medicine, Albuquerque, NM 87131

Vasopressin increases brain water and worsens
brain edema. We used a model of edema after an
intracerebral hemorrhage to determine the role
of the AVP V,-receptors. Adult rats had
hemorrhages induced in the caudate-putamen by
the infusion of 0.4 U (n=9) or 0.5 U (n=9) of
bacterial collagenase. Two groups had 75 ng of
a V,- receptor antagonist, d(CH,),,Tyr(Me),Arg,
infused along with either 0.4 (n=9) or 0.5 U
(n=9) of collagenase. Twenty-four hours after
injection brain water and electrolyte contents
were measured in 8 brain regions. Cerebral
blood flow (CBF) was measured with the 'c-
iodoantipyrine autoradiographic method 24 hours
after injection with either 0.5 U of collagenase
(n=6) or saline (n=6). The V, antagonist
significantly (p<0.05) reduced edema without
altering CBF. AVP V,-receptors are important in
edema after an intracerebral hemorrhage.

CYTOSKELETON

387.1

TAU PHOSPHORYLATION IN HEAT- SHOCKED FEMALE AND MALE
RATS AND CEREBRAL EXPLANTS. 8. Ch. Papasozomenos and Y. Su .

Dept. of Path., Univ. of Texas Med. Sch., Houston, TX. 77225.

We have previously shown that in the somatodendritic compartment of neu-
rons tau becomes phosphorylated at or near the epitope of the antibody Tau- 1
preventing its binding. To investigate whether the excessive tau immunoreac-
tivity seen histologically in Alzheimer’s disease might be stress- induced, we
have studied control and heat- shocked (42°C for 15 min) 2- 3- month- old
female (5 pairs) and male (8 pairs) Sprague- Dawley rats and control and heat-
shocked (42°C for 20 min) fetal rat cerebral explants. Six hr after heat shock,
immunoblotts of SDS extracts from rat cereerﬁ gmd explants were analyzed by

1- protein A with and without
pretreatment with alkaline phosphatase. In heat- shocked female rats there was:
a) excessive phosphorylation of existing tau indicated by an increase in the
ratio: phosphorylated + non- phosphorylated = total/non- phosphorylated Tau- 1
epitope (4.04 vs 2.02, p < 0.001); b) a non- significant change of the total
(cpm:5,051 vs 4,525, p <0.5); and c) a marked reduction of non- phosphorylated
tau (cpm:1,611 vs 2,627 p < 0.01). Similar but less pronounced changes were
observed in age- matched male rats with the respective numbers being: a) 2.78
vs 2.42, p <0.05; b) cpm:8,093 vs 10,376, p <0.5; and c) cpm:2,960 vs 3,585, p <
0.003. On the contrary, in heat- shocked cerebral explants there was a marked
increase in the amount of both total (cpm:8,032 vs 4,453, p < 0.05) and
(cpm:5,455 vs 1,434, p < 0.01) tau and a pronounced decrease in the ratio:
fotal/non- phosphorylated (1.50 vs 3.12, p <0.02) due to excessive amounts of
non- phosphorylated tau. This decrease in phosphorylation caused loss of the
most slowly moving 60 Kd tau polypeptide. These findings suggest that tau

using Tau- 1 (provided by Dr. L.I. Binder) and

plays a role(s) in the stressful response by altering its state of phosphorylation.

387.3

TRANSFECTION OF ¢cDNAs ENCODING DIFFERENT
ISOFORMS OF HUMAN TAU. MM.S, Lo!, A W. Fieles*!,

1, L. il C.W. Scott! M *2,
1ICI Americas, Wilmington, DE 19897, and 2MRC Laboratory of
Molecular Biology, Cambridge CB2 2HQ, UK.

Tau proteins are low molecular weight microtubule-associated
proteins normally expressed throughout the mammalian nervous
system. Tau is also found in the protease-resistant core of the paired
helical filament, which forms the bulk of the neurofibillary tangles
found in neuropathologic brain samples of Alzheimer's disease.

The genes encoding for six different tau isoforms, cloned from
human cDNA libraries (Goedert et al., Neuron 3:519, 1989), were
subcloned into expression plasmids and transfected into 3T3
fibroblasts and PC12 cells. High levels of transient type I tau (3
repeat) expression were detected by immunofluorescence assays
with anti-tau antibodies in 3T3 cells. In most cases tau protein was
in either small intense patches within cell bodies or in processes. In
one case intense nuclear staining was detected. Stable PC12
transformants, cotransfected with the neo gene and selected with
G418, showed vey low levels of tau expression In contrast,
moderate levels of tau expression was detected in stably transformed
3T3 cells. Tau staining was found in the cytoplasm and in very
long, thin, and branched "neurite-like" extensions. The stability of
microtubules formed within these cell lines (and others transfected
with plasmids encoding for the different human tau isoforms) will
be tested by treatment with microtubule-depolymerization drugs
such as colchicine and nocodazole.

387.2

ANTIGENIC HETEROGENEITY OF NEUROFIBRILLARY
TANGLES IN ALZHEIMER'S DISEASE W.Bondareff,
C.M. Wischik,Dept. of Psychiatry, University
of So. California, Los Angeles, and M.R.C.
Laboratory of Molecular Biology, Cambridge,
England.

Antibodies directed against three regions
of tau have been used to distinguish two
populations of neurofibrillary tangles.
Intracellular tangles, immunolabelled by
polyclonal antibodies directed against N- and
C-termini of tau were shown to be
antigenically distinct from extracellular
tangles, immunolabelled by monoclonal
antibodies against antigens in the triple
repeat region of the molecule. Exposure of
the latter appeared.to be associated with the
proteolysis of paired helical filaments
occurring in the extracellular compartment. In
the CAl region of hippocampus, a subset of
extracellular tangles were immunolabelled also
by monoclonal antibodies against B-amyloid in
some patients. These patients were
characterized by a severe degree of pyramidal
cell loss and a high number of extracellular
in CAl.

387.4

ALZHEIMER BRAIN FRACTIONS BEARING PHF CONTAIN
WHEAT GERM AGGLUTININ BINDING ACTIVITY. L.
McLaughlin, F. P. Zemlan, and G. E. Dean.
Department of Mol. Genetics, Biochemistry, and
Microbiology, Univ. of Cincinnati College of
Medicine, Cincinnati, OH 45267-0524.

Alzheimer brain neurofibrillary tangles,
composed primarily of paired helical filaments
(PHF) , have been previously reported
(Szumanska et al, 1987. Acta Neuropath., Berl.
73:1-11) to bind wheat germ agglutinin (WGA).
Fractions of Alzheimer brain extracts highly
enriched in PHF have been separated by SDS
PAGE, electroblotted, and the blots probed
with WGA coupled to horseradish peroxidase
(HRP). Alzheimer-specific reactivity was
observed at positions corresponding to Mg's of
85, 74, 39, and 37 kD, lacking in similarly
obtained fractions from normal brain. When
probed with antibodies reactive with purified
PHF proteins, immuno-reactivity was observed
at MR positions corresponding to 85 and 37 kD
in both Alzheimer and normal samples,
suggesting that certain normal proteins are
inappropriately glycosylated in Alzheimer
brain tissue.
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PHOSPHORYLATED TAU IN ALZHEIMER'S DISEASE PAIRED HELICAL A NOVEL NEUROFILAMENT KINASE. H.M.Roder* and V.M.Ingram.
FILAMENTS. i u im T. Saitoh, UCSD, Dept. of Biology, Mass. Inst. of Tech, Cambridge, MA 02139

School of Medicine, Dept. of Neurosciences, M-024, La Jolla, CA 92093.

Paired helical filaments (PHF) are found in the degenerating neurites
surrounding amyloid plaques, and in the neurofibrillary tangles (NFT) of
Alzheimer's disease (AD). A major PHF constituent is abnormally
phosphorylated tau, a microtubule-associated protein. Phosphorylation of
microtubule-associated proteins is known to reduce their ability to promote
microtubule polymerization. One could speculate that abnormal
phosphorylation of tau may disrupt the neuronal cytoskeleton, contributing to
cell injury and death.

Either acid or alkaline phosphatase treatment of AD brain sections
enhances NFT staining with anti-tau monoclonal antibody (mAb) Tau-1,
suggesting that the Tau-1 epitope is masked by phosphorylation in AD NFT.
Phosphatase treatment of immunoblots of AD brain pellet fractions and of
purified PHF also enhanced Tau-1 binding to a doublet of ~60 kD mol. wt.

NFT is also stained by Alz-50, a mAb that preferentially stains AD brain and
is not sensitive to alkaline phosphatase treatment. However, we found that
acid phosphatase reduces Alz-50 staining of NFT.  Furthermore,
phosphoserine, but not serine or phosphothreonine, diminishes Alz-50
staining of NFT, pointing to phosphorylated serine(s) on tau as the epitope for
Alz-50.

The tau sequence contains at least four theoretical serine phosphorylation
sites for casein kinase 1l (CK-ll), and tau is phosphorylated by CK-ll. We
previously found that anti-CK-Il immunoreactivity is localized to NFT, and that
purified CK-Il binds NFT on AD brain sections. We are now investigating the
possibility that CK-1l may contribute to the phosphorylation of tau at Tau-1 or
Alz-50 epitopes.

387.7

EXPRESSION OF PAIRED HELICAL FILAMENT ANTIGEN IN
ALZHEIMER’S DISEASE AND ISCHEMIA. M.M. Robertson, N.P.
Galletly, S. Greenberg, P. Davies and C.B. Saper. Depts. of Pharm. &
Physiol. Sci. and Neurology, Univ. of Chicago, Chicago, IL 60637 and
Dept. of Pathology, Albert Einstein Medical College, Bronx, NY
10461.

PHF-1 is a monoclonal antibody raised against a denatured
preparation of paired helical filaments from brains of patients with
Alzheimer’s disease (AD) (Greenberg and Schein, Soc. Neurosci.
Abstr. 15:1083). We mapped PHF-1 immunoreactivity in the brains of
six patients with AD, four controls without neurological disease and
one 22 y.o. patient with a transient global ischemic event. In the
normal brains, only occasional neurons stained, mainly in a
fibrillar pattern. In the AD brains, there was fibrillar staining of
cell bodies and associated dendrites, dystrophic axons in fiber
pathways and dystrophic neurites in neuritic plaques. The areal and
laminar staining pattern was similar to the AD pattern seen with
another monoclonal antibody, ALZ-50, as well as the AD
neurofibrillary degeneration visualized using thioflavin-S$ staining,
in adjacent sections from the same brains. In the ischemic brain,
PHF-1 stained neurons in a granular, cytoplasmic pattern in the
medial temporal lobe only. The densest staining was in the CAl
region of the hippocampal formation, and occasional neurons in the
entorhinal cortex appeared to contain immunoreactive tangles. Our
observations suggest that PHF-1 stains an epitope present on paired
helical filaments in AD that is also present on a protein expressed
during cellular ischemic stress.

387.9

A PROGRESSIVE APPEARANCE OF A TAU-RELATED EPITOPE IN
NEURITES CHARACTERIZES THE EVOLUTION OF ALZHEIMER'S
DISEASE PATHOLOGY. R. Mena*l, C.M. Wischik#*2, M. Novak*3,
C. Milstein*a, A.C. Cuellol: 1, Department of Pharmacology
and Therapeutics, McGill University, Montreal, Quebec, H3G
1Y6, Canada; 2, Department of Psychiatry, Cambridge Univ-
ersity, Hills Road, Cambridge, CB2 2QQ, England; 3, Slovak
Academy of Sciences, Bratislava, Czechoslovakia; 4,
Laboratory of Molecular Biology, Medical Research Council,
Cambridge, CB2 2QH, England.

The paired helical filament core (PHFc) present in
Alzheimer's disease (AD) brains, contains the microtubule
binding domain of tau (Wischik et al., PNAS (USA) 85:4884,
1988) . Using the monoclonal antibody 6.423, which specifi-
cally recognizes this tau-related epitope of the PHFc, we
studied frontal cortex of AD cases with short and long
histories of dementia. In all cases, 6.423 mAb recognized
both intracellular and extracellular neurofibrillary
tangles (NFTs). However, in cases with longstanding
dementia, a dense network of immunoreactive (IR) thread-
like structures was observed in addition to the NFTs. The
appearance of such structures seemed to lag behind that of
IR NFTs. The IR thread-like material may represent frag-
mentation of the tangle and/or aberrant sprouting of
affected neurons and, therefore, reflect the progression
of AD pathology.

(Supported by MRC Canada and Medicorp, Canada.)

The two heavier subunits of mammalian Neurofilaments
(NF) (Mw 68, 160, 200kD) contain repeats of a Lys-Ser-Pro-
sequence, which are extensively phosphorylated for as yet
unknown reasons. We are purifying and characterizing a
corresponding kinase not associated with the cytoskeleton
by conventional 32-P-assays and a novel immunoassay. This
kinase might act also on an identical site in tau protein,
which seems to be phosphorylated and occurs in the carboxy-
terminal portion of the molecule incorporated into the hard
core of Paired Helical Filaments in Alzheimer's Disease.

A novel immunoassay based on completely dephosphorylated
bovine NF-triplet and monoclonal antibodies specific for
the phosphorylated Lys-Ser-Pro-sequence paved the way to
partially characterize and purify a kinase activity from

~an ammonium-sulfate fractionated bovine brain supernatant.

The activity survives chromatography only on a few media

in the presence of Mg ions and ATP. Gel filtration suggests
a Mw around 60kD with a probable proteolytic fragment at
40kD. A11 NF-subunits, native or dephosphorylated, are
substrates to a varying extent. Significant levels of PO
are incorporated into dephosphorylated NF 160 and 200 wi%h
shifts to higher apparent Mw (SDS-PAGE) after 18 hrs of
incubation. The properties of the activity, such as lack

of association with cytoskeleton proteins, stability, in-
hibition by ionic strength and kinetic parameters, identify
it as a new kinase.

387.8
IN SITU HYBRIDIZATION OF CALCIUM/CALMODULIN
DEPENDENT PROTEIN KINASE II AND TAU mRNAs IN
ALZHEIMER'S DISEASE. V.H. Mah, T.A. Eskin and G.A.
Higgins. Univ. Rochester., Rochester NY 14642 and
Gerontology Res. Ctr., NIA/NIH, Baltimore, MD 21224.
Abnormal phosphorylation of the microtubule-
associated protein tau in Alzheimer's Disease (AD) may
be caused by altered expression of calcium/calmodulin
dependent protein kinase II (cam kinase II). We
performed in situ hybridization studies in the human
CNS to examine the expression of cam kinase II and tau
mRNAs, and correlate their distribution with the
presence of neurofibrillary tangles and neuritic plaques
in AD. In isocortex, the laminar-specific pattern of
neuronal hybridization (layers III, V-VI) was similar for
both mRNAs. In some regions of association cortex, cam
kinase II mRNA lévels were higher than tau in layer II
In allocortex, layer II contained the highest abundance
of both mRNAs. The hippocampal formation, amygdala,
and nucleus basalis contained high levels of both
mRNAs. In AD, areas which appeared to contain viable
neurons but had large numbers of plaques and tangles
showed similar levels of both tau and cam kinase II
mRNAs as in control cases. Future studies will examine
the expression of different subtypes of these mRNAs.

387.10

ALZHEIMER NEUROFIBRILLARY TANGLES CONTAIN 2.130.2 nm
FILAMENTS THAT RESEMBLE ISOLATED BOVINE TAU PROTEIN
G.C. Ruben*, °K. Igbal, °L. Grundke-Igbal*, °H.M. Wisniewski*, @ .L.

i* and *, hn 1, Dept of Biol. Sci., Dartmouth College,
Hanover, NH 03755; °Inst. for Basic Res. in Develop. Disabil., Staten
Island, NY 10314; Dept of Pharm., Dartmouth Med. Sch., Hanover, NH
03756; Dept of Integ. Biol., UC, Berk., CA and Dept of Neurosci.,
Stanford Res. Inst., Menlo Park, CA

High resolution transmission electron microscopy (TEM) has shown that
neurofibrillary tangles (NFT) contain in addition to paired helical filaments
(PHF) numerous 2.140.2 nm filaments. These 2.1+0.2 nm filaments are
triple-stranded left-handed helical structures composed of three 1.0+0.2 nm
strands. These tangle filaments have been compared to purified bovine tau and
found to have the same structure as judged by high resolution TEM. The
reported amino acid sequence of human and bovine tau have been computer
processed to predict secondary structure. Within the constraints imposed by
the images, the secondary structure models and other structural information
have been used to calculate tau’s maximum and minimum length. This work
suggests that each ~1.0 nm strand is a tau sequence and that the ~2.1 nm
filament is composed of three tau sequences (tauz). Bovine tau length
measurements point out that each tau3 filament is many times longer than a
fully stretched tau monomer. These measurements indicate that tauz forms
long polymers, (taus),. A inverse temperature transition has been found in the
circular dichroism spectrum of tau indicating that its structure is less ordered
below 20°C and more ordered at 37°C. This phenomena helps explain how tau
can reconstitute microtubules above 30°C and why tau is unable to reconstitute
microtubules below 20°C. The inverse temperature transition is also found in
the protein elasin which aggregates at body temperature. If tau produced in
Alzheimer victims was more hydrophobic than normal tau it could aggregate
into tangles similar to the mechanism of elastin aggregation.
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387.11

CHARACTERISTICS OF THE TAU THAT IS BOUND TO ALZHEIMER
PAIRED HELICAL FILAMENTS. C.B.Caputo, C. Wischik*, W.F.
Brunner*, C.W Scott* and A.I. Salama. ICI Pharmaceuticals
Group, ICI Americas Inc., Wilmington, DE 19897.

Tau protein is known to be a component of Alzheimer
paired helical filaments. The present study investigated
the structural characteristics of the tau isolated from
pronase treated PHFs (Wischik et al., PNAS,85:&§06,1988).
Antibodies with tau epitopes N terminal to the tubulin
binding region of tau failed to react to pronase treated
PHFs. Three of 4 antibodies to pronase treated PHFs
reacted only after formic acid or guanidine treatment of
PHFs. Two of these antibodies (751 & 795) reacted to tau
isolated from normal brain whereas the other 2 (423 & 728)
only recognized PHF-derived tau. The phosphate dependent
antibody SMI34 also recognized tau from PHFs. The
C-terminus of tau was present after pronase treatment
based upon reactivity of an antibody raised to a peptide
from the C terminus of tau. In conclusion, the C terminus
including the whole tubulin binding region appears to be
protected from proteolysis by an interaction with other
PHF components & may contain phosphorylated sites & other
modifications or conformations that are not always present
in tau from normal brains.

387.13

ACTIONS OF CALCIUM ON THE CYTOSKELETON AND TAU IN
CULTURED HUMAN CEREBRAL CORTICAL NEURONS.
M. P. Mattson, G. Perry and M. G. Engle*. Center on Aging and Dept.
of Anatomy & Neurobiol., Univ. of Kentucky, Lexington, K'Y 40536;
Inst. of Pathology, Case Western Reserve Univ., Cleveland, OH 44106.
Abnormalities in the neuronal cytoskeleton are hallmarks of an array of
neurodegenerative disorders (ND). Some of the changes observed in the
human brain (e.g., paired helical filaments [PHF] and neuritic plaques) have
not been observed in common laboratory species. We have therefore
begun to directly examine cell cultured fetal human cerebral cortical neurons
(see Rychlik et al., this meeting). Since considerable circumstantial
evidence supports the involvement of altered calcium homeostasis in NDs
(Mech. Aging Dev. 50:103), we studied cytoskeletal changes associated
with calcium influx using immunocytochemistry and electron microscopy.
Axons in untreated neurons were dominated by parallel arrays of
microtubules. Exposure to calcium ionophore A23187 resulted in a
dramatic loss of microtubules, accumulations of microfilaments, and the
appearance of 12-15 nm straight filaments. PHF-like structures were
occassionally observed. Tau immunoreactivity increased in neurons
exposed to A23187, but Western blots indicated that tau levels (as well as
actin and tubulin) actually decreased as a result of calcium influx.
Colchicine (but not cytochalasin D) also increased tau immunoreactivity, by
a calcium-independent mechanism, suggesting that depolymerization of
microtubules may be the trigger for the altered disposition of tau, and its
accumulation in the straight filaments and PHF that characterize
neurofibrillary tangles. Immunoelectron microscopy is now being used to
more directly determine the fate of tau consequent to calcium influx.
(supported by a PSP grant and an ADRDA Faculty Scholar Award to MM).

387.12
MICROTUBULE REASSEMBLY IN ALZHEIMER BRAIN: AN ELECTRON
MICROSCOPIC STUDY. E.M, Groliman, D.L. Rapoport® and J.A.
Olschowka, Department of Neurobiology & Anatomy and Department of
Neurology, University of Rochester Medical Center, Rochester,NY 14642.
Microtubules, vital cytoskeletal structures common to all eucaryotic cells,
participate in many important neuronal functions including intracellular
compartmentalization, neurite outgrowth and axonal transport. The
microtubule-associated protein (MAP), tau, a normally occuring
component of axonal microtubules has been shown to have unusual
features in Alzheimer's Disease (AD) brain and may be implicated in the
pathophysiology of AD. For example, Flament and Delacourte (EEBS.
247: 213, 1989) have reported AD specific isoforms of tau and markedly
abnormal patterns of tau immunostaining have been demonstrated in AD
brain (Kowall & Kosik, Ann. Neurol, ,22:639, 1987). Of greatest interest
is the substantial amount of evidence pointing to tau as a component of
the neurofibrillary tangle (NFT) (eg Woods et.al., PNAS, 83:4040,1986;
Kosik et.al.,PNAS. 83:4044, 1986; Goedert et.al., PNAS, 85:4051,1988).
Though it has been reported that reassembly of microtubules from AD
brain is impaired, possibly because of the presence of a dysfunctional
form of tau (Igbal et.al., Lancet, 2:421, 1986), we were able to reassemble
microtubules in vitro from homogenates of superior frontal gyrus obtained
from AD and control brains (range of postmortem delays: 4 to 14 hours).
These preparations were examined electron microscopically after negative
staining with 1% uranyl acetate. No intrinsic differences between AD and
control were observable by this method. Ongoing research is focused on
the antigenic characteristics of the reassembled microtubule in AD.
Supported by NIH Grants: AG 396 and AG 3644.
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388.1

FADING OF RECURRENT INHIBITION IN THE RAT DENTATE GYRUS
IS MEDIATED BY GABA; RECEPTORS. David D. Mott and Darrell V.
Lewis. Depts. of Pharmacology, Pediatrics (Neurology) and Neurobiology, Duke
University Medical Center, Durham, N.C. 27710.

Recent studies have shown that the GABA; receptor agonist, baclofen,

pp recurrent inhibition in the dentate gyrus and facilitates the
development of long term potentiation. Here, we present evidence showing that
released GABA, acting on GABA; receptors, causes fading of recurrent
inhibition.

Fading of inhibition was studied in the d gyrus of the rat
hippocampal slice. Stimulation was delivered to the mossy fibers (MF) in
stratum lucidum of CA3b and to the perforant path (PP) in the white spot on
the distal side of the hippocampal fissure. PP stimulation evoked a population
spike (PS) superimposed on a population epsp recorded extracellularly in the
granule cell layer. MF stimulation inhibited a subsequent PP-evoked PS through
GABA, receptor-mediated recurrent inhibition. A single conditioning MF
stimulus depressed subsequent recurrent inhibition. This depression of
inhibition was maximal 200 msec after the MF conditioning stimulus and lasted
for up to 2 sec. The GABA; receptor antagonists, phaclofen (1 mM) or 2-OH
saclofen (400 uM), reduced this depression of inhibition

I 1lular recordings from g le cells demonstrated that MF

lation evoked a biphasic ipsp with an early componentsensitive to
picrotoxin (50 uM) and a late component sensitive to 2-OH saclofen (400 uM).
Paired MF stimulation caused a depression of the ipsp evoked by the second
stimulus. This depression was strongest when the interstimulus interval was 200
msec and was antagonized by 2-OH saclofen (400 uM).

We suggest that GABA, released by the conditioning stimulus, acts on
GABA,;; receptors causing a depression of recurrent inhibition.

Supported by NIH grant NS22170 and CIIT.

388.2

AN AMPA/KAINATE RECEPTOR-MEDIATED COMPONENT
TO EPILEPTIFORM ACTIVITY IN THE KAINIC ACID
LESIONED HIPPOCAMPUS. L.H.Simpson* and H.V. Wheal,
Department of Neurophysiology, University of Southampton,
Bassett Crescent East, Southampton, SO9 3TU. UK.

(Sponsored by the Brain Research Association, UK).

In previous electrophysiological studies of synaptic activity in the
kainic acid-lesioned rat hippocampus, we have demonstrated graded
epileptiform bursting activity that is mediated, at least in part, by
NMDA -receptors (Ashwood, T.J. & Wheal, H.V. (1986) Neurosci.
Letts. 67, 147-152; Wheal & Turner, (1988) Soc. Neurosci. 14, 709).
The purpose of the present study was to pharmacologically determine
the contributions of AMPA /kainate-receptors to suprathreshold
bursting activity in this model. Both intra- and extracellular studies
were performed in the CA1l cells of lesioned hippocampal slices.

The AMPA /kainate-receptor antagonist, CNQX (2uM), completely
blocked the evoked action potential in CAl pyramidal cells in control
slices. In contrast, in experiments on lesioned slices, CNQX failed to
completely block the evoked burst. The response was reduced to one
or two spikes with an increase in first spike latency from 2.8 ms
(0.2, SEM, n=10) to 4.8 ms (0.9, SEM, n=8). The CNQX
insensitive component of the burst was blocked by subsequent
perfusion with a selective NMDA -receptor antagonist (D-APS; 10uM).
These data suggest that both NMDA- and AMPA /kainate-receptors
contribute to the suprathreshold epileptiform burst in the kainic
acid lesioned hippocampus.

Supported by the Wellcome Trust.
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388.3

NMDA-RECEPTOR MEDIATED EPILEPTIFORM ACTMITY IN
ORGANOTYPIC CULTURES OF RAT HIPPOCAMPUS. T. Sakaguchi, C.
Shin, and J. O. McNamara. Duke and VA Med. Ctr., Durham, N.C. 27705.

Organotypic cultures of hippocampus (HPC) provide an excellent longlasting
in vitro system in which structure and intrinsic connectivity are relatively
preserved. Many reports of neuronal activity in these cultures document more
epileptiform activity than acute adult HPC slices. To study the excitability of
populations of HPC neurons, we used extracellular field recording technique to
characterize the organotypic HPC cuiture electrophysiologically.

Organotypic cultures were prepared from 6-day-old rat HPC according to the
methods of Gahwiler. Recordings were made in cultures of 5-35 DIV in a
submersion chamber at 36°C with ACSF (95% O,, 5% CO,) perfused at 2
ml/min. Extracellular field recordings were made from the pyramidal layer in
CALl, with stimulation of Schaffer collaterals in CA3.

Spontaneous interictal activity was uncommonly observed (< 15% of cultures)
and spontaneous ictal events were never observed. Evoked CAL field response
showed EPSP with orthodromic population spike (PS) which was often followed
by a burst of low amplitude PSs. Bath-applied 50 uM D-APV suppressed the
late component of the EPSP and the superimposed bursts. Addition of up to 20
#M CNQX suppressed the remaining field EPSP and PS. Removal of Mg**
from the bath induced evoked and/or spontaneous epileptiform activity (interictal
and/or ictal) in CA1 which was also suppressed by 50 uM D-APV.

This method of slice culture provides a network virtually devoid of spontaneous
epileptiform activity, yet this activity is readily inducible by removal of Mg**.
These electrophysiologic features, together with the advantage of long term
survival, make the organotypic HPC culture a useful tool for studying the
development of epileptiform activity in a simplified neural system.

388.5

THE ROLES OF EXCITATORY AMINO ACID RECEPTORS IN EPILEPTI-
FORM ACTIVITY INDUCED BY 4-AMINOPYRIDINE IN RAT AMYGDALA
SLICES. P.W. Gean. Dept. of Pharmacology, College of Med.
National Cheng Kung Univ. Tainan City, Taiwan, R.0.C.

The effects of excitatory amino acid receptor amtago-
nists on epileptiform activity induced by 4-aminopyridine
(4-AP) were studied in rat amygdala slices using intra-
cellular recording techniques. Five to ten minutes after
switching to 4-AP containing solution, spontaneous epilep-
tiform bursts were observed in 35 out of 45 slices studied.
Superfusion with kynuretic acid reversibly reduced the
duration of the spontaneous bursting discharges in a dose-
dependent manner. The ICso, estimated from the graph of
the concentration-response relationship, was approximately
130 pyM. In addition, CNQX which is a specific non-N-methyl-
D-aspartate (NMDA) receptor antagonist blocked the sponta-
neous and evoked epileptiform bursting. In 11 out of 15
neurons tested, there was a residual depolarizing component
remained. This depolarizing component was reversibly bloc-
ked by specific NMDA receptor antagonist, DL-2-amino-5-
phosphonovaleate (DL-APV). Relative to CNQX-sensitive com-
ponent, the DL-APV-sensitive component is much smaller in
amplitude and shorter in duration indicating that NMDA
receptor plays only a minor role in this process. These
data suggest that the generation or propagation of sponta-
neous epileptiform events induced by 4-AP in the neurons of
basolateral amygdala is mediated by excitatory amino acids
and that activation of non-NMDA receptors is of primary
importance.

388.7

SYNCHRONOUS ACTIVITY INDUCED BY 4-AMINOPYRIDINE (4AP) IN
THE CA3 SUBFIELD OF THE RAT IMMATURE HIPPOCAMPUS.
M. Avoli, V. Tancredi, C. Zona and Y. Fueta*. MNI and
McGill Univ, Montreal, QC, Canada.

Field potential recordings were made in the CA3 area
of hippocampal slices obtained from 10 to 30-day-old rats
during perfusion with medium containing the convulsant
4AP (50 uM). Three types of spontaneous potentials were
observed. The first ome was a 0.4-1.1 s long potential
(frequency of occurrence: 0.6-1.3 Hz) that resembled an
epileptiform interictal event. The second type was
reminiscent of an ictal epileptiform discharge, lasted
10-35 s and recurred every 40-100 s. The third potential
was of opposite polarity to the other two types, occurred
every 10-100 s and was usually followed by the ictal
discharge. Application of NMDA receptor antagonmists did
not modify any of the three events while the non-NMDA
receptors antagonist CNQX blocked both interictal and
ictal discharges but not the potential of opposite
polarity. The latter was however blocked reversibly by
the GABA, receptor antagenist bicuculline methiodide.
Thus in addition to epileptiform activity of interictal
and ictal type that is dependent on non-NMDA
conductances, 4AP also induces in the immature rat
hippocampus a synchronous event that is due to the
activation of the GABA, receptor.

Supported by The Hospital for Sick Children Foundationm,
the Savoy Foundation and the MRC of Canada (MA-8109).

388.4

STIMULUS TRAIN INDUCED SEIZURES IN ORGANOTYPIC CULTURES OF
RAT HIPPOCAMPUS. C. Shin, T. Sakaguchi, and J. O. McNamara. Epilepsy
Research Laboratory, Duke and VA Medical Centers, Durham, NC 27705.

Electrographic seizures (EGS) induced by stimulus trains in slices of adult rat
hippocampus (HPC) have provided an acute in vitro model of epileptogenesis
(Stasheff et al., Science, 1989). Development of a chronic in vitro model would
permit study of longterm plasticity in epileptogenesis. Organotypic cultures of
HPC, with long survival time, may serve the purpose. We therefore sought to
determine whether stimulus train could evoke EGS in this preparation.

Organotypic HPC cultures (12-36 DIV) were studied in a submersion chamber
at 36 °C with standard ACSF (95% O,, 5% CO,) bath. Extracellular field
recordings were made in CA1 pyramidal layer, with stimulation of Schaffer
collaterals in CA3. Once orthodromic responses to single shocks were stable, 2
sec trains of 60 Hz rectangular pulses (150-1400 wA) were delivered every 10 min.

Stimulus trains reliably induced EGS with the typical pattern of initial high
frequency ("tonic") discharge, followed by slower frequency bursts ("clonic”).
Induced EGS were of relatively long duration (5-19 sec), even on the first
stimulation. With repeated stimulation, however, the duration of EGS did not
reliably increase. Application of the NMDA receptor antagonist, D-APV (50
©M), modified the pattern of the EGS without consistently altering its duration.
Even when D-APV was applied prior to the first stimulus, fully developed EGS
appeared.

The reliable induction of EGS by stimulus trains offers considerable promise
for development of a chronic in vitro model of epileptogenesis. The occurrence
of a fully developed EGS on the first stimulus and the relative insensitivity to D-
APV suggest that this preparation is hyperexcitable prior to stimulation. Study of
various factors regulating this hyperexcitability during culturing process may shed
light on mechanisms of epileptogenesis and on the ongoing plasticity in culture.

388.6

DENTATE MOSSY FIBER SPROUTING IN KAINATE-TREATED RATS
LEADS TO EPILEPTIFORM ACTIVITY WHEN SYNAPTIC INHIBITION
IS DEPRESSED J. Cronin, A. Obenaus, C.R. Houser and F.E. Dudek Mental
Retardation Res. Ctr. and Dept. of Anatomy and Cell Biology, UCLA Sch. of
Med., Los Angeles, CA 90024.

Sprouting of the mossy fibers (MFs) into the inner molecular layer of the
dentate gyrus of kainate-treated rats may cause formation of a recurrent
excitatory circuit, which could hypothetically cause epileptogenesis. Extracellular
recordings from slices of kainate-treated rats suggested hyperexcitability to hilar
stimulation in normal solution (Tauck, D.L. and Nadler, J.V., J. Neurosci.
5:1016, 1985). We have used simultaneous intracellular and extracellular
recording in hippocampal slices to examine the electrophysiology of dentate
granule cells that have undergone MF sprouting. In normal solution, slices with
MF sprouting usually had antidromic and synaptic responses to electrical
stimulation of the hilus and perforant path that were similar to those from
control animals. However, when inhibition was reduced with the GABA,
receptor antagonist, bicuculline, low-intensity hilar stimulation evoked delayed
bursts of action potentials. Spontaneous bursts of population spikes, which were
synchronous with intracellular action potentials superimposed on a
depolarization, also occurred in bicuculline-treated slices. The delayed bursts
to weak hilar stimulation and the spontaneous bursts in bicuculline were not
observed in slices from kainate-treated rats without MF sprouting or in control
animals. Thus, MF sprouting into the inner molecular layer of dentate granule
cells can contribute to epileptiform activity when synaptic inhibition is reduced.

388.8
NMDA-ACTIVATED CONDUCTANCES AND EPILEPTIFORM ACTIVITY
INDUCED BY REPETITIVE STIMULI IN THE CA3 SUBFIELD OF RAT
IMMATURE HIPPOCAMPUS PERFUSED WITH 4-AMINOPYRIDINE (4AP).
V. Tancredi, C. Zona, and M. Avoli. Univ "Tor Vergata",
Rome, Italy; MNI and McGill Univ, Montreal, QC, Canada.
When 4AP (50 yM) is applied to hippocampal slices
obtained from 2 to 10-day-old rats, spontaneously
occurring epileptiform activity is rarely seen in the CA3
subfield. In this experimental condition however, a short
"train of orthodromic stimuli elicits a prolonged electro-
graphic seizure (20-40 s) that is then followed by
spontaneous epileptiform events that recur regularly for
several tens of min (up to 2 hours) in the absence of any
further electrical stimulus. This type of epileptiform
activity is not influenced by the subsequent application
of the NMDA receptor antagonists CPP or MK-801 while
being blocked by CNQX. Perfusion of non-stimulated
hippocampal slices with medium containing CPP and 4AP
does not affect the train-induced electrographic seizure
response, but prevents the appearance of the spontaneous
epileptiform discharges. Thus at this stage of brain
maturation, NMDA receptors do not appear to play a role
in the generation of 4AP-induced epileptiform activity
while being important for establishing the long-lasting
state of hyperexcitability that is associated with the
occurrence of spontaneous epileptiform discharges.
Supported by The Hospital for Sick Children Foundation,
the Savoy Foundation and the MRC of Canada (MA-8109).
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388.9

AXONAL REORGANIZATION IN THE MOUSE HIPPOCAMPUS AFTER
INTRAVENTRICULAR KAINIC ACID RC Green

RAE Bakay Departments of Neurology and Neurosurgery, Emory University
School of Medicine, Atlanta, GA 30322

Hippocampal sclerosis is the most common pathological finding in patients who
undergo temporal lobe resection for medically intractable temporal lobe epilepsy.
This characteristic pattern of pyramidal cell loss has been associated with
reorganization of both Timms-positive fibers (Sutula et al, 1989) and
acetylcholinesterase (AChE)-positive fibers (Green et al, 1989) in the human. In
animals, intraventricular kainic acid (KA) causes seizures and excitotoxic damage to
the hippocampus producing a pattern of cell loss similar to that seen with human
hippocampal sclerosis. KA-induced cell loss is associated with aberrant AChE and
Timms staining in the molecular layer of the rat dentate gyrus, suggesting axonal
sprouting and reinnervation of deafferented neurons (Nadler et al, 1980).

In this study, male CS7BL/6 mice, aged 2-4 months, were treated with bilateral
intraventricular injections of KA (either 0.1 or 0.3 pg/side). After two weeks, mice
were killed and their brains were processed for Nissl staining along with either AChE
or Timms staining. Mice treated with KA revealed discrete areas of pyramidal cell
loss with relative sparing of dentate granule cells and extra-hippocampal areas,
including the septum and entorhinal cortices. The distribution of Timms staining did
not differ from that found in controls, but AChE histochemistry revealed increased
staining of the stratum oriens and stratum pyramidale in the areas of cell loss only.
This is an unusual pattern of reinnervation since AChE staining was enhanced in a
region where target neurons were lost without obvious deafferentation. One
explanation is that surviving pyramidal neurons may be reinnervated by AChE-
positive afferents in response to the loss of connections from adjacent neurons that
are destroyed within the same sector.

388.11

POSTNATAL DEVELOPMENT OF Na,K-ATPASE-MEDIATED
HYPERPOLARIZATIONS IN RAT HIPPOCAMPAL CA1 NEURONS. A. Fukuda
and D.A. Prince. Dept. of Neurology and Neurological Sciences, Stanford
University School of Medicine, Stanford, CA 94305.

Previous experiments have shown that the prolonged hyperpolarization which
follows glutamate application to adult CA1 pyramidal neurons in hippocampal slices
(postglutamate hyperpolarization or PGH) is due to activation of an electrogenic
sodium pump (Thompson, S.M. & Prince, D.A., J. Neurophysiol., 56: 507, 1986).
Na,K-ATPase activity is known to develop slowly postnatally (Haglund M.M. et al,
Brain Res., 343: 198, 1985), however, little is known about its physiological role in
immature neurons.

We assessed the development of Na pump activity in CA1 hippocampal neurons
from slices of postnatal day (P) 7 to P39 rats. Spike amplitudes for neurons from
P7-11, P21-25 and P35-39 age groups were 65.111.1, 83.7+7.6 and 84.3+8.0 mV,
respectively; resting potentials were -71.9+8.0, -64.9+6.0 and -66.3+4.7 mV; and
input resistances (R,) were 50.2+20.1, 36.4+85 and 31.2+85 MJ. Similar
glutamate-induced depolarizations (GDs) could be elicited in all three age groups.
The size (area) of PGH was directly proportional to the area of the preceding GD.
A ratio of PGH area to GD area was calculated for each neuron and used to
compare Na pump activities at different ages. The PGH ratios at ages of P21-25
and P35-39 were 0.8210.42 (n=16) and 1.46+1.00 (n=>5), respectively. However, in
the P7-11 age group, PGH ratio was 0.26+0.13 (n=7), or significantly lower
(p<0.01) when compared to the P21-25 value. Differences in membrane propertics
for these age groups do not explain the differences in PGH ratio. If anything, the
higher R, would tend to increase the sizes of PGHs in more immature neurons.

These results suggest that substantial Na,K-ATPase functional activity develops
after birth. Lower levels of electrogenic Na pump activity at early stages of
development could be one factor contributing to the increased susceptibility of
immature hippocampus to ictal discharges associated with prolonged membrane
depolarizations. Suppored by NIH grants NS02151 and NS06477 from the NINDS.

388.13

ELECTROGRAPHIC SEIZURES IN SLICES FROM OLDER RATS ARE
INHIBITED BY PHYSIOLOGICAL LEVELS OF MAGNESIUM:
RESTORATION OF SEIZURES INLOW MAGNESIUM. W.W. Anderson and
RJ. Delorenzo. Dept. of Neurol., Med. Col. of Virginia, Richmond, VA 23298.

We have reported that electrographic seizures (EGSs) occur in hippocampal
slices in physiological (0.9 mM Mg) medium when slices are from young (22-32
day old), but not older ( >120 day old) rats (Stasheff et al. Science, 245:648, 1989).
We report here that EGSs also occur in slices from older rats in Mg-free medium.

Hippocampal slices (625 uM) were prepared from 180-211 day old male
Sprague-Dawley rats. Extracellular recording and stimulation were performed in
stratum pyramidale and radiatum of CA3, respectively.

When slices were bathed in Mg-free medium + 2-5 uM of the GABA, agonist
baclofen, EGSs either occurred spontaneously or following 1-3 stimulus pulses
(N=7). These EGSs had the same tonic-clonic morphology and duration (mean
= 59 sec) as the slices from young rats in Mg-free medium. However, the number
of afterdischarge (AD) bursts per EGS (mean = 46) was only about half that of
young rats. Addition of 50-200 uM of the NMDA antagonist D-2-amino-5-
phosphonovalerate (APV) to Mg-free + baclofen medium substantially reduced,
but did not block, AD bursting following 120 pulse stimulations (N=3).

When slices from older rats were bathed in 0.9 mM Mg + baclofen following
EGS induction in Mg-free medium, 120 pulse stimulations produced only 0-5 AD
bursts, indicating strong EGS inhibition (N=7).

These results suggest that the increased suppression of EGSs that occurs with
aging is partially reversed by removing extracellular Mg, In slices from older rats,
EGS inhibition could be due to Mg being more effective in stabilizing the
membrane or decreasing transmitter release. Alternatively, NMDA antagonists do
not block EGSs in slices from young rats in physiological medium (Stasheff et al.),
indicating that non-NMDA-dependent mechanisms are sufficient to generate EGSs
in these slices. In slices from older rats, the non-NMDA-dependent mechanisms
alone may not be sufficient to generate EGSs in physiological medium, but may
do so when aug d with NMDA-depend hanisms in Mg-free medium.

388.10

INCREASED SPONTANEOUS EXCITATORY INPUT TO CA3 NEURONS
DURING OVERHYDRATION OF HIPPOCAMPAL SLICES. V. Saly and
R.D. Andrew, Anatomy Department, Queen's University,
Kingston, Ontario K7L 3N6.

The clinical signs of rapidly developing overhydration
commonly include generalized tonic-clonic seizure. Recent
studies in hippocampal slices have indicated that field
potentials (and therefore their synchronizing field
effects) increase in hyposmotic conditions. As in CAl,
we found the evoked anti- and orthodromic CA3 population
spike was inversely proportional to the osmolality. The
change occurred within 2 or 3 min, presumably coinciding
with cellular swelling. However longer term effects were
also observed in 9 CA3 cells recorded intracellularly for
1-3 hr. While resting potential, input resistance and
spike threshold were unchanged by -40 mOsm saline over
10-40 min, spontaneous EPSPs increased in amplitude (7
cells). Sychronized input (represented by compound
EPSP/IPSPs) was also induced (4 cells). These effects
were reversed over 15-30 min in normosmotic saline.
Hyperosmotic saline (+40 mOsm mannitol) had the opposite
effect, reducing spontaneous EPSPs and any remaining EPSP/
IPSPs (6 of 6 cells). In 2 of 2 cells tested, spontaneous
interictal bursts were blocked by mannitol.

Thus both random and synchronized excitatory synaptic
input to CA3 cells can evolve over tens of minutes during
overhydration, suggesting a synaptic mechanism (in
addition to field effects) whereby hyposmolality promotes
excitation.

388.12

PATHWAYS OF SEIZURE AND INTERICTAL BURST
PROPAGATION BETWEEN ENTORHINAL CORTEX AND
HIPPOCAMPUS IN THE ZERO MAGNESIUM MODEL. A.C.
Bragdon, H. Kojima and W.A. Wilson. VA Medical Center and SUNY
HSC, Syracuse, NY, 13210; Akita U., Akita, Japan; VA and Duke
University Medical Center, Durham, NC 27705.

Rat hippocampus (HC)/entorhinal cortex (EC) slices exhibit seizures
and interictal bursts (IIBs) when bathed in medium containing no added
magnesium (0-Mg medium). In general, the seizures arise first, then are
suppressed by the IIBs. Here we describe the functional anatomy of the
interaction between seizures and IIBs.

Recordings were made from EC and CA3 of HC/EC slices bathed in
0-Mg medium. In intact slices, seizures arose first in EC, but soon
appeared synchronously in CA3.  Seizures began in EC either
spontaneously or triggered by a burst from CA3. Burst-by-burst analysis
showed that EC bursts always led CA3 bursts except near the end of
some seizures. Selective knife cuts revealed that seizures propagated
from EC to CA3 both (1) with high efficiency via the perforant path, and
(2) less efficiently via the temporoammonic path. IIBs arose in CA3, and
evoked bursts responses in and suppressed seizures in EC. Knife cuts
across subiculum prevented both these effects of IIBs.

These results show that seizures and IIBs can arise separately in EC
and CA3, and that seizures can project from EC to CA3 over both
perforant and temporoammonic pathways.

388.14

REDUCED SYNAPTIC INHIBITION UNDERLIES GENE-LINKED
HIPPOCAMPAL NETWORK EXCITABILITY DEFECT IN THE
EPILEPTIC MUTANT TOTTERING S. A. Helekar* and J. L. Noebels
Developmental Neurogenetics Laboratory, Section of Neurophysiology, Depart-
ment of Neurology and Division of Neuroscience, Baylor College of Medicine,
Houston, Texas 77030.

A gene-linked, voltage-dependent prolongation of network-driven paroxys-
mal depolarizing shifts (PDS) has been identified in vitro during 10 mM [K+],-
induced bursting in tottering (19/1g) hippocampal CA3 pyramidal neurons (mean
PDS durations: tg/tg 190411, n=19; +/+ 11949, n=11). We have explored lo-
cal circuit synaptic mechanisms in the CA3 region that might mediate this state-
dependent inherited excitability defect. Blockade of NMDA receptors with bath-
applied 40 uM (DL)APV produced approximately 30% reduction in PDS dura-
tion in both genotypes (tg/tg 135.0+13.0, n=5; +/+ 84.0+11.1, n=5), but did
not selectively correct the mutant phenotype, suggesting that increased synap-
tic excitation through NMDA receptors is unlikely to contribute to the altered
network response. In contrast, blockade of GABA 4-receptors by 50 uM pi-
crotoxin significantly prolonged (85%) the mean PDS duration in +/+ neurons
(217.8+35.9, n=4), but had no significant effect on the mutant PDS (173.0+20.5,
n=>5). These data support the hypothesis that the prolonged PDS in #g CA3
pyramidal neurons may reflect an underlying attenuation of GABA 4-receptor-
mediated synaptic inhibition. Since intracellular recordings in ¢g CA3 cells un-
der physiological 3 mM [K*], conditions clearly show spontaneous and evoked
inhibitory synaptic potentials, this evidence raises the possibility that the tg mu-
tation interacts with mechanisms regulating activity-dependent modifications in
synaptic inhibition. (Supported by NIH and Pew Foundation (JLN)).
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388.15

CHRONIC LESION OF MEDIAL SEPTAL NUCLEI INDUCES AN EPILE-~
PTIFORM ACTIVITY IN RAT HIPPOCAMPAL SLICES. F.Berton*, R.
Bianchi*, W.Francesconi*, B.Sidorov** & M.Brunelli. Dpt.
Physiol. & Biochem. Univ. of Pisa,56100 Pisa, Italy -
**Inst. of Higher Nervous Activity & Neurophysiol., Acad.of
Sci. USSR, Moscow.

In the rat, hippocampal formation receives a well characte-

rized septal projection from cholinergic and GABAergic neu-—
rons located in Medial Septal nuclei (MS) and vertical limb
of Diagonal Band. The mechanisms underlying the effects of
septo-hippocampal fibres degeneration on the excitability
of the hippocampal neurons have not been carefully analy-
zed. Spontaneus and evoked multiple population spikes
(MPSs) were recorded in CA3 and CAl regions in slices iso-
lated from animals sacrificed 1,2 or 4 weeks after electro-
litical or chemical (local application of Ibotenic acid)le-
sion of MS. Spontaneous and evoked CA1-MPSs disappeared
after cutting between CA3 and CAl regions. In slices from
unlesioned or sham-operated rats we never observed such an
abnormal activity. In conclusion, septo-hippocampal fibres
degeneration induces an epileptiform activity in CA3 sprea-
ding to CAl region. Intracellular recordings from CA3 and
CAl neurons are in progress.

388.17

IN VIVO AND IN VITRO ASSESSMENT OF NEURO-
TRANSMITTER AMINO ACID FUNCTION IN TETANUS
TOXIN INDUCED CHRONIC SEIZURE FOCI IN RAT
HIPPOCAMPUS. C.M. Forchetti, B. Leheta*, and
D. Garant*. Dept Neurological Sciences, Rush
Medical College, Chicago IL 60612.

Tetanus toxin or vehicle was injected uni-
laterally into dorsal hippocampus of rats
with chronic depth electrode/guide cannula
implants. After injection, EEG and focal in
vivo micro-dialysis were performed in the
unanesthetized rats, either before seizure
onset, during the peak of limbic seizures, or
after seizure remission. Enriched synapto-
somal fractions were prepared from hippocampi
dissected from these rats, and amino acid
concentrations were assayed by reverse-phase
HPLC.

As expected, in tetanus toxin seizure foci
in vivo, K*-induced GABA release appeared
decreased, however synaptosomal GABA content
was remarkably consistent through the seizure
course and between toxin and vehicle groups.
This suggests that tetanus toxin inhibits
GABA release, but neither this effect nor the
subsequent seizures alter nerve terminal GABA
concentration.

388.19

MODIFICATION OF HYPEREXCITABILITY IN THE SUBCORTICALLY
DENERVATED HIPPOCAMPUS BY SEPTAL GRAFTS. ~

M. Hsu, Z. Horvath*, F. H. Gage. C. Slamka* and G. Buzsaki.
Department of Neurosciences, UCSD, La Jolla, CA 92093.

Suspension grafts of basal forebrain cholinergic neurons were
implanted into the hippocampus 3 months after fimbria-fornix
(FF) transection and the -emergence of hyperexcitability
(Neurosci. 28:527,1989) was tested 9 months after grafting. The
threshold for evoking afterdischarges was significantly
clevated in the grafted rats relative to FF-only animals. The
correlation between perforant path evoked extracellular PSP
and population spike was positive in unoperated control (UC)
rats and grafted rats but negative in FF-only rats. The
behavior-dependence (walk wvs. still) of pop-spike amplitude
was largest in the FF group, and smallest in the UC animals with
the grafted rats intermediate. Behavior-dependence of PSP was
similarly larger in FF and grafted groups rclative to  UC rats.
Long-term potentiation (LTP) of the dentate population spike
was impaired in the FF-only rats; grafting did not result in
significant improvement of LTP. High frequency (18-32/sec)
power in the hilus was significantly larger during walking
than during immobility in all groups, and behavioral
modulation was significantly larger in the grafted animals and
FF rats than in the UC group. We conclude that dclayed grafting
of cholinergic cells is capable of modifying the already
established hyperexcitability patterns of the denervated
hippocampus, although not all changes arc restorative.

388.16
INFLUENCE OF. ADENOSINE TRANSPORT AND ADENOSINE
DEAMINASE INHIBITORS ON BICUCULLINE METHIODIDE-
INDUCED SEIZURES IN RAT PREPIRIFORM CORTEX. G. Zhang, P. H.
Franklin and T. F. Murray. College of Pharmacy, Oregon State University,
Corvallis, OR 97331

The results of our previous studies suggest that an adenosine receptor
population in rat prepiriform cortex (PPC) plays an important role in the
suppression of bicuculline methiodide (BMI) and kainic acid-induced seizures
(Franklin, P.H. et al., J. Pharmacol. Exp. Ther., 251:1229,1989;Zhang, G. et al.,
Neurosci. Lett., in press). In the present study we evaluated the manipulation of
endogenous adenosine in this brain area as a strategy to effect seizure
suppression. All compounds used in these experiments were unilaterally
microinjected into the PPC. It was found that the co-administration of a
subconvulsant dose (1.6 nmol) of the adenosine antagonist 8-p-
(sulfophenyl)theophylline (8pSPT) with BMI (30 pmol) markedly enhanced the
severity of BMI seizures. Dilazep, an adenosine transport inhibitor, provided a
potent protection against BMI seizures with an EDg, value of 5.6+1.6 nmol/rat.
Together, the proconvulsant effect of 8pSPT and anticonvulsant action of dilazep
indicate that endogenous adenosine in the PPC exerts an inhibitory tone which
affects seizure susceptibility. Furthermore, we found that exogenous adenosine
also afforded a dose-dependent suppression of BMI-induced seizures
(EDg,=48.1:84 nmol/rat) in the PPC, and these anticonvulsant effects of
adenosine were significantly potentiated by the adenosine transport blockers
dilazep (0.5 nmol) and nitrobenzylthioinosine phosphate (20 nmol). Similarly an
adenosine deaminase inhibitor 2’-deoxycoformycin (11.2 nmol) produced 2.9 fold
potentiation of the anticonvulsant effect of adenosine. These findings therefore
imply that adenosine is a major modulator of neuronal activity in the PPC and the
inhibition of the adenosine transport system and/or adenosine deaminase
influences extracellular adenosine levels in this paleocortical brain area.
(Supported by USPHS Grant NS23227).

388.18

OUABAIN-BINDING SITES AND mRNAs OF Na,K-
ATPases ARE DECREASED IN HIPPOCAMPAL AREA
CAl1 OF RAT BRAIN AFTER KAINATE LESIONS OF
CA3. A.A. Maki, J. E. Franck and W.L. Stahl . VA Medical Center
and Univ. Washington Sch. Med., Seattle, WA 98108.

Administration of kainate to rats causes loss of neurons of the hippo-
campal CA3 region and leads to a hyperexcitable state in CA1 pyramidal
neurons. We hypothesize that changes in ion homeostasis, especially
due to decreased expression of the Na,K-ATPase, may contribute to the
mod-ified properties of CA1 neurons. We used ouabain binding to
measure the number of Na,K-ATPase sites in CA1 AND CA3 areas
(J. Neuro-chem. 52: 193-200, 1989) and in situ hybridization
(Neurosci. Res. Commun. 5: 155-162, 1989) to measure expression of
mRNA for Na,K-ATPase subunits. Both high and low affinity
[3H]ouabain binding sites were found in control and lesioned
hippocampus with Kq values of 60-77 nM(high) and 960-1382 nM
(low). No differences were found in Ky values between control and
lesioned animals. Numbers of low affinity binding sites differed only in
CA3 where nearly complete destruction of pyramidal cells was
observed. High affinity'sites were decreased in CA1 as follows: stratum
oriens, 20%; stratum radiatum, 25%; pyramidal cell layer, 33%. In
addition significant loss of mRNA encoding for a2 and o3 isoforms of
the catalytic subunit of the Na,K-ATPase was found in CA1 pyramidal
cells. Since Na,K-ATPases containing o2 and a3 are known to bind
ouabain with high affinity, the in situ hybridization studies support the
ouabain-binding results. We conclude that the number of Na,K-
ATPase molecules with high affinity for ouabain in CA1 pyramidal cells
is significantly reduced and may lead to modified ion homeostasis in this
model of epilepsy. (Supported by NS 20482 and the VA.)
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389.1
ABNORMAL LYSOSOMAL HYDROLASE DISTRIBUTIONS IN ALZHEIMER
BRAIN. * P, ixon. McLean Hospital,
Harvard Medical School, Belmont, MA 02178

Lysosomal proteinascs in enzymatically active form are abnormally
present extracellularly in classical scnile plaques (SP) (Cataldo and
Nixon, PNAS, 1990). We have proposed that degenerating cathepsin-laden
neurons and their processes are the principal source of these enzymes
in SP and that the unregulated action of lysosomal hydrolases leads to
abnormal metabolism of the amyloid precursor protein (APP). To further
establish this idea, we localized other lysosomal hydrolases in
Alzheimer brain. Sections of neocortex from control and AD brains were
analyzed by immunocytochemistry with polyclonal antiscra to the non-
proteasc enzymes, X-galactosidase (GAL), «(-hexosaminidase A HEX A),
and«( -glucosidase (GLU) and by enzyme cytochemistry for aryl sulfatasc
and acid phosphatase activities. Senile plaques were also identified
histologically using Bielschowsky silver stain and thioflavin S histo-
fluorescence. HEX A, GAL and GLU were present in ncurons of control
and AD brains and were abundant in senile plaques of AD brain. In SP,
these hydrolases were localized by immunoelectron microscopy to extra-
cellular membrane-limited profiles. Neurofibrillary tangles were also
intensely stained with GAL antiserum. The activities of aryl sulfatase
and acid phosphatase were detected in many SP even though activities in
ncurons were below the sensitivity limit of the method. The abnormal
localization of various lysosomal hydrolases with extracellular
B -amyloid deposits supports a model involving neuronal degeneration
and persistence of the lysosomal compartments which are capable of
unregulated proteolysis including possibly abnormal breakdown of APP.
The aberrant trafficking and release of membrane-degrading hydrolases
may be one mechanism to expose the intra-membrane A4 cleavage site.

389.3

AD PATHOLOGY: IN VIVO QUANTITATION BY MRI? J.W. Ashford
A. Rashid”, D. Lawrance”, M. Calache”, J. Bice, G. Evans” and D.
Anderson’. SIU Sch. of Med. Springfield, IL 62794.

The critical diagnostic issue for Aizheimer disease (AD) is regional
quantitation of pathology in vivo. Magnetic resonance imaging
(MRI), capable of measuring a variety of cerebral characteristics
with considerable dynamic range, might achieve this quantitation.
For example, senile plaques (60 u dia., about 10/mm? at diagnostic
threshold = 3% of tissue volume) might have a property which can
be assayed. Spin density images (TR=2 s; TE=40 ms, balancing
T1/T2 properties, not distinguishing gray/white matter/CSF)
highlight several types of pathology. Using this protocol, statistical
enhancement (fig. 1) of coronal images (fig. 2) showed a pattern of
intensities in 6 probable AD patients suggestive of the distribution
of AD pathology (data shown from autopsy-confirmed AD patient).
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389.5

THE NUCLEUS BASALIS SHOWS LITTLE CELL LOSS OR OTHER
PATHOLOGICAL CHANGE IN MILD ALZHEIMER’S DISEASE. J.L.
Price, J.C. Morris, P. Davis & D.L. White, Depts. of Anat./Neurobiol. and
Neurology, Washington Univ. Sch. Med., St. Louis, MO 63110

Previous studies have reported that the nucleus basalis of Meynert
(NBM) undergoes substantial cell loss in Alzheimer’s disease, associated
with loss of cholinergic markers in the cortex. It has been suggested that
this might be partially responsible for the cognitive decline associated
with the disease. As part of an ongoing study of the relation between
normal aging and Alzheimer’s disease, we have determined the density of
neurons, tangles, and cells immunoreactive for the Alz-50 antibody and
an antibody against paired helical filaments (donated by Drs. Peter Davies
and Dennis Selkoe) in the cell clusters of the NBM. The cases studied
were evaluated in the Alzheimer’s Disease Research Center of Washington
University and assigned a Clinical Dementia Rating (non-demented:
CDR=0; very mildly demented to severely demented: CDR=0.5 to 3).

The density of large neurons was determined at three levels of the
NBM. Four mildly demented cases (CDR=0.5 to 1) showed no loss of cells
when compared to three non-demented cases (ca. 65 cells/mm?).
However, three more severely demented cases (CDR=2 to 3) had much
lower cell density (ca. 20 cells/mm*). The density of tangles and
immunoreactive cells in the NBM of five mildly demented cases was
slightly above that seen in_non-demented elderly cases (average tangle
density=2/mm? vs 0.4/mm?). The density of these markers was greater
in the severely demented cases (6.1/mm?), but is much less than in the
‘hippocampal formation or neocortex. These observations indicate that
cellular damage in the NBM is not a substantial feature of the early stages
of Alzheimer’s disease; it might contribute to the cognitive loss in later
stages of the disease, but in such cases there is also substantial damage to
the hippocampus and neocortex.

Supported by NIH grants AGO3991 and AGO5681.

389.2
COMPLEMENT PROTEINS ARE ASSOCIATED WITH MEMBRANE ATTACK

IN ALZHEIMER DISEASE. P. L. McGeer, H. Akiyama, T. Kawamata*,
E. G. McGeer. Kinsmen Lab. of Neurol. Res., Dept of Psychiatry,
Univ. of British Columbia, Vancouver, B.C., Canada, V6T 1W5.

The pattern of Alzheimer tissue staining by antibodies to
complement and related proteins indicates that active cell lysis as
well as tissue opsonization is taking place. Extracellular debris in
the form of amyloid deposits and ? ost tangles are strongly
stained by antibodies to the complement proteins C1q, C3d and
C4d. These proteins are associated with the opsonizing function
of complement. Antibodies to vitronectin, a serum protein which
binds to the C5b-9 membrane attack complex (MAC), also stain
these structures. Despite the presence of this inhibitor of MAC
insertion into cell membranes, diseased neuronal elements, which
are identifiable by antibodies to ubiquitin and Tau-2, are stained
by an antibody to a neoantigenic site on the C5b-9 complex.

any of these same tangled neurons and dystrophic neurites are
also stained by an antibody to the membrane inhibitor of reactive
lysis (MIRL, JCI 84:7-17, 1987, courtesy of Dr. C.J. Parker, Univ.
of Utah). MIRL restricts the susceptibility of human erythrocytes
to complement-mediated hemolysis induced by activated cobra
venom. This inhibitor of bystander lysis is a phosphatidylinositol-
linked 18 kd protein which inhibits assembly of the membrane
attack complex at the level of C7 and C8 incorporation. MIRL
migbht be induced in neurons subject to bystander lysis by the
C5b-9 complex. These data suggest that inhibition of complement
activated cell lysis might reduce the rate of cellular degeneration
in Alzheimer disease.

389.4

MORPHOLOGICAL ALTERATIONS OF NEUROPEPTIDES IN THE
AMYGDALA IN ALZHEIMER’S DISEASE (AD). W.C.Benzing, E.J.
Mufson§, and D.M. Armstrong. FGIN, Georgetown University,
Washington, D.C. 20007; §IBR, Sun City, AZ 85372.

We used immunocytochemistry in order to examine the morphologic
features of three neuropeptides (somatostatin (SOM), substance P (Sub P),
and neurotensin (NT)) and of choline acetyltransferase (ChAT) in the
amygdala of a})atients with AD and in 2 groups of controls. One control
group (normal) had few if any plaques, while the other group (high "N")
had numerous plaques. The toFography of the pathologic lesions was
determined using Thioflavin-S. In AD patients and the high "N" controls,
immunolabeling for ChAT and NT was reduced in denseiﬁ' relative to
normal controls, while Sub P and SOM labeling was reduced only mildly
if at all. The reductions in NT and ChAT immunoreactivity were more
pronounced in the AD cases than in the high "N" cases. Despite these
differential reductions in dens;tly, neuritic fibers of all four neurotransmitters
showed similar morphologic alterations in both the AD cases and the high
"N" cases but these were rarely observed in the normal controls. These
alterations were characterized by gross varicose swellings which were often
associated with plaques and were most prevalent in areas of high plaque
density. Most importantly, in the areas of highest plaque formation in the
AD cases (which coincided with the areas of plaque formation in the high
"N" cases), ChAT and NT processes were nearly or completely absent and
were thus rarely found within plaques, while in these same areas in the high
"N" controls, ChAT and NT were present in reduced amounts and had
abnormal fibers that were found within plaques. Abnormal SOM and Sub
P fibers were present within plaques in these areas in both the AD and the
high “N" cases. The observation that all four neurotransmitters displayed
similar morphologic irregularities suggests a common pathological process.
The reductions in ChAT and NT suggest that these transmitter systems may
be more susceptible to the pathologic changes.

389.6

BASAL FOREBRAIN PROJECTIONS TO THE FRONTAL POLE OF THE
THALAMIC RETICULAR NUCLEUS (MEDIODORSAL NUCLEUS AND
FRONTAL CORTEX TERRITORY) IN THE OLD-WORLD MONKEY, AND
THEIR DISRUPTION IN ALZHEIMER’S DISEASE. W.G. Tourtellotte, LA.
Ilinsky and G.W. Van Hoesen. Depts. of Anatomy and Neurology, Univ. of Iowa,
Towa City, JA 52242.

The thalamic reticular nucleus (Rt) forms a narrow band of largely GABAergic
neurons around the margins of the thalamus. It receives thalamocortical, corti-
cothalamic, and cholinergic fibers from the basal forebrain (BF) and the pontomes-
encephalic reticular formation (PMRF). Physiological studies indicate that the BF
and PMRF can disinhibit Rt neurons and facilitate thalamic transmission. Immuno-
cytochemistry with Alz-50 and tau antibodies in Alzheimer’s disease (AD; N=15)
but not control brains (N=8) reveals terminal-like immunostaining in the rostral
pole of Rt. Nerve growth factor receptor (NGFr) immunocytochemistry and
NADPH-diaphorase (NADPHd) histochemistry were used to assess the integrity of
cholinergic neurons in the septal-BF complex and PMREF, respectively, in some of
the AD and normal brains. There was a consistent depletion of neurons and
numerous thioflavin S, Alz-50 and tau positive neurons in BF but not in PMRF.
Old-World monkeys received iontophoretic injections with either PHAL or WGA-
HRP in the BF and Rt. HRP injections confined to the rostral pole of Rt demon-
strated retrograde transport to the mediodorsal nucleus (MD), medial prefrontal
and orbitofrontal cortices, BF and PMRF. In the BF, retrogradely-labeled neurons
were located in intermediate and caudal locations. Tontophoretic injections with
PHAL confined to the pole of Rt revealed dense projections to MD. The data sug-
gest that corticothalamic and thalamocortical fibers interconnecting MD and frontal
cortex synapse in the pole of Rt. They also demonstrate that the Rt pole receives
cholinergic projections from the BF and the PMRF. Since neither the neurons in
the PMRF nor MD appeared consistently involved in AD, the changes observed in
the Rt may well arise from Alz-50 and tau positive neurons in the posterior and
intermediate sectors of the BF. This may reflect a disruption of modulatory influ-
ences by the BF on MD-frontal lobe interactions in AD. (Supported by: 5T32
‘GMU0733, NS 14944, PO NS 19632.)
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389.7

LN-1 IMMUNOREACTIVITY IS SPECIFIC TO ASTROCYTES IN
CORTEX OF NORMAL AGED AND ALZHEIMER'’S DISEASE (AD}
BRAIN TISSUE. gi. Moon*, S.D. Styren, W H. %wm, and J.
I L. J. oberts enter, Institute or iogerontology
esearch, Sun City, AZ 85351. . =

LN-1" is a  monoclonal (IgM) antibody specific for an
uncharacterized cell membrane antigen present on B lymphocytes
but not T Ilymphocytes or_ histocytes. A previous report
suggested that LN-1 is a specific_marker for CNS microglia. We
find, however, that this antibody specifically labels CNS
astrocytes only. . Moreover, astrocytes with reactive morphology-
-as found particularly in AD brain tissue--exhibit increased
expression of the LN-1 antigen,

Frontal cortex samples from 9 AD and 9 aged-matched
neurologically normal controls were obtained at autopsy (mean
autolysis time of 4 + 2 hours), cut into 1 cm_blocks, fixed for
24 hours in 4% buffered iparaformaldehyde vibratome sectioned
at 50 Ixm, and processed for, immunohistochemistry.  Additional
material for immunohistochemistry was paraffin embedded after
10% or 20% formalin fixation for various times. i X

Intense LN-1 immunoreactivity is observed on highly reactive
astrocytes near the border of cortical layers I and I "Both the
intensity _of stammf and the number of labelled cells are
elevated in AD. N-1 immunoreactivity in the other cortical
layers occurs on fewer astrocytes, the labelling is weaker, and
the morphology  is considerably less reactive. LN-1 positive
astrocytes,  typically ~ with  ‘nonreactive maorphology occur
diffusely in the white matter. The specificity of t_he LN-1
antibodi' for astrocytes (and only astrocytes) is confirmed by
morphologic criteria_and by double-labelling ~ with the astrocyte
specific marker GFAP.

Increased expression of the immune system associated antigen
LN-1 by cortical astrocytes in A is consistent with
demonstrations. by our laboratory ~and others that the
pathogenesis of AD includes a chronic inflammatory component.

[Supported by NIA AGQ7367 to JR]

389.9

THE BRAINSTEM IN ALZHEIMER'S DISEASE (AD). 1. Doucette®, T
i UCLA Anatomy Department, Brain Research
Institute and Mental Retardation Research Center, L.A., CA 90024.

The immunohistochemical labeling by antisera to amyloid P
component (AP-C) has been compared to that by antisera raised against
microtubule-associated protein tau (MAP-tau) and paired helical filaments
(PHF) in the pons of AD patients. Brain tissue was fresh fixed in 4%
paraformaldehyde by immersion, cut on a cryostat (40 pum section
thickness) and processed by the peroxidase-antiperoxidase method. The
principal neuropathological lesions observed were neurofibrillary tangles
(NFT) in the locus ceruleus and raphé regions. The antiserum to MAP-tau
labeled intraceliular NFT and neuropil neurites in areas without NFT. A
diffuse MAP-tau labeling without intracellular presence of NFT was also
observed in some neurons. MAP-tau antiserum may label neurons which
potentially develop NFT. The antiserum to PHF labeled extracellular NFT
and surrounding neurites. It also revealed neuropil neurites but to a much
smaller extent than the MAP-tau antiserum. AP-C antisera labeled mostly
extracellular NFT although a few intracellular NFT were also observed.
Neurites in the immediate area around extracellular NFT were labeled by
AP-C antisera but neuropil neurites in areas lacking NFT were not. Thus
the labeling of neuropathological elements in the pons by AP-C antisera is
qualitatively more similar to that of PHF antiserum. We suggest that in NFT
formation, MAP-tau antiserum is able to label neurons which potentially
develop NFT, whereas AP-C antisera label only neurons in which PHF are
present in the soma. We conclude that AP-C may not be a causative
agent in the formation of NFT but only binds to NFT after the
PHF are present.

389.11

CHOLINERGIC ALTERATIONS IN CORTICAL BIOPSY TISSUE IN
ALZHEIMER’S DISEASE. S.T. De Kosky , R. Harbaugh*, S.W. Scheff,
Schmitt, F.A.* and the intraventricular bethanechol study group.
Alzheimer’s Disease Res. Ctr. & Dept. of Psychiatry, Univ. of Pittsburgh,
Suite 400, 3600 Forbes Ave., Pittsburgh, PA 15213, Dartmouth Univ. and
Univ. Kentucky Med. Ctrs. & Sanders-Brown Center on Aging, Lexington,
KY.

Neurochemical assessments were performed on biopsy samples taken from
the right frontal lobe of patients diagnosed with Alzheimer’s disease
(AD), prior to the implantation of a ventricular catheter and pump
assembly for the infusion of bethanechol as an experimental therapy.
Samples were obtained from 6 different medical centers. The
pathologically confirmed AD cases (n = 26) were compared to a group of
samples from normal age-matched autopsied controls (n = 21) and age-
matched autopsied AD brains (n = 11). All samples were assayed for
choline acetyltransferase (ChAT), acetylcholinesterase (AChE), binding to
3H-quinuclidinyl benzilate (QNB) as an index of total muscarinic
cholinergic binding and 3H-pirenzepine (PZ) binding as an index of M1
receptor subtype binding. Mean levels of ChAT activity were decreased to
36% of age-matched controls, and the loss of activity correlated
significantly with the mini-mental state examination, an index of global
cognitive function. ChAT activity in autopsied AD cortex was further
decreased compared to controls, indicating continuous further decline
through the course of the disease. AChE followed a similar, less dramatic
decline. No differences were found in QNB binding among the groups but
PZ binding was significantly decreased in autopsied AD cases compared to
biopsy cases or autopsied controls.

389.8

MORPHOLOGIC EVIDENCE OF A DYNAMIC RELATIONSHIP BETWEEN
MICROGLIA AND SENILE PLAQUE AMYLOID IN ALZHEIMER DISEASE
(AD). L.S. Perimutter, M.A. Myers*, E. Barron*, and H.C. Chui. USC
School of Medicine, Dept Neurology, RMR-407, Los Angeles, CA 90033.

Amyloid and mononuclear phagocytic cells are intimately associated
in several amyloidoses. In AD, amyloid/microglia associations have been
seen with light (LM) and electron microscopy (EM). With EM, bundies of
amyloid from compact cores were found interdigitated with microglial
cell membrane and within intracellular membraneous cisterna. These
cells were morphologically characterized as resting microglia - suggest-
ing a secretory rather than phagocytic role.

The present study examined the relationship between microglial mor-
phology and the pattern of amyloid accumulations in AD. Microglial cells
were labeled with the lectin Ricinus communis agglutinin-1 for LM and
EM. With LM, dense amyloid cores (stained with thioflavine S) were
always tightly encircled by clusters of highly ramified microglia. Larger,
diffuse amyloid plaques were associated with globular-shaped microglia
with few if any processes. With EM, cytoplasm from labeled resting mi-
croglia were found interdigitated with amyloid bundles; intracellular
bundles were also seen. Round, dense body-filled microglia were scat-
tered around diffuse amyloid accumulations.

These data suggest a complex and dynamic pathogenetic relation-
ship, which may vary with the microglia’s functional state: ramified
microglia may secrete while rounded microglia may phagocytose amy-
loid. Thus, compact rather than diffuse amyloid accumulations may re-
present an earlier form of senile plaques. (AG07127, AG05142,
AG07624)

389.10

IMMUNOHISTOCHEMICAL ANALYSIS OF THE NUCLEUS BASALIS OF
MEYNERT (nbM) IN ALZHEIMER'S DISEASE (AD). B.W

and A.B. Scheibel. Depts. of Anatomy and Psychiatry and the Brain
Research Institute, UCLA, CA 90024.

The histopathology of the rostral cholinergic nuclei (nbM, diagonal band of
Broca, and medial septum) in AD has been compared to the neocortex,
amygdala, and hippocampus. Brain tissue from AD and aged controls were
processed for Nissl, thioflavin-S, and acetylcholinesterase (ACHE); and
immunohistochemically labeled for paired helical filaments (PHF), MAP-tau, 8-
amyloid, amyloid P-component (AP-C), choline-acetyl transferase (ChAT),
and glial fibrillary acid protein (GFAP). Numerous neurofibrillary tangles (NFT)
and plaques were noted in the AD neocortex, amygdala, and hippocampus
by thioflavin-S, PHF, MAP-tau, and AP-C. The cores and neurites of senile
plaques were positive for B-amyloid. GFAP demonstrated large fibrous
astrocytes associated with plaque formation. The cholinergic nuclei
displayed neurons in various stages of degeneration, many hypertrophied
astrocytes, a lack of B-amyloid except in arteriolar walls, and in some regions
end-stage gliosis without the presence of neuronal elements including
residual NFT. A significant proportion of the remaining ACHE and ChAT-
positive neurons contained globular NFT. These were demonstrated by
thioflavin-S, PHF, and MAP-tau but not by AP-C which identified only a few
lightly labeled NFT. W& suggest the existence of two types of NFT: Those
found in the cholinergic nuclei which are largely AP-C negative and seem to
disappear with neuronal loss; and those from other brain regions which are
AP-C positive and tend to accumulate. The finding of atypical, non-
accumulating NFT and a paucity of senile plaques and 8-
amyloid deposition may point to a pathogenic expression
unique to the rostral cholinergic nuclei.

389.12

CT WHITE MATTER LUCENCIES (WML) IN AGING AND ALZHEIMER'S
DISEASE (AD) DO NOT CORRELATE WITH GLOBAL COGNITIVE IMPAIR-
MENT. A. Sudilovsky, M.J. de Leon*, G.S. Smith, A.E.
George*, S. Repetti and J. Ciaravino*. The Squibb Inst.
for Med. Res., Princeton, NJ and NYU Med. Cntr., NY, NY.

We conducted a multicenter investigation of WML (decreased
CT density) in normal elderly volunteers (N=301; Mini-Mental
State Examination score (MMSE) above 27), AD patients (N=273;
MMSE: 12 to 23), and patients with minimal cognitive defi-
cit (MCD; N=59; MMSE: 24 to 27). Criteria for admission in-
cluded: age 50 to 85 years, ischemia score below 3, blood
pressure below 160/95, and no use of antihypertensives in
prior 3 months. All participants received non contrast GE
8800 or GE 9800 CT scans (base to vertex of the brain)yield-
ing slices 10 mm in thickness. All slices in each of 3 bi-
lateral areas in each case (frontal lobe; parietal/peritri-
gonal area; and diffuse involvement) were rated on a 7 point
scale. Ventricular and sulcal dilatation were similarly
rated. WML were found in 21% of normal controls, 297 of AD
patients, and 257 of MCD patients. In each group, patients
with MWL were older (p 0.05). Controlling for age dif-
ferences indicated greater ventricular enlargement and sul-
cal dilatation accompanying WML. This was most prominentin
normal controls and mildly affected patients. Further atro-
phy independent of WML was observed in more severely affect-
ed patients.

Our results demonstrate the increasing prevalence of WML
with age and their association with atrophy in aging and early

AD. No relationship was found between MMSE and WML severity.
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389.13

POSSIBLE NEURONAL PARTICIPATION REVEALED BY PKC(B2)
IMMUNOREACTIVITY IN ALZHEIMER DISEASE (AD) PLAQUES.
E.Masliah, R.D.Terry*, L.Hansen*, M.Mallory*, G.Cole,
T.Saitoh. Dept. of Neurosciences, U.C.S.D., La Jolla, CA
92093.

A previous report suggested involvement of PKC in AD
plaques. We have been studying the spatial relationships
between the anti-PKC(B2) labeled component and various
cellular populations; i.e., neurons, microglia and astro-
cytes in this lesion. AD preparations were 40u vibratome
sections from the midfrontal cortex and hippocampus. The
sections were double immunolabeled with: a) anti-PKC(B2)/
SMI-31(neuronal marker), b)anti-PKC(B2)/anti-synaptophysin
(presynaptic terminal marker), c) anti-PKC(B2)/RCA-1
(microglial marker), and d) anti-PKC(B2)/anti-GFAP (astro-
cytic marker).Additional sections were double-labeled with
anti-amyloid B/A4. The sections were then incubated with
a combination of secondary antibodies tagged with FITC
and Texas Red for study with the Bio-Rad MRC 600 laser
confocal system. Observations of serial optical sections
suggest that the PKC(B2) immunoreacting components of the
plaques are actually SMI-31 positive, short, sprout-like
processes extending from neurons in the area of the
diffuse plaque. The cellular processes of astrocytes and
microglia were associated with amyloid and neuronal
perikarya in the classical plaque. The PKC(B2) immuno-
stained processes in the classical plaques seemed to be
closely apposed to amyloid fibrils.

THURSDAY AM SYMPOSIA
391 392
SYMPOSIUM. GENETICALLY MODIFIED CELLS: DEVELOPMENT SYMPOSIUM. DIFFERENTIAL PROCESSING OF VISCERAL AND

AND APPLICATION FOR THE NEUROSCIENCES. B.H. Wainer, The
Univ. of Chicago (Chalrperson), LR, Sanes, Washmgton Univ., St.

Loms, D.J. Anderson”, Cal. Tech.,; M.R. g;gpecch , Univ. of Utah;
H. Gage, Univ Cal., San Diego.

The participants in this symposium will present recent approaches
employing genetically modified cells to study areas of specific interest to the
neurosciences: cell lineage and development, trophic interactions, and
intercellular signalling. Dr. Sanes will describe the application of
retrovirus-mediated gene transfer into neural cells in vivo to trace neural cell
lineage in the embryonic mouse and chick nervous systems. Dr. Anderson
will describe the isolation of sympathoadrenal progenitor cells by
fluorescence activated cell sorting using specific cell surface monoclonal
antibodies, and the immortalization of these progenitors by retroviral-
mediated gene transduction to study sympathoadrenal lineages that generate
the major catecholamine-containing derivatives of the neural crest. Dr.
Capecchi will discuss the use of gene targeting for the introduction of
specific mutations into mouse embryonal stem cells in vitro which can then
be employed to generate transgenic animals for evaluation of the
consequences of such mutations in vivo. Dr. Wainer will discuss the use of
somatic cell fusion approaches to generate clonal cell lines from postmitotic
embryonic and young adult neurons to study trophic interactions as well as
other neural processes. Dr. Gage will describe the generation of non-
neuronal cell lines transfected with cDNA for either trophic factors or
enzymes relevant to specific neurotransmitter systems, the synthesis and
secretion of active transgene products by these cells, and the grafting of
such cell lines into adults brains to induce long-term functional effects.

SOMATIC INPUT IN THE CENTRAL NERVOUS SYSTEM. R.D.
Foreman, Univ. of Okla. HSC (Chairperson); W.C. deGroat,
Univ. of Pittsburgh; F. Cervero, Univ. of Bristol; G.F.
Gebhart, Univ. of Iowa; R.W. Blair, Univ. of Okla. HSC;
W.D. Willis, Univ. of Texas at Galveston.

The objective is to compare and contrast the
similarities and differences of visceral and somatic
processing in the peripheral and central nervous system.
Dr. deGroat will discuss the similarities and differences
in the neurochemistry and anatomy of afferent pathways to
the lumbosacral spinal cord. He also will discuss
morphological plasticity in visceral afferent pathways.
Dr. Cervero will discuss the functional changes in
visceral nociceptors that follow sensitization and the
plasticity of somatic and visceral spinal neurons
following prolonged noxious stimulation. Dr. Gebhart will
present studies showing spinal and supraspinal responses
of cells distention of the normal and inflamed colon. Dr.
Foreman will compare and- contrast the organization of
spinothalamic tract cells that receive cutaneous, muscle
and visceral input and project to the oral and caudal
regions of the ventral posterior lateral thalamic nucleus.
Dr. Blair will summarize how different regions of the
medullary reticular formation integrate visceral,
primarily cardiac, and somatic information. Dr. Willis
will discuss how thalamocortical structures integrate
visceral and somatic input. He will conclude with his
perspective concerning future directions that need to be
pursued to provide the most effective development of this
field.

HYPOTHALAMIC-PITUITARY-GONADAL REGULATION II

393.1
PRO-OPIOMELANOCORTIN (POMC) NEURONS IN THE RAT
MEDIOBASAL HYPOTHALAMUS (MBH) PROJECTING TO THE
MEDIAL PREOPTIC AREA (MPO) ARE SYNAPTIC TARGETS OF
GABAERGIC TERMINALS. F. Naftolin! M. Shaanrough'l and C.
Leranth! 2. Dezpt of Obstetrics and Gynecology” and Section of
Neuroanatomy Yale Univ. Sch. of Med., New Haven, CT. 06510

We have previously shown that POMC peptide-containing neurons provide a direct link
between the arcuate nucleus (AN) and MPO LHRH neurons. The AN contains GABAergic
interneurons which could control the AN POMC neurons. To test the hypothesis that
pacemaker impulses from such GABAergic MBH iategrator unit neurons are projected to
MPO LHRH neurons via the POMC cells, the connections between these cells were studied
using a combination of reirograde tracing and double immunostaining procedures.
Experimental: horseradish peroxidase (HRP) was stereotaxically injected in the MPO of adult
female rats. On the next day, animals were colchicine treated (80ug in 20yl saline, injected
into the lateral ventricle) and then sacrificed 24 hrs later by transcardial perfusion of fixative.
The HRP was using the glucose oxidase reaction on
vnbralome sections of the MBH. In addition, we immunostained for B-endorphin and GAD by
a double immunostaining procedure using two contrasting electron dense markers, IgG
conjugated Snm gold for B-endorphi ining cells and i reaction for
GAD-containing neurons. Resuits: EM of triple labeled sections showed a population of the )
B-endorphin immunoreactive neurons located mostly in the lateral part of the arcuate nucleus,
to contain retrogradely transported HRP granules from the MPO and are innervated by GAD
immunoreactive boutons. Conclusions: GABAergic neurons innvervate the POMC tract from
the AN to the MPO LHRH neurons. Since these are likely inhibitory connections and are
estrogen sensitive (Wallis and Luttge, '82), they may in part explain estrogen’s control
inhibition of gonadotrophins. Supported by NIH Grant HD23830

393.2
EVIDENCE THAT NEUROPEPTIDE Y (NPY) PLAYS A ROLE IN THE
PUBERTAL INCREASE IN LHRH RELEASE IN THE FEMALE MONKEY.
A. C. Gore & E. Terasawa. Neurosci. Training Prog. & Wisconsin Reg. Pri-
mate Res. Ctr., Univ. Wisconsin, Madison, Wi 53715

An increase in pulsatile LHRH release from the hypothalamus is critical for
the initiation of puberty. However, the neural mechanism controlling this
pubertal increase in LHRH is unknown. Since we found that NPY plays a
role in the control of pulsatile LHRH release in adult monkeys, we examined
whether NPY contributes to the increase in LHRH release that occurs during
puberty using push-pull perfusion of the stalk-median eminence (S-ME). In
the tst experiment, endogenous NPY release in the S-ME of 10 prepubertal
(12-20 mo) and 11 midpubertal (31-46 mo) monkeys was measured by RIA.
No developmental changes in NPY release were observed: mean NPY
release was 204+44 and 23480 pg/mi for pre- and midpubertal monkeys,
respectively. Thus, in the 2nd experiment we tested whether the responsive-
ness of the LHRH neuronal system to exogenous NPY changes during
puberty. NPY (10 & 10°M) or vehicle was infused to the ME for 10 min
through the push cannula and LHRH levels in samples collected at 10 min
intervals were measured by RIA. In prepubertal monkeys (n=5), mean
LHRH release was 1.3+0.2 pg/ml and was not affected by infusion of either
NPY or vehicle. In contrast, in midpubertal monkeys (n=5) NPY infusion sig-
nificantly stimulated LHRH release (p<0.01) from 4.3+1.4 to 6.5+1.9 pg/mi
after 10°M NPY and from 3.6+1.1 to 6.1 1.4 pg/mi after 10°M NPY. Vehi-
cle infusion did not affect LHRH release. These results suggest that while
NPY levels do not change, an increase in the responsiveness of the LHRH
neuronal system to NPY occurs during the pubertal process. Therefore, we
conclude that the pubertal increase in pulsatile LHRH release is, in part, due
to an increased sensttivity to NPY. (HD11355, RR00167 & GM07507).
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393.3

NEUROPEPTIDE Y (NPY) ENHANCES LHRH-STIMULATED LH SURGES
IN PENTOBARBITAL-BLOCKED PROESTROUS RATS. A. C. Bauer-
Dantoin, J.K. McDonald!, and J.E. Levine. Dept.
Neurobiol. & Physiol., Northwestern Univ., Evanston, IL
60208 & !Dept. Anat., Emory Univ., Atlanta, GA 30322.

NPY may enhance the secretory response of gonadotropes to
LHRH during initiation of the LH surge. To test this
hypothesis, effects of NPY on LHRH-stimulated LH secretion
were assessed in pentobarbital (PB) -anesthetized,
proestrous rats. Female rats were fitted with atrial
catheters on diestrus. On proestrus, hourly blood samples
were collected from 0900-2100h. At 1330h, rats received PB
(40 mg/kg BW) to block hypothalamic LHRH release, or
saline. Every 30 min from 1400-1800h, PB-treated rats
received i.v. pulses of LHRH (15, 150, or 1500 ng/pulse) or
saline, along with concurrent pulses of NPY (1 or 10
pig/pulse). Plasma samples were analyzed by LH RIA. In PB-
treated rats receiving vehicle pulses only, LH surges were
completely blocked. Pulsatile LHRH treatments at 15, 150
and 1500 ng/pulse produced sub-physiological,
physiological, and  supra-physiolegical ILH  surges,
respectively. Simultaneous administration of NPY pulses
with 15 ng/pulse LHRH produced significant, dose-related
potentiations of LHRH-stimulated LH surges (p<.0001). NPY
RIA of plasma confirmed NPY increments following
treatments. These results support the hypothesis that NPY
operates as a neuroendocrine modulator during generation of
the preovulatory LH surge. (NIH HD20677, HD21921, HD00879,
JEL; HD00727, MOD 1-1118, JKM)

393.5

IMMUNODETECTION OF OPIOID INTERACTIONS AFFECTING
NEUROENDOCRINE SYSTEMS IN MONKEYS. P.C. Goldsmith, K.K.
Thind_and J.E. Boggan*. Reproductive Endocrinology Center, Univ.
California, Sch. of Med., San Francisco, CA 94143-0556.

We have previously shown that vasopressin (VP) and opioid (OP)
neurons synapse directly on gonadotropin-releasing hormone (GnRH)
neurons in juvenile monkeys. To investigate relationships between VP-
and OP-immunoreactive (-IR) neurons, we performed double label
immunostaining on vibratome sections through the SON and PVN of
cynomolgus monkeys, whose neuroendocrine (NEU) neurons were pre-
labeled (Soc. Neurosci. Abstr. 14:439, 1988). In the SON, beaded OP-IR
fibers innervated about 33% of the VP-IR cell bodies anteriorly and
10% posteriorly. In the PVN, clusters of OP-IR terminals were grouped
around major processes arising from about 42% of the VP-IR neurons.
EM confirmed that OP-IR terminals made mostly symmetrical synapses
on both NEU and non-NEU VP-IR cell bodies and dendrites.

These results provide anatomical evidence of direct OP modulation
of NEU VP release from the median eminence and posterior pituitary,
and of non-NEU, intrahypothalamic VP neuronal activity. We have
now identified OP-IR innvervation of VP, oxytocin, dopamine and
GnRH neurons in the monkey hypothalamus. It is not known whether
these OP-IR afferents arise from the same POMC neurons, whether they
release the same POMC product at every synapse, or whether the pep-
tides impart stimulatory or inhibitory post-synaptic effects. Other data
have suggested CRF may coexist in some VP-IR neurons, and that CRF
acts via VP neurons to stimulate OP neuronal activity and to inhibit
GnRH release. Taken together, these results suggest that stressful stim-
uli initiate a complex combination of peptidergic neurointeractions
which regulate endocrine responses to stress in primates.

393.7

AGING INFLUENCES THE DIURNAL PATTERN AND THE LEVEL
OF PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION IN
THE ARCUATE NUCLEUS OF OVARIECTOMIZED (OVX) AND
ESTRADIOL (E2)-TREATED RATS. K. Scarbrough, N.G. Weiland,
J.M. Lioyd*, G.H. Larson®, S. Chiu* and P.M. Wise. Dept.
Physi , U. Maryland, Baltimore, MD 21201
eproductive function, levels of LH and the ability of rats to
respond positively to E2 decline with age. POMC gene expression
max influence the level or pattern of LH secretion. ~Alterations in
C gene expression may contribute to age-related changes in LH

secretion. The purpose of this stugr was to determine whether the
level of POMC mRNA or the diurnal pattern of gene expression
changes with age in association with alterations in LH secretion.
Young (3-4 mo), middle-age (9-11 mo) and old (17-19 mo) rats were
OvX. e week later, half of each group received Silastic capsules
containing E2 and rats were killed 2 days later at 0300, 1000, 1300,
1500, 1800 and 2300 h (n = 6-7 rats/time for each treatment). Brain
sections were sliced and prepared for in situ hybridization (Wise et al,
Mol Endocrinol, In Press). Slides were apposed to film and POMC
mRNA levels were measured by quantitating the relative optical
density within a fixed window placed over the arcuate nucleus.
POMC mRNA levels were highest in young OVX rats. In this age

roup, E2 lowered the average level of POMC %ene expression and
nduced a diurnal rhythm in which levels were highest at 0300h.
POMC mRNA decreased in old compared to young rats in both E2-
treated and OVX animals. Middie-aged rats exhibited an intermediate
level of POMC mRNA. In addition, middle-aged and old E2-treated
rats exhibited no detectable rhythm in POMC mRNA levels. In
conclusion, our data demonstrate that aging influences both the
average levels and the diurnal rhythmicity of POMC gene expression.
These alterations may contribyte to the age-related changes after LH
secretion in OVX rats and in the ability of E2 to induce LH surges.

393.4

INCREASED NPY CONTENT AND MONOAMINE TURNOVER IN THE
ARCUATE NUCLEUS DURING LACTATION IN THE RAT. M.S. Smith,
W.-S. Lee, C.R. Pohl, and G.E. Hoffman. Department of Physiology,
University of Pittsburgh, Pittsburgh, PA 15261.

In response to the suckling stimulus, GnRH secretion is greatly inhibited,
whereas prolactin secretion is increased. To investigate changes in
hypothalamic function associated with lactation, we determined in vitro
release rates and content of NPY and GnRH, as well as turnover rates of
monoamines, in the median eminence (ME) and arcuate nucleus (ARC).
Turnover rates were assessed by HPLC using a-MPT or pargyline. All studies
were performed on day 10 lactation(8 pups suckling) or during diestrus of the
estrous cycle. GnRH content and release in response to 55 mM K+ did not differ
between tissues from lactating and diestrous animals. However, NPY content
was significantly increased in lactating rats when compared to diestrous
animals: two-fold greater in the ME(7.5 + 0.7 ng, site of terminals) and 8-fold
greater in the ARC (320 * 20 ng, site of cell bodies). The magnitude of release
of NPY in response to 55 mM K+ generally paralleled content. The differences
in NPY activity were confirmed using immunocytochemistry. In the ARC
from diestrous animals, only NPY-positive fibers were observed, whereas the
ARC from lactating animals contained numerous NPY-positive cell bodies
and fibers. The ARC from lactating rats also had increased turnover rates for
NE, DA and 5HT. Interestingly, the increased S5HT activity could be blocked
by inhibiting catecholaminergic activity.

The increased NPY content in the ARC during lactation could represent
increased NPY neuronal activity or an inhibition of NPY release. The
dramatic alterations in NPY and monoamine activity in the ARC may be
involved in mediating suckling-induced changes in GnRH and prolactin
secretion. (Supported by NIH grant HD 14643).

393.6

ELEVATION OF PRODYNORPHIN mRNA LEVELS IN THE RAT OVARY BY
GONADOTROPIN STIMULATION. A, H, Kaynard and M, H. Melner. Divisions
of Neuroscience and Reproductive Biology, Oregon Regional Primate Research Center,
Beaverton, OR 97006.

Opioid genes are expressed in the gonads and may perform important physiological
functions in these tissues. These studies were d d to elucidate whether go-
nadotropin induced changes in ovarian function can modulate the expression of
prodynorphin (pD) mRNA. Pre-pubescent (26-day old) female rats were used to reduce
the confounding influence of endogenous gonadotropin stimulation. Treatments
consisted of sc injections of PMSG, an FSH agonist, and hCG, an LH agonist. Both
hormones have long serum half-lives and the treatment groups were as follows: CNT
- (n=10) vehicle on Day 0, collect ovaries on Day 2; PMSG - (n=8) 20 IU PMSG on
Day 0, collect ovaries on Day 2; hCG/1d - (n=8) 20 IU PMSG on Day 0, 10 IU hCG
on Day 2, collect ovaries on Day 3; hCG/7d - (n=8) 20 IU PMSG on Day 0, 10 TU
hCG on Day 2, collect ovaries on Day 9; hCG/14d - (n=7) 20 IU PMSG on Day 0,
10 IU hCG on Day 2, collect ovaries on Day 16. These treatments produced ovarian
conditions mimicking: no-change, follicular development, ovulation/luteinization, mid-
pseudopregnancy and luteolysis/follicular development, respectively. Total RNA was
isolated from the ovaries and size separated by electrophoresis through denaturing 1.5%
agarose gels. Northern blot analysis, using a 1.7 kb ¢cDNA fragment of the rat pD gene
as a probe, revealed an ~2.2 kb form of pD mRNA in all ovaries examined. All
hormonal treatments significantly increased the level of pD mRNA. The greatest
elevation of pD mRNA was seen in the hCG/1d group (6.0-fold, p<0.0005), followed
by hCG/14d (4.7-fold, p<0.0005), hCG/7d (2.4-fold, p<0.0005) and PMSG (1.4-
fold, p<0.025). Thus hypertrophy and hyperplasia of ovarian tissues caused by
gonadotropin stimulation enhances pD mRNA levels (ie: PMSG) and luteogenesis is
associated with the greatest induction of PD mRNA levels (ie: hCG/1d). High levels
of pD mRNA in the hCG/14d group may reflect the growth of a new cohort of follicles
in the now sexually mature rats. These results support the hypothesis that pD may
play a role in the growth, maturation and differentiation of ovarian tissues throughout
the estrous cycle. Supported by NIH DK41035,RR00163, and ONR NN00014-90-J-1122.

393.8

THE SEXUALLY DIMORPHIC DISTRIBUTION OF SUBSTANCE P
IN SPECIFIC ANTERIOR PITUITARY CELL TYPES. Elaine R, Brown,
Kevin A, Roth*, & James E, Krause. Depts. of Anatomy & Neurobiology and

Pathology, Washington University School of Medicine, St. Louis, MO 63110.
. Py P(SP)i

ivity has been detected by radioimmunoassay in
the rat anterior pituitary (AP). Its precise cytochemical location is of interest since SP
may modulate pituitary hormone secretion locally. We have used a sensitive

gold sil g technique to identify SP-immunoreactive
(SP-ir) cells in the gland. Colocalization studies showed that the vast majority of SP-
ir cells in the male AP were also i ive for GH, rep ing approximately

25% of the somatotroph population in the male. SP-ir cells did not colocalize with
Iactotrophs, gonadotrophs, or corticotrophs; however, rare TSH/SP-ir cells were found
in the male AP. Comparisons of pituitaries from males and females revealed that
females have fewer SP-ir cells, and that only about 5% of the somatotrophs in the
female express SP. This sexual dimorphism is diminished after 6 days of ovariectomy
(OX), which results in a 3-fold increase in the GH/SP-ir cell population. This

suggests that the previously rep g dd in SP gene and peptide

expression in the pituitary occurs in a subpopulation of phs. To test this

hypothesis, the distribution of SP-ir cells was examined in pituitaries from oil- and
treated OX rats. E duced the of phs with SP

ivity by 70% compared to OX oil-treated controls, indicating that
estrogen regulates SP levels in the pituitary possibly by acting on a subpopulation of
somatotrophs to suppress SP expression. E: does not appear to alter the
P tage of SP-ir cells colocalizing with TSH. These SP-expressing thyrotrophs
were observed more frequently in the female than in the male, regardless of steroid
status. These studies reveal that males have more total SP-ir cells in the AP than do
females, and that there is a sexually dimorphic pattern of SP distribution in the gland.
Males have a higher percentage of SP-ir GH cells, whereas females have more SP-ir
thyrotrophs than do males. This localization of SP in the pituitary will aid in the
investigation of the local regulation of pituitary hormone secretion. Supported in part
by the Washi University-M Agr

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 16, 1990

THURSDAY AM



THURSDAY AM

HYPOTHALAMIC-PITUITARY-GONADAL REGULATION II

393.9

GNRH NEURONS IN THE FETAL LAMB HYPOTHALAMUS ARE
NOT SEXUALLY DIFFERENTIATED. RI Wood*, SW Newman,
MN Lehman, DL Foster*, Reprod. Sci. Prog., Depts of Physiology,
Anatomy & Cell Biology, Obstetrics & Gynecology, and Biology, The
Univ. of Michigan, Ann Arbor, MI, 48109, and Dept of Anat. & Cell
Biol., Univ. Cincinnati Coll. Med., Cincinnati, OH, 45267.

The critical period for sexual differentiation of the brain in the
developing lamb occurs before birth. Exposure to steroids during
mid-gestation alters the control of GnRH secretion after birth (Wood
and Foster, unpublished). We have examined GnRH neurons in
male and female lambs during the critical period to determine if
sexual dimorphism of these neurons exists. The number and
distribution of GnRH-containing neurons from mid-gestation (85
days) male and female fetuses were compared (n=3 each).
Immunoreactive cells were labelled using LR-1 antiserum (R.
Benoit) with the Vectastain ABC kit. GnRH neurons were localized
in 60 um coronal sections in a block of tissue extending from the
diagonal band of Broca to the rostral mammillary bodies. Neither
the pattern of distribution nor the estimated number of GnRH
neurons in male and female fetuses differed (18521340 vs 17271350,
P>.05), and the total number of cells was similar to that reported for
the adult ewe (Lehman, M. et al, J Comp Neurol, 244:19, 1986).
Unlike the adult, substantial numbers of GnRH neurons in the
fetus were present caudal to the optic chiasm (males 28% of total,
females 37%, P>.05). These data indicate that the distribution of
GnRH neurons may change during later stages of development, but
is not sexually differentiated during the critical period. (Supported
by USDA 89-37240-4561)

393.11

INCREASED SUBSTANCE P AND NEUROKININ B GENE EXPRESSION IN
HYPOTHALAMI OF POSTMENOPAUSAL WOMEN. N.E. Rance and W.S.
Young III. Department of Pathology, University of Arizona
College of Medicine, Tucson, AZ 85724, and Laboratory of
Cell Biology, NIMH, Bethesda, MD 20892.

We have .recently shown a striking hypertrophy of
neurons containing estrogen receptor, Neurokinin B (NKB)
and Substance P (SP) mRNAs in the infundibular nucleus of
postmenopausal (POSTM) women (Rance et al., 1990, J Clin
Endo Metab. In press; Rance and Young, 1990, Endo Soc
Abst). In the present study, we determined if POSTM
neuronal hypertrophy is accompanied by increased gene
expression. Sections from hypothalami of premenopausal
(PREM: N=3) and POSTM (N=3) women were incubated with
[3°s]-labeled synthetic oligonucleotide probes complementary
to NKB and SP mRNAs. The mean cross-sectional areas of
POSTM infundibular neurons labeled with the SP and NKB
probes increased to 180% and 196% of PREM values, respec-
tively. Audioradiographic grain densities (#grains/100um?)
for both SP (300%) and NKB (130%) were also elevated in the
POSTM women. The most striking findings were 4-fold (SP)
and 15-fold (NKB) increases in the numbers of labeled
neurons/tissue area in the POSTM infundibular nucleus.
These data support the hypothesis that POSTM neuronal
hypertrophy is due to removal of the inhibitory feedback of
ovarian steroids and demonstrate that human menopause is
associated with marked increases in hypothalamic neuropep-
tide gene expression.

BASAL GANGLIA AND

393.10

Properties of Neuroendocrine Celis Migrating from Oifactory Placode
into Basal Forebrain. Zheng, L.-M., M. Schwanzel-Fukuda, J.F.
Hejtmancik, R.B. Gibbs, D.W. Pfaff. Laboratory of Neurobiology and
Behavior, Rockefeller University, New York, N.Y. 10021.

LHRH-immunoreactive cells migrate from the developing olfactory placode
into the basal forebrain (Schwanzel-Fukuda and Pfaff, Soc. Neuroscience,
Abstr. p. 984, '88; Nature, 338:161-164, '89; Wray et al., Devel.Brain Res.,
46:309-318, '89), associated with NCAM (Schwanzel Fukuda et al., Soc.
Neuroscience Abstr. '90). The following experiments addressed the
questions (A) do these immunoreactive neurons actually express the LHRH
gene; and (B) is the migration specific to LHRH neurons among
neuroendocrine cells?

A. In fetal mouse olfactory apparatus and forebrain, in situ hybridization
was performed using *H-riboprobes for LHRH mRNA, and an established
protocol (Gibbs et al., Mol. Brain Res., 6:275-287, ‘90) The antisense
riboprobe revealed positive labelled ce||s just outside the olfactory placode
on days 12 and 13, and these cells tended to be clustered. The control
sense riboprobe did not yield labelled cells. We conclude that migrating
LHRH-immunoreactive cells do express the LHRH gene.

B. Immunocytochemistry was performed in fetal mouse olfactory
apparatus on days E11 through E13 using the following antisera: thyrotropin
releasing hormone, corticotropin releasing hormone, growth hormone
releasing hormone, oxytocin, vasopressin, neuropeptide Y and somatostatin.
While the migration of LHRH neurons was confirmed, none of these other
antisera revealed immunoreactive cells under the conditions tested. Among
cells expressing neuroendocrine genes of interest, so far, LHRH neurons
appear specifically to make this migration from olfactory placode to brain.
Supported by NIH grant NS 19662 and funds from the Whitehail Foundation
(M.S.F.).

393.12

INTERLEUKIN-1 SUPPRESSES LH SECRETION WITHOUT
CHANGING HYPOTHALAMIC GnRH RELEASE K.-Y. Francis Pau,
Matthew J. Berria and Harold G. Spies, Division of Reproductive
Biology, Oregon Primate Research Center, Beaverton, OR 97006.
Interleukin-1 (IL-1) has diverse roles in both peripheral tissue
and brain. Intracerebroventricular infusion of IL-1 suppresses
pituitary luteinizing hormone (LH) release. The presence of IL-1 and
its receptors in the mediobasal hypothalamus (MBH) may indicate a
hypothalamic mechanism for IL-1 influence in pituitary gonadotropin
regulation. To address this issue we collected MBH push-pull (PP)
perfusates for gonadotropin-releasing hormone(GnRH) and peripheral
blood samples for LH estimates at 10- or 20-min intervals for 8h in
ovariectomized (OVX) and ovarian intact (INT) rabbits. Recombinant
human IL-1a (1 or 2 pg/h) or human IL-18 fragment (IL-18f;
aa163-171; 2 pg/h) was infused continuously into the MBH via the
PP system for 4 h after an initial 4 h of PP perfusion. Plasma LH
levels were reduced after MBH infusion of IL-1a at 1 pg/h (pre-lLa
LH = 1.04 £0.25 vs post-lLa LH = 0.63 + 0.18 ng/ml, p<0.05,
n=6) and 2 pg/h (1.23 + 0.31 vs 0.79 + 0.22, p<0.01, n=6 ) in OVX
does and at 2 pg/h (0.30 + 0.06 vs 0.22 + 0.05, p<0.01, n=7) in INT
does. In contrast, MBH-GnRH in PP perfusates was not altered by IL-
1o in these does even though GnRH was readily measurable (pre-lLa
GnRH = 2.27 + 0.14 vs post-ILa GnRH = 2.36 + 0.26 pg/m} in OVXs,
p>0.05, n=6). Infusion of IL-18f changed neither MBH-GnRH nor LH
release in 3 OVX and 3 INT does. These results suggest that the
ovarian-independent, inhibitory action of IL-1a on pituitary LH
release is mediated by factor(s) other than release of MBH-GnRH.
Supported by MRF8923, HD16631, HD07133 & RR00163.

THALAMUS VI

394.1

THE ROLE OF D1/D2 INTERACTION AND DOPAMINE RECEPTOR DENSITY IN
BEHAVIORAL SUPERSENSITIVITY TO DOPAMINE AGONISTS. G.J. LaHoste,
M. Andreini* and J.F. Marshall. Dept. Psychobiology, Univ. California, Irvine, CA
92717.

Evidence from several experiments necessitates a revision of the widely believed
concept that dopaminergic supersensitivity can be explained primarily by increases in
striatal D2 density. First, rats given a unilateral 6-OHDA lesion of the dopamine (DA)
pathways and subseq chronic with the selective D2 antagonist eticlopride
show vigorous rotation contralateral to the lesion despite the fact that D2 density is
symmetrically up-regulated in the two striata. Second, chronic treatment of
neurologically intact rats with haloperidol, which increases striatal D2 density to the
same degree (25-40%) as a 6-OHDA lesion, results in a modest (2-fold) increase in
sensitivity to the behavioral effects of the D2 agonist quinpirole or the mixed D1/D2
agonist apomorphine, in marked contrast to the 10- to 40-fold increase in sensitivity
observed following 6-OHDA treatment.

Alternatively, the profound supersensitivity of 6-OHDA- or reserpine-treated rats to DA
agonists may relate to the breakdown of the normal D1/D2 synergism. First, reatment
with 5 daily injections of reserpine (1 mg/kg s.c.) induces a breakdown in the synergistic
effects of D1 and D2 agonists but does not alter striatal D1 or D2 receptor density.
Second, intact rats given a fixed, high dose (20 mg/kg i.p.) of the D1 agonist SKF
38393 show a dose-response relationship for stereotypy to quinpirole similar to that
observed in reserpine-treated rats not given the D1 agonist.

Thus, two types of DA receptor supersensitivity can be discemed: a modest one
associated with an increase in D2 receptor density, and a profound one that is not
dependent on increased D2 or D1 receptor density and, instead, is associated with a
breakdown in D1/D2 synergism. We hypothesize that the profound type of dopaminergic
supersensitivity results from the liberation of this receptor subtype from control by the
D1 receptor. This reformulation may have important implications for understanding
certain aspects of tardive dyskinesia, Parkinson’s disease, and schizophrenia.

394.2

PARALLEL INDUCTION OF JUN B AND C-FOS EVOKED IN THE STRIATUM
BY THE PSYCHOMOTOR S’I’[MULANT DRUGS COCAINE AND
AMPHETAMINE. a obe P 03 2

Dept of Brain and Oogmuve Sclenm, M.I.T Chmbndgﬁ-., MA 02139 2Dept of
Pharmacology, Dalhousie Univ., Halifax, Nova Scotiz, Spatial Orientation Lab, Brandeis
Univ., Waltham, MA 02254.

We have shown by immunohistochemistry and in situ hybridization that the psycho-
motor stimulant drugs, amphetamine and cocaine, induce ¢-fos expression in the striatum
(Graybiel et al,, this meeting). This finding raises the question of what dimerization events
occur in relation to the induction of cfos. In several models of immediate early gene
(IEG) induction (e.g, long-term potentiation, convulsion), sets of IEGs of the leucine
zipper family are co-induced. To test whether members of the jun family are co-activated
with cfos in the striatum of psychostimulant-treated rats, we carried out in situ
hybridization with oligonucleotide probes for jun B, c-jun and c-fos on tissue sections from
rats treated intraperitoneally with cocaine (25 mg/kg) and amphetamine (5 mg/kg), and eu-
thanized 1 hr later. We compared the patterns of mRNA induction in the striatum for the

The in situ hybridization autoradiograms show strong induction of jun B by cocaine and
amphetamine, and demonstrate that this induction was paralleled by activation of c-fos. By
oontrast, there was no evidence for induction of cjun mRNA transcripts in the striatum
of the same brains. These findings establish that, among IEGs of the leucine zipper family,
at least two, jun B and c-fos, are coordinately induced in the striatum by psychomotor
stimulants. These transcriptional events may be related to the extended effects of such
drugs. Cortical lesions also coinduced jun B and c-fos in the ipsilateral cortex, suggesting
a more general incidence of this pattern of IEG co-expression. Supported by The Seaver
Institute, NIH SRO1 2552902, NARSAD, United Parkinson Foundation, and MRC of
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394.3

SYNERGISTIC ACTIVATION OF THE IMMEDIATE-EARLY GENE c-FOS
IN STRIOSOMES BY D1- AND D2-SELECTIVE DOPAMINE AGONISTS.
M.L. Paul!, A.M. Graybiel? and H.A Robertson'. 'Dept. of
Pharmacology, Faculty of Medicine, Dalhousie University,
Halifax, N.S., Canada B3H 4H7 and 2 Dept. Brain & Cog.
Sci., MIT, Cambridge, MA 02139, U.S.A.

Dl- and D2-selective dopamine agonists interact
synergistically to induce rotation in rats with unilateral
6-OHDA lesions (Robertson, G.S. and Robertson, H.A., Brain
Res. 384:384, 1986). Systemic injections of D1-dopamine
selective agonists (but not D2-selective agonists)
activate the immediate-early gene c-fos in striatum
ipsilateral to a 6-OHDA lesion (Robertson, H.A. et al,
Brain Res. 503:346, 1989). Accordingly, we asked what
would happen to c-fos activation if we administered a low
dose of a Dl-selective agonist together with a D2-
selective agonist. Rats with a unilateral 6-OHDA lesion
were given either SKF-38393 (0.5 mg/kg, i.p.), LY-171555
(0.25 mg/kg, i.p.) or the combination. Rotation was
monitored for 2 hours, following which the rats were
perfused for immunohistochemical localization of c- fos
protein and calbindin 28kD.

The Dl-agonist SKF-38393 produced little rotation and
little c-fos activation. LY-171555 produced little or no
c-fos activation as expected, even though this low dose
caused turning. Although LY-171555 produced little or mo
c-fos activation by itself, the combination of the D1 and
D2 agonists produced marked c-fos activation. Both the c-
fos activation and rotation were reversed by MK-801 (1
mg/kg i.p.). In animals receiving both the D1 and D2
agonists togecher much of the c-fos immunoreactivity was
located in striosomes.

(Supported by MRC of Canada and Javits NIH NS 25529).

394.5

EXPRESSION OF GFAP AND J1/TENASCIN IN NORMAL DEVELOPING
NEOSTRIATUM AND AFTER 6-OHDA LESION. LE. O'Brien, K

i * i . Dept.
of Anat. and Neurobiol., Univ. of Tenn., Memphis, and Dept. of
Neurobiol., Univ. of Heidelberg.

The neostriatum is composed of two compartments contributing
to structural and functional organization. Recently, lectinophilic
molecules have been identified in the interface of the patch-matrix
compartments during development (Steindler et al JCN 267:357,
1988). The present study was undertaken to assess the role of glia
(by immunoreactivity for GFAP), associated glycoconjugates (by
anti-J1/tenascin), and afferent input [by TH immunoreactivity and
6-OHDA lesions of the substantia nigra (SN)] in neostriatal
development. Adjacent sections from ICR mice on postnatal day 1-
12 were processed by routine histochemical and
immunohistochemical procedures using AChE and TH as mosaic
markers.  J1/tenascin outlines the interface of the patch-matrix

y Both J1/ in and GFAP are more prominent in the
matrix compartment which may reflect a later differentiation of
this compartment compared to the patches. GFAP immunoreactive
cells with numerous processes are present in the patch-matrix
interface and it is from these cells that matrix molecules like
Jiftenascin may emanate. Lastly, neonatal 6-OHDA lesions of the
SN results in a marked depletion of J1/tenascin immunostaining of
the neostriatum on the lesion side. Thus the expression of
recognition molecules like Ji/tenascin may be under the influence
of afferent innervation. Supported by USPHS grant NS 20856, NSF
grant BNS-8911514 and the DFG.

394.7

A DYADIC PATCH-MATRIX SCHEME DOES NOT ADEQUATELY
DEFINE THE HISTOCHEMICAL HETEROGENEITY OF THE HUMAN
STRIATUM. D, G, Cole and N, W, Kowall. Neurology Service, Massachusetts
General Hospital, Boston MA 02114.

The generally accepted contemporary view of striatal organization designates
two compartments based on histochemical and hodological criteria: the patch, or
striosome, and the surrounding matrix. This paradigm is mainly based on
observauons in the rat and cat. In our studies of human striatum we have been

p d by the complexity of sub ¢ P (SP) and met-enkephalin (ME)
staining patterns, both considered to be classical markers for striatal patches.
Serial sections of normal human striatum at the level of the nucleus accumbens
were stained for acetylcholinesterase (AChE), NADPH diaphorase, tyrosine
hydroxylase (TH), calbindin D28X, ME, SP, cholecystokinin (CCK),
transforming growth factor alpha (TGF), and MAP-2. SP, ME, TGF, and CCK
all showed a similar core of low immunoreactivity surrounded by a rim of
intense staining. Dorsally these patches were smaller and were often cut
mngenually resultmg in a small immunoreactive rim without a core. A

uper dient of matrix staining was maximal ventrally where it merged
wnh the mmunnreacuve rim of the patches from which it could not be

d. Cal ining is uniform in the matrix without a dorsoventral

gradient. Patches of low calbindin staining correspond exactly with the unstained
cores of SP, ME, TGF, and CCK. As previously reported, the areas of low
AChE, NADPH diaphorase, MAP-2 and TH correspond. These patches,
however, are larger than the calbindin patches and correspond exactly to the core
plus immunoreactive rim of SP, ME, TGF, and CCK staining. The core region
of patches did not stain positively with any method. Our results show that
striatal organization in the human is more complex than previously reported.
The neurochemical characteristics of the core region remains to be defined.

394.4

REGULATION BY D1 AND D2 DOPAMINE RECEPTORS OF
STRIATONIGRAL AND STRIATOPALLIDAL PEPTIDE mRNA LEVELS.

R. Gerfen, T Z 1L L n,

McVitie and D.R, Sibley. Lab of Cell Biology, National Insmute of Mental
Health and Experimental Therapeutics Branch, NINDS, National Institutes of
Health, Bethesda, MD 20892.

We examined the differential regulation through D1 and D2 dopamine receptor
subtypes of peptide expression in siriatopallidal and striatonigral neurons. In situ
hybridization histochemistry shows that striatal neurons that project to the globus
pallidus express both enkephalin and D2 dopamine recepior mRNA  whereas
striatal neurons that project to the substantia nigra express mRNA encoding the
peptides dynorphin and substance P and also express the D1 dopamine receptor.
Unilateral lesions of the nigrostriatal dopamine pathway with 6-hydroxydopamine
(6-OHDA) in rats results, on the lesioned side, in a marked elevation in
enkephalin mRNA, a decrease in substance P mRNA and no significant change in
dynorphin mRNA in striatal neurons. Lesioned animals that are later treated for
21 days with the D1 specific agonist SKF-38393 show, on the lesioned side, an
elevation of both dynorphin and substance P mRNA expression in striatonigral
neurons but no change in the lesion-induced increase in enkephalin mRNA
expression in striatopallidal neurons. Lesioned animals that are treated instead
with the D2 specific agonist quinpirole show, on the lesioned side, a reduction in
the lesion-induced increase in enkephalin mRNA expression in striatopallidal
neurons but no change in either substance P or dynorphin mRNA expression in
striatonigral neurons. These data show that the differential affect of dopamine on
striatonigral and striatopallidal output pathways are mediated by the D1 and D2
dopamine receptor subtypes, respectively.

394.6

A COMPARISON BETWEEN DORSOLATERAL AND
VENTROMEDIAL STRIATAL PATHWAYS THROUGH THE
MONKEY BASAL GANGLIA. S.N. Haber, E.L. Lynd, S.J Mitchell*
Department of Neurobiology and Anatomy, University of Rochester,
Rochester, N. Y., ¥*VA Medical Center, Syracuse, N.Y.

We compared the output pathways from the dorsolateral (motor)
striatum and the ventromedial (limbic) striatum to the globus pallidus and
substantia nigra and further traced the output pathways from the different
pallidal regions that receive these two inputs. Injections of 3H amino
acids, PHA-L, or cholera toxin, subunit B were placed in the dorsolateral
putamen or ventral striatum. Processed sections were double stained for
NGF receptors to determine the overlap of tracers with cholinergic
neurons. Tracer injections were then made in regions of the globus
pallidus that receive either motor or limbic input.

Results showed that terminals from functionally different regions
of the striatum are strictly segregated in the pallidum. Ventral striatal
projections overlap extensively with neurons of the N. Basalis, while
those from the dorsal striatum do not. Projections to the nigra are also
topographically organized, however, patches of terminals from each
region of the striatum are observed within the domain of the terminals
arising from the other injection site. Furthermore, while projections
from the dorsal pallidum terminate primarily in the ventral portions of the
substantia nigra and ventral pallidal projections terminate primarily in the
dorsal substantia nigra, some overlap between dorsal and ventral pallidal
terminals are observed in the substantia nigra. These results suggest that
pathways from the motor and limbic-related striatum maintain segregated
pathways in the globus pallidus, however some integration of these
functionally different regions appears to take place in the substantia nigra.

394.8
ALL SERIALLY ANALYZED CHOLINE ACETYLTRANSFERASE
IMMUNOREACTIVE NEURONS SHOW DIRECT SOMATIC OR DEN-
DRITIC CONTACTS WITH UNLABELED SPINY NEURONS IN ADULT
RAT CAUDATE-PUTAMEN NUCLEUS. V.M. Pickel & J. Chan*., Div.
Neurobiol., Dept. Neurol. & Neurosci., Comell U. Med. Coll., NY, NY 10021.
Direct somatic and dendritic contacts between neurons mediate electrical
coupling and influence the level of expression of choline acetyltransferase
(ChAT) in certain neurons. To determine the relative frequencies of contacts
between cholinergic and non-cholinergic neurons in the adult rat striatum, we
examined the ultrastructural localization of ChAT-antibodies in serial ultrathin
sections using the peroxidase-antiperoxidase (PAP) labeling method. Of 24
ChAT-labeled soma, 21% were in direct apposition to unlabeled soma. The
remaining 79% of the ChAT-labeled perikarya appeared more bipolar and
were not in apposition with unlabeled soma, but did show somatic junctions
with unlabeled dendrites and dendritic appositions with unlabeled soma and
dendrites. Appositional zones between plasmalemmas of ChAT-immunore-
active and unlabeled soma and dendrites were characterized by: 1) absence of
glial processes, 2) parallel spacing with intermittent separation and fusion or
occasionally parallel arrays of thin (1-2 nm) electron-dense bands, and 3)
proximity of organelles such as subsurface cisternae and saccules of rough and
smooth endoplasmic reticulum which may be involved in calcium-storage in
both labeled and unlabeled cells. The observed contacts may serve as a
substrate for either electrotonic coupling or more long-term changes involving
second messengers. (Supported by grants from NIDA (DA04600) and NIH
(HL18974)).
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394.9

3D FUNCTIONAL NEUROANATOMY OF HAND MOVEMENTS IN
HEMINEGLECT. R.K. Deuel*, E.M. Santori¢, and A.V.
Toga¢. +Depart. of Ped., Wash. Univ. Sch. of Med., St.
Louis, MO 63110 and %pepart. of Neurol., UCLA, Los
Angeles, CA 90024.

In hemineglect after frontal cortical damage there is
decreased neural activation in motor thalamus and basal
ganglia as determined by quantitative 2-deoxyglucose
autoradiography (2DG) in the monkey. The effect of
continuous manual motor behavior on 2DG uptake by these
structures was tested in neglect monkeys exerting cued,
measured, and timed forces with the hands. 2DG uptake
vas brisk and symmetrical in supplementary, cingulate,
and primary motor cortices with decrements in anterior
thalamus that included regions of reticularis, nVA, and
nVL, and in parts of basal ganglia. Computerized three
dimensional reconstructions of paired histology and 2DG
images were used to more precisely localize decrements.
These were confined to narrow subregions of motor
thalamic nuclei in pulling monkeys. In comparison
thalami from non-pulling neglect animals showed 2DG
decrements that conformed much more closely to
conventional nuclear boundaries. Thus, manual motor
activity induces neural activation in sectors of
thalamus that are abnormally quiescent during resting
neglect. The findings shov that synaptic activity in
hemineglect is regulated by motor behavior within the
constraint imposed by anatomic connectivity.

394.11

INTRACELLULAR AUTOSTIMULATION OF IN VITRO GUINEA-PIG
THALAMIC NEURONS (TH) UTILIZING A HARDWARE BIO-ELECTRIC RE-
ENTRY SYSTEM. Y. Yarom! and R. Llinés, Dept. of Physiol & Biophysics N.Y.U.
Med. Ctr,NY, N.Y., Dept. of Neurobiology, Hebrew University, Jerusalem Israel'

A waveform generator simulating the feedback activity from the reticular
thalamus was constructed to explore the role of hyperpolarizing potentials in the
generation of oscillatory thalamic activity. IPSP-like waveforms were simulated
by controlling the amplitude and rise and fall time for currentinjected through the
recording electrode. The injection, was triggered by TH spikes and was propor-
tional to the number of spikes in the burst. The “IPSP” parameters best suited to
supporting rhythmic activity were then determine. Low frequency (6 to 10Hz)
spindle-like oscillations were elicited from cells at rest or slightly hyperpolarized
(-65mV), if the duration of the hyperpolarizing current was long enough (> 50ms)
to activate the calcium-dependent low threshold condutance (LTC). Given the
above, a brief depolarization of TH neurons could trigger prolonged rhythmic
activity at a frequency determined by the duration of the hyperpolarizing pulses.
This activity usually lasted for 3-5 cycles, but could persist for 50 cycles. The
interburst interval limited the burst duration. Thus, as the interval progressively
shortened, the LTS decreased ending the burst—independently of its initial
frequency. In contrast, if TH cells were held depolarized, inhibitory feedback
could induce high frequency oscillations, by modulating the repetitive firing into
well ordered trains whose frequency (10 to 50Hz) depended on the amplitudeand
duration of the “IPSPs”. Thus: 1) Feed-back hyperpolarizing currents are neces-
sary and sufficient to generate and maintain thalamic neuron rhythmicity in vitro,
the oscillatory frequency being related to the resting potential level and IPSP
duration. 2) Theintrinsic membrane properties of thalamic neurons are sufficient
to account for the transient nature of thalamic oscillations. Supported by 13742
from NINDS.

394.10

THE NORADRENERGIC INNERVATION OF THE THALAMIC RETICULAR NUCLEUS
AND THE BASAL NUCLEUS REGION IN RATS. C. Asanuma. Laboratory of
Neurophysiology, NIMH, NIH Animal Center, Poolesville, MD 20837.

While the axonal arbors of thalamocortical and corticothalamic collaterals
dominate the neuropil of the thalamic reticular nucleus (TRN), recent
attention has focused upon some of the other inputs to the TRN. This is
because these additional inputs may indirectly influence the state dependent
gating of signal flow through the nuclei of the dorsal thalamus. Neurons in
several sites afferent to the TRN, including the locus coeruleus and the basal
nucleus, have discharge properties which are closely correlated with changes
in arousal levels. In the present study, dopamine-B-hydroxylase (DBH)
immunohistochemistry was used to examine the arborization patterns of
noradrenergic axons within the TRN and the basal nucleus region. This was
combined with intracellular injections of Lucifer yellow (LY) in the lightly fixed
slice preparation in some cases to examine the structural relation of
noradrenergic axons to neurons within these two areas.

Within the TRN, many DBH* axons are present. These generally extend
linearly, giving rise to boutons en passant which are rather evenly dispersed
throughout the nucleus. When TRN neurons are injected with LY, DBH*
axons are seen in relation to dendrites of all diameters, with the en passant -
DBH* boutons forming random apparent appositions with dendrites they
intersect. Within the basal nucleus region, however, the DBH* axons, while
also giving rise to some en passant boutons, frequently emit focal bouton
clusters. When cells in the basal nucleus region are injected with LY, such
DBH* bouton clusters are seen in close juxtaposition with the somata and
proximal dendrites of some, though not all, of the neurons within the region.
The noradrenergic axonal boutons, therefore, are randomly dispersed within
the TRN, but are selectively aggregated upon some neurons within the basal
nucleus region.

394.12

INTRACELLULAR RESPONSE OF RAT NUCLEUS ACCUMBENS NEURONS
FOLLOWING STIMULATION OF HIPPOCAMPAL INPUTS IN AN IN VITRO
SLICE PREPARATION. C.M.A.Pennartz and S.T.Kitai,Department
of Anatomy and Neurobiology, College of Medicine, The
University of Tennessee, Memphis, TN 38163. ‘

" The aim of the present study was to analyze responses of
neurons of the nucleus accumbens to stimulation of the for-
nix, which contains afferents from the hippocampal forma-
tion. Using electrodes filled with 0.5 M K-methylsulphate
and 2 % biocytin, recordings were made from 52 neurons
(membrane potential: -68.+ 1 (SEM) mV, input resistance 42
+ 4 MOhm). After histological processing with avidin-Texas
Red, 45 labeled neurons were identified as medium spiny
neurons. A depolarizing postsynaptic potential (DPSP) fol-
lowing stimulation of the fornix was recorded in 48 neurons.
Using intracellular injection of positive DC current and
Na-channel blocker QX-314, this DPSP could be dissociated
into an EPSP reversing its“polarity at -11 to +15 mV and a
bicucullin-sensitive IPSP reversing at -70 to -50 mV. The

threshold for the IPSP was lower than for the EPSP. Further-

more, the IPSP onset latency was consistently shorter than
the spike latency.

The data indicate that medium spiny neurons receive
excitatory monosynaptic inputs from the subiculum. In
addition, fornix stimulation most likely activates a feed-
forward inhibitory pathway in the nucleus accumbens.
(Supported by Grant USPHS NS 233886 and 20702 to S.T.
Kitai).

CALCIUM CHANNELS III

395.1
ACTIVATION OF CA+* CURRENTS BY VOLTAGE-CLAMP COMMAND
PULSES IN THE SHAPE OF ACTION POTENTIALS. D.P.McCobb and
K.G.Beam. Dept. of Physfology, Colorado State University, Ft. Collins,
CO 80523.

‘We have used action potential waveforms (APW's) as voltage-
clamp command pulses to investigate Ca*+ current acttvation by
voltage transients which are more natural than conventional square
steps. Traces below represent APW (upward) and whole-cell Cat+
currents (downward), recorded in a chick sensory neuron. Currents
were recorded before and during exposure to 3 mM amiloride,
which selectively blocks T-type current. [Catt], = 2mM. As
fllustrated, with a normal, brief duration APW the contribution of T
current to the total is much larger than would be expected, since
when currents are acttvated with
conventional voltage steps T is
much smaller than the high-
voltage activated current
(HVA,=N+L). Two factors can
account for this: lower threshold
and slower deactivation kinetics
of T. The latter leaves T channels
open after repolarization, when
the driving force is great. We also
find that increasing APW duration
causes & much larger increase in
HVA than in T current. \'4
Supported by NS08373 and |600pA
NS26416.
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395.2

Ca CHANNELS AND DIHYDROPYRIDINE-SENSITIVITY IN
RAT CEREBELLAR GRANULE CELLS IN CULTURE.
A. Feltz¥, M. De Waard*, ].L. Bossu*, L. Fagni*, F. Tanzi*,
P._Feltz. Laboratoire d'Etude des Régulations Physiologiques,
CNRS, 23 rue Becquerel, 67087 Strasbourg, France.

A voltage-dependent Ca current can be elicited in
cerebellar granule cells mechanically dissociated at PN5 and
maintained 5 days in culture (DMEM + 25 mM KCIl). With
10 mM BaCl, in the external medium, a current was elicited
above -20 mV and reached a mean peak value of 150 pA at
+10 mV. The total current (up to 90%) was half inactivated
by holding the membrane potential at -70 mV. It was further
stable for a 15 min period which allowed its pharmacological
characterization, providled 1 mM ATP was added to the
recording solution (pCa 8, 30 mM EGTA/CsOH, pH 7.2). Since
full inhibition by nicardipine was attained at a concentration
of 10 yM (IC50: 1 uM), we looked for a channel activity
sensitive to the dihydropyridines (DHP) as recorded in cell
attached condition (110 mM BaClz). Two channel types
displayed such a sensitivity. A = 25 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>