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abstract 221. Serotonin, histamine and other biogenic
amines IV .....ooiiviiviiiiiiiiiiiireen 551
222. Serotonin, histamine and other biogenic
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326. Amino acids: GABA and benzodiazepines V ... 812 plications for Plasticity in the Nervous System.
327. Cerebral ischemia III ..........cccooeveviiniiiinnnnens 815 Chaired by: J.P. Tremblay .......ccccooenenrnnnnns 891
328. Association cortex and thalamocortical
Felations .......ocvvvieriiiiiiiiiieee s 817
329. Motor systems and sensorimotor integration: Slide Sessions — 8:30 a.m.
COTEEX V iiiiiriiiiiiiieiierie et ereeiennneeniennnens 820 359. Cell lineage and determination II ................... 891
330. Synaptogenesis II ........ccooviiviniiiiiieniinininannn, 822 360. Synaptogenesis III .........ccocvviiiiniiiiniioninennnns 893
331. Trophic agents IV ....cooviiiiiiiiniiiniiiiiiiniiens 824 361. Alzheimer’s disease: protein .................... veees 895
332. Genetic models II .....cooviviiiiiiiiieniiieiiiiniiinens 827 362. Visual corteX V ....ceviveiiinininiericiieneceneneniannes 897
333. Subcortical visual pathways III ..................... 830 363. Ion channels: calcium channels IV ................. 900
334. Neural plasticity in adult animals: 364. Trophic agents V ......ccveveieieireinineiienenranennes 902
induced effects II ....ccovviiviininiiiniiinininenn, 832 365. Transmitters: acetylcholine ...........cccveveneninnnes 904
335. Ion channels: sodium channels II .................. 834 366. Biological rhythms: systems I .........ccccceveninanns 906
336. Invertebrate learning and behavior II ............. 837 367. Invertebrate learning and behavior IV ............ 909
337. Invertebrate learning and behavior III ............ 840 368. Pain pathways .......ccccveviiniiiiicrinienereeeeeneees 911
338. Neural plasticity in adult animals: 369. Postsynaptic mechanisms IIT .........ccccoenininennn 913
cerebral COTteX ......vvevieririienienenenieernenenenns 843 370. Peptides: physiological effects IV .................. 915
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371. Cerebral metabolism and blood flow II .......... 917 Symposia —1:00 p.m.
372. Membrane composition and cell 416. Development of Functional Heterogeneity
surface macromolecules I ........cccoevvvennerneeen 919 Among Sensory Neurons.
Chaired by: S.A. SCOtt ....coevviviniiiiininininnns 1042
417. Coding and Execution of Movement in
Poster Sessions — 8:30 a.m. Three Dimensions. Chaired by: B. Cohen .... 1042
373. Limbic system II .....ccoovviiiiiiiiiniiiiiiininnn... 921
374. Adrenergic receptors II ........coooiiiiiiiiininna.. 924
375. Dopamine receptor modulation and Slide Sessions —1:00 p.m.
TeGUIAtION ...vvviieiiereeeiireeeeiire e eeineeen 926 418. Human behavioral neurobiology IV ............... 1042
376. Catecholamines IV .......c..ccoevvivrneervreerrennnenns 928 419. Ion channels: ligand-gated II ........................ 1044
377. Catecholamines: electrophysiology II .............. 930 420. Degenerative disease: other I .......c.....occoeeeiee. 1046
378. Dopamine receptors IIT .........cceeeeerrerenrnnnnnnn. 933 421. Excitatory amino acids IX ................... Vereeea 1048
379. Respiratory regulation III ...........cccoeevevnnnnne. 935 422. Hypothalamic-pituitary-adrenal regulation I ..... 1050
380. Excitatory amino acids VII .........cccceeeeeiinninins 938 423. Receptor modulation and regulation III .......... 1052
381. Excitatory amino acids VIII .........cccceevuunneenne 941 424. Regeneration: general Il .............ooociiiii, 1054
382. Potassium channels II .........ccocvvevnvvvveenenneen 945 425. Neuroglia: biology of astrocytes II ................. 1056
383. Muscle: function and biochemistry ................. 947 426. Neuroendocrine controls: other II .................. 1058
384. Motor systems and sensorimotor integration: 427. Spinal cord and brainstem ............ccoceeinininnn. 1060
posture and movement VI ...........ccceevrvnnnnne 950 428. Chemical senses: peripheral mechanisms I ....... 1062
385. Motor systems and sensorimotor integration: 429. Cerebral ischemia V ........coovviviniininiiniininnne. 1064
posture and movement VII ..........ccccevvennnne. 953 430. Basal ganglia and thalamus: motor systems VI . 1066
386. Motor systems and sensorimotor integration: 431. Hypothalamic-pituitary-gonadal regulation III .. 1068
oculomotor system III ..........coviiiiniininis 955
387. Motor systems and sensorimotor integration:
- oculomotor system IV .......cccceeeniiiiienrennnne 958 Poster Sessions — 1:00 p.m.
388. Drugs of abuse IV ......cccceeeerrerireieniiiiiniinnnen. 960 432. Acetylcholine .......cccoviiviiiiiiiiiiiniiininininnnne, 1070
389. Feeding and drinking VI .........ccccvveeereennnnnnn. 964 433. Catecholamines V ..........coooeiiiiiiiiiiiiiiene 1073
390. Monoamines and behavior V ......c.cccovvvvnnnnnen 967 434, Dopamine receptors IV ......ocooviiiiiiiiiiiiiinnn, 1076
391. Cardiovascular regulation VI ..........ccccoeennee. 970 435. Characterization of muscarinic receptors II ..... 1078
392. Cardiovascular regulation VII ............cccceuueeee 973 436. Neurotoxicity III .....ccoviiiiiiiiiiiiiiiiiiiininn. 1081
393. Amino acids: GABA and benzodiazepines VI .. 976 437. Alzheimer’s disease: neuropathology ............... 1083
394, Peptides: receptors IV .......ccccovveereeeeinnnennn. 979 438. Ion channels: modulation and regulation V ..... 1088
395. Peptides: anatomical localization III .............. 982 439. Presynaptic mechanisms I ........ccccooieieennee. 1091
396. Retina V o..ooniiniiiiiiliniiiiiiiiiei i e aeainens 986 440. Presynaptic mechanisms: modulators .............. 1094
397. Subcortical visual pathways IV ...................... 990 441. Sensory systems: auditory systems VII ............ 1095
398. Cerebral ischemia IV .........ccccovviiiiiiiiiiiiinnnn.n. 993 442, Sensory systems: auditory systems VIII ........... 1099
399. Cerebral metabolism and blood flow III ......... 995 443, Motivation and emotion I ........ccoceeiiiiiininn. 1100
400. Invertebrate motor function ..............c.cceu.enns 998 444, Motivation and emotion II .............oooeiiniil, 1103
401. Motor systems I ......ceeviivieiiiiiiiniinennneiniinnnns 1001 445. Feeding and drinking VII .........ccoooiiiiiin, 1106
402. Transplantation I ..........ccooiiiiiviiiiinininn... ... 1004 446. Drugs of abuse V ...occoviviiiiiiiiiiiiiiinininienee, 1108
403. The aging process I ....c.cooveiiviveiininnininenenennnn. 1007 447. Visual system: development and plasticity V .... 1110
404. Behavioral pharmacology: monoamines .......... 1010 448. Trophic agents VI ....cooooiiiiiiiiiiiiiiiniiiinnnn. 1113
405. Human behavioral neurobiology III ............... 1012 449. Neuronal death II ........ccoviviininiiniiininininn, 1116
406. Membrane composition and cell surface 450. Retina VI ..ot 1119
macromolecules II .........ccooovviiiiiiiininnnnn... 1016 451. Visual cortex VI ...ocoiiiiiiiiiiiiiiiiiiiiiiiiiinennns 1122
407. Differentiation and development VI ............... 1019 452. Process outgrowth, growth cones, and
408. Basal ganglia and thalamus: motor systems IV . 1022 guidance mechanisms VIII ........................ 1125
409. Basal ganglia and thalamus: motor systems V .. 1025 453. Cell lineage and determination III ................. 1129
410. Learning and memory: pharmacology IV ........ 1029 454, Neural plasticity in adult animals:
411. Epilepsy: peptides .....ccooveveiiiiiniiineniiiieninnnnnns 1031 anatomy and behavior ...........cccceveiiiininen.. 1132
412. Epilepsy: GABA and benzodiazepines ............ 1034 455. Behavioral pharmacology: acetylcholine .......... 1135
413. Blood/brain/nerve barrier Il ........................ 1036 456. Interhemispheric relations ..........cc.cccveuennenne. 1137
414. Differentiation and development VII .............. 1040 457. Transplantation II ........cccovviiiiiiniininiininnn. 1141
458. Motor systems II .....ccoooiviiiiiiiiiiiiiiiienenne. 1144
459. Epilepsy: substantia nigra and amygdala ......... 1147
Special Lecture — 11:45 a.m. 460. Trauma Il ....ccooiiiiiiiiiiiiiiiiieas 1151
415. Several Faces of Specificity By Thin Primary 461. Opiates, endorphins and enkephalins:
Afferent Fibers and their Relationship physiological effects IV ........ccccvevinininnnnn.. 1155
to the Spinal Dorsal Horn. 462. Peptides: biosynthesis, metabolism and
E.R. Perl oo No biochemical characterization IV .................. 1158
abstract 463. Messenger RNA regulation IV ........cooovvennne. 1161
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464. Pain pathways: trigeminal system .................. 1163 Poster Sessions — 8:30 a.m.
465. Subcortical somatosensory pathways: 490. Catecholamines VI .......cccvviiiiiiiniiiiinininennnns 1213
trigeminal SYStEM ......ccevuervneiuneiinreeneennneenn. 1165 491. Neurotoxicity IV ....oooviiiiiiiiiiiiiiiiiienieenns 1216
466. Chemical senses: peripheral mechanisms II ...... 1167 492. NeurotoXiCity V .ioiiiiiviiiiiiiiiiiiiiiinenenenennanns 1218
467. Sprouting and sprouting mechanisms II .......... 1169 493. Alzheimer’s disease: transmitters .................... 1221
468. Developmental disorders ............c.cocevninininnins 1171 494. Learning and memory: anatomy III ............... 1225
469. Neuroendocrine controls: other III ................. 1174 495. Muscle: structural characteristics ................... 1231
470. Hypothalamus I ........ccoviviiiiiiiiiiiinninnnnn 1178 496. Motor systems and sensorimotor integration:
471. Hypothalamus II .........cccooiiiiinii. 1180 posture and movement VIII ....................... 1233
472. Brainstem SYSLEMS .......cceeeuereenrunenrenenennennenes 1182 497. Motor systems and sensorimotor integration:
473. Chemical senses: gustatory pathways .............. 1185 cerebellum IIT ..., 1237
474. Chemical senses: olfactory pathways .............. 1187 498. Effects of chronic drugs ........ccccceeeenenenennnnen. 1240
499. Visual system: development and plasticity VI ... 1243
500. Trophic agents VII ....cccoveviiiiniiiiiininiiinnnnn, 1245
Warner-Lambert Lecture —4:15 p.m. 501. Gene structure and function III .........c.cecuvenn. 1249
475. Penfield’s Supplementary Motor Area 502. Visual corteX VII .....oovriiiiiiineiiiiiiieeeerinninens 1250
Re-Examined: Associations Between 503. Cerebral ischemia VI ........c.ccoceereeiereeneeneanes 1254
an Area of Cerebral Cortex and 504. Comparative neuroanatomy: cerebral cortex .... 1256
Movement Performance. 505. Behavioral diSOTders .............c.ccervereerereenennn. 1257
R. POIter ..ooveniiiiiiecccc e No 506. Behavioral pharmacology: miscellaneous ......... 1261
abstract 507. Neurotoxicity: studies in tissue culture ............ 1264
508. Membrane composition and cell surface
macromolecules IIT .......coooviiiiiiiiiiiiinnnnnn.. 1266
FRIDAY 509. Aging: physiolOgY ..c.eeverereiieninineniniiniiininenns 1269
510. Differentiation and development IX ............... 1272
511. Transplantation: eye ............ccceevevivinenininnnne. 1275
Symposia — 8:30 a.m. 512. Neural control of immune system III ............. 1278
476. Form and Synaptic Function in Retinal 513. Neural control of immune system IV ............. 1281
Ganglion Cells. 514. Hypothalamic-pituitary-adrenal regulation II ... 1284
Chaired by: E.V. Famiglietti ...................... 1189 515. Hypothalamic-pituitary-adrenal regulation III .. 1286
477. Neuropeptides, Steroids and Behavior. 516. Learning and memory: human brain .............. 1288
Chaired by: G.F. Koob ........c.coveviiinininnan. 1189 517. The aging process II ......cocvviiiiiiiiiniianninne. 1290
518. Biochemical and pharmacological correlates
of development III .........coeeiiiiiiniiininn.n.. 1294
Slide Sessions — 8:30 a.m. 519. Biological rhythms: systems II ...................... 1297
478. Endocrine control and development IV ........... 1189 520. Infectious diSEASES .......cceerururnreoenencnenenennnnn. 1300
479. Transmitter uptake, storage, secretion 521. Reflex function: human I .......c.c.ooeiiiiniiini, 1301
and metabolism IIT ...........oovniiviieneninnnnen. 1191 522. Reflex function: human II ...........c.oooiiiiiini, 1303
480. Excitatory amino acids X ........cceveveviieienennnns 1193 523. Adrenergic receptor modulation
481. Feeding and drinking VIII ..............c.oeeniniee. 1196 and regulation .........coeeiiiiiiiiiiiiiiiiieens 1305
482. Regeneration: CNS II .....ccoviiiiiiiiiiienininnnns 1198 524. Biological rhythms: sleep .....c.cceveviviivevnninennns 1307
483. Differentiation and development VIII ............. 1200 525. Degenerative disease: Parkinson’s
484. lon channels: potassium, chloride and other .... 1202 (NONPIIMALES) +.evevirrenenenenenreiineeeeneneannnns 1311
485. Second messengers VII ......cocevviiiieiiiiinininnnns 1204 526. Degenerative disease: other II ....................... 1313
486. Presynaptic mechanisms II ...........cccovevniinin 1206 527. Regulation of autonomic function III ............. 1314
487. Neural plasticity in adult animals: peripheral ... 1208 528. Neural control of adrenal function ................ 1320
488. Cerebral metabolism and blood flow IV ......... 1210 529. Messenger RNA regulation V .........cccoenenenn.... 1323
489. Interactions between neurotransmitters III ....... 1211 530. Acetylcholine: receptors and choline uptake ..... 1327
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Thematic List of Sessions

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

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
509. Aging: physiology Poster Fri AM
167. Biochemical and pharmacological correlates of development I Poster Tue AM
258. Biochemical and pharmacological correlates of development II Poster Wed AM
518. Biochemical and pharmacological correlates of development III  Poster Fri AM
132.  Cell lineage and determination I Slide Tue AM
359. Cell lineage and determination II Slide Thu AM
453. Cell lineage and determination III Poster Thu PM
416. Development of Functional Heterogeneity Among Sensory
Neurons Symp. Thu PM
39. Differentiation and development I Poster Mon AM
69. Differentiation and development II Slide Mon PM
171.  Differentiation and development III Poster Tue AM
291. Differentiation and development IV Poster Wed AM
311. Differentiation and development V Slide Wed PM
407. Differentiation and development VI Poster Thu AM
414. Differentiation and development VII Poster Thu AM
483. Differentiation and development VIII Slide Fri AM
510. Differentiation and development IX Poster Fri AM
112. Endocrine control and development I Poster Mon PM
113.  Endocrine control and development II Poster Mon PM
282. Endocrine control and development III Poster Wed AM
478. Endocrine control and development IV Slide Fri AM
354. Limbic system I Poster Wed PM
401. Motor systems I Poster Thu AM
458. Motor systems II Poster Thu PM
12. Neural plasticity in adult animals: LTP I Slide Mon AM
225. Neural plasticity in adult animals: LTP II Poster Tue PM
454. Neural plasticity in adult animals: anatomy and behavior Poster Thu PM
245. Neural plasticity in adult animals: central Slide Wed AM
338. Neural plasticity in adult animals: cerebral cortex Poster Wed PM
197. Neural plasticity in adult animals: induced effects I Poster Tue PM
334. Neural plasticity in adult animals: induced effects II Poster Wed PM
277. Neural plasticity in adult animals: neuromuscular and autonomic Poster Wed AM
487. Neural plasticity in adult animals: peripheral Slide Fri AM
150. Neuronal death I Poster Tue AM
449. Neuronal death II Poster Thu PM
290. Neurotoxicity in development I Poster Wed AM
352. Neurotoxicity in development II Poster Wed PM
507. Neurotoxicity: studies in tissue culture Poster Fri AM
122. New Approaches to the Functional Development of the
Neocortex Wksh. Tue AM
235. Nutritional and perinatal factors in development Poster Tue PM
108.  Process outgrowth, growth cones, and guidance mechanisms I Poster Mon PM
184.  Process outgrowth, growth cones, and guidance mechanisms II  Slide Tue PM
231.  Process outgrowth, growth cones, and guidance mechanisms III Poster Tue PM
240. Process outgrowth, growth cones, and guidance mechanisms IV~ Slide Wed AM
300. Process outgrowth, growth cones, and guidance mechanisms V  Slide Wed PM
346. Process outgrowth, growth cones, and guidance mechanisms VI Poster Wed PM
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347. Process outgrowth, growth cones, and guidance mechanisms VII Poster Wed PM
452. Process outgrowth, growth cones, and
guidance mechanisms VIII Poster Thu PM
267. Regeneration: CNS I Poster Wed AM
482. Regeneration: CNS II Slide Fri AM
322. Regeneration: GAP-43 Poster Wed PM
70. Regeneration: PNS Slide Mon PM
266. Regeneration: functional recovery Poster Wed AM
265. Regeneration: general I Poster Wed AM
424. Regeneration: general II Slide Thu PM
203. Regeneration: influencing factors Poster Tue PM
204. Regeneration: nerve guides Poster Tue PM
323. Regeneration: other growth-associated proteins Poster Wed PM
170.  Sensory systems I Poster Tue AM
196. Sensory systems II Slide Tue PM
77. Specificity of synaptic connections I Slide Mon PM
230. Specificity of synaptic connections II Poster Tue PM
47. Sprouting and sprouting mechanisms I Poster Mon AM
467. Sprouting and sprouting mechanisms 11 Poster Thu PM
210. Synaptogenesis I Poster Tue PM
330. Synaptogenesis II Poster Wed PM
360. Synaptogenesis III Slide Thu AM
403. The aging process I Poster Thu AM
517. The aging process II Poster Fri AM
402. Transplantation I Poster Thu AM
457. Transplantation II Poster Thu PM
5. Transplantation for movement disorders Slide Mon AM
308. Transplantation: biology Slide Wed PM
511. Transplantation: eye Poster Fri AM
233. Transplantation: hippocampus Poster Tue PM
172. Transplantation: spinal cord Poster Tue AM
292. Transplantation: striatum I Poster Wed AM
353. Transplantation: striatum II Poster Wed PM
123.  Trophic agents I Slide Tue AM
149.  Trophic agents II Poster Tue AM
276.  Trophic agents III Poster Wed AM
331. Trophic agents IV Poster Wed PM
364. Trophic agents V Slide Thu AM
448. Trophic agents VI Poster Thu PM
500. Trophic agents VII Poster Fri AM
103. Trophic interactions I Poster Mon PM
211.  Trophic interactions II Poster Tue PM
310. Trophic interactions III Slide Wed PM
81.  Visual system: development and plasticity I Poster Mon PM
188.  Visual system: development and plasticity II Slide Tue PM
272. Visual system: development and plasticity III Poster Wed AM
298. Visual system: development and plasticity IV Slide Wed PM
447. Visual system: development and plasticity V Poster Thu PM
499. Visual system: development and plasticity VI Poster Fri AM
Theme B: Cell Biology
Session Day and
Number Session Title Type Time
232. Biology of neuroglia Poster Tue PM
251. Blood/brain/nerve barrier I Slide Wed AM
413. Blood/brain/nerve barrier II Poster Thu AM
124.  Cytoskeleton and axonal transport I Slide Tue AM
234. Cytoskeleton and axonal transport II Poster Tue PM
131.  Gene structure and function I Slide Tue AM
254.  Gene structure and function II Poster Wed AM
501. Gene structure and function III Poster Fri AM
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372. Membrane composition and cell surface macromolecules I Slide Thu AM
406. Membrane composition and cell surface macromolecules II Poster Thu AM
508. Membrane composition and cell surface macromolecules III Poster Fri AM
11. Messenger RNA regulation I Slide Mon AM
302. Messenger RNA regulation II Slide Wed PM
350. Messenger RNA regulation III Poster Wed PM
463. Messenger RNA regulation IV Poster Thu PM
529. Messenger RNA regulation V Poster Fri AM
62. Molecular Biological Approaches to Study Neuropeptide
Biosynthesis Symp. Mon PM
173.  Neuroglia: biology of astrocytes I Poster Tue AM
425. Neuroglia: biology of astrocytes II Slide Thu PM
317. Neuroglia: myelin forming cells Poster Wed PM
48. Neuroglia: myelin mutants Poster Mon AM
219. Staining and tracing techniques I Poster Tue PM
220. Staining and tracing techniques II Poster Tue PM
Theme C: Excitable Membranes and Synaptic Transmission
Session Day and
Number Session Title Type Time
121. At Last! Potassium Channels: Expression and Regulation Symp. Tue AM
54. Ion channels: calcium channels [ Poster Mon AM
55. Ion channels: calcium channels II Poster Mon AM
56. lon channels: calcium channels III Poster Mon AM
363. Ion channels: calcium channels IV Slide Thu AM
117. lon channels: cell function I Poster Mon PM
118. Ion channels: cell function II Poster Mon PM
261. Ion channels: chloride and other Poster Wed AM
260. Ion channels: ligand-gated I Poster Wed AM
419. Ion channels: ligand-gated II Slide Thu PM
57. lon channels: modulation and regulation 1 Poster Mon AM
64. Ion channels: modulation and regulation II Slide Mon PM
262. lon channels: modulation and regulation III Poster Wed AM
303. Ion channels: modulation and regulation IV Slide Wed PM
438. Ion channels: modulation and regulation V Poster Thu PM
484. lon channels: potassium, chloride and other Slide Fri AM
241. Ion channels: sodium channels I Slide Wed AM
335. Ion channels: sodium channels II Poster Wed PM
358. Non-Uniformity of Synaptic Physiology and Implications for
Plasticity in the Nervous System Wksh. Thu AM
207. Pharmacology of synaptic transmission I Poster Tue PM
325. Pharmacology of synaptic transmission II Poster Wed PM
110.  Postsynaptic mechanisms I Poster Mon PM
111.  Postsynaptic mechanisms II Poster Mon PM
369. Postsynaptic mechanisms III Slide Thu AM
186. Potassium channels | Slide Tue PM
382. Potassium channels 11 Poster Thu AM
439.  Presynaptic mechanisms I Poster Thu PM
486. Presynaptic mechanisms II Slide Fri AM
31. Presynaptic mechanisms: ions Poster Mon AM
440. Presynaptic mechanisms: modulators Poster Thu PM
30. Presynaptic mechanisms: toxins Poster Mon AM
44.  Synaptic structure and function I Poster Mon AM
252.  Synaptic structure and function II Slide Wed AM
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Theme D: Neurotransmitters, Modulators, and Receptors

Session Day and
Number Session Title Type Time
432,  Acetylcholine Poster Thu PM
257.  Acetylcholine: basal forebrain and brainstem Poster Wed AM
530.  Acetylcholine: receptors and choline uptake Poster Fri AM
523.  Adrenergic receptor modulation and regulation Poster Fri AM
166.  Adrenergic receptors I Poster Tue AM
374. Adrenergic receptors II Poster Thu AM
63. Afferent Regulation of the Locus Coeruleus Wksh. Mon PM
71.  Amino acids: GABA and benzodiazepines I Slide Mon PM
143. Amino acids: GABA and benzodiazepines II Poster Tue AM
144. Amino acids: GABA and benzodiazepines III Poster Tue AM
183. Amino acids: GABA and benzodiazepines IV Slide Tue PM
326. Amino acids: GABA and benzodiazepines V Poster Wed PM
393. Amino acids: GABA and benzodiazepines VI Poster Thu AM
125. Behavioral pharmacology Slide Tue AM
455. Behavioral pharmacology: acetylcholine Poster Thu PM
340. Behavioral pharmacology: dopamine Poster Wed PM
506. Behavioral pharmacology: miscellaneous Poster  Fri AM
404. Behavioral pharmacology: monoamines Poster Thu AM
91. Behavioral pharmacology: psychostimulants Poster Mon PM
16. Catecholamines I Slide Mon AM
163.  Catecholamines II Poster Tue AM
293. Catecholamines III Poster Wed AM
376. Catecholamines IV Poster Thu AM
433.  Catecholamines V Poster Thu PM
490. Catecholamines VI Poster Fri AM
164. Catecholamines: electrophysiology I Poster Tue AM
377. Catecholamines: electrophysiology II Poster Thu AM
294.  Catecholamines: in vivo measurements Poster Wed AM
242. Characterization of cholinergic receptors Slide Wed AM
94. Characterization of muscarinic receptors I Poster Mon PM
435.  Characterization of muscarinic receptors II Poster Thu PM
95. Characterization of nicotinic receptors Poster Mon PM
107.  Cholinergic receptor modulation and regulation Poster Mon PM
375. Dopamine receptor modulation and regulation Poster Thu AM
165. Dopamine receptors I Poster Tue AM
185. Dopamine receptors II Slide Tue PM
378. Dopamine receptors III Poster Thu AM
434, Dopamine receptors IV Poster Thu PM
40. Excitatory amino acids I Poster Mon AM
97.  Excitatory amino acids II Poster Mon PM
98.  Excitatory amino acids III Poster Mon PM
198.  Excitatory amino acids IV Poster Tue PM
199.  Excitatory amino acids V Poster Tue PM
318.  Excitatory amino acids VI Poster Wed PM
380. Excitatory amino acids VII Poster Thu AM
381. Excitatory amino acids VIII Poster Thu AM
421. Excitatory amino acids IX Slide Thu PM
480. Excitatory amino acids X Slide Fri AM
168. Excitatory amino acids: excitotoxicity I Poster Tue AM
169.  Excitatory amino acids: excitotoxicity II Poster Tue AM
299. Excitatory amino acids: excitotoxicity III Slide Wed PM
46. Interactions between neurotransmitters I Poster Mon AM
348. Interactions between neurotransmitters II Poster Wed PM
489. Interactions between neurotransmitters 111 Slide Fri AM
2. Interleukin-1: Immune and Neural Modulator Symp. Mon AM
182. Neuronal Gene Expression: Physiological Activation,
Transcriptional Control and DNA Binding Proteins Symp. Tue PM
218. Opiates, endorphins and enkephalins: anatomy and chemistry I  Poster Tue PM
280. Opiates, endorphins and enkephalins: anatomy and chemistry II Poster Wed AM
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18.  Opiates, endorphins and enkephalins: physiological effects I Poster Mon AM
162.  Opiates, endorphins and enkephalins: physiological effects II Poster Tue AM
191.  Opiates, endorphins and enkephalins: physiological effects I1I Slide Tue PM
461. Opiates, endorphins and enkephalins: physiological effects IV Poster Thu PM
146. Peptides: anatomical localization I Poster Tue AM
271. Peptides: anatomical localization II Poster Wed AM
395. Peptides: anatomical localization III Poster Thu AM

13.  Peptides: biosynthesis, metabolism and biochemical

characterization I Slide Mon AM
161. Peptides: biosynthesis, metabolism and biochemical

characterization II Poster Tue AM
349. Peptides: biosynthesis, metabolism and biochemical

characterization III Poster Wed PM
462. Peptides: biosynthesis, metabolism and biochemical

characterization IV Poster Thu PM

58.  Peptides: physiological effects I Poster Mon AM

59. Peptides: physiological effects II Poster Mon AM

60. Peptides: physiological effects III Poster Mon AM
370. Peptides: physiological effects IV Slide Thu AM

10.  Peptides: receptors I Slide Mon AM
145. Peptides: receptors 11 Poster Tue AM
270. Peptides: receptors III Poster Wed AM
394. Peptides: receptors IV Poster Thu AM

45. Receptor modulation and regulation I Poster Mon AM
229. Receptor modulation and regulation II Poster Tue PM
423.  Receptor modulation and regulation III Slide Thu PM

43. Regional localization of receptors and transmitters I Poster Mon AM

73. Regional localization of receptors and transmitters II Slide Mon PM
314. Regional localization of receptors and transmitters III Poster Wed PM
315. Regional localization of receptors and transmitters IV Poster Wed PM

35. Second messengers I Poster Mon AM

36. Second messengers II Poster Mon AM

37. Second messengers III Poster Mon AM

52. Second messengers IV Poster Mon AM

53. Second messengers V Poster Mon AM
175. Second messengers VI Poster Tue AM
485. Second messengers VII Slide Fri AM
129.  Serotonin receptors I Slide Tue AM
247. Serotonin receptors II Slide Wed AM

15.  Serotonin, histamine and other biogenic amines I Slide Mon AM

88. Serotonin, histamine and other biogenic amines II Poster Mon PM

89. Serotonin, histamine and other biogenic amines III Poster Mon PM
221. Serotonin, histamine and other biogenic amines IV Poster Tue PM
222. Serotonin, histamine and other biogenic amines V Poster Tue PM
339. Serotonin, histamine and other biogenic amines VI Poster Wed PM

99. Transmitter uptake, storage, secretion and metabolism I Poster Mon PM
275. Transmitter uptake, storage, secretion and metabolism II Poster Wed AM
479. Transmitter uptake, storage, secretion and metabolism III Slide Fri AM

17. Transmitters in invertebrates I Slide Mon AM
155. Transmitters in invertebrates II Poster Tue AM
216. Transmitters in invertebrates III Poster Tue PM

76. Transmitters in invertebrates: gastropods Slide Mon PM
365. Transmitters: acetylcholine Slide Thu AM

Theme E: Endocrine and Autonomic Regulation
Session Day and
Number Session Title Type Time

14.  Cardiovascular regulation I Slide Mon AM

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

xix



212.
158.
156.
190.

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

84.
148.
215.
249.
307.
389.
44S.
481.
238.

41.
109.
174.
193.

90.
301.
40S.
418.
456.
246.
336.
337.
367.

316.
494.

96.
516.

27.
101.
288.
410.

72.
160.
226.
344,
152.
214.
269.
324.
390.
443.
444,

38.

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

Alcohol, barbiturates and benzodiazepines
Behavioral aspects of aging

Biological rhythms: cellular mechanisms
Biological rhythms: mechanisms
Biological rhythms: neuroanatomical aspects
Biological rhythms: sleep

Biological rhythms: systems I

Biological rhythms: systems II

Drugs of abuse I

Drugs of abuse II

Drugs of abuse III

Drugs of abuse IV

Drugs of abuse V

Effects of chronic drugs

Feeding and drinking I

Feeding and drinking II

Feeding and drinking III

Feeding and drinking IV

Feeding and drinking V

Feeding and drinking VI

Feeding and drinking VII

Feeding and drinking VIII
Hippocampal Cellular Activity and Spatial Cognitive Processing
Hormonal control of behavior I
Hormonal control of behavior I1
Hormonal control of behavior II1
Hormonal control of behavior IV
Human behavioral neurobiology I
Human behavioral neurobiology 11
Human behavioral neurobiology 111
Human behavioral neurobiology IV
Interhemispheric relations

Invertebrate learning and behavior I
Invertebrate learning and behavior II
Invertebrate learning and behavior 111
Invertebrate learning and behavior 1V

Learning and memory

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

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

Monoamines and behavior I
Monoamines and behavior II
Monoamines and behavior III
Monoamines and behavior IV
Monoamines and behavior V
Motivation and emotion I
Motivation and emotion II
Neuroethology 1
Neuroethology II
Neuroethology 111
Neuroethology IV
Neuropeptides and behavior I
Neuropeptides and behavior 11
Neuropeptides and behavior 111

XX

Poster
Poster
Poster
Slide

Poster
Poster
Slide

Poster
Poster
Poster
Slide

Poster
Poster
Poster
Poster
Poster
Poster
Slide

Slide

Poster
Poster
Slide

Wksh.
Poster
Poster
Poster
Slide

Poster
Slide

Poster
Slide

Poster
Slide

Poster
Poster
Slide

Slide

Poster
Poster
Poster
Poster
Poster
Poster
Poster
Poster
Slide

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

Poster
Poster
Poster
Poster

Tue PM

Tue AM
Tue AM
Tue PM

Mon AM
Fri AM

Thu AM
Fri AM

Tue PM

Wed AM
Wed PM
Thu AM
Thu PM
Fri AM

Mon PM
Tue AM
Tue PM

Wed AM
Wed PM
Thu AM
Thu PM

Fri AM

Wed AM
Mon AM
Mon PM
Tue AM
Tue PM

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

Mon PM
Fri AM

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

Tue PM

Wed PM
Tue AM
Tue PM

Wed AM
Wed PM
Thu AM
Thu PM

Thu PM
Mon AM
Mon PM
Tue AM

Wed AM
Mon PM
Mon PM
Mon PM



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

151.  Psychotherapeutic drugs III Poster Tue AM

239. Sex Differences and Hormonal Influences on Cognitive

Brain Function Symp. Wed AM

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

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

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

259. Alzheimer’s disease: amyloid Poster Wed AM

437.  Alzheimer’s disease: neuropathology Poster Thu PM

361. Alzheimer’s disease: protein Slide Thu AM

493.  Alzheimer’s disease: transmitters Poster  Fri AM

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

205. Cerebral ischemia 11 Poster Tue PM

327. Cerebral ischemia III Poster Wed PM

398.  Cerebral ischemia IV Poster Thu AM

429. Cerebral ischemia V Slide Thu PM

503. Cerebral ischemia VI Poster Fri AM

141.  Clinical CNS neurophysiology 1 Poster Tue AM

312. Clinical CNS neurophysiology II Poster Wed PM

7. Degenerative disease: Parkinson’s Slide Mon AM

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

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

420. Degenerative disease: other I Slide Thu PM

526. Degenerative disease: other II Poster Fri AM

468. Developmental disorders Poster Thu PM

6. Epilepsy I Slide Mon AM

102. Epilepsy 11 Poster Mon PM

194. Epilepsy III Slide Tue PM

345. Epilepsy IV Poster Wed PM

412. Epilepsy: GABA and benzodiazepines Poster Thu AM

227. Epilepsy: hippocampus and neocortex I Poster Tue PM

351. Epilepsy: hippocampus and neocortex II Poster Wed PM

411. Epilepsy: peptides Poster Thu AM

228. Epilepsy: second messengers and mRNA Poster Tue PM

459. Epilepsy: substantia nigra and amygdala Poster Thu PM
195.  Genetic models I Slide Tue PM

332. Genetic models II Poster Wed PM

520. Infectious diseases Poster Fri AM

273. Neuromuscular diseases Poster Wed AM

135. Neurotoxicity I Slide Tue AM

313. Neurotoxicity II Poster Wed PM

436. Neurotoxicity III Poster Thu PM

491. Neurotoxicity IV Poster Fri AM

492. Neurotoxicity V Poster Fri AM

357. New Genes from Old Diseases Symp. Thu AM

253. Trauma I Slide Wed AM

460. Trauma II Poster Thu PM
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314.17

ONTOGENY OF MUSCARINIC M2 §ECEPTORS IN THE RAT BRAIN — AN
AUTORADIOGRAPHIC STUDY OF “H-AF DX 116 BINDING SITES. R.
Miyoshi, S. Kito and S. Yamashita*. Third Dept. of
Internal Med., Hiroshima Univ. School of Med., Hiroshima
734, Japan.

Previously, we examined the ontogeny of muscarinic
acetylcholine receptogs in the rat.brain through in vitro
autoradiography of TH-QNB and T“H-pirenzepine binding
sites. In the present study, an autoradiographic
investigation was done using a novel antimuscarinic drug,
AF DX 116, as %abelled ligand. Receptor binding assay
revealed that “H-AF DX 116 had a single binding site of
which Kd and Bmax values were 41.1 nM and 309.2 fmol/
mg protein. Brain sections of the rat of an each
develogmental stage were prepared and incgbated with
25 nM “H-AF DX 116. In the adult rat brain, “H-AF DX 116
binding sites were richly observed in the superior and
inferior colliculi, interpeduncular nucleus, nuclei of
the facial and hypoglossal nerves, and moderately in the
cerebral cortex (superficial and deeper layers),
hippocampus, pontige nucleus and cerebellar cortex. This
distribution of H-AF DX 116 binding sites was almost
sonsistent wigh the pattern being expected from those of

H-QNB and H-pirenzepine. From ontogenetic studies,
H-AF DX 116 binding sites first appeared at l4 days of
postnatal days and clearly observed at 21 days of
postnatal days. After this stage, they were increased up
to 30 days of postnatal days reaching the adult level.

314.19

NEUROANATOMICALLY SELECTIVE DOWN--REGULATION OF BETA-
ADRENERGIC RECEPTORS BY CHRONIC IMIPRAMINE TREATMENT:
RELATIONSHIPS TO 3H-IMIPRAMINE BINDING. G.E. Duncan, I.A.
Paul, J.B. Fassberg, K. Powell, W.E. Stumpf, G.R. Breese.
(SPON: P.P. Rowell) Biol. Sci. Res. Ctr., School of Med.,
Univ. of NC at Chapel Hill, NC 27599-7250.

The down-regulation of beta-adrenergic receptors by
chronic imipramine (IMP) treatment was investigated with
high resolution autoradiography of !25]-pindolol binding
to brain sections. Neuroanatomically selective down—
regulation of 125I-pindolol binding was found after
chronic IMP treatment. Subdivisions of the amygdala and
hippocampus were differentially affected. Significant
reductions in !25I-pindolol in the IMP-treated rats were
found in the CA-1 stratum radiatum and dentate molecular
layer, but not in the CA-3 stratum radiatum of the
hippocampus. In the amygdala, the basolateral nucleus
exhibited reduced '251-pindolol binding after IMP
treatment but the central and medial nuclei were not
affected. Chronic imipramine treatment was also
associated with reduced !25I-pindolol binding in layer 1
of the cingulate cortex and layer 3 of the piriform cortex
but not in the ventrolateral thalamic nucleus, caudate—
putamen, lateral hypothalamus, or layers 2 and 3 of the
somatosensory cortex. The regionally selective down—
regulation of beta adrenergic receptors by chronic IMP are
compared to regional distribution of binding sites for 3H-
DMI and 3H-IMP (MH39144 & MH33127.

314.18

THREE DIMENSIONAL RECONSTRUCTION OF CHOLINERGIC
CELL POPULATIONS IN THE RAT BRAIN: AN INITIAL TEST OF
EFFECTS OF A CHRONIC CHOLINERGIC LIGAND K.H. Gylys*,
A.P. Painchaud*, S.A. Azizi, D.J. Woodward, L.B. Hersh. (Spon:
D.R. Sparkman) Dept of Cell Biology and Anatomy, Dept of Bioch
istry, Unsversity of Tezas Southwestern Medical Center, Dallas, TX.

The present study was conducted to develop a comprehensive three
dimensional computer based representation of the normal cholinergic
cell distribution for the entire rat brain using a goat polyclonal anti-
serum directed against choline acetyltransferase. A second aim was to
conduct an initial test of effects of chronic nicotine administration on
ChAT-containing structures. Long Evans rats received subcutaneous
injections twice daily of either 1.0 mg/kg nicotine or saline for 10-14
days. Results confirm previous reports of cholinergic cell bodies in the:
basal forebrain nuclei (medial septal nucleus, diagonal band of Broca,
substantia innominata), corpus striatum and nucleus accumbens. More
caudally, ChAT-positive cells in the lateral globus pallidus and sub-
stantia innominata merge with cells in the basal nucleus of Meynert.
The pedunculopontine nucleus is visible in the midbrain. Pontine and
medullary sections also display ChAT immunoreactivity in all cranial
motor and papasympathetic nuclei. Chronic nicotine administration
had no effect on the number of cholinergic somata (p<.05) nor in fiber
or staining density in comparable brain regions. Supported by the R.J.
Reynolds Tobacco Co., NIDA 2888, and the Biol. Humanics Founda-
tion.

314.20
THE DIFFERENTIAL BINDING OF AMITRIPTYLINE TO RAT BRAIN MUSCARINIC
RECEPTORS. P.S. Goldman* snd W.S. Messer, Jr, (SPON: M.E. Velasco). Dept.
of Biology and Dept. of Medicinal and Biological Chemistry, College of Pharmacy,
University of Toledo, 2801 W. Bancroft, Toledo, OH 43606.

The tricyclic antidepressant amitriptyline is known to inhibit the reuptake of the

ine: in and pinephrine. Amitriptyline has also been found to

bind to muscarinic receptors, which may be responsible for the side effects of the
drug, and possibly contribute to its therapeutic activity. The affinity of
amitriptyline for muscarinic receptors in rat brain slices was studied using
autoradiographic techniques including image analysis. As shown by competitive
inhibition of [3H}‘ inuclidiny] benzilate binding, amitriptyline was found to be
more potent than either the M -selecti ist pi pine or the Mj-selective
antagonist AF-DX 116 based on ICs values.

Muscarinic receptors in the external layers of the cortex bound amitriptyline with
the highest affinity (IC55 = 65.8 + 2.1 nM), while the hippocampal regions had
somewhat lower affinities (IC5 = 96.3 + 3.4 nM). Amitriptyline bound with lowest
affinity in the thalamus and various midbrain regions, such as the paraventricular
nucleus of the thalamus and the superior colliculus, which had ICs, values of 112 +
6.8 and 117 + 32.6 nM respectively. Other midbrain regions displayed higher
affinities (e.g., the substantia nigra had an IC5, value of 62.8 + 0.9 nM). The
differential binding affinities of amitriptyline suggest that it has higher affinity than
either pirenzepine or AF-DX 116 for muscarinic receptors in rat brain with a unique
selectivity for subtypes.

Supported by NS 23929
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315.1

GAMMA-AMINOBUTYRIC ACID OR MU-OPIOID RECEPTOR AUTO-
RADIOGRAPHY IN PALLIDUM AFTER LESIONS IN LATERAL ACCUMBENS
AND VENTRAL STRIATUM. L. Churchill, R.P. Dilts and P.W.
Kalivas, VCAPP, Wash. State Univ., Pullman, WA 99164.

Do the ventral and dorsal striatopallidal projections
parallel each other? Met-enkephalin and y-Aminobutyric
acid (GABA) coexist in both of these pathways. Do the
receptors (mu-opioid and GABA, respectively) in the
pallidum respond in a similar fashion when the striatal
projection is lesioned? Quinolinic acid or nicotinic acid
(control) was pressure injected into lateral nucleus
accumbens and two weeks later, the rat brains were
processed for receptor autoradiography.
[3H]quinuclidinylbenzilate (QNB) binding verified the
extent of the lesion. [3H]Muscimol binding to GABA
receptors and [1251]-Tyr-D-Ala-Gly-MePhe-Gly(ol) (DAGO)
binding to mu-opioid receptors were analyzed in ventral
pallidum and globus pallidus. [3H]QNB binding decreased
in lateral nucleus accumbens and ventrolateral striatum.
No differences were observed in [1251]DAGO binding in
ventral pallidum or globus pallidus after lesions in
lateral nucleus accumbens. [3H]Mus binding decreased in
the ventral pallidum after lateral nucleus accumbens
lesions but did not change in the lateral globus pallidus
when the lesions extended into lateral striatum. These
data suggest that the adaptability of GABA receptors to a
loss of afferents differs between dorsal and ventral
pallidum and that the mu-opioid receptors are not as
responsive to loss of afferents as the GABA receptors.

315.2

QUANTITATIVE IMMUNOCYTOCHEMISTRY USING AN IMAGE ANALYZER
I. IMAGE PROCESSING AND MEASUREMENT TECHNIQUES. R.R. Mize'!,
1.C.. Jeon.'_and R.N. Holdefer® (SPON: T. Bertorini).

Dept. of Anatomy and Neurobiology, Univ. of Tennessee Health Science
Center, Memphis, TN 38163 and 2Dept. of Physiological Optics,
School of Optometry, Univ. of Alabama, Birmingham, AL 35294

We have applied image processing procedures to extract and measure
immunocytochemically labeled cells and fibers using an image
analyzer. Labeled tissue was imaged using a Magiscan IIA image
analyzer. Immunocytochemically labeled profiles were enhanced using
an edge sharpening operator and extracted using segmentation
(thresholding), a procedure which isolates the labeled profiles and
removes background. An erosion operator was used to separate cells or
fibers that were appossed to one another. A thinning operator was
used to reduce fiber width to single pixels in order to measure the
length of the labeled fibers. Interactive binary editing was used to
remove artifacts.  Using this technique, we have measured immuno-
reactivity in single cells, fibers, and whole fields. The technique was
especially useful for estimating the innervation density (fiber area
per unit field area) of immunocytochemically labeled fibers. We have
found differences in the density of anti-serotonin (5-HT) labeled
fibers in different layers of the cat superior colliculus and differences
in the size and labeling intensity of anti-GABA labeled neurons in the
perigeniculate vs. the lateral geniculate nucleus. The image analysis
procedure is a rapid method for measuring the position, geometry, and
staining intensity of immunocytochemically labeled tissue.

779
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315.3

QUANTITATIVE IMMUNOCYTOCHEMISTRY USING AN IMAGE ANALYZER.
Il. ESTIMATION OF GABA CONCENTRATION USING A NON-BIOLOGICAL
STANDARD L.B. Nabors*, E, Songu-Mize*, and R.R. Mize, Depts. of
Anatomy and Neurobiology and Pharmacology, Univ. of Tennessee
Health Science Center, Memphis, TN 38163

We have developed a procedure to estimate the concentration of
neurotransmitters in brain based upon the optical density of
immunocytochemical labeling measured with an image analyzer. A
non-biological standard was used which binds conjugated neuro-
transmitters. Fifty micron agar sections cut from a block were used
as a matrix for the standard. The agar sections were activated with
cyanogen bromide/acetonitrile to promote coupling to the antigen. We
used gamma aminobutyric acid (GABA) conjugated to bovine serum
albumin (BSA) as the antigen. The antibody was directed against this
conjugate. Activated agar sections were incubated in serial dilutions of
the tritium labeled GABA/BSA conjugate. Some sections were then used
to measure the amount of coupled antigen by counting the radioactivity
with a liquid scintillation counter. The remaining sections were
incubated in the GABA antibody and processed for immunocyto-
chemistry. The optical density of these sections was measured with an
image analyzer. A linear relationship was found between optical
density and the log concentration of GABA over a range of at least 0.01
to 1 nmol/mg of agar. These results suggest that the concentration of
GABA within individual cells and processes can be estimated by
comparing the optical density of their label with that of the non-
biological standards. Supported by EY-02973 and RR-02800.

315.5

ANALYSIS OF THE DISTRIBUTION AND DENSITY OF THE GABA/BENZO-

DIAZEPINE/CONVULSANT COMPLEX IN THE RAT CNS. R.W. Olsenl,
R.T. McCabe2, J.P. Yezuita*2, and J.K. WamsleyZ. IDept. of
Pharmacology and the BRI, UCLA Sch of Med, Los Angeles, CA
90024 and “Dept. of Psychiatry, U of UT Sch of Med, SLC,
UT 84132.

The GABA receptor complex which contains pharmacologic-
ally recognizable sites that interact allosterically has

been the subject of considerable interest. This complex in-

cludes GABA, benzodiazepine (BZ), barbiturate, and convul-
sant sites that are heterogeneously distributed throughout
the brain. The binding of ligands which combine with por-

tions of this system was investigated using autoradiograph-

ic and homogenate binding techniques. Low to intermediate
densities of high-affinity GABA receptors in the CNS were
labeled with [3H]muscimol High densities of [®H]bicucul-
line methiodide and [2H]SR 95531 binding sites (low-affin-

ity GABAp) were found in many regions analyzed. These sites

defined by [®H]flunitrazepam binding are coupled to BZ re-
ceptors. BZ] sites were examined using [®H]2-0ox0-quazepam.
Convulsant sites which were identified with [3H]TBOB or
[3SS]TBPS showed intermediate to high levels of binding
density in those areas studied. Modulation of [3551TBPS

3154

VISUALIZATION OF PROBABLE GABA-B RECEPTOR SITES BY
MONOCLONAL ANTI-BACLOFEN ANTIBODIES. G, Holstein, G. Martinelli*, I
Zamir* and P, Pasik, Depts. Neurol., Anat. & Surg., Mount Sinai Sch. Med.,
CUNY, New York, N.Y. 10029.

The goal of this work was the i hemical visualization of baclofen as a
potential marker for GABA-B receptor sntcs A series of monoclonal antibodies were
raised in mice by standard hybridoma techni against the L-enantiomer of gamma-
amino-beta-(p-chlorophenyl)butyric acid (baclofen) conjugated to keyhole limpet
hemocyanin (KLH) using glutaraldehyde. Nine culture supernatants from twice cloned
hybrids were selected for their strong reactivity against the glutaraldehyde conjugate of
baclofen to human serum albumin (HSA). None of the sup tested by enzy
linked immunosorbent assays (ELISA) showed any reactwuy against the
glutaraldehyde conjugates of GABA, hi ine or lamine to HSA,
suggesting that the antibodies were specific for the baclofen mo:ety To evaluate the
usefulness of these antibodies, studies of the i lization of
baclofen were conducted in rats. Experimental rats were sacnﬁced 90 minutes after an
im. mjecuon of baclofen-HCI (1 mg/kg) Both injected and uninjected control rats
were sacri under ether hesia by cardiac perfusion with 2% formaldehyde/0.5%
glutaraldehyde in phosphate buffer. Fifty pm sections were exposed to the monoclonal
antibodies for 16 hr. The sections were further treated with a rabbit anti-mouse IgG
absorbed with normal rat serum, followed by the PAP procedure. Pxehmmary light
microscopic observations suggest the p of fine i ve in
discrete brain regions of the baclofcn m;ected but not the uninjected rats. For
example, cerebellar cortex shows a granul. in only in i fmm the
b j 1 1y prevalent in the granule cell layer. Identically

d sections from the uninjected ani showedno vxtyAndedby
NIH Grants # NS-24656, NS-22953 and NS-11631. L-baclofen was generously
provided by Ciba-Geigy, Ltd.

315.6

DISTRIBUTION OF GABAL/BENZODIAZEPINE RECEPTOR AND NAAG-LIKE
IMMUNOREACTIVITY IN THE RAT ONS. P. M. Sweetnam, K. E. Miller, P. A.
Gallombardo, J. F. Tallman, J. H. Neale and M. ? Hunphrey. ﬁ;f of
Neurol. Surg. University of Miami School of Medicine, Miami, FL. 33136;
Dept. of Psychiatry, Yale University School of Medicine, Nea Haven, CT
06508; Dept. of Biology, Georgetown University, Nashington, DC 20057.
The modified amino acid GABA and a dipeptide, N-acetyl-
aspartylglutamate (NAAG), are present in relatively high concentrations
in the rat CNS. While the inhibitory actions of GABA are well
documented, NAAG's role as an excitatory neurotransmitter has yet to be
firmly established. However, NAAG's discreet neuronal distribution,
vesicular localization and depolarization-mediated release make it an
intriguing molecule to study. Using monoclonal antibody Eg, prepared
against the purified GABAp/benzodiazepine receptor (Sweetnam, P., et
al., Mol. Brain Res., 2:222, 1987), and NAAG antiserum (Cangro, C., et
al., J. Neurochem., 49:1579, 1986) we have studied the distribution of
both in various regions of the ONS. Our results show that in several
regions, e.g., cerebellum, a number of neuronal cell types express both
GABAp receptor and NAAG-1like immnoreactivity. However,in other
regions, e.g., the spinal cord, the distribution of each is markedly
different. These data suggest that in several regions of the rat CNS
GABA and NAAG may function in the same local circuitry. Support: The
Miami Project to Cure Paralysis; The Daniel Heumann Spinal Cord
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was examined by including several BZ and barbiturate agents
and varied with brain region. Our studies provide a region-
al comparison of the distribution and density of individual
subcomponents of the GABA complex and information regarding

Research Foundation; DA 02297 to JHN; MH 38813 to JFT.

relationships of receptor subtypes and GABAergic function.

315.7

IMMUNOHISTOCHEMICAL LOCALIZATION OF GLUTAMIC
ACID DECARBOXYLASE (GAD) IN THE INTERPEDUNCULAR
NUCLEUS OF THE RAT: AN ELECTRON MICROSCOPE
INVESTIGATION. B.A. FLUMERFELT, M.D. KAWAJA* AND
A.W. HRYCYSHYN*. Dept. of Anatomy, The University of
Western Ontario, London, Canada N6A 5CI

The rat interpeduncular nucleus (IPN), a component of the
midbrain limbic system, is composed of an abundant population
of topographically organized GAD-positive neurons and a dense
plexus of GAD-stained axons. Examination of the ultrastructural
localization of GAD-staining in the IPN revealed a variety of
arrangements of immunoreactive axodendritic and axosomatic
synapses. The lateral, central, intermediate, and rostral
subnuclei exhibited numerous GAD-positive somata and dendritic
processes. Unstained terminals formed numerous asymmetrical
contacts with immunoreactive dendrites and somata, while
GAD-stained terminals formed symmetrical axodendritic and
axosomatic contacts. GAD-positive terminals were observed
throughout the entire centre forming symmetrical contacts with
non-immunoreactive  dendrites and somata. Immunoreactive
myelinated axons were present in the IPN, especially in the
lateral subnucleus. This study suggests that a prominent
population of GAD-positive neurons contribute to a complex
intrinsic GABAergic circuit. These IPN neurons are in receipt
of numerous inputs and may give rise to a small GAD-positive
projection. (Supported by the Medical Research Council of
Canada)

315.8

TWO CLASSES OF CORTICAL GABA NEURONS
DEFINED BY DIFFERENTIAL CALCIUM BINDING
PROTEIN AND PARVALBUMIN IMMUNOREACTIVITY.
E.G. Jones. SH.C. Hendry and P.C. Emson. Dept. of Anatomy
and Neuroblology, University of California, Irvine, 92717 and
Institute of Animal Physiology, Cambridge, U.K.

Immunoreactivity for 28kd vitamin D dependent calcium
binding protein (CaBP) and parvalbumin (PV) is found in
separate sub-populations of GABA immunoreactive neurons in
all areas of the neocortex of M. fascicularis monkeys. Most
CaBP-positive and PV-positive cells also display GABA
immunoreactivity but virtually no cells display both CaBP and
PV immunoreactivity. A relatively small number of GABA cells
lack immunoreactivity for either peptide. ~CaBP positive
neurons predominate in layers 1I and IITA while PV positive
neurons predominate in layers IIIB and IV. Both types are
found in smaller numbers in deeper la ers Many CaBP positive
cells are bitufted and contribute axon-like processes
ascending or descending in the radnal asciculi of the cortex.
They are, thus, likely to be double bouquet cells that form
GABAergnc interlaminar connections. Many PV positive cells
have large somata, are multipolar and their axons form
ericullular terminals on pyramidal cell somata. They are, thus,
ikel ;&; be GABAergic basket cells. Supported by NIH Grant
NS
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315.9

CALCIUM-BINDING-PROTEINS 1IN THE RAT BRAIN: A
MAPPING STUDY M.R. CELIO, Institute of Anatomy
University of Kiel, Olshausenstr. 40, D-2300 Kiel

Calcium-binding-proteins (CaBP) translate the
information carried by Ca2+ in a meaningful
message for the neuron. We are interested 1in
understanding why certain CaBP's occur only 1in
subpopulations of neurons and try to deduce the
function of the proteins by studying their
neuroanatomical localization. This poster shows
that antibodies against the two CaBP's
parvalbumin (PV) and calbindin D-28k (28k) are
superb new neuroanatomical markers which not only
visualize known <cells and pathways but even
reveal as yet undescribed brain nuclei. PV and
28k occur mostly in complementary systems: the
first is abundant in interneurons and the second
in projection neurons. PV is preferentially found
in a subclass of rapidly firing GABA-positive
interneurons; 28k 1is associated with neurons
susceptible to neurodegeneration. The
relationship between the distribution of neurons
containing these two CaBP's and that of receptors
for calcium-regulating hormones and Ca2+-channels
is complex. We assume that neurons containing
these additional CaBP's are privileged for
certain Ca2+-dependent processes and suggest a
role of parvalbumin in the control of neuronal
excitability.

315.11

NEUROPEPTIDE-Y PROJECTIONS FROM LOCUS COERULEUS TO
CEREBRAL CORTEX IN THE RAT. B.J. Wilcox and J.R.
Unnerstall. Department of Neurology, Case Western Reserve
University Sch/Med, Cleveland, OH 44106.

The Tlocus coeruleus (LC) 1is the sole source of
norepinephrine (NE) innervation to the cerebral cortex
(CC). In addition to NE, many neurons in this nucleus
also contain neuropeptide-Y immunoreactivity (NPY-IR).
Thus, the LC may be one source of cortical NPY. We have
mapped the rostro-caudal distribution of NPY neurons
within the LC by immunofluorescence. In addition, using
double-labelling techniques, we have identified NPY
containing LC neurons which also project to the cortex.
Brains of male Sprague-Dawley rats treated first with
Fluorogold, then with colchicine were fixed by perfusion.
Frozen sections of LC 10 um thick were stained for NPY-IR
by indirect immunofluorescence. LC neurons labelled after
cortical Fluorogold injection were found throughout the
dorsal compact LC. NPY-IR neurons were distributed through
the entire rostro-caudal extent of the LC including sub-
coeruleus. Double labelling revealed a small number of
neurons containing both NPY-IR and retrograde tracer.
Preliminary results show that 10% of Fluorogold labelled
neurons in the rostral and caudal poles of the LC also
exhibited NPY-IR. In the compact LC, a larger proportion
of the Fluorogold labelled cells (up *to 30%) exhibited
NPY-IR. Thus, LC afferents may contribute to NPY-mediated
neurotransmission in the cortex.

315.13

PNMT, NPY, AND SP-IMMUNOREACTIVE STRUCTURE§ IN THE MEDUL&A
OBLONGATA OF THE TREE SHREW. G. Fligge , S. Behrens ,
A. Mittendorf*, F. Pollano * and E. Fuchs. German Primate
Center, Gottingen, FRG.

Phenylethanolamine-N-methyltransferase (PNMT), neuro-
peptide Y (NPY), and substance P (SP)  immunoreactive
structures were detected in the medulla oblongata (MO) of
the tree shrew, a species which provides a model of a
small primate brain. Two groups of PNMT immunoposi-
tive cells (IC) corresponding to group C1 and C2 of the
rat, but no group C3 were found. Most of the IC and
immunoreactive terminals (IT) were observed in  the
solitary tract nucleus (NTS) where they form a ring around
the subnucleus gelatinosus (Sg).

In the tree shrew MO, we detected very few NPY-IC but
dense patterns of IT. The distribution of NPY-IT showed a
great coincidence with PNMT-immunoreactive structures
(1S), revealing only some NPY-IT in the Sg.

SP neurons were only found in the raphe obscurus and
the hypoglossal nucleus, but there are many SP-IT in the
spinal trigeminal nucleus, the vagal nucleus, the NTS, and
also in the solitary tract. Most of the SP-IT were found
in the medial and intermedial subdivision of the NTS,
fewer in the ventrolateral and very few in the Sg. - In
summary, the coincidence between the distribution of PNMT-
and NPY-IR is in accord with data obtained from the rat
whereas the patterns of the IS are similar to those of the
rhesus monkey.

315.10
NEUROTRANSMITTER PHENOTYPIC EXPRESSION BY EMBRYONIC
RAT NEURONS IN DISSOCIATED CULTURE. H. M. Geller, J. P.
Grierson, and H. D. Baker’. Dept. of Pharmacology, UMDNJ - Robert
Wood Johnson Med. Sch., Piscataway, NJ 08854. fDept. of Neurology,
Burke Rehab. Ctr., Cornell Univ., White Plains, NY 10605

The hypothalamus is a morphologically and functionally diverse
region of the brain. This laboratory utilizes dissociated cultures of
embryonic rat hypothalamus to investigate the expression of pheno-
typic properties of hypothalamic neurons in a controlled environment.
In this study, we used antibodies directed against tyrosine hydroxy-
lase (TH), GABA and olfactory marker protein (OMP) to investigate
the time course and morphological characteristics of expression of
these substances. TH® neurons appear to form two populations: a
large population of small TH* neurons which is only observed in
young cultures, and a small population of large TH* neurons with
extensive neuritic ramifications which are first observed at 8 days in
vitro and can be identified in older cultures. The overwhelming
majority of the neurons in these cultures appear to synthesize im-
munoreactive GABA; the morphology of these cells is quite hetero-
geneous. The fact that virtually all neurons are GABA® would sug-
gest that they contain other transmitters as well. Clusters of small
neurons expressing OMP can be identified in cultures as early as 5
days in vitro. One interesting observation is that neurons which
express TH and OMP are often found in group rather than as isolated
cells, which may suggest a clonal origin for these cells. Supported
by NIH NS-25168 and a grant from the Foundation of UMDNJ.

315.12

INCREASES IN HIPPOCAMPAL NPY BINDING SITES FOLLOWING
LESIONS OF THE LOCUS COERULEUS. J.R. Unnerstall.
Departments of Neurology and Pharmacology, Case Western
Reserve University Sch/Med, Cleveland, OH 44106.

Neuropeptide-Y (NPY) 1is found in cortical and hippo-
campal neurons and is co-localized with epinephrine and/or
norepinephrine (NE) in medullary and pontine nuclei. This
experiment was designed to determine whether Tlocus
coeruleus (LC) NE projections to the forebrain may also
utilize NPY. Following 6-OHDA lesions of the LC (2
weeks), rat brains were processed for receptor autoradio-
graphy of NPY binding sites using [1251]-PYY (120 pM).
Control animals received vehicle injections. Non-specific
binding was defined in the presence of 100 nM PYY or 1.0
M NPY. Given a KD of 60 pM for [1251]-PYY (determined in
rat brain sections), these conditions represent an approx-
imate 75% occupancy of high-affinity NPY binding sites.
Significant increases in binding (p < 0.05) were selec-
tively observed in the CA3 region of the hippocampus
(+40%, stratum moleculare; +50%, stratum oriens) in the
lesioned animals. Smaller increases (20-25%, p < 0.10)
were observed in the CAl region of the hippocampus,
subiculum and dorsal medial thalamus. Minimal increases
(less than 10%) were observed in the cortex (lamina I),
amygdala and dorsal or lateral hypothalamus. These
preliminary findings suggest that ascending LC projections
to the hippocampus may significantly contribute to NPY-
mediated neurotransmission in this structure.

315.14

INTRACEREBROVENTRICULAR 6-HYDROXYDOPAMINE AND 5, 7-DIHY-
DROXYTRYPTAMINE DO NOT ALTER ANGIOTENSIN II BINDING SITES
IN THE RAT BRAIN. D.E. Walters and R.C. Speth. Dept. of
VCAPP, Washington State University, Pullman, WA 99164-6520
To determine if the pharmacological actions of
centrally administered angiotensin II (Ang II) are
mediated via specific Ang II binding sites located on
presynaptic monoaminergic nerve terminals, adult male
Sprague-Dawley rats (~ 300 gm body wt.) received
intracerebroventricular (icv) injections of
6-hydroxydopamine (6-OHDA) or 5,7 dihydroxytryptamine.
Subsequently, the pressor and dipsogenic responses to icv
Ang II and the specific binding of
1281-sarcosine!, isoleucine® angiotensin II in
the hypothalamus-thalamus-septum-midbrain (HTSM) and
brainstem were determined. The respective treatments
caused reductions in Norepinephrine and
5-hydroxytryptamine levels in the HTSM (62% and 44%) and
brainstem (57% and 26%), but did not significantly alter
the specific binding of the radioligand in either tissue.
Catecholamine depletion in 6-OHDA-treated rats resulted in
a 55% decrease in the pressor and drinking response to icv
Ang II, although the latter was not significantly
different from control. These results indicate that while
the central actions of Ang II require catecholaminergic
neuron integrity, Ang II does not act directly on
catecholaminergic nerve terminals. (Support: NS21305,
NS24388 and American Heart Assoc., WA affiliate)
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315.15

AUTORADIOGRAPHIC EVIDENCE OF PORCINE BRAIN NATRIURETIC
PEPTIDE BINDING SITES IN THE PORCINE AND RAT BRAIN,
ADRENAL GLAND AND KIDNEY. K.Shigematsu?*, M.Kurihara®*,
M.Niwal, K.Nakao“*, Y.Kataoka'* T.Maeda'*, H.Tsuchiyama®¥

Ozaki! H,.Im * H o*x, Depts. of
Pharmacology 2, “‘Pathology 2, °Neurosurgery, Nagasaki
Univ.Sch.Med., Nagasaki 852, “Second Division, Dept. of
Medicine, Kyoto Univ.Sch.Med., Kyoto 606 and SDept. of
Biochemistry, Miyazaki Med.College, Miyazaki 889-16,Japan.

Binding sites of porcine brain natriuretic peptide
(pBNP) isolated from the porcine brain by H.Matsuo and
colleagues (Nature 332,78,1988) were investigated. The
tissue sections were incubated with '251-pBNP and analyzed
using quantitative receptor autoradiography. A comparison
was made with o-atrial natriuretic peptide (ANP) binding
sites. Specific pBNP binding sites were found to be
localized in the kidney glomerulus and adrenal zona
glomerulosa of rat and porcine. Difference in the
localization of pBNP binding sites was noted in the
kidney, as indicating that pBNP binding sites were far
less abundant in the inner medulla and inner stripe of the
outer medulla, areas which were densely labeled by 2°I-
ANP. In the porcine brain, pBNP bindﬁn% sites were
concentrated in the internal plexiform layer of the
olfactory bulb, preoptic medial nuclei, subfornical organ,
choroid plexus and suprachiasmatic nuclei. Among areas
studied, no differences in the localization were observed
when compared with that of 25 I-ANP binding sites. As
evidence on functional interrelationship between ANP and
pBNP has been reported, the present finding enhances our
knowledge of the physiology of the natriuretic peptides in
the brain and peripheral.

315.17

IMMUNOHISTOCHEMICAL STUDIES ON THE VASOACTIVE SUBSTANCES
IN THE HYI;:OTH.ALAMIC MAGNOCELLULAR NUCLEI.

H. Yamada , M. Kawata and Y. Sano . Dept. of Anatomy,
Kyoto Pref. Univ. of Med., Kyoto 602, Japan.

The distribution of such vasoactive substances as
serotonin, vasopressin, endogenous digitalis-1like
substance (EDLS), and atrial natriuretic polypeptide
(ANP) in the hypothalamus was studied. The rats and
monkeys were transcardially perfused with buffered alde-
hydes fixatives after they were anesthetized with sodium
pentobarbital. Free-floating sections obtained with a
cryostat were incubated in the serotonin-, vasopressin-,
digoxin- and a-ANP-antibodies, and then subjected immuno-
histochemically with ABC method. A few serotonin nerve
fibers were seen in the paraventricular nucleus, supra-
optic nucleus and its accessory nuclei. In these
nuclei, EDLS-containing nerve cells were distributed.
Moreover, EDLS was co-localized with vasopressin. How-
ever, ANP was observed only in the parvocellular compo-
nent of the paraventricular nucleus. In the rats fed
with high sodium purina chow (4 weeks), the immuno-
reactivities of vasopressin and ANP were increased while
those of digoxin (that is, EDLS content) were decreased;
however, serotonin-immunoreactivity was not changed.

315.16

STAINING OF VASOPRESSINERGIC NEURONS IN ADRENALECTOMIZED RATS
USING A YASOPRESSIN ANTI-IDIOTYPE ANTIBODY. D, Berlove, D. Piekut, and
K. Knigge. Neurcendocrine Unit, University of Rochester School of Medicine
and Dentistry, Rochester, N.Y. 14642

A vasopressin anti-idiotype antibody was generated bv immunization of a
rabbit with primary anti-vasopressin IgG. This antiserum immunostains
neurons in the supraoptic and paraventricular nuclei of the hypothalamus in
normal and Brattleboro rats. Staining was reduced or eliminated by
preincubation or coincubation of the antiserum with synthetic vaspressin or
rat neural membrane_in a dose-dependent manner. The anti-idiotype also
inhibited binding of 3H-vasopressin to the neural membrane protein in &
dose-dependent manner. Preliminary characterization of this antiserum
indicates that the anti-idiotype recognizes a putative vasopressin receptor
associated with vasopressinergic neurons. Following adrenalectomy it has been
established that parvocellular CRF-containing neurons in PYN synthesize
vasopressin. We examined the presence of putative vasopressin receptors
associated with these parvocellular CRF-vasopressin immunoreactive cells.
Rats were adrenalectomized; following a survival period of 72 hours to 8
weeks, brains were stained with the primary anti-vasopressin and the
vasopressin anti-idiotype antibody. The vasopressin antisera immunostained
neurons in the parvocellular and magnocellular areas of PYN, whereas the
anti-idiotypic antibody immuneostained magnocellular neurons only. We
therefore conclude that the putative vasopressin receptor seen by our
anti-idiotype in magnocellular neurons 1s not present in the parvocellular
vasopressin producing neurons of the adrenalectomized rat.

315.18

DISTRIBUTION OF MONOAMINE AND NEUROPEPTIDE IMMUNOREAC-
TIVE CELLS IN THE CAT PARABRACHIAL PONTINE AREA. K.
Elisev and J, Ciriello. Dept. of Physiology, Univ.
of Western Ontario, London, Canada N6A 5Cl.

The parabrachial pontine area (PPA) surrounding the
brachium conjunctivum of the dorsolateral pons has been
implicated in pain and cardiovascular control mechan-
isms. In this study the distribution of perikaraya
containing the catecholamine biosynthetic enzymes
tyrosine hydroxylase (TH), dopamine-beta-hydroxylase
(DBH) and phenylethanolamine N-methyl-transferase
(PNMT), in addition to 5-hydroxytryptamine (5-HT), and
the peptides substance P (SP) and leucine enkephalin
(ENK) in the PPA of the cat were studied immunohisto-
chemically after intracisternal administration of
colchicine. Fewer DBH neurons were found in nucleus
subcoeruleus (SC), Kolliker-Fuse (KF) and the lateral
parabrachial nucleus (PBL) than TH neurons although the
nucleus locus coeruleus (LC) contained comparable
numbers of both. SP neurons were found in KF with
fewer neurons identified in SC, PBL and LC. 5-HT and
ENK neurons were more apparent in LC. In light of the
neuronal connections of the PPA and its involvement in
pain and cardiovascular control, these results suggest
the neurochemical substrate for the effects wupon
analgesia and the circulation. (Supported by HSFO) .

LEARNING AND MEMORY: ANATOMY II

316.1

DIRECT PROJECTIONS FROM THE LATERAL PONTINE NUCLEUS TO THE
ANTERIOR INTERPOSITUS NUCLEUS: A POTENTIAL CS PATHWAY FOR
CLASSICAL CONDITIONING. JE. Steinmetz and D.R. Sengelaub. Program in
Neural Science, Department of Psychology, Indiana University, Bloomington,
IN 47405.

A number of studies have suggested that the interpositus nucleus of the
cerebellum is a potential site for convergence of CS and US information (i.e.,
is a potential site for plasticity) associated with classical eyelid conditioning.
In addition, previous research has demonstrated that lateral regions of the
pontine nuclei (LPN) project essential acoustic CS information to the
cerebellum during conditioning (e.g., Steinmetz et al.,, Proc, Nat. Acad, Sci.,
84, 3531-3535). The present study used HRP to determine if cells in the
LPN project directly to dorsal regions of the anterior interpositus nucleus.

Stereotaxically placed injections of cholera toxin bound HRP (0.3-2 pl,
.2%) were made unilaterally into the region of the interpositus nucleus of
rabbits. HRP-labeled cells were visualized with TMB processing.

Our results indicate: (1) Injections which include the anterior interpositus
nucleus, dentate nucleus, and overlying regions of the cerebellar cortex
(including Larsell's HVI) retrogradely labeled cells in the contralateral LPN
and dorsolateral pontine nucleus (DLPN); (2) Injections confined to the
interpositus nucleus and white matter above the nucleus also labeled cells
located in the LPN and the DLPN; (3) Injections confined to the lateral edge of
the anterior interpositus and the medial edge of the dentate nucleus labeled
cells in the LPN but not the DLPN. All injections labeled cells in the reticular
tegmental pontine nucleus and rostromedial regions of the dorsal accessory
olive. These data provide evidence for a direct projection from lateral
regions of the pontine nuclei to the deep cerebellar nuclei, a pathway that
could be used to relay acoustic CS information to potential sites of plasticity
in the cerebellum during classical eyelid conditioning.

316.2

PONTINE PROJECTIONS OF COCHLEAR NUCLEI USING ANTERO-
GRADE HRP OR PHA-L. J.K. Thompson, D.G. Lavond, C.
Weiss and R.F. Thompson. Dept Psych/SGM 501, Univ
Southern Calif, Univ Park, Los Angeles, CA 90089-1061.

Previous studies using retrograde fluorescent
transport of Fluorogold or of Fast Blue suggest a
direct projection from DCN and VCN to posterior aspects
of lateral pontine nucleus (LPN). In other studies,
field potentials and multiple unit activity can be
evoked in the LPN by auditory click stimuli. Both
direct electrical stimulation of the LPN as a CS and
LPN lesions suggest that it projects essential auditory
information to the cerebellar locus of neuronal
plasticity for classical conditioning.

The present study was concerned with anatomically
confirming the pathway from cochlear nuclei to the
pontine region by using anterograde tracing techniques.
Rabbits were injected with WGA (pressure injection of
0.1-0.2 uL of 1% or 10% iontophoresis using 14 sec
square waves for 10-15 mins) or iontophorectically
injected with PHA-L (2.5%) into either the dorsal
cochlear nucleus (DCN) or the anteroventral cochlear
nucleus (VCN). Survivals were 48 hours after HRP and
14 days after PHA-L injections. The material was
processed and was later examined with both light and
dark field microscopy.

Supported by NSF BNS8106648 and ONR NO001483K0238 to
RFT and NINCDS NS2185303 to DGL.
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316.3

UNILATERAL INFERIOR OLIVE NMDA LESION LEADS TO UNILATERAL

DEFICIT IN ACQUISITION OF NMR CLASSICAL CONDITIONING. M.
G, Lavond and R.F. ompson. Dept. of

Psychol., SGM 501, Univ. Southern California, Los

Angeles, CA 90089-1061.

A unilateral lesion of the cerebellum permanently
abolishes the NMR only to US presented to the eye
ipsilateral, but not contralateral, to the side of the
lesion. This specialization of cerebellar memory sites
might be related to the restricted innervation pattern of
cerebellar hemispheres as indeed the climbing fibers to
each hemisphere convey mainly the US from the ipsilateral
eye. To test this hypothesis, we have measured the
conditioning of NMR to US presented to either of the eyes
after denervating one cerebellar hemisphere of its US
input. The anteriomedial aspect of dorsal accessory olive
was localized by antidromic stimulation of cerebellar
HVI area and then injected with 40-200 nMol of the
neurotoxin NM-DL-A to destroy the cells’ somata while
sparing fibers of passage from the contralateral olive or
other fibers as well. Extensive lesions of the I0
prevented acquisition of NMR to the eye ipsilateral to
the denervated cerebellar hemisphere. Conditioning to
the other eye was normal in all rabbits. It appears that
specialization of the memory sites in the cerebellum, in
respect to the left vs right US presentation, originate
from the distinctive lack of divergence of sensory input
from one eye to the bilateral cerebellar hemispheres.

316.5

Filopodia are present in synaptic glomérulae in the tactile learning
neuropils of the posterior buccal lobes of Octopus vulgaris. ], David
R . Department of Anatomy, Duke University
School of Medicine, Durham, N.C.

Tactile learning and memory (L&M) can be blocked in Octopus vulgaris by
surgical ablation of the posterior buccal (PBL) and subfrontal (SFL) lobes. We have
recently found evidence that tactile L&M in Octopus can be retarded or blocked by
injection of cytochalasin B (CB) into the neuropils of the PBL and SFL without
affecting previously established tactile memories. We postulated that L&M depends
critically on active extension of filopodia like those of nerve growth cones in specific
regions by neurites in response to specific activity. CB is known to cause collapse
of filopodia in both neurones and glia in tissue cultures, and this provided the
theoretical basis for the CB experiments. We assumed that active extension of
filopodia by neurites in leamning neuropils is important in L&M. To verify this we
have studied serial sections of the PBL neuropil by electron microscopy and found
numerous filopodia. These occur in repetitive glomerulae delimited by sheets of glial
cells each containing groups of 8-10 presynaptic endings 1-2um in diameter that
surround postsynaptic neurites. These are usually flattened in cross section and often
measure ~0.2 x 0.5 pm across. These are connected with nerve fibers 2-3 pm in
diameter with prominent neurofilaments and microtubules leading away from the
glomerulae. The presynaptic endings contain the usual spherical clear vesicles ~40-
60 nm in diameter, some of which are larger and pleomorphic, and groups of
spherical dense core vesicles 10-15 nm in diameter. Two sets of serial sections have
been analyzed in detail by a computer program for 3D analysis called PC3D (Jandel
Scientific) in the laboratory of Dr. Kathleen Smith using a PC's Ltd. 286 computer.
Reconstructions were plotted on a HP7475A plotter. Selected profiles of pre- and
postsynaptic neurites and glia cells were reconstructed through 52 sections 70 nm
thick and 48 sections 50 nm thick. Numerous filopodia like those in neural tissue
culture were found in both the pre- and postynaptic neurites and also in glial cells.
Supported by a research gift from RJRNABISCO, Inc.

316.7

THE BEHAVIORAL EFFECTS OF CORTICAL SYMPATHETIC
INGROWTH (CSI. L. E. Harrell and D. S. Parsons*. Dept. of
Neurology, VAMC and Univ. of Ala., Birmingham, AL 35294.

Following cholinergic denervation of the neocortex by
nucleus basalis of Meynert lesions (NBML) peripheral nor-
adrenergic fibers are observed to grow into neocortical regions.
To ascertain the behavioral effects of cortical sympathetic
ingrowth the following experiments were performed.

Sixty-six male adult Sprague-Dawley rats were divided into
two Groups. Gl animals underwent training on a standard radial-
8-arm maze (RAM) task (i.e., all arms baited) while G2 under-
went training on a modified version (i.e., 4 arms baited). After
training to a specific learning criterion the animals within each
major G were further subdivided into one of three subgroups:
Control (CON); NBML (ibotenic 5 ug/ul); NBML + superior
cervical ganglionectomy (NBML+Gx). Following surgery, animals
were retested until they again achieved learning criterion.

Prior to surgery all animals were able to acquire the task,
although those assigned to G2 took longer than those in G1 (mean
trials + SEM: 39.0 + 5.0 vs 10.2 + 4.0). Following surgery the
NBM animals (34.2 + 12.2 GlI; 53 + 7.5 G2) took significantly
longer to recovery than the NBM+Gx (13.8 + 2.5 G1; 31 + 7.1 G2)
or CON (10.2 + 2.8 G1; 13 + 1.6 G2) groups.

The results suggest Tthat CSI, in a manner similar to
hippocampal sympathetic ingrowth, may adversely affect
behavior. The effect of this neuronal reorganization on behavior
following NBML should be considered.

316.4

LESION OF THE CEREBELLAR INTERPOSITUS NUCLEUS ABOLISHES
BOTH NICTITATING MEMBRANE AND EYELID EMG CONDITIONED
RESPONSES. D.G. Lavond, C.G. n, J-H. Sohn, W.
Garner and R.F, Thompson. Dept Psych/SGM 501, Univ
Southern California, Univ Park, Los Angeles, CA 90089-
1061.

Rabbits were classically conditioned for 5 days at
108 trials per day using the repeating sequence of one
CS (1 KHz, 85 dB SPL, 352 ms) alone test trial and 8
paired trials of tone CS ?nd coterminating UCS (left
corneal airpuff, 2.1 N/cm“, 100 ms). Dependent
variables were nictitating membrane (NM) extension
measured with a minitorque potentiometer and eyelid
EMG activity measured with a preamplifier and level
discriminator.

Following this all rabbits were anesthetized and
lesioned in the left interpositus nucleus of the
cerebellum (2 mA, 2.5 min, anodal DC current at AP+0.5,
ML-5.0 and DV-14.5 mm from lambda) and allowed 7 days of
recovery.

Retesting on classical conditioning demonstrated
abolition of both conditioned NM extension and eyelid
closure. Averaged and individual trials are presented,
demonstrating a high correlation between NM,
discriminated and raw EMG before and after the lesion.

Supported by NINCDS 1 R23 NS2185301 to DGL and by NSF
BNS8106648 to RFT.

316.6

NEURAL ~ SUBSTRATES FOR LONG-TERM HABITUATION OF THE
ACOUSTIC STARTLE REFLEX VISUALIZED USING 2-DEOXYGLUCOSE:
REGIONAL CHANGES IN AUDITORY, RETICULAR AND CEREBELLAR
SYSTEMS. F. Gonzalez-Lima, T. Finkenstdadt* and J.-P.

Ewert. Dept. of Anat., Coll. of Med., Texas A&M Univ.,
College Station, TX 77843, and Dept. of Neuroethol.,
Univ. of Kassel, Kassel, F.R.G.

Autoradiography with l4c 7. -deoxyglucose (2DG) was used
to examine the functional activity of the rat brain during
habituation of the acoustic startle reflex. Group 1 rats
were long-term habituated for one week and injected with
2DG on the last session. Group 2 rats were not pretrained
and then were injected with 2DG and stimulated for one
session of short-term habituation. Group 3 rats served as
unstimulated controls. Long-term habituated rats showed a
significantly greater metabolic activation of the auditory
system (with the exclusion of the thalamocortical path-
way), the cerebellum (deep nuclei, vermian lobules 1-7,
lateral hemispheres) and major cerebellar input-output
structures (vestibular nuclei, inferior olive, spinal
cord). The largest increase was in the lateral superior
olive. In contrast, the midbrain reticular formation and
its ascending thalamocortical system (anterior, medial,
reticular and lateral posterior nuclei, and the frontal
cortex) showed significant suppressions in 2DG uptake.
The changes revealed by 2DG are the first demonstration of
brain substrates with Tlocalized metabolic alterations
dependent on long-term habituation.

316.8

LOCUS COERULEUS INVOLVEMENT IN CONDITIONED BRADYCARDIA.
G.C. Harris and R.D. Fitzgerald*. Dept. of Med. Psychol.
Oregon Health Sci. Univ., Portland, OR 97201.

The locus coeruleus (LC) is believed to play a role in
the expression of fear. Both NE -2 agonists and u opioid
agonists are known to have similar effects in suppressing
the neuronal activity of LC cells while, corticotropin
releasing factor (CRF) is known to enhance the firing of
LC cells. This study looked at the effects of the -2
agonists, Clonidine (3 ug) and UK 14,304 (5 ug), a u
opioid agonist, DALA (10 ug), and the CRF antagonist,
Alpha-Helical CRF (9-41) (25 ug) on the development of
classically conditioned bradycardia in rats when
administered into the rostral fourth ventricle in the
vicinity of the LC 5 min prior to training. Conditioning
consisted of a discrimination paradigm in which one 6-s
tone (CS+) was paired with an aversive US, while a second
tone (CS-) was presented alone. An immediate antagonist
test and a non-drug test 24 hrs after training were given.
All groups were then retrained and the effects of the
drugs on an established response was assessed. The
administration of DALA, UK 14,304, and Clonidine, were
found to decrement both the learning and performance of
the conditioned bradycardia. The adverse effect of these
drugs on the learning of the bradycardia could be due to
their inhibitory action at the LC leading to a loss of LC
influences in other brain structures important in the
conditioning process. Alpha-Helical CRF appeared to
slightly enhance the magnitude of the bradycardia.
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316.9

IBOTENIC ACID LESIONS IN THE MAGNOCELLULAR MEDIAL
GENICULATE NUCLEUS PREVENT THE ACQUISITION OF CLASSICALLY
CONDITIONED BRADYCARDIA TO SINGLE TONES IN RABBITS. N,

Winters*. Dept. of Psychology, Univ. of Miami, Coral Gables, FL 33124.

Previous work in our laboratory has demonstrated that ibotenic acid lesions in the
magnocellular region of the medial geniculate nucleus (mMMGN) prevent the
acquisition of differential classically conditioned bradycardia to acoustic stimuli in
rabbits. Although lesioned animals were not able to discriminate between a tone
paired with shock (CS+) and a separate tone that was not paired with shock (CS-),
the animals still exhibited significant bradycardia to both stimuli. This finding
suggests the possibility that mMGN is involved in the discrimination between two
or more tones, but that simple one-tone conditioning is mediated at a lower level in
the auditory system. In order to test this hypothesis, the present study examined the
role of mMGN in classically conditioned bradycardia to a single tone.

New Zealand albino rabbits received bilateral lesions via injection of ibotenic acid
into either mMGN (n=8) or into control lesion sites (n=16). Following recovery and
habituation to the tone CS (560 Hz, 90dB), the CS was paired with periorbital
shock (0.5 sec, 3mA) for 30 trials. In half of the control lesioned animals the tone
and shock were unpaired in a standard pseudoconditioning paradigm (n=8). Control
lesioned animals exhibited bradycardiac responses (mean= -11.6 beats/min) that were
significantly greater than the pseudoconditioned group responses (mean= -0.7
beats/min). In contrast, mMGN lesioned animals showed no significant heart rate
conditioning (mean= +4.3 beats/min). These findings suggest that neurons intrinsic
to mMGN are involved in classically conditioned heart rate responses to single
tones as well as in differential conditioning to more than one tone. These results
are consistent with results from studies in other species that have demonstrated that
MGN is critical for the development of cardiovascular and behavioral conditioned
responses 1o aversive stimuli. Supported by NS 24874, HL 07426, and HL 36588.

316.11

TRANSECTION OF THE MIDDLE CEREBELLAR PEDUNCLE ABOLISHES
CLASSICALLY CONDITIONED EYELID RESPONSES IN THE RAT.
R.W. Skelton, Dept. of Psychology, Univ. of Victoria,
Victoria, B.C., CANADA, VBW 2Y2.

The middle cerebellar peduncle (MCP) has been shown to
be essential to classical conditioning of eyelid
responses in rabbits (Lewis et al., 1987). The present
study tested the effects of electrolytic lesions and
knife cuts to the MCP on retention of eyelid conditioned
responses (CR) in rats.

Male hooded rats were prepared with subcutaneous EMG
electrodes for recording CRs and transorbital electrodes
for delivery of eyeshock. In addition, lesion electrodes
(or guide cannulae) were implanted bilaterally into the
MCP (or 1 mm dorsal to it). After recovery from surgery,
each rat was trained to a criterion of 80% CRs in a
Pavlovian delay paradigm which paired a 380 msec tone CS
with a 100 msec eyeshock unconditioned stimulus (2-4 mA,
60 Hz). The MCP was then destroyed bilaterally by
passing anodal current through the lesion electrodes or a
knife through the guide cannulae.

Transection of the MCP by either means severely
disrupted CRs without impairing either startle responses
to the tone or unconditioned responses to the eyeshock.
In most cases, the cerebellum itself was undamaged.
These results confirm and extend previous evidence that
the MCP is a critical afferent to the cerebellum for
eyelid CRs. (Supported by a grant from NSERC, Canada.)

316.13

SPATIAL NAVIGATION: EVIDENCE FOR CEREBELLAR INVOLVEMENT
FROM pcd NEUROLOGICAL MUTANTS. K.M. Hamre, C.R. Goodlett
and J.R. West. U. of Iowa, Dept. of Anatomy, Iowa City,
IA 52242.

The ability to perform spatial navigation efficiently
in the Morris water maze task is known to depend on
normal hippocampal function. However, we have found that
early postnatal alcohol exposure in rats, which had no
significant effects on hippocampal cell numbers but
caused severe reductions in cerebellar Purkinje cells,
resulted in impairments in spatial navigation. To exam-
ine more directly whether Purkinje cell loss may produce
spatial navigation deficits, we tested Purkinje Cell
Degeneration (pcd) neurological mutant mice, their lit-
termate controls (+/?) and C57BL/6J (B6) mice in the
Morris maze. Groups of mice were tested beginning at
either 30, 45 or 110 days of age. At all three ages the
B6 and +/? groups acquired the spatial problem. The
pcd mice failed to improve performance on the hidden
platform task, but had only a mild impairment on the
visible platform task. To determine whether the impaired
spatial performance could be due to secondary cell loss
in the hippocampus, pyramidal cells were counted at a
mid-temporal level in 60-day-old mice in 5 pm sectionms.
In all of the areas counted (CA4, CA3 and CAl), no dif-
ferences in cell numbers were observed among the 3
groups. These data suggest that the cerebellum may also
be essential to the performance of a spatial navigation
task. (Supported by NIAAA grant {fAA07313 to J.R.W.)

316.10

LIDOCAINE INJECTIONS IN RED NUCLEUS ABOLISH NEURAL UNIT
MODEL AND CONDITIONED RESPONDING IN STANDARD RABBIT
EYEBLINK PARADIGM. A

son. Program in Neural, Informational, and Behavioral Sciences, Universi-
ty of Southemn California, Los Angeles, CA 90083-1061.

The development of a neuronal unit "model" in the interpositus nucleus
preceeding the conditioned nictitating membrane response in the rabbit is
well established. A simitar neuronal model develops in the red nucleus.

Under anesthesia, we inserted cannulae just above the anterior inter-
positus nucleus or the caudal (magnocellular) red nucleus. We also implant-
ed recording electrodes in the red nucleus or anterior interpositus on the
side contralateral to the cannula. After five days of recovery, the animals
were trained and then overtrained on a standard eyeblink/nictitating mem-
brane conditioning paradigm with tone and air puff. We then injected
small amounts of lidocaine (1 ul of 4 % lidocaine) through the cannulae to
produce temporary lesions of the interpositus nucleus or the red nucleus.

Injection of lidocaine in the red nucleus reversibly abolished conditioned
responding but did not affect the multiple unit model in the interpositus.
Injection of lidocaine in the interpositus reversibly abolished conditioned
responding and the multiple unit model in the red nucleus. Control injec-
tions of saline resulted in no significant changes. The absence of changes
in the interpositus neuronal model following reversible lesions of the red
nucleus leads us to conclude the red nucleus is not the site of plasticity.

Supported by NSF BNS8106648 and ONR N0001483K0238 to RFT.

316.12

KAINIC ACID LESIONS OF THE CEREBELLAR CORTEX ABOLISH THE
CLASSICALLY CONDITIONED NICTITATING MEMBRANE RESPONSE OF
THE RABBIT. M.J. Hardiman, M. Glickstein and C.H. Yeo.
Dept. Anatomy, University College London, London WCl, U.K.
Discrete aspiration lesions of cerebellar cortex
abolish the classically conditioned nictitating membrane
response (NMR) of the rabbit (Yeo et al, Behav. Brain
Res. 13:261,1984). Thompson and his colleagues failed to
replicate this finding. They concluded that the cerebel-
lar cortex is not necessary for conditioning (Lavond et
al, Exp. Brain Res. 67:569,1987) and that the cerebellar
nuclei are the site of plasticity crucial for NMR condit-
ioning (McCormick and Thompson, Science 223:296,1984).

Here we used kainic acid to make fibre-sparing lesions
of cerebellar cortex. NMR conditioning, previously estab-
lished by pairing light and white noise conditioned
stimuli (CS) with periorbital electrical stimulation, was
abolished following kainic acid lesions of lobule HVI
with damage to adjacent parts of lobule HVII and V. There
was no reacquisition within 4000 trials over 20 sessions.
Unpaired presentation of the CS revealed no long latency
conditioned responses.

These fibre-sparing lesions did not exert their effect
by depriving the deep nuclei of their climbing fibre
collaterals since the inferior olive was intact. We
confirm that the cerebellar cortex is essential for
NMR conditioning. (SPON: EBBS)

316.14

LESIONS OF THE PARABRACHIAL NUCLEI INTERFERE WITH THE
FORMATION OF CONDITIONED FLAVOUR AVERSIONS. G.M. Martin—,
M. Gans=, and D. van der Kooy=. Dept. of Psychology
Memorial University, Newfoundland,“ Dept. of Anatomy,
University of Toronto, Toronto M5S 1A8.

Neuroanatomical data suggest that the parabrachial
nuclei could serve an important role in the formation of
conditioned flavour aversions since lateral portions of
the parabrachial nuclei receive visceral projections and
medial portions receive gustatory projections. We
removed the neuronal cell bodies of the lateral or medial
parabrachial nuclei with bilateral injections of 0.2 ul
of 4.0% ibotenic acid. Animals were given a 0.1%
saccharin solution to drink and were injected i.p. with
15mg/kg of morpine or a vehicle injection immediately
after saccharin removal. Animals with lateral lesions did
not form a saccharin aversion, while sham and medial
lesioned animals did. During the second training session
the animals were permitted access to a 2.0% vinegar
solution and were injected i.p. with either 50mg/kg of
LiCl, 1 mg/kg of methscopolamine or their saline vehicle
after vinegar removal. The gnimals with lateral lesions
did not form as large a conditioned flavour aversion as
the sham and medial lesioned animals. Control tests
showed that animals with lateral lesions could taste the
flavours. These data indicate that the lateral portions
of the parabrachial nuclei are important to the formation
or recall of conditioned flavour aversions.
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316.15

VISUAL CONCEPT OF FOOD/NON-FOOD IN PIGEONS
-EFFECTS OF ECTOSTRIATAL LESIONS-

S.Watanabe. Department of Psychology, Keio Univ.
Mita 2-15-45, Minato-Ku, Tokyo, Japan.

Two groups of pigeons were trained on food vs
non-food objects. An experimental chamber was an
operant chamber with a rectangular transparent
pecking key behind which a conveyor belt was
placed. The conveyor belt had 40 small cubicles
each contained food or non-food object. One group
was taught to peck the key when foods appeared and
the other group was taught to peck when non-food
objects appeared. Generalization to new objects
was tested when the birds learned the task. Then
the ectostriatum or neostriatum was damaged and
the birds were retrained. Generalization was
tested again after the relearning.

Both groups could learn the discrimination. They
showed generalization to the objects which had not
been presented during the discrimination training.

After the neostriatal lesion the birds maintain-
ed their discrimination, whereas the birds with
ectostriatal lesion required longer training. to
relearn the task. The subjects with damaged
neostriatum showed clear generalization after
surgery but those with damaged ectostriatum showed
weak generalization.

These results suggest that the ectostriatum has
an important role in this concept discrimination.

316.16

FOLLOWING BRAIN LESIONS, IF EXPRESSED IN d'
TERMS, MEMORY DECAYS AT NORMAL RATES.

J.L. Ringo, Department of Physiology, Univ.
of Rochester Med. Ctr., Rochester, NY 14642

Data from the literature on the effect of
various brain lesions on recognition memory
in the monkey was examined. On the basis of
percentage scores the published data can be
interpreted to signify that the ability to
recognize a previously seen object decays
faster in macaques with brain lesions than it
does in normal animals.

A re-analysis in terms of the d' of Signal
Detection Theory or in terms of an arcsine
transform of the percentage values shows, on
the contrary, that the rate of 'decay' from
0-600 sec is essentially the same in normal
animals and in those with lesions. Indeed,
the effect of the lesions is fully developed
at the shortest times tested, and shows no
differential loss as a function of delay
between initial presentation and test.

An implication of this result is that the
lesion effects are in initial recording or
retrieval processes and not in retention or
any relatively slow processes following
initial presentation.

NEUROGLIA: MYELIN FORMING CELLS

317.1

CLONING AND EXPRESSION OF MYEL.IN ASSOCIATED
GLYCOPROTEIN. P. nson* T M. Arguint* W.
Abramow-Newerly® R. Dunn’ and J. Roder, Dept. of Medical

Genetics, University of Toronto, Mt. Sinai Hospital Research
Institute, Toronto, Ontario M5G 1X5

Myelin associated glycoprotein (MAG) is a 100 kD integral
membrane protein that is thought to play a role in the

neuron-glial cell interactions that precede myelination. We
have cloned and sequenced MAG cDNAs from a rat brain Agt-
11 library. Based on the complete cDNA sequence, MAG

consists of a large extracellular domain (499 residues and a
90 residue intracellular portion with sites that are
phosphorylated in vivo. An alternative form of MAG,
differing only in the cytoplasmic domain and lacking a
prominent site for tyrosine phosphorylation, arises from
differential splicing. The expression of the two MAG
variants is developmentally and spatially regulated. We have
achieved high levels of recombinant MAG protein expression
in transfected mammalian and insect cells. Recombinant MAG
protein extracted from transfected NIH/3T3 cells and
incorporated into liposomes was found to bind specifically to
neuronal processes (collaboration with M. Schachner and
Sadoul, Heidelberg, FRG) and we are currently mapping the
binding domains by mutagenesis.

The extracellular domain of MAG contains five tandem
repeats, approximately 90 residues in length, which share
homology (20-30%) with the variable and constant domains of
immunoglobulins and the neural cell adhesion molecule (N-
CAM).

317.3

PERIPHERAL NERVE PROTEOLIPID PROTEIN: ISOLATION AND
CHARACTERIZATION OF A FULL LENGTH cDNA CLONE. J.
Kamholz*, T. Behrman* and Sandra Shuman*. (SPON. J. Cohen).
Dept. of Neurology, Univ. of Pa. Sch. of Med., Phila., PA 19104
Proteolipid protein (PLP), a transmembrane protein, is the major
structural protein in central nervous system (CNS) myelin. Three
messenger RNAs (mMRNAs) encoding PLP are found in rat brain.
Two of these, 3.2 and 1.6 kb in length, share a common PLP coding
sequence and differ only in their sites of polyadenylation. A third
transcript of 2.4 kb, produced by alternative splicing, encodes a
PLP with an altered coding region (DM-20). PLP expression has
recently been demonstrated in the peripheral nervous system (PNS).
The PNS PLP is localized in Schwann cells, but is not found in the
myelin sheath. Northern blots of rat sciatic nerve RNA probed
with a PLP cDNA reveal mRNAs of 3.2 and 1.6 kb, similar in size
to those found in the CNS. In order to understand the difference
in PLP localization in the PNS or CNS, we have characterized
several PLP cDNA clones isolated from a rat sciatic nerve cDNA
library. Two overlapping cDNA clones of 1.4 and 2.4 kb encode
an approximately full length cDNA of 3.2 kb. DNA sequence analysis
demonstrates that a portion of the 5 untranslated region (70 bp),
the coding region (834 bp) and a portion of the 3’ untranslated region
(500 bp) of the PNS PLP mRNA, are identical to the rat brain PLP
cDNA sequence. Restriction enzyme analysis of the remainder
of the 3’ untranslated region is also identical to the predicted from
the rat brain PLP cDNA sequence. These date demonstrate that
the PNS and CNS PLP mRNAs have the same primary sequence
and suggest that the absence of PLP from PNS myelin is due to
mechanisms acting at the posttranslational level.

317.2

ISOLATION AND PARTIAL CHARACTERIZATION OF cDNA FOR HUMAN
MYEL IN-ASSOCIATED GLYCOPROTEIN (MAG). J.R. MOLLER*, R.A.
LAZZARINI* and R.H. QUARLES*. (SPON: V.L. Friedrich Jr.
NINCDS, NIH, Bethesda, MD 20892

The myelin-associated glycoprotein (MAG) is an
adhesion molecule that is a member of the immunoglobulin
superfamily and appears to be involved in the interaction
of myelin-forming oligodendrocytes and Schwann cells with
axons. There is evidence implicating MAG in the
pathogenesis of human diseases such as multiple sclerosis
and neuropathy associated with IgM gammopathy. Several
laboratories have recently characterized cDNAs from rat
brain, but there is evidence for biochemical differences
in human MAG which may be relevant to human diseases.
Therefore, a cDNA library obtained from the basal ganglia
region of a one-day old infant was screened with a
32p_)abeled, full-length rat cDNA clone. A positive cDNA
was identified and inserted into a pBluescript vector.
Double stranded sequencing of the 3'-end of the cDNA has
identified 83 bases of the non-coding region, a 16 amino
acid signal sequence (DO), 122 amino acids of D1, and 45
amino acids of D2. Compared to the rat sequence, there
is one amino acid difference in DO, three in D1, and none
in the part of D2 so far sequenced. This corresponds to
a 98% amino acid sequence homology. The arg-gly-asp cell
attachment site in D1 is conserved, and there is an
additional potential glycosylation site in D1 of human
MAG in comparison to rat MAG.

317.4

THE ROLE OF SUGAR RESIDUES IN THE SORTING OF THE MYELIN
PROTEIN, Po. M.T. Filbin* and G.I. Tennekoon*, (SPON:
R. Johnson). Department of Neurology, The Johns Hopkins
Univ, School of Medicine, Baltimore, MD 21205,

The decrease in Po protein of myelin after axotomy is
accompanied by a change in its glycosylation pattern, from
a complex to a high-mannose type glycoprotein. It has
been suggested that this change results in the diversion of
Po to the lysosome where it is degraded. To investigate
this, we expressed Po in Chinese hamster ovary (CHO) cells,
whereby changes in glycosylation could be directly corre-
lated with changes in targeting. A plasmid containing two
selectable markers and the Po-cDNA under the control of the
metallothionein promoter was constructed and used to
transfect CHO cells with complete glycosylation enzymes and
mutant CHO cells that synthesized only high mannose type
glycoproteins. Initial selection was with the neomycin
analogue G418. To obtain an abundance of Po protein for
analysis, cells which had co-amplified the Po-cDNA were
selected for by the methotrexate/dihydrofolate reductase
strategy (stepwise increase of methotrexate up to 1 uM).
Western blot analysis showed several clones from both cell
lines with increased Po protein (2-5 fold). Immunofluores-
cence studies with both cell types showed a speckled
pattern resembling plasma membrane staining indicating that
Po glycoprotein does reach the plasma membrane. The two
cell lines permit a detailed assessment of the role of
carbohydrates in intracellular sorting of Po protein.

(This work was supported by Grants NS 21700 and NS 22849.)
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317.5

TURNOVER OF FATTY ACIDS COVALENTLY BOUND TO PROTEOLIPID
PROTEIN (PLP). M.B. Lees and O.A. Bizzozero*. E.K. Shriver
Center, 200 Trapelo Rd., Waltham MA 02254.

Fatty acid acylation of PLP occurs actively in adult
animals, as well as during rapid myelination, consistent
with an active metabolism of the acyl groups. To determine
the turnover rate of the acyl groups attached to PLP, forty
day old rats were injected intracranially with [“H]palmitic
acid and after time intervals from 0.5h to 15 days, myelin
proteins were analyzed by SDS-PAGE. Incorporation of the
label into PLP reached a maximum after 2 h and declined
after 48 h, with a half life of approximately 8 days. Even
after 15 days, D»87% of the radioactivity associated with
PLP could be released with NH,OH, indicating that it was
bound in ester linkage. However, analysis of the ester=
bound radioactivity revealed a high degree of fatty acid
interconversion. After 1 day, 15% of the protein-bound
radioactivity was present in fatty acids other than palmitic
whereas after 15 days, more than 50% of the original labeled
palmitate had been elongated and/or oxidized. When these
values were used to correct for interconversion, the half
life of palmitate attached to PLP was only 3-4 days. This
rate was slightly faster than that of phosphatidylcholine
acyl chains (6-8 days) and much faster than that of the
protein moiety calculated under the same experimental
conditions (D28 days). These results suggest that acylation
of PLP is a dynamic process involved mainly in myelin
maintainance and function. Supported by NIH grants NS 16945
HD 05515 and HD 04147.

317.7

PHOSPHORYLATION OF CHARGED ISOMERS OF
HUMAN MYELIN BASIC PROTEIN: EFFECT ON
SECONDARY STRUCTURE L] Ramwani*, R.M. Epand,*
T.E. Miani* and M. A. Moscargllo* (SPON. G. Rajakumar

Res.Inst. The Hospital for Sick Children, Toronto, Ont. M5G 1X8
Dept.of Biochem., McMaster University, Hamilton, Ont. L8N 3Z5

Myelin basic protein (MBP) represents the major extrinsic protein of
the myelin membrane. It can be fractionated into several charged
isomers (components) on the cation exchange column. In the present
study effect of phosphorylation on the secondary structure of four of
these components was investigated by circular dichroism.

MBP components were phosphorylated with human brain white
matter protein kinase C. The extent of phosphorylation varied
considerably from 1.8 moles phosphate/mole protein in component 1
(C-1) to 6.1 moles phosphate/mole protein in component 4 (C-4). All
non-phosphorylated components exhibited varying amounts of B
structure, random coil and turns, but no o helix. Phosphorylation of
these components induced changes in secondary structure and caused
an increase in B structure to 40-45% for all components. The increase
in B structure could not be reversed by removal of 50% of phosphate
by acid phosphatase. The other 50% was inaccessible to the enzyme
suggesting it occupies a critical site involved in the stabilization of the
B structure. Isolation of the critical site is under way.

In conclusion, components of MBP are phosphorylated to a different
extent and phosphorylation of a single critical site may be influencing
the stabilization of p structure.

3179

EXPRESSION OF TRANSFERRIN AND THE TRANSFERRIN RECEPTOR BY
OLIGODENDROCYTES IN VITRO W.P. Ba and J.R., Connor.
Dept. Anat., M.S. Hershey Med. Ctr., Hershey, PA 17033.

Transferrin, the iron mobilization protein, has been
found in oligodendrocytes in the rat, mouse, and human
CNS. We have undertaken the following experiment to
demonstrate 1) whether oligodendrocytes grown in vitro ac-
cumulate transferrin (Tf) and express the Tf receptor, 2)
the temporal sequence of Tf and Tf receptor appearance in
relation to galactocerebroside and myelin basic protein.
Cells were examined immunohistochemically in dissociated
mixed glial cell cultures from 3-4 day old mouse pups. Tf
receptor positive cells appear before the expression of
GalC immunoreactive cells; an oligodendroglial marker.
These cells are small, round, process-bearing cells which
lie on the surface of the astrocytic bed layer. When im-
munostained prior to fixation, the pattern of staining is
restricted to the soma and occasionally the proximal por-
tion of a process. The Tf receptor positive cells also
immunoreact with antisera to MBP and GalC. Furthermore,
MBP and GalC cells immunostain with Tf. However, while
MBP and GalC positive sheets of myelin-like membrane are
visible, Tf is confined mostly to the perikaryal cyto-
plasm. This study reveals that Tf and its receptor are
present in oligodendrocytes in culture and suggests that
the appearance of the Tf receptor may be an early indica-
tion of a differentiated oligodendrocyte. Supported by
NMSS RG1998 (WPB) and NS22671 (JRC).

317.6
IN VITRO FATTY ACID ACYLATION OF Po GLYCOPROTEIN. O.A.
Bizzozero* and L. Good*. (Spon: T. Fox). E. K. Shriver
Center, 200 Trapelo Rd., Waltham MA 02254.

Po glycoprotein, the major PNS myelin protein, contains
1 mol of ester bound fatty acid and acylation has been
demonstrated in vivo. To determine when the fatty acid is
attached during the posttranslational processing of the
protein, we have studied the kinetics of Po acylation in
vitro. Sciatic nerve slices from 10~day old rats were
incubated with a mixture of [3H]palmitate and [!4C)amino
acids and myelin groteins were analyzed by SDS-PAGE. After
incubation with [°H]palmitate, most of the protein radio-
activity was present in Po (28K). The label associated
with Po was identified as palmitic acid bound in ester
linkage. The kinetics of entry of newly synthesized and
palmitoylated Po into myelin were similar, suggesting that
the addition of palmitate occurs near the site of synthesis.
Moreover, addition of cycloheximide immediately stopped
the synthesis and acylation of total nerve Po, suggesting
the absence of a large pool of unacylated Po. Inhibition
of protein transport with monensin or colchicine also
blocked the entry of acylated Po into myelin. The reaction
is a net addition of fatty acid. Developmental studies
showed that the synthesis and acylation of Po are maximal
during rapid myelination. In conclusion, the results
indicate that fatty acids are added to Po in the early
stages of the posttranslational processing and not in
myelin. Supported by NIH grants 05515 and HD 04147.
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IDENTIFICATION OF THE Catt/CALMODULIN-DEPENDENT PROTEIN
KINASE IN RAT BRAIN MYELIN FRACTION. Y. Huang* (SPON:

M. Scanleg). Div. of Neuroscience, New York State Psych.
Inst., 722 West 168th Street, New York, N.Y. 10032,

The process of protein phosphorylation and dephospho-
rylation is considered to_be an important mechanism
utilized by eucaryotic cells for ﬁgst—translational
regulation of+grotein function. ny of the biological
ef%ects of Ca in central nervous system are mediated by
Catt/Calmodulin (CaM) dependent grotein phosphorylation.
Phosphorylation process is also found in brain myelin and
mzelin basic protein (MBP) is a major phosphoprotein. 1In
the course of our characterization of post synaptic
densities (PSDs) in human and rat brains, we have detected
the presence of a Ca*+t/CaM-dependent Erotein kinase capable
of g osghorylation of polygeptide doublets of 48/50 kDa and
56/58 kDa in rat brain myelin fraction. Phcsghorylation of
these gglypeptide doublets is stimulated in the presence of
the C<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>