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17. Auditory system I .....cooveieiniiiiiiiiiiininiiiinininn, 40
Poster Sessions—8:30 a.m.
18. Interhemispheric relations .........c.ccceevevenenenens 43
19. Biological rhythms I .......c.ccceveiniiiiieiininnnne. 48
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45. Postsynaptic mechanisms I ...........ccceenennenee. 154
46. Transplantation I ........ccccoeveviiiiiiiiiiiiniiennn, 159
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50. The Neurology of Memory. L.R. Squire ......... No
abstract
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Symposium —1:00 p.m.
52. The Basics of Molecular Biology.
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Slide Sessions—1:00 p.m.
53. Action potentials and ion channels V ............. 175
54. Excitatory amino acids: pharmacology I ......... 178
55. Cell lineage and differentiation I ................... 181
56. Trophic agents: nerve growth factor I ............ 184
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58. Dopamine receptors .........oceeevevuieieieninininennns 190
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69. Motor systems and sensorimotor integration:
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106. Synaptogenesis I ......ccoeevviiiiiiiiniiiiiinn 373
107. Messenger RNA regulation I ...........ocoeeeneee. 376
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117. Disorders of motor systems and neural
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119. Neuroendocrine controls: pituitary III ............ 414
120. Biological rhythms IIT ...........cocoeiiiiiinininan. 419
121. Neuropeptides and behavior I ............ccoeeveee. 424
122. Subcortical visual pathways II ....................... 428
123. Aging and dementia: transmitters .................. 433
124. Aging and dementia: function I .................... 439
125. Basal forebrain and cholinergic pathways ........ 443
126. Behavioral pharmacology: dopamine .............. 447
127. Psychotherapeutic drugs: anxiolytics ...i.......... 452
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129. Feeding and drinking IIT ..........cccoiiiiiiiiinan, 462
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136. Dopamine receptor functions ............ceceeueuenes 488
137. Diseases of the nervous system I ................... 492
138. Diseases of the nervous system II .................. 497
139. Alcohol and barbiturates II ........cccoeeeninininnns 501
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141. Transplantation III ..........cccoovviiiiiiiniiininann, 511
142. Trophic agents: nerve growth factor II ........... 516
143. Trophic agents: nerve growth factor III .......... 518
144, Spinal cord I .....oevvinininiiiiiiiiiiiicas 521
145. Subcortical somatosensory pathways: trigeminal 523
146. Comparative neuroanatomy: mammals, etc. 525
147. Action potentials and ion channels VI ............ 530
148. Action potentials and ion channels VII ........... 535
149. Auditory system V .....c.eciiiiiiiieiiiiiiiniiiinennn. 538
150. Auditory system VI .....ccooiiiiiiiiiiiiiiniiiininn. 543
151. Auditory system VII ......cooeiiiniiiiiiiininininnn. 547
152. Trophic agents: nerve growth factor IV .......... 550
153. Feeding and drinking IV ..........cooiiini, 553
154. Gene structure and function IT ...................... 557
155. Peptides: receptors ......coeeveeuineninininininiienenenes 561
156. Transmitters and receptors in disease II .......... 564
Presidential Special Lecture —11:30 a.m.
157. Cortical Computational Maps for Auditory
Imaging. N. Suga ......cccvvevevininiininiinininnnne. No
abstract
Symposia—1:00 p.m.
158. The Role of Nectins (Cell Binding Molecules)
in Neural Development.
Chaired by: L. Glaser .........ccocovvniiinininns 567
159. Structural Computer Simulations in Developmental
and Systems Neurobiology.
Chaired by: J.M. BOWET ....cccvviviininennininnns 567
Slide Sessions—1:00 p.m.
160. Transplantation IV .......cccoveviiiiiiiininininn.. 568
161. GABA and benzodiazepine: pharmacology I .... 570
162. Trophic interactions I .........cooeveiiiiiiiinininin.. 573
163. Action potentials and ion channels VIII .......... 576
164. Pain: central pathways IT .............ooiiiiiiis 580
165. Messenger RNA regulation II ....................ee. 583
166. Feeding and drinking V .......cccooeveviniiiininnnn.n. 586
167. Visual system: development and plasticity II .... 589
168. Development of invertebrates I ..................... 592
169. Presynaptic mechanisms IT .............cocoeenenent, 595
170. Behavioral pharmacology: dopamine and
NEUrOlePtiCs ..euvvvneiiiiiiieiniiiiiiiiiiiiiieaennaaes 598
171. Motor systems and sensorimotor integration:
cerebellum II ......cooviiniiiiiiiiiiiiiinnine, 601
172. Biological rhythms IV ........cccioiiiiiiiiiiinnnn. 604
173. Learning and memory: physiology I ............... 607
Poster Sessions—1:00 p.m.
174. Neuropeptides and behavior II ...................... 611
175. Invertebrate learning and behavior II ............. 615
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179. Motor systems and sensorimotor integration:
vestibular system I .........c.cociiiiiiiiiiiinn. 634
180. Opiates, endorphins and enkephalins: anatomy
and chemistry I ....ocvviiiiiiniiiiiiiiiiiiinininninnes 637
181. Learning and memory: anatomy II ................ 642
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182. Metabolic studies .......cceveeniiiiiiiieieiniiinenennnns 647
183. Human behavioral neurobiology I ................. 650
184. Learning and memory: pharmacology I .......... 654
185. Monoamines and behavior IV ....................... 659
186. Neuroendocrine controls: pituitary IV ............ 664
187. Neurotransmitters: uptake, storage and
secretion I ...ooevviniiiiiiiiiiiiiiiiirceereaees 668
188. Cortex: motor cortex Il .....ccovvveniiiiiininininnnne. 672
189. Staining and tracing techniques I ................... 676
190. Staining and tracing techniques II .................. 679
191. Autonomic Nervous SYStEM .......c.eeeeeeeenenenennss 682
192. Endocrine control of development I ............... 687
193. Nutritional and prenatal factors I .................. 691
194. Neurotoxicity: metals ......cccvvvvvveieiniiiiennenennns 695
195. Cell lineage and differentiation II .................. 699
196. Interactions between neurotransmitters I ......... 703
197. Characterization of cholinergic receptors I ...... 706
198. Regional localization of receptors and
transmitters I ....cooovviiiiiiiiiiiiiiiiiiiieniiennns 710
199. Control of posture and movement V .............. 713
200. Development and plasticity: aging .................. 718
201. Receptor regulation II ........c.coeeveniniiiinianinnnn. 723
202. Receptor regulation: cholinergic .................... 726
203. Regulation of autonomic function III ............. 728
204. Regulation of autonomic function IV ............. 733
205. Cardiovascular regulation: heart, blood flow,
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206. Cardiovascular regulation: hypertension .......... 744
207. Regeneration: spinal cord II ........c.cevenennnn..e. 748
208. Excitatory amino acids: mechanisms .............. 751
209. Excitatory amino acids: receptors II ............... 756
210. Excitatory amino acids: pharmacology II ........ 761
211. Opiates, endorphins and enkephalins: physiological
effects II coovveniiiiniiiiiiiiiiiiiiireaae 766
212. Blood-brain barrier I ......cccceeviiiiiiininnnnn.. 771
213. Histochemical methods ........ccoveviiiininininennnn. 776
214. Somatic afferents II ......cccoviviiiiniieiiiiniiennnne. 777
Special Lecture —4:00 p.m.
215. Excitatory Synaptic Transmission in the
Hippocampus. C.F. Stevens ...........c.c.c..... 782
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216. Molecular Basis of Axonal Transport— Kinesin
and Other Transport Proteins. T.S. Reese .... No
abstract
THURSDAY
Symposium —8:30 a.m.
217. Molecular Genetic Analysis of Neuronal
Development. Chaired by: C.S. Goodman .... 783
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218. Information Processing in the Macaque Retina.
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253. Catecholamines IV .......ccoveveiiiiiiiiniiiiininininnn, 913
254. Opiates, endorphins and enkephalins: physiological
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Factor. Chaired by: J.M. Saavedra.............. 1220
Slide Sessions—8:30 a.m.
337. Process outgrowth IV ......cooiiiiiiiiiiiiiiiininien, 1220
338. Motor systems and sensorimotor integration:
vestibular system II ..........c.cooiiiiiiiiin. 1223
339. Biochemical and pharmacological correlates of
development III .......cooiiiiiiiiiiiiiniiiniinine. 1226
340. GABA and benzodiazepine: receptors ............. 1229
341. Neural plasticity in adult animals II ............... 1232
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345. Cardiovascular regulation: CNS pathways V .... 1244
346. Opiates, endorphins and enkephalins: anatomy
and chemistry II ...coovviiiiiiiiiiiiiiiieiennes 1247
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Presidential Special Lecture —11:30 a.m.
395. Perspectives on Computational Neuroscience.
T.J. SejnowsKi ..ouvnvnininiiiiiiinn No
abstract
Symposium —1:00 p.m.
396. Neuronal Serotonin Receptors.
Chaired by: J.M. Palacios and
B.P. Richardson .........c.ccoviveiiiiiiiiniiiennnne. 1430
Workshop —1:00 p.m.
397. New Directions in Mammalian CNS in vitro:
Beyond the Slice. Chaired by: K.D. Walton.. 1430
Slide Sessions—1:00 p.m.
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403. Diseases of the nervous system: ischemia and
Parkinson’s disease .........ccceeveiiiiienininennnnn, 1446
404. Visual cortex VI ....coiiiiiiiiiiiiiiiiiiiiiiiinine, 1449
405. Learning and memory: anatomy VI ............... 1452
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IMJUTY ceeniiieiiinieiieieeierereeeneeneneeeenaneeaenns 1494
418. Diseases of the nervous system III ................. 1499
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421. Structure and function of identified cells II ..... 1513
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423. Endocrine control of development II .............. 1518
424. Peptide: receptors I ......coovvininiiiiiiiiiininan.. 1522
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426. Reflex function IT ......cocevivininiiininieniniinnnnn, 1531
427. Visual system: development and plasticity V .... 1534
428. Circuitry and pattern generation II ................ 1539
429. Motivation and emotion II ..................c.coceilL 1543
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Session

Number and Title Page
437. Peptides: anatomical localization IV ............... 1576
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abstract
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Poster Sessions —8:30 a.m.
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transmitters IV .. ....coiiiiiiiiiiiii 1657
462. Neural plasticity in adult animals IV .............. 1660
463. Peptides: physiological effects IV .................. 1666
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465. Cellular aspects of disease I .............cooeeinininin 1677
466. Neurotoxicity III ....c.oevveviiiiierineniniiiiiinninennn. 1681
467. Cellular aspects of disease I ............ccoeeneieis 1685
468. Visual system: development and plasticity VI ... 1689
469. Spinal cord and brainstem IV .................... 1693
470. Disorders of motor systems and neural
prostheses II .......ooeveieiiiiiiiiiiiiiin, 1698
471. Opiates, endorphins and enkephalins: anatomy
and chemistry III ....coovvviviiiiiiineiiiinininnnes 1701
472. Messenger RNA regulation V ..........ccooveinnnn 1706
473. Membrane COMPOSItion ........c.eceveviniiiinininne. 1710
474. Behavioral pharmacology: acetylcholine .......... 1713
475. Behavioral pharmacology: cocaine ................. 1717
476. Behavioral pharmacology: addiction ............... 1720



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
408. Aging and dementia: anatomy Slide Fri PM
124. Aging and dementia: function I Poster Wed AM
452. Aging and dementia: function II Slide Sat AM
230. Aging and dementia: molecular biology I Slide Thu AM
366. Aging and dementia: molecular biology II Poster Fri AM
316. Aging and dementia: plaques, tangles, amyloid Poster Thu PM
123. Aging and dementia: transmitters Poster Wed AM
191. Autonomic nervous system Poster Wed PM
257. Biochemical and pharmacological correlates of development I Poster Thu AM
313. Biochemical and pharmacological correlates of development II Poster Thu PM
339. Biochemical and pharmacological correlates of development III  Slide Fri AM
55. Cell lineage and differentiation I Slide Tue PM
195.  Cell lineage and differentiation II Poster Wed PM
248. Cell lineage and differentiation III Poster Thu AM
309. Cell lineage and differentiation IV Poster Thu PM
409. Cell lineage and differentiation V Slide Fri PM
200. Development and plasticity: aging Poster Wed PM
168. Development of invertebrates I Slide Wed PM
314. Development of invertebrates II Poster Thu PM
442. Developmental disorders Poster Fri PM
192. Endocrine control of development I Poster Wed PM
423. Endocrine control of development II Poster Fri PM
449. Hormonal Organization and Reorganization of Neural Circuits Symp. Sat AM
315. Limbic system Poster Thu PM
217. Molecular Genetic Analysis of Neuronal Development Symp. Thu AM
74. Morphogenesis and pattern formation I Poster Tue PM
308. Morphogenesis and pattern formation II Poster Thu PM
419. Motor systems Poster Fri PM
280. Neural plasticity in adult animals I Slide Thu PM
341. Neural plasticity in adult animals II Slide Fri AM
441. Neural plasticity in adult animals III Poster Fri PM
462. Neural plasticity in adult animals IV Poster Sat AM
269. Neural plasticity in adult animals: hippocampus Poster Thu AM
47. Neural plasticity in adult animals: spinal cord Poster Tue AM
7. Neuronal death I Slide Tue AM
255. Neuronal death II Poster Thu AM
220. Neurotoxicity I Slide Thu AM
258. Neurotoxicity II Poster Thu AM
466. Neurotoxicity III Poster Sat AM
24. Neurotoxicity: MPTP and ethanol Poster Tue AM
194. Neurotoxicity: metals Poster Wed PM
193. Nutritional and prenatal factors I Poster Wed PM
416. Nutritional and prenatal factors II Poster Fri PM
6. Process outgrowth I Slide Tue AM
75.  Process outgrowth II Poster Tue PM
130.  Process outgrowth III Poster Wed AM
337. Process outgrowth IV Slide Fri AM
413.  Process outgrowth V Poster Fri PM
414. Process outgrowth VI Poster Fri PM
104. Process outgrowth: growth cone behavior Slide Wed AM
82. Regeneration I Poster Tue PM
291. Regeneration II Slide Thu PM
331. Regeneration: PNS Poster Thu PM
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268. Regeneration: lower forms Poster Thu AM
383. Regeneration: optic nerve Poster Fri AM
113. Regeneration: spinal cord I Slide Wed AM
207. Regeneration: spinal cord II Poster Wed PM
26. Sensory systems: auditory, olfactory, gustatory Poster Tue AM
25. Sensory systems: somatosensory Poster Tue AM
391. Specificity of synaptic connections I Poster Fri AM
392. Specificity of synaptic connections II Poster Fri AM
406. Specificity of synaptic connections and synaptogenesis Slide Fri PM
48. Sprouting and sprouting mechanisms I Poster Tue AM
384. Sprouting and sprouting mechanisms II Poster Fri AM
106.  Synaptogenesis I Slide Wed AM
393. Synaptogenesis II Poster Fri AM
394. Synaptogenesis III Poster Fri AM
256. Transmitter phenotypic plasticity Poster Thu AM
46. Transplantation I Poster Tue AM
81. Transplantation II Poster Tue PM
141. Transplantation III Poster Wed AM
160. Transplantation IV Slide Wed PM
219. Transplantation for movement disorders Slide Thu AM
443. Trophic agents I Poster Fri PM
444. Trophic agents II Poster Fri PM
56. Trophic agents: nerve growth factor I Slide Tue PM
142. Trophic agents: nerve growth factor II Poster Wed AM
143. Trophic agents: nerve growth factor III Poster Wed AM
152. Trophic agents: nerve growth factor IV Poster Wed AM
282. Trophic agents: nerve growth factor and others Slide Thu PM
162. Trophic interactions I Slide Wed PM
445. Trophic interactions II Poster Fri PM
446. Trophic interactions III Poster Fri PM
71.  Visual system: development and plasticity I Poster Tue PM
167.  Visual system: development and plasticity II Slide Wed PM
285.  Visual system: development and plasticity III Slide Thu PM
344. Visual system: development and plasticity IV Slide Fri AM
427. Visual system: development and plasticity V Poster Fri PM
468. Visual system: development and plasticity VI Poster Sat AM
Theme B: Cell Biology
Session Day and
Number Session Title Type Time
36. Axonal and intracellular transport Poster Tue AM
52. The Basics of Molecular Biology Symp. Tue PM
212. Blood-brain barrier I Poster Wed PM
347. Blood-brain barrier II Slide Fri AM
385. Cell surface macromolecules I Poster Fri AM
455.  Cell surface macromolecules II Slide Sat AM
465. Cellular aspects of disease I Poster Sat AM
467. Cellular aspects of disease II Poster Sat AM
15.  Gene structure and function I Slide Tue AM
154.  Gene structure and function I1 Poster Wed AM
240. Gene structure and function III Poster Thu AM
35. Glial Poster Tue AM
59. Glia II Slide Tue PM
330. Glia III Poster Thu PM
377. Glia IV Poster Fri AM
473. Membrane composition Poster Sat AM
107. Messenger RNA regulation I Slide Wed AM
165. Messenger RNA regulation II Slide Wed PM
302. Messenger RNA regulation III Poster Thu PM
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357. Messenger RNA regulation IV Poster Fri AM
472. Messenger RNA regulation V Poster Sat AM
182. Metabolic studies Poster Wed PM
448. New Insights into the Structure and Function of Receptors Symp. Sat AM
99. Proto-Oncogenes in the Nervous System Symp. Wed AM
158. The Role of Nectins (Cell Binding Molecules) in Neural
Development Symp. Wed PM
189.  Staining and tracing techniques I Poster Wed PM
190. Staining and tracing techniques II Poster Wed PM
420. Structure and function of identified cells I Poster Fri PM
421. Structure and function of identified cells II Poster Fri PM
422. Structure and function of identified cells III Poster Fri PM
Theme C: Excitable Membranes and Synaptic Transmission
Session Day and
Number Session Title Type Time
29. Action potentials and ion channels I Poster Tue AM
30. Action potentials and ion channels II Poster Tue AM
31.  Action potentials and ion channels III Poster Tue AM
32. Action potentials and ion channels IV Poster Tue AM
53.  Action potentials and ion channels V Slide Tue PM
147.  Action potentials and ion channels VI Poster Wed AM
148.  Action potentials and ion channels VII Poster Wed AM
163. Action potentials and ion channels VIII Slide Wed PM
222. Action potentials and ion channels IX Slide Thu AM
281. Action potentials and ion channels X Slide Thu PM
374. Action potentials and ion channels XI Poster Fri AM
375. Action potentials and ion channels XII Poster Fri AM
401. Action potentials and ion channels XIII Slide Fri PM
42. Drug effects on receptors I Poster Tue AM
43. Drug effects on receptors II Poster Tue AM
100. Peptide-Monoamine Interactions: From Molecular Mechanisms
to Behavior Symp. Wed AM
22. Pharmacology of synaptic transmission I Poster Tue AM
23. Pharmacology of synaptic transmission II Poster Tue AM
44. Postsynaptic mechanisms I Poster Tue AM
45. Postsynaptic mechanisms II Poster Tue AM
86. Presynaptic mechanisms I Poster Tue PM
169. Presynaptic mechanisms II Slide Wed PM
343. Presynaptic mechanisms III Slide Fri AM
373. Presynaptic mechanisms IV Poster Fri AM
87.  Synaptic structure and function I Poster Tue PM
88.  Synaptic structure and function II Poster Tue PM
Theme D: Neurotransmitters, Modulators, and Receptors
Session Day and
Number Session Title Type Time
327.  Acetylcholine: choline uptake Poster Thu PM
325.  Acetylcholine: localization Poster Thu PM
286.  Acetylcholine: metabolism I Slide Thu PM
326.  Acetylcholine: metabolism II Poster Thu PM
135.  Acetylcholine: muscarinic receptors Poster Wed AM
77.  Acetylcholine: regulation Poster Tue PM
249.  Adrenergic receptors Poster Thu AM
274. Behavioral pharmacology I Poster Thu AM
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474.
476.
475.
126.
170.
371.
251.
133.
134.
226.
253.
407.
368.
369.
322.
252.
457.
197.
223.
379.
260.

51.
250.
372.
136.

58.
328.
434.
208.

54.
210.
432.
109.
209.
287.
431.
267.
266.
263.
161.
264.
265.
340.
213.
196.
259.
354.
460.
464.
221.
312.
415.
433.
396.
411.
187.
307.
180.
346.

Behavioral pharmacology II

Behavioral pharmacology: acetylcholine

Behavioral pharmacology: addiction

Behavioral pharmacology: cocaine

Behavioral pharmacology: dopamine

Behavioral pharmacology: dopamine and neuroleptics

Biogenic amines and receptor regulation

Biogenic amines: toxins

Catecholamines I

Catecholamines II

Catecholamines III

Catecholamines IV

Catecholamines V

Catecholamines: MPTP

Catecholamines: anatomical studies

Catecholamines: cell culture

Catecholamines: electrophysiology

Catecholamines: metabolism and release

Characterization of cholinergic receptors I

Characterization of cholinergic receptors II

Characterization of muscarinic cholinergic receptors

Characterization of neuronal nicotinic cholinergic receptors

Chemical Architecture of the Cerebellar Cortex: Structure
and Function .

Cocaine: Modulation of Monoamine Function

Cyclic nucleotides I

Cyclic nucleotides II

Dopamine receptor functions

Dopamine receptors

Dopamine receptors: ligand binding and purification

Excitatory amino acids: localization and release

Excitatory amino acids: mechanisms

Excitatory amino acids: pharmacology I

Excitatory amino acids: pharmacology II

Excitatory amino acids: phencyclidine interaction

Excitatory amino acids: receptors I

Excitatory amino acids: receptors II

Excitotoxins I

Excitotoxins 11

GABA and benzodiazepine receptors: behavioral studies

GABA and benzodiazepine receptors: molecular characterization

GABA and benzodiazepine: anatomy and cytochemistry
GABA and benzodiazepine: pharmacology I
GABA and benzodiazepine: pharmacology II
GABA and benzodiazepine: receptor binding
GABA and benzodiazepine: receptors
Histochemical methods

Interactions between neurotransmitters I
Interactions between neurotransmitters 11
Interactions between neurotransmitters III
Interactions between neurotransmitters IV
Metabolism of transmitters and modulators
Modulators I

Modulators II

Modulators III

N-methyl-D-aspartate: physiology

Neuronal Serotonin Receptors

Neurotransmitters and receptors: histamine
Neurotransmitters: uptake, storage and secretion I
Neurotransmitters: uptake, storage and secretion 11

Opiates, endorphins and enkephalins: anatomy and chemistry I
Opiates, endorphins and enkephalins: anatomy and chemistry II
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471. Opiates, endorphins and enkephalins: anatomy and chemistry III Poster Sat AM
64. Opiates, endorphins and enkephalins: physiological effects I Slide Tue PM
211. Opiates, endorphins and enkephalins: physiological effects II Poster Wed PM
254. Opiates, endorphins and enkephalins: physiological effects III Poster Thu AM
278. Opiates, endorphins and enkephalins: physiological effects IV Slide Thu PM
361. Opiates, endorphins and enkephalins: physiological effects V Poster Fri AM
284. Peptide: receptors I Slide Thu PM
424. Peptide: receptors II Poster Fri PM
83. Peptides: anatomical localization I Poster Tue PM
273. Peptides: anatomical localization II Poster Thu AM
381. Peptides: anatomical localization III Poster Fri AM
437. Peptides: anatomical localization IV Poster Fri PM
11.  Peptides: biosynthesis, metabolism and biochemical
characterization I Slide Tue AM
299. Peptides: biosynthesis, metabolism and biochemical
characterization II Poster Thu PM
355. Peptides: biosynthesis, metabolism and biochemical
characterization III Poster Fri AM
39. Peptides: opiate receptors Poster Tue AM
356. Peptides: physiological effects I Poster Fri AM
362. Peptides: physiological effects II Poster Fri AM
402. Peptides: physiological effects III Slide Fri PM
463. Peptides: physiological effects IV Poster Sat AM
155. Peptides: receptors Poster Wed AM
118.  Peptides: substance P receptors Poster Wed AM
61. Receptor regulation I Slide Tue PM
201. Receptor regulation II Poster Wed PM
202. Receptor regulation: cholinergic Poster Wed PM
324. Receptor regulation: neuropeptides Poster Thu PM
198. Regional localization of receptors and transmitters I Poster Wed PM
311. Regional localization of receptors and transmitters II Poster Thu PM
358. Regional localization of receptors and transmitters III Poster Fri AM
461. Regional localization of receptors and transmitters IV Poster Sat AM
342. Serotonin Slide Fri AM
458. Serotonin and biogenic amines Poster Sat AM
323. Serotonin receptors: radioligand binding studies Poster Thu PM
370. Serotonin: behavioral and physiological effects Poster Fri AM
459. Serotonin: electrophysiological studies Poster Sat AM
94. Serotonin: functional studies I Poster Tue PM
224. Serotonin: functional studies II Slide Thu AM
335. Stimulant-Induced Sensitization — Behavior and Pharmacology Symp. Fri AM
66. Transmitters and receptors in disease I Slide Tue PM
156. Transmitters and receptors in disease 11 Poster Wed AM
300. Transmitters and receptors in disease III Poster Thu PM
412. Transmitters and receptors in disease IV Poster Fri PM
453. Transmitters and receptors in disease V Slide Sat AM
16. Transmitters in invertebrates I Slide Tue AM
70. Transmitters in invertebrates II Poster Tue PM
298. Transmitters in invertebrates III Poster Thu PM
349. Transmitters in invertebrates IV Slide Fri AM
Theme E: Endocrine and Autonomic Regulation
Session Day and
Number  Session Title Type  Time
79. Cardiovascular regulation: CNS pathways I Poster Tue PM
80. Cardiovascular regulation: CNS pathways II Poster Tue PM
227. Cardiovascular regulation: CNS pathways III Slide Thu AM
288. Cardiovascular regulation: CNS pathways IV Slide Thu PM
345. Cardiovascular regulation: CNS pathways V Slide Fri AM
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205. Cardiovascular regulation: heart, blood flow, nerves Poster Wed PM
206. Cardiovascular regulation: hypertension Poster Wed PM
336. A Heart-Brain Peptide: The Atrial Natriuretic Factor Symp. Fri AM
380. Neural control of immune system I Poster Fri AM
400. Neural control of immune system II Slide Fri PM
438. Neural control of immune system III Poster Fri PM
115. Neuroendocrine controls: other I Poster Wed AM
306. Neuroendocrine controls: other II Poster Thu PM
450. Neuroendocrine controls: other III Slide Sat AM
10. Neuroendocrine controls: pituitary I Slide Tue AM
60. Neuroendocrine controls: pituitary II Slide Tue PM
119. Neuroendocrine controls: pituitary III Poster Wed AM
186. Neuroendocrine controls: pituitary IV Poster Wed PM
233. Neuroendocrine controls: pituitary V Poster Thu AM
301. Neuroendocrine controls: pituitary VI Poster Thu PM
378. Neuroendocrine controls: pituitary VII Poster Fri AM
425. Neuroendocrine controls: pituitary VIII Poster Fri PM
276. Neuropeptides/Neural Systems in Fever, Inflammation and
Immune Responses Symp. Thu PM
78. Regulation of autonomic function I Poster Tue PM
110. Regulation of autonomic function II Slide Wed AM
203. Regulation of autonomic function III Poster Wed PM
204. Regulation of autonomic function IV Poster Wed PM
439. Respiratory regulation I Poster Fri PM
456. Respiratory regulation II Slide Sat AM
" 4. Visceral Afferents: Signaling and Integration Wksh. Tue AM
Theme F: Sensory Systems
Session Day and
Number Session Title Type Time
17.  Auditory system I Slide Tue AM
89. Auditory system II Poster Tue PM
90. Auditory system III Poster Tue PM
91. Auditory system IV Poster Tue PM
149.  Auditory system V Poster Wed AM
150. Auditory system VI Poster Wed AM
151.  Auditory system VII Poster Wed AM
350. Auditory system VIII Slide Fri AM
410. Auditory system IX Slide Fri PM
102. Chemical sensory systems I Slide Wed AM
387. Chemical sensory systems II Poster Fri AM
388. Chemical sensory systems III Poster Fri AM
389. Chemical sensory systems IV Poster Fri AM
218. Information Processing in the Macaque Retina Wksh. Thu AM
40. Invertebrate sensory processing I Poster Tue AM
41. Invertebrate sensory processing II Poster Tue AM
33. Pain modulation I Poster Tue AM
84. Pain modulation II Poster Tue PM
272. Pain modulation III Poster Thu AM
283. Pain modulation IV Slide Thu PM
440. Pain modulation V Poster Fri PM
34. Pain: central pathways I Poster Tue AM
164. Pain: central pathways II Slide Wed PM
329. Pain: central pathways IV Poster Thu PM
386. Photoreceptors Poster Fri AM
12.  Retina I Slide Tue AM
108. Retina II Slide Wed AM
293. Retina III Poster Thu PM
294. Retina IV Poster Thu PM
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360. Retina V Poster Fri AM
57. Somatic afferents I Slide Tue PM
214. Somatic afferents II Poster Wed PM
73. Somatosensory cortex and thalamocortical relationships I Poster Tue PM
131.  Somatosensory cortex and thalamocortical relationships II Poster Wed AM
132.  Somatosensory cortex and thalamocortical relationships III Poster Wed AM
144.  Spinal cord I Poster Wed AM
382. Spinal cord II Poster Fri AM
271.  Subcortical somatosensory pathways Poster Thu AM
145.  Subcortical somatosensory pathways: trigeminal Poster Wed AM
62. Subcortical visual pathways I Slide Tue PM
122.  Subcortical visual pathways II Poster Wed AM
241.  Subcortical visual pathways III Poster Thu AM
399. Subcortical visual pathways IV Slide Fri PM
5. Visual cortex I Slide Tue AM
101.  Visual cortex II Slide Wed AM
177.  Visual cortex III Poster Wed PM
178.  Visual cortex IV Poster Wed PM
292.  Visual cortex V Poster Thu PM
404.  Visual cortex VI Slide Fri PM
451. Visual cortex VII Slide Sat AM
Theme G: Motor Systems and Sensorimotor Integration
Session Day and
Number Session Title Type Time
13. Basal ganglia I Slide Tue AM
376. Basal ganglia II Poster Fri AM
435. Basal ganglia III Poster  Fri PM
436. Basal ganglia IV Poster Fri PM
270. Basal ganglia: electrophysiology and behavior Poster Thu AM
231.  Circuitry and pattern generation I Slide Thu AM
428. Circuitry and pattern generation II Poster Fri PM
8.  Control of posture and movement I Slide Tue AM
95. Control of posture and movement II Poster Tue PM
96. Control of posture and movement III Poster Tue PM
105. Control of posture and movement IV Slide Wed AM
199. Control of posture and movement V Poster Wed PM
244. Control of posture and movement VI Poster Thu AM
321. Control of posture and movement VII Poster Thu PM
72. Cortex: motor cortex I Poster Tue PM
188.  Cortex: motor cortex II Poster Wed PM
304. Cortex: prefrontal and premotor areas Poster Thu PM
117. Disorders of motor systems and neural prostheses I Poster Wed AM
470. Disorders of motor systems and neural prostheses II Poster Sat AM
295. Invertebrate motor function Poster Thu PM
69. Motor systems and sensorimotor integration: cerebellum I Poster Tue PM
171.  Motor systems and sensorimotor integration: cerebellum II Slide Wed PM
351. Motor systems and sensorimotor integration: cerebellum III Poster Fri AM
49. Motor systems and sensorimotor integration: oculomotor
system I Poster Tue AM
112. Motor systems and sensorimotor integration: oculomotor
system II Slide Wed AM
303. Motor systems and sensorimotor integration: oculomotor
system III Poster Thu PM
179. Motor systems and sensorimotor integration: vestibular
system I Poster Wed PM
338. Motor systems and sensorimotor integration: vestibular
system II Slide Fri AM
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363. Motor systems and sensorimotor integration: vestibular
system III Poster Fri AM
332. Muscle I Poster Thu PM
333. Muscle II Poster Thu PM
296. Reflex function I Poster Thu PM
426. Reflex function II Poster  Fri PM
21. Spinal cord and brainstem I Poster Tue AM
232. Spinal cord and brainstem II Slide Thu AM
239. Spinal cord and brainstem III Poster Thu AM
469. Spinal cord and brainstem IV Poster Sat AM
Theme H: Structure and Function of the CNS
Session Day and
Number Session Title Type Time
247. Amygdala and limbic cortex Poster Thu AM
125.  Basal forebrain and cholinergic pathways Poster Wed AM
37. Brain metabolism I Poster Tue AM
228. Brain metabolism II Slide Thu AM
390. Brain metabolism III Poster Fri AM
454. Brain metabolism IV Slide Sat AM
352.  Clinical CNS neurophysiology I Poster Fri AM
353. Clinical CNS neurophysiology II Poster Fri AM
85. Comparative neuroanatomy: amphibians, reptiles and birds Poster Tue PM
38. Comparative neuroanatomy: fish and below Poster Tue AM
146. Comparative neuroanatomy: mammals, etc. Poster Wed AM
137.  Diseases of the nervous system I Poster Wed AM
138.  Diseases of the nervous system II Poster Wed AM
418. Diseases of the nervous system III Poster Fri PM
403. Diseases of the nervous system: ischemia and Parkinson’s disease  Slide Fri PM
417. Diseases of the nervous system: ischemic injury Poster Fri PM
348. Diseases of the nervous system: viral and traumatic injury
to CNS Slide Fri AM
103. Epilepsy I Slide Wed AM
318. Epilepsy II Poster Thu PM
317. Epilepsy: brain slices Poster Thu PM
261. Epilepsy: human and genetic models Poster Thu AM
262. Epilepsy: kindling Poster Thu AM
367. Hippocampus Poster Fri AM
319. Hypothalamus Poster Thu PM
397. New Directions in Mammalian CNS in vitro: Beyond the Slice Wksh. Fri PM
159. Structural Computer Simulations in Developmental and
Systems Neurobiology Symp. Wed PM
Theme I: Neural Basis of Behavior
Session Day and
Number Session Title Type Time
93.  Alcohol and barbiturates I Poster Tue PM
139.  Alcohol and barbiturates II Poster Wed AM
140.  Alcohol and barbiturates III Poster Wed AM
19. Biological rhythms I Poster Tue AM
65. Biological rhythms II Slide Tue PM
120. Biological rhythms III Poster Wed AM
172. Biological rhythms IV Slide Wed PM
242. Biological rhythms V Poster Thu AM
290. Biological rhythms VI Slide Thu PM
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206.13

206.15

SALT LOADING ENHANCES PRESSOR RESPONSE TO INTRAVENOUS ADMINIS-
TRATION OF A DOPAMINE D2 RECEPTOR AGONIST, QUINPIROLE, IN THE
SPONTANEOUSLY HYPERTENSIVE RAT. Y. Igarashi*, Y.F. Chen, S.
Oparil (SPON: J. Brown). Hypertension Research Program,
University of Alabama at Birmingham, Birmingham, AL 35294.
Previous studies in our laboratory demonstrated that
intravenous (i.v.) administration of the selective dopamine (DA)
D2 receptor agonist quinpirole (LY171555) induces a pressor
response in conscious Sprague-Dawley rats and DOCA/NaCl
hypertensive rats through a central DA mechanism. This pressor
response was attenuated in the DOCA/NaCl rat. To test the
hypotheses that 1) the pressor effect of quinpirole is blunted
in a second hypertensive model, the spontaneously hypertensive
rat of the Okamoto strain (SHR), and 2) pressor responsiveness
to quinpirole is further altered by NaCl loading in SHR,
quinpirole was administered i.v. (1 mg/kg) or intracerebro-
ventricularly (i.c.v.) (0.1 mg/kg) to SHR and control WKY
maintained on 8% or 1% NaCl diets for 3 wks beginning at age 7

wks. Results (mean +SEM):
v A MAP post quinpirole
2 min min min

NaCl Basal MAP

SHR 8% (10) 174+4++ 29+2A0++ -113A -9+3A
1% (10) 155+4 18£2AA -912A -6+2A
WKY 8% (10) 11243 20£1AA 1£2 0+1
1% (10) 11342 20£2A4 2+1 1+1
Icv 2 min 30 min 60 min
SHR 8% (10) 17544+ 24+3AA 7+2A -3+2
1% (10) 15543 21244 5424 -3%2
WKY 8% (10) 1052 22+1AA 2+1 11
1% (1 1031 22+1AA 3+1 11

0)
Ap<0.05; 4Ap<0.01, compared to basal value; ++p<0.01, compared
to 1% NaCl group. MAP= mean arterial pressure.
The pressor response to i.v. quinpirole was significantly
greater in the 8% NaCl SHR than in the 1% NaCl SHR or either WKY
group; the quinpirole-induced pressor response was followed by a
delayed depressor response in SHR but not WKY. The DA D2
antagonist flupentixol (0.3 mg/kg, i.v.) blocked the response to
quinpirole in both SHR and WKY. Pretreatment with domperidone
(2.5 mg/kg, i.v.), a peripheral D2 antagonist, enhanced the
pressor response and blocked the depressor response to
quinpirole in 8% NaCl SHR. These data do not indicate that the
pressor response to quinpirole is blunted in SHR, nor do they
suggest that dietary NaCl loading alters this centrally mediated
pressor response in either SHR or WKY. Rather, these results
suggest that peripheral mechanisms are responsible for the
enhanced pressor response to quinpirole observed in NaCl loaded
SHR.

EFFECTS OF DOCA-SALT TREATMENT AND DEHYDRATION ON RAT ATRIAL
NATRIURETIC FACTOR (ANF) CONTAINING CARDIOCYTES. B.H. Hwang,
W.B. Severs and T. Inagami. Terre Haute Center for Med 1
Education, Indiana University School of Medicine, Terre Haute,
IN 47809; Depts. of Anatomy % FPharmacology, The Pennsylvania
State University, Hershey, PA 17033; and Dept. of Biochemistry,
Vanderbilt University, Nashville, TN 37232.

The ANF is rich in the right atrium and has vascdilation,
diuretic, and natriuretic effects. However, it is unknown as
to whether/how ANF-containing cardiocytes are affected by
deoxycorticosterone acetate (DOCA)-salt treatment and
dehydration.

For the dehydration study, male Wistar rats were deprived
of drinking water for 5 days and sacrificed for studying
catecholaminergic (CA) terminals and ANF-containing cardiocytes
in the right atrium. For the DOCA-salt study, animals were
treated with DOCA and allowed to drink 1% NaCl soclution. The
CA terminals, ANF-containing cardiocytes and ANF-containing
granules per cardiocyte were evaluated 2 weeks and 4 weeks
after experiments. In addition, ANF contents in the plasma and
right atrium were determined by radiocimmuncassay.

Dehydration caused the increase of the number of ANF-
containing cardiocytes. However, the number of ANF-containing
granules/cardiocyte was not significantly different between the
control and dehydrated groups. The CA terminal-cardiocyte
distance was about 1.3 p, not significantly different between
the control and experimental groups.

-The DOCA-salt treatment also caused the increase of ANF-
containing cardiocytes. However, the number of ANF-containing
granules/cardiocyte was reduced in the DOCA-salt treated rats
at the d4-week stage. ANF content in the right atrium of DOCA-
salt treated rats was also reduced at the d4-week stage, whereas
the plasma ANF content was increased. The CA terminal-
cardiocyte distance was not significantly different between the
control and experimental animals. The results suggested that
DOCA-salt treatment can stimulate both the increased ANF
synthesis and the increased release of ANF. Such changes were
not observed to be associated closely with CA neurons.

In conclusion, our preliminary data suggest that
dehydration causes preservation of ANF in the cardioccytes,
whereas DOCA-salt treatment induces the increased release of
ANF. Although the right atrium is heavily innervated by CA
terminals, effects of dehydration and DOCA-salt treatment
mentioned above are not closely associated with the
catecholaminergic nervous system (supported by American Heart
Association grant 851334).

206.14

206.16

URINARY CATECHOLAMINE EXCRETION IN SALT-SENSITIVE AND SALT-
RESISTANT SHR AND WKY. M.J. Meldrum and R. Dawson, Dept. of
Pharmacodynamics, Univ. of Florida, Gainesville, FL 32610

Dietary sodium has been implicated in humans as well as several
animal models as a risk factor in the pathogenesis of
hypertension. Humans with salt-sensitive essential hypertension
have also been shown to be unable to increase their urinary
dopamine excretion when challenged with high salt diets. These
studies were designed to evaluate the effects of elevated dietary
sodium on salt-sensitive and salt-resistant forms of SHR and WKY.
Groups of 9-10 week old salt-sensitive SHR and WKY rats were
obtained from Taconic Farms (Germantown, NY) while salt-resistant
SHR and WKY were obtained from Charles Rivers (Wilmington, MA).
Animals were placed in metabolism cages and acclimated to the
basal sodium diet for 7 days. High sodium diet (3.15% Na, Ralston
Purina) was then given for 7 days after which the basal diet was
again given. The following 24 hr parameters were measured: Food
intake; water intake; urine volume; urinary Na+ and K+; and
urinary catecholamines. Blood pressure (indirect tail cuff
method) were measured at the beginning, and at 7 day intervals.
Salt-sensitive SHR showed a significant increase in blood pressure
after 7 days of salt treatment (172 + 3.2 v. 199.0 + 6.2 mmHg)
while salt-resistant SHR showed no sTgnificant changes (174.2 +
3.0 vs. 175.5 + 2.3 mmHg) in blood pressure. Urinary -
Norepinephrine (NE) levels were significantly lower in both salt-
sensitive and salt-resistant SHR compared to their WKY controls.
Urinary NE levels in both sensitive and resistant SHR were
significantly elevated by salt treatment compared to basal diet.
Urlngry dopamine (DA) levels were significantly lower in salt-
sensitive SHR than their controls, while salt-resistant SHR were
not different than their WKY controls. Exposure to high salt
diets increased urinary DA levels in salt-sensitive SHR to levels
seen in their WKY controls while salt exposure in salt-resistant
SHR increased DA levels in both SHR and WKY to the same extent.
These studies suggest that differences in salt handling occur in
SHR, those SHR which respond to salt with increased blood pressure
show differences in urinary DA excretion from their WKY controls,
while salt-resistant SHR respond similarly to their WKY controls.
This difference in renal DA handling may play a role in the salt-
sensitivity effects on blood pressure.

Supported in part by a PMA Foundation Research Starter Grant
and a Florida heart Association grant.

AMOUNTS OF ANTIGENICALLY ACTIVE ATRIAL NATRIURETIC PEPTIDE IN
ATRIAL CELLS OF NORMAL AND SYMPATHECTOMIZED MALE AND FEMALE RATS.
L.C. Zoller*, L. Wright and C. Waring* (SPON: E. Yetarian).
Department of Anatomy, Boston University School of Medicine, Hous-
man Research Center, Boston, Massachusetts 02118

In order to study the effects of sympathectomy on the control of
atrial natriuretic peptide (ANP) in atrial cells, eight days
following birth a group of male and female Sprague-Dawley rats
received a bilateral transection of the cervical sympathetic trunk
whereas littermates were incised and then closed without transec-—
tion of the trunk. The trunk was avulsed proximally to insure that
regeneration would not occur. On postnatal day 15 all animals were
killed, the atria removed, immersion fixed in 4% paraformaldehyde
in phosphate buffer (pH 7.4) for 2 hours, rinsed in buffer, dehy-
drated and embedded in paraffin. Five micron sections were cut,
the paraffin removed and the tissue reacted with antibody to ANP
(kindly provided by M. Cantin) using the Sternberger method and
the antibody-antigen reaction visualized using 4-chloro-l-naphthol
(4-C1-1-N). The blue product was quantified using a scanning and
integrating microdensitometer at 570nm, a wavelength specific for
4-C1-1-N. Product was measured in cells from both atria. Amounts
of product are given as integrated extinction which is the absolute
absorbance as measured on the densitometer divided by a constant
absorbance obtained through a neutral density filter. This enables
results from various machines to be compared. For each animal
examined, more than 10 sections were analyzed with reaction product
being measured in over 100 cells per section. Differences in the
mean of product amount between normal and sympathectomized males
and females were considered significant at a probability level of
0.05 as analyzed by ANOVA and Tukey's test. The N represents the
number of sections analyzed.

Male Female
Control Sympathec Control Sympathec

N 34 34 34 34
Mean 0.097 0.152 0.149 0.123
Standard Error 0.011  0.012 0.008 0.008
Levels of ANP reactive product in atrial cells of control rats
were significantly higher in females (54%) than in males. Following
sympathectomy, levels in males significantly increased (57%) to
identical levels found in control females. Levels in sympathec-
tomized females, compared to controls showed a slight (19%) but
significant decrease. It appears that sympathectomy has paradoxical
effects on ANP content in atrial cells of male and female rats.
Furthermore, normal female rats appear to have more atrial ANP than
males. We are presently examining the implications of this study
on the interaction between the autonomic nervous system and the
heart and the role of ANP in the control of blood pressure and
hypertension.
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206.17 ROLE OF 5-HT

2 RECEPTORS IN THE PRESSOR AND RENIN RESPONSES TO
QUIPAZINE. RT H. Alper and J. M. Snider*. Dept. Pharmacol., Tox.
and Therap., Univ. Kansas Medical Center, Kansas City, KS 66103.

Studies have shown that the indirect serotonin (5-HT) agonist
para-chloroamphetamine increases arterial pressure (AP) and plasma
renin activity (PRA). Most of the hypertensive response is due to
a peripheral effect and was neither 5-HT nor renin dependent.
Quipazine is a direct 5-HT agonist which also increases PRA. It
has been recently demonstrated that several other 5-HT agonists
increase PRA through central 5-HT, receptors. It was the purpose
of these studies to determine é%e role of 5-HT2 receptors in
mediating the effects of quipazine on AP and PRA.

AP, heart rate (HR), and PRA were determined in conscious,
unrestrained rats 2 or more days after catheters were placed in
the femoral artery and vein. Blood samples (0.5 ml) were with-
drawn through the arterial catheter prior to and at various times
after iv injections of quipazine, LY 53857 (a 5-HT, antagonist),
or their vehicles. 1In a preliminary experiment rags were admin-
istered the 2 vehicles 5 min apart. AP, HR and PRA were measured
prior to any treatment and 5, 15, 30 and 60 min after the second
vehicle injection; all 3 parameters remained constant. Quipazine
(0.3-3.0 mg/kg) caused dose- and time-dependent increases in AP
and PRA with a negligible effect on HR. AP was elevated by all 3
doses; the peak respcnse was approximately 55 mmHg 5 min after the
highest dose. PRA was increased at 1 and 3 mg/kg at a maximum of
approximately 10 fold. The peak pressor response to quipazine (3
mg/kg) was blocked by LY 53857 at doses as low as 0.03 mg/kg. A
partial attenuation was noted at C.01 mg/kg while 0.003 mg/kg was
ineffective. LY 53857 was about 10 times more potent in blocking
the renin response in these same rats. LY 53857 at 0.003 mg/kg
totally abolished the quipazine-induced increase in PRA while at
0.001 mg/kg the 5-HT antagonist reduced the renin response by
about 50%.

The data show that in conscious, unrestrained, normotensive
rats, the non-selective 5-HT agonist quipazine produces marked
increases in AP and PRA, although the duration of the pressor
response was greater than the renin response. The selective 5-HT
antagonist LY 53857 inhibited both responses, but had no effect oﬁ
AP or PRA per se. The difference in the potency of LY 53857 to
block these effects suggest that quipazine may act at different
sites or receptor subtypes to increase AP and PRA, or just that
the pharmacokinetics are more favorable to antagonism of the renin
response.

Supported by a Research Starter Grant from the PMAF to RHA.

REGENERATION: SPINAL CORD II

207.1

ADULT DORSAL ROOT GANGLION AXONS THAT CONTAIN
CALCITONIN GENE RELATED PEPTIDE (CGRP)
REGENERATE INTO TRANSPLANTS OF EMBRYONIC SPINAL
CORD. B.T. Himes* and A. Tessler, Philadelphia VA Medical Center
and Departments of Anatomy and Neurology, The Medical College of
Pennsylvania, PA 19129, and_J. Houle and P.Reier, Departments of
Neurosurgery and Neuroscience, College of Medicine, University of
Florida, Gainesville, FL 32160.

Dorsal roots transected in adulthood grow beyond the site of injury
but fail to regenerate into spinal cord. We have previously used
HRP-tracing methods to show that the central processes of adult
DRG neurons regenerate into embryonic spinal cord transplanted
into adult host spinal cord suggesting that transplants enhance the
ability of dorsal roots to regenerate by (1) providing a more suitable
terrain and/or (2) providing factors that augment t%e neurons’
regenerative responses. It is unclear however whether regenerating
neurons maintain their normal characteristics and also whether all
DRG neurons share this regenerative capacity. DRG neurons can be
classified into subsets based on several criteria including their content
of CGRP. CGRP in normal adult spinal cord is found in primary
afferent fibers and is abolished in the dorsal horn by dorsal
rhizotomy, allowing it to serve as a marker for regenerating primary
afferent axons. We have therefore studied the dorsal roots that
regenerate into transplants using CGRP immunocytochemistry.
Adult rats had one side of the L4-5 spinal cord replaced by a
trans&;lant of E14 or E15 spinal cord without its DRGs, and the cut
dorsal roots were juxtaposed to the transplant. 2-9 months after
transplantation CGRP was demonstrated in the grafts. CGRP
immunoreactive fibers entered the transplant from the host dorsal
root, arborized extensively, and displayed varicosities along their
length. Most remained within 0.4mm of the site of entry, but
occasional processes penetrated more deeply and some traversed the
entire dorsal-ventral extent of the transplant (app. Imm). Occasional
immunoreactive neurons were seen in the transplant but only rarely
in the region of these fibers. The results show that DRG neurons
which regenerate into embryonic transplants maintain or reestablish
their normal capacity to synthesise CGRP and that transplants
enhance the capacity to regenerate of at least one subpopulation of
DRG neurons.

Supported by the VA Medical Research Service, USAMRDC grant
51930002 and NIH grants NS22316 and NS24707.

207.2 EVIDENCE FOR RUBROSPINAL PLASTICITY IN THE DEVELOPING
OPOSSUM. X.M. Xu*, R. Waltzer* and G.F. Martin. Department of
Anatomy and Neuroscience Program, The Ohio State Univ., Coll. of
Med., Columbus, Ohio 43210.

Rubral axons do not grow around or through spinal lesions in
neonatal kittens, although cortical axons do so readily (Bregman and
Goldberger, Science, 217:553-555). Rubral axons innervate the spinal
cord well before cortical ones, however, (Cabana and Martin, Develop.
Brain Res., 15:247-263) and they may simply have lost their potential
for plasticity. This hypothesis would be difficult to test in placental
mammals because rubrospinal development occurs prenatally, but
should be testable in the North American opossum because rubrospinal
development occurs after birth. The opossum is born 12 days after
conception. We report here on the results of experiments designed to
determine if rubrospinal axons are capable of plasticity in the North
American opossum.

The rubrospinal tract was lesioned at cervical or thoracic levels in
anesthetized adult and pouch-young opossums. Approximately 30 days
later, one group of anesthetized animals was subjected to injections of
Fast Blue or wheat germ agglutinin conjugated to horseradish
peroxidase (WGA-HRP) several segments caudal to the lesion in an
attempt to retrogradely label rubral neurons. In another group, the red
nucleus contralateral to the lesion was injected with WGA-HRP to
orthogradely label rubrospinal axons. In adult animals and older pouch-
young, rubral neurons could not be labeled contralateral to the lesion
and in the older pouch-young, there was evidence that many
axotomized rubrospinal neurons underwent retrograde degeneration
(the Gudden effect). In animals subjected to lesions at approximately
postnatal day (PD) 20, however, rubral neurons were labeled
contralateral to the lesion although evidence for some neuronal loss
was still present. In the orthograde transport experiments at the same
age, rubrospinal axons could be labeled caudal to the lesion and they
seemed to take the most direct route around it. The position of
rubrospinal axons caudal to the lesion varied and in one case they were
present in the dorsal funiculus. Regardless of position, rubral axons
appeared to innervate those areas of the grey matter supplied normally
and in several cases they traversed the length of the cord. We have
interpreted our results to suggest that rubrospinal axons are capable of
plasticity at early stages of development. It is our working hypothesis
that all descending spinal pathways are capable of plasticity at some
stage of development although differences in critical period may
exist. Differences in critical period may reflect differences in
developmental history. (Supported by NS-10165).
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207.3 REGENERATION OF BULBOSPINAL AXONS DURING REGNERATION OF THE LIZARD

207.5

TAIL SPINAL CORD. B.M. Davis, M. T. Duffy* and S.B. Simpson, Jr. Dept. of
Biological Sciences, Univ. of lllinois at Chicago, Chicago, II, 60680.

Transection of the lizard (Anolis carolinensis) spinal cord at mid-back
levels is followed by the infiltration of dense connnective tissue, formation of
glial scar, cystic outgrowths of the ependyma, and degeneration of nerve axons
separated from their perikarya. No nerve fibers regenerate across the site of
injury as demonstrated by Boudain stained sections of the lesioned area.
Functional losses are permanent. However, autotomy or transection of the
lizard tail results in tail regeneration as well as concomitant CNS axon
regeneration. The spinal cord at tail levels regenerates but consists of a simple
ependymal tube surrounded by white matter. The radial processes of the
ependyma cells form channels through which regenerating axons grow and
form fascicles. Electron microscopic analysis reveal up to 2,000 regenerating
central axons in tail spinal cord.

Using HRP labeling we have demonstrated that up to 450 bulbospinal axons
are found in the normal tail spinal cord. Following regeneration of the tail, few
(usually < 20) of the CNS axons that regenerate arise from bulbospinal
neurons. In each regenerated animal examined, axons arising from different
bulbospinal nuclei were identified indicating that many if not all of the
bulbospinal regions are capable of growing regenerate axons. Application of
HRP immediately rostral to the regenerating tail labeled a normal number of
brainstem neurons. This suggests that the minimal regeneration of bulbospinal
axons within the regenerate tail is not due to retraction of bulbospinal axons or
to death of bulbospinal neurons. However, the majority of the regenerating
axons have a local origin arising from primary sensory or spinal neurons.

These results demonstrate that although long descending bulbospinal axons
can regenerate during tail regeneration they do not regenerate following cord
transection at mid back level. These regenerating bulbospinal axons can be used
as an unequivical criterion to assess CNS axon regeneration in experiments
designed to induce spinal cord regeneration at higher cord levels. (MTD, BMD,
SBS supported by NS24162 to SBS)

DEVELOPMENT OF CERVICAL SPINAL CORD DENDRITE BUNDLES IN THE
RAT. J.B. Taylor*, W.J. Anderson, D.L. Bellinger. (Spon. E.F.
Finnerty) Indiana University School of Medicine and Indiana
State University, Terre Haute, IN 478093,

Frevious studies from our laboratory have revealed three
discrete dendrite bundles in the ventral horn of the 30 day old
rat cervical spinal cord. A midline dendrite bundle (MDB) in
the ventromedial gray matter, (C3-6€), a central dendrite bundle
(CDB) coursed the medial aspects of the ventral haorn, (C3-5),
and a lateral dendrite bundle (LDB) in the ventrolateral gray
matter, (C2-4). These dendritic bundles were composed of
longitudinally oriented dendrites in close apposition.  Smaller
transverse dendrite bundles radiated from the longitudinal
dendrite bundles at right angles and appeared to interconnect
the MDB, DB and LDB. This study was performed to determine
whether the cervical dendrite bundles develop postnatally, the
degree of dendritic differentiation at birth and the
possibility of catecholaminergic axon invalvement in bundle
formation. Long-Evans hooded rats were bred and at birth
litters were reduced to =ight pups and assigned an age group.
Animals were sacrificed at days 1, 3, 5, 8, 10, 15, 20, 320 and
€0. Cervical spinal cords wer dissected from the medullary
obex to C8 and prepared for routine histology, Golgi-Cox
method, and histofluorescence historhemistry. Our results
differed considerably from work done with 30 day old rats. At
birth and S days the motoneurons appeared to have minimal
dendritic growth in all the bundles. Dendritic arientation
appeared to be more transverse than longitudinal. A medial and
a lateral column of dendritic bundles appeared to be present at
the level of C1 and seemed to arise from a single column of
motoneurons in the medullary regicon. At ©1 there was a
definitive transverse dendritic bundle interconnecting the MDB
and LDE. The LDB was found to be present from C1-C7. The CDB
was present from C3-C5 and the MDE appeared to be irregular and
composed of separate cell groups rather than being continuo
At variocus cervical levels dendritic subunits appeared to
interconnect obliquely the MDB, CDE and LDE. Transverse
subunits radiated from the longitudinal bundles at right angles
but did not appear as numercus as the oblique subunits.
Catecholaminergic fibers were present at birth throughout the
dendrite bundles. The CDB appears clearly to represent the
phrenic nucleus while the MDE and LDB appear related to both

cervical gnd acCessar respiratorr ?urcglature. :ecegt studies
indicate these mofdnedrons aré related ta cervical an

BORETEE" Xa ©BRMAEETEN Y ERE S Buni AHS-PT REEDR &P S, PhERT L HEIRLS
better coordination of movements involving synergistic and
antagonistic muscle groups.

207.4

207.6

BULBOSPINAL AND PROPRIOSPINAL CONNECTIONS IN THE SALAMANDER
REGENERATED SPINAL CORD M. T. Duffy*, B.M. Davis and S.B. Simpson, Jr.
Dept. of Biological Sciences, Univ. of lllinois at Chicago, Chicago, I, 60680.

Recently, a number of studies have shown that mammalian central nervous
system axons can regrow following lesion if given the proper environment
(Richardson, 1980; David and Aguayo, 1981; Bently and Aguayo, 1982;
Silver and Ogawa, 1983; Goldberg et al., 1986, Bregman, 1986). These
findings have renewed interest in regeneration of central nervous system
neurons with much of the attention focused on inducing regeneration in species
that under normal conditions exhibit little capacity for recovery of function,
e.g., rats. While these experiments have produced dramatic and exciting
results, they have not revealed the requirements for, or the mechanisms of,
successful regeneration. The experiments described here are the first of a
series of experiments designed to provide a detailed description of naturally
occurring regeneration in an adult system, the salamander spinal cord.

Adult salamanders (Triturus viridescens) were completely transected
rostral to the lumbar spinal cord. Animals recovered for at least 60 days at
which time they swam and walked normally. Animals were then transected
1.0cm caudal to the first transection (mid-lumbar enlargement) and a pledget
of HRP was placed between the cut ends of the spinal cord. In the 9 animals
that have been examined between104 and 450 HRP labeled bulbospinal
neurons were found. In normal animals 700-800 bulbospinal neurons are
labeled by HRP application to the lumbar enlargement. The HRP labeled brain
stem neurons were found in the hypothalamus, mesencephalon, and
myelencephaion. Examination of regenerated axons projecting from the
brachial enlargement to the lumbar enlargement showed that, in most cases, a
normal number of descending cells reconnected the limb associated regions of
the spinal cord.

These results indicate that all regions of the brainstem which normally
project to the lumbar spinal cord are able to regenerate axons which grow at
least 1.0cm past a spinal transection. The projection arising from the
brachial enlargement is also reestablished following low thoracic transection.
We conclude from these experiments that the ability to regenerate CNS axons
is present in all salamander neurons. Histological examination of the center of
the regenerated region revealed that recovery of function in a number of cases
was accompanied by restoration of only a small percentage of the white matter
found in normal animals. Taken together these results indicate that partial
regeneration of descending axons is sufficient to restore locomotion and that
rewiring of local spinal circuits may play an important role in recovery of
function. (MTD, BMD, SBS supported by NS24162).

LAMININ DISTRIBUTION DURING CORTICOSPINAL TRACT DEVELOPMENT AND

AFTER SPINAL CORD INJURY. A.

Sosale*, J.A. Robson, and D.J.

Stelzner (spon: G.H. Collins).

S.U.N.Y. Health Science Center, Syracuse, NY 13210.

Dept. of Anatomy and Cell Biology,

The corticospinal tract in the rat is a very useful model for
studying development and regeneration in the central nervous

system (CNS).
delineated.

ment is completed by postnatal day 14 (Pl4).
after cutting its normal pathway is also age dependent.

The time course of CST development has been well
It enters the spinal cord at birth and its develop-
Growth of the CST
After

postnatal day 6 (P6), the ability of the CST to grow around spinal

injury is greatly diminished.
ing axons
grow.

Developing neurites and regenerat—
both require a specific microenvironment in which to
In vivo and in vitro studies show that adhesive molecules

in the extracellular matrix are of primary importance in neurite

outgrowth and elongation.
to have a significant impact on neurite outgrowth is laminin.

One of the matrix molecules implicated

This study examines the temporal aund spatial distribution of
laminin normally and after spinal injury during the period of CST

Standard immunofluorescence
with anti-laminin polyclonal

techniques,
antibody

elongation.
frozen sections
employed.
12,15 adults and embryos) were used.

staining
were
Over 70 rats of different age groups (newborns, P3,6,9,
Particular atteation was

paid to the dorsal funiculus (dF) where the CST normally grows and
the dorsal part of the lateral funiculus (dLF) - a pathway used

mainly by the CST after spinal injury.

Midthoracic spinal over-

hemisection lesions were performed on newborn aad adult operates.
This lesion is similar to injury where developing CST axons have

been found to grow abnormally until P6.

These animals were

sacrificed 3,5,9 and 15 days after surgery and stained and

compared together with normal controls.
maintained for each experiment.

Adequate controls were

Our results indicate that laminin is not present in the dF or
the dLF postnatally when the CST is still growing down the spinal

cord, though there
early embryonic stages.
vasculature and meninges

show laminin reactivity. Laminin

is some diffuse overall reactivity seen at
In the normal cord only the spinal roots,

is

induced at the lesion site and around blood vessels near the
lesion in newborn and adult operates at all the time periods

examined. There is no increased laminin within the cord either
rostral or caudal to the lesion site, ipsilaterally or contra=
laterally. From our studies it appears that during CST elongation

laminin is not a requirement for growth. After injury laminin
localized to the lesion site and since it is induced equally
newborn and adult operates,
unrelated to the growth of the
(Supported by grants EY-03490 and NS14096.)

is
in

it apparently is also by itself
CST axons after spinal injury.
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THE SWOLLEN NERVE FIBERS FOLLOWING MINOR SPINAL CORD
INJURY: REGENERATING OR DEGENERATING ? Y.Naka*,
K.Nakai, T.Itakura*, M.Ueno*, T.Okuno*, N.Komai*. Dept.
of Neurol. Surg., Wakayama Med. Col., Wakayama 640
Japan. (SPON: T. Shirokawa)

We reported the appearance of swollen fibers
immunoreactive to dopamine beta hydroxylase(DBH),
vasoactive intestinal polypeptide(VIP) and substance
P(SP)in the white matter near the primary lesion in 3
to 14 day-survived animals following the minor spinal
cord injury (Naka et al. Soc.Neurosci.Abst. 11 :591,
1985) .We regarded those swollen fibers as regenerative.
In the present study we examined the alteration of each
nerve fibers in later stages following the spinal cord
injury and observed suggestive finding that they were
regenerative nerve fibers.

Five adult female guinea pigs (250-300 g) were used.
In 7 and 12 months after the minor spinal cord injury,
the animals were perfused with 2 % paraformaldehyde and
0.25 % glutaraldehyde in cold phosphate buffer (PH
7.4). Parasagittal sections of the injured spinal cord
were then processed for peroxidase antiperoxidase
immunohistochemistry using antisera against DBH(gifted
from Dr.J.Morrison), SP, and VIP. The cytochrome
oxidase activity was also examined in the alternative
sections.

The most prominent finding in the spinal cord of the
long term (7,12 month) survival was the continued
existence of similar swollen fibers as in the early
stage with intense immunoreactivity against each of the
antisera, although their size was larger and more
lobulated. They were located in the white matter
around the gliotic scar formation caused by the primary
cord injury. The swollen axoplasm showed the elevated
cytochrome oxidase activity in both early and late
stages. Because the degenerating fibers are generally
believed to retract and disappear in a relatively short
period, it is speculated that the continued existence
of swollen fibers with high metabolic activity in the
later stages may not be degenerating but regenerating
in nature, which is an interpretation consistent with
that reported in the cat visual cortex(Nakai,
Neurosci.Res. in press).

A TEST OF THE ABILITY OF LUMBOSACRAL DORSAL COLUMN AXONS TO GROW
AFTER OVERHEMISECTION INJURY OF THE CERVICAL SPINAL CORD IN THE
NEWBORN RAT. S.P. Lahr* and D.J. Stelzner. Dept. of Anat. and
Cell Biol., SUNY Health Science Center, Syracuse, NY 13210.

The developing corticospinal tract (CST) of the neonatal rat
grows around a high cervical or mid-thoracic spinal overhemi-
section lesion which interrupts its normal pathway in the dorsal
funiculus. These axons maintain an aberrant position in the
dorsal part of the lateral funiculus, but innervate appropriate
areas of gray matter caudal to the lesion for many spinal seg-
ments (Bernstein and Stelzner J., Comp. Neurol. 221:382, Stelzner
et al., Neurosci. Abst. 12:11). Ascending axous from dorsal root
ganglion (DRG) cells are located in the dorsal funiculus adjacent
to the CST. We are investigating whether DRG axons will also
survive this same spinal lesion in the neonate and grow around it
to innervate their normal target, the nucleus gracilis.

A spinal right overhemisection, which cuts the right half of
the cord and the left dorsal funiculus, was performed at a high
cervical level (C2) in neonatal rat pups within twenty-four hours
of birth (n=5). Degeneration from such a lesion is cleared
rapidly and is no longer apparent after 3 p.o. days (Gilbert and
Stelzner J., Comp Neurol. 184:821). Three months after surgery,
and in adult controls (n=2), the cauda equina was exposed and all
the dorsal roots from L5 and caudal segments were cut bilater=
ally. Four days after the dorsal root lesion the animals were
sacrificed and processed for Fink-Heimer staining of degenerating
axons. Light microscopocic examination tevealed degeneration
argyrophilia within the dorsal funiculus and dorsal root projec—
tion zones of the lower lumbar and sacral segments, and within
the postero-medial portion of the dorsal funiculus of thoracic
and cervical cord to within 1-2 segments of the cervical over-
hemisection. Unlike controls, the projection thinned rostrally
in thoracic and cervical regions as it approached the lesion and
was apparent only along the postero-medial edge of the dorsal
funiculus. No degeneration staining was seen in experimental
animals rostral to the lesion in the cervical cord or in the
nucleus gracilis, except for one animal which had an incomplete
cervical lesion.

In this experiment ascending DRG axons, which lie adjacent to
the CST, do not show the same ability to grow around an inter-
ruption of their normal pathway. We are currently repeating the
experiment with a more sensitive transganglionic anterograde
labelling technique using a cholera toxin-HRP conjugate.
Previous experiments show that the DRG projection is more mature
at birth than is the CST. We are presently determining if DRG
axons from the caudal levels of the spinal cord have reached the
nucleus gracilis at birth and whether these DRG cells survive
axotomy by our lesion. Supported by NIH Grant NS 14096 (D.J.S.).

207.8 USE OF AN ELECTROMAGNETIC FIELD FOCUSSING PROBE TO GENERATE LESIONS

IN THE SPINAL CORD OF THE RAT. S.H. Spillers, A.A. Patil*, W.S.
Yamanashi*, and D.IL. Hill*. Oral Roberts University School of
Medicine. Tulsa, OK 74137

Recent reports have described the use of an electromagnetic
field focussing (EFF) probe as a neurosurgical tool for cutting,
coagulating, and vaporizing (Patil et al in press). The instrument
functions as a resonance maximizing current sink and when applied
to tissue in a near field of an electromagnetic field results in
Eddy current convergence at the point of contact between tissue and
probe tip. An insulated stainless steel needle serves as the probe.
Hence the heat generated is both intense and focal; and because it
is generated by convergent energy, there is very little spread to
the surrounding tissues, limiting edema formation and tissue -damage.
This is in contrast to the laser which generates heat via penetrat-
ing energy resulting in more edema and tissue damage.

We are now using the EFF probe to transect the spinal cord of
the rat in our ongoing regeneration studies. Because it functions
via convergent current the probe can be used at higher wattages
than a laser, resulting in focal vaporization of tissue producing a
clean section without significant damage to adjacent tissue or
edema formation; two factors thought to contribute to scar format-
ion. Further, disruption and distortion of adjacent tissue encoun-
tered with a scalpel is avoided because significant pressure is not
necessary for vaporization. Any vessels that may be severed during
the procedure are coagulated, reducing blood loss. Finally, the
size of the probe facilitates the severing of the cord while leav-
ing the major dorsal artery intact, preserving the blood supply to
the cord distal to the lesion.

We have begun to use the EFF probe to transect the spinal cord
of the rat in regeneration studies. Preliminary results indicate
that the EFF probe is superior to either the laser or scalpel, both
in generating a clean cut and reducing subsequent scar formation.

Reference: Patil, A.A., et al: Electromagnetic Field Focussing
Probe - A New Neurosurgical Tool. Acta Neurochurgica
(In Press).

207.10 THE RESPONSE OF CORTICOSPINAL TRACT FIBERS FOLLOWING INJURY AND

TRANSPLANTATION IN THE ADULT RAT SPINAL CORD.
and P.J, __Reier. Departments of Neuroscience and
Neurosurgery, University of Florida, Gainesville, FL, 32610.
Several laboratories have reported that developing
corticospinal tract (CST) fibers can grow around lesion sites in
neonatal rats. Also, when a graft of fetal spinal cord (FSC)
tissue is placed into the immature spinal cord, CST axons will
grow into and through the transplant. Together, these findings
suggest that developing spinal cord tissue provides a suitable
environment for CST elongation. Based upon these observations,
we were interested in determining whether FSC grafts could
stimulate the persistence or regeneration of adult CST axons
which typically retract or die-back after injury. Partial
spinal cord aspiration 1lesions, involving bilateral section of
the CST, were made at the C6-C7 level in adult rats. One group
received solid tissue transplants of E14 spinal cord tissue,
while another group served as lesion controls. Six weeks later,
CST fibers were labeled with bilateral application of combined
HRP and WGA-HRP to the cortex. Histological examination of
lesioned animals showed small cysts and/or areas of tissue
necrosis interposed between the caudal border of the labeled CST
and the margin of the lesion. The tract exhibited a tapered
appearance, with some fibers terminating closer to the cut edge
than others. No labeled axons were present directly at the edge
of the lesion. A similar degeneration pattern was observed in
most of the graft recipients, and consequently, direct
apposition between the lesioned tracts and grafts was not
routinely achieved. In a limited number of cases, however,
fusion of host CST and graft tissues had occurred with no
intervening cysts or necrosis. Under these more favorable
conditions axons within the tract were observed at the edge of
the interface, and in one example, a few axons had extended a
short distance into the graft. Although limited, the results of
this study suggest that under optimal conditions of host-graft
apposition, FSC tissue may promote the persistence of injured
CST fibers or stimulate their elongation. The graft recipients
that did not differ from lesioned rats in their response to
injury suggest that the timing of this apposition may be
critical in the influence of embryonic transplants on injured
spinal cord axons. Supported by NIH grants NS 22316 and MH
15737.
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207.11 TRANSPLANTATION OF FETAL RAT SPINAL CORD INTO LONGSTANDIN

CONTUSION INJURIES OF ADULT RAT SPINAL CORD. D. Winialski*, J.

le’ P ier. Departments of Neurological Surgery and
Neuroscience, University of Florida College of Medicine, Gainesville, FL 32610.

Studies carried out in this laboratory have established that grafts of fetal
rat spinal cord tissue will survive and establish some neuronal interactions
with host tissue in both acute and longstanding aspirative hemisection cavities
of adult rat spinal cord. The current study was carried out in order to
evaluate the capacity of fetal tissue grafts to achieve anatomical integration
with host tissue in contusion-induced cavitation lesions. Such lesions were
made in female rats at the thoraco-lumbar region by a modified Allen weight-
drop apparatus in which a 3.25 gram weight was dropped from a height of 20
cm onto an impounder placed on the dorsal spinal cord surface. At 2 to 14
months post-injury E14 fetal rat spinal cord tissue was grafted into the
resulting cystic cavities. Transplant recipients were then sacrificed after 2 to
13 months for histological and immunocytochemical analysis.

Two months after contusion lesion, characteristic hemorrhagic necrosis
with cavitation extending 5-6 mm in rostral-caudal extent was observed. Only
a rim of white matter surrounding the cavity was visible. Greater than 90%
of the grafts survived, growing to fill cavities up to 7mm in length. While
the grafts appeared to be well interfaced with host tissue, glial fibrillary
acidic protein [GFAP] immunocytochemistry revealed a dense matrix of
astrocytic processes intervening between host and donor tissue. However,
there were several zones of apposition displaying minimal scar formation,
allowing direct fusion of host and graft tissue. Examination of 2mm plastic
sections revealed regions of neuronal processes traversing the interface.
Serotonin immunocytochemistry identified one specific axonal population
crossing the rostral host-graft interface, extending into transplant tissue for
distances of less than 2mm. This study documents the feasibility of using
fetal spinal cord grafts to repair the severely contused spinal cord.
Supported by NIH NS22316, PYA NBR 588-6, and APA TC 86-05

EXCITATORY AMINO ACIDS: MECHANISMS

208.1

EXCITATORY AMINO ACID SENSITIVITY OF NEURONAL CULTURES MAINTAINED IN
MEDIA CONTAINING POTENT AGONISTS AND MODULATORS. i M
Mayer. Lab. Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.

Neuronal cultures of mammalian spinal cord and hippocampus normally
express receptors for three classes of glutamate receptor, classified by use of
the selective agonists kainate, quisqualate and NMDA. Some recent reports have
described culture preparations in which neuronal responses to NMDA were
either absent or attenuated (Jahr & Jessell, J. Neurosci 5, 2281; Lambert &
Jensen, Neurosci. Lett 26, S149). In these studies neurons were maintained in
culture media containing either potent modulators of excitatory amino acid
responses (DMEM: 400 pM glycine) or both modulators and excitatory amino
acid agonists (Ham's F-12: 3 uM Zinc and 100 pM each of glycine, aspartic acid
and glutamic acid).

We have examined the sensitivity of hippocampal neurons to kainate and NMDA.
Sets of sister cultures were grown in media based on Eagles MEM with an
insulin, transferrin nutrient supplement; 3 conditions were tested: 5% horse
serum; 5% horse serum + 400 pM glycine; serum free + 400 uM glycine.
These conditions were chosen to be similar to DMEM. A second set of cultures was
grown in media based either on Ham's F-12 or MEM, to which the nutrient
supplement and 5 % horse serum was added. Electrophysiological recording from
coded cultures was performed without knowledge of growth conditions, using
tight seal whole cell recording and CsCl filled pipettes for voltage clamp.

In the first set of experiments, using DMEM-like growth conditions, no
difference in the amplitude of responses to kainate (100 pM) or NMDA (100
pM) was detected between the growth conditions. Responses were assayed on days
7,10 and 15 in culture, and showed a normal development in all media
presumablely reflecting an increase in neuronal cell surface area (Mitchell and
Westbrook, Soc. Neurosci Abstr 11, 105).

In the second set of experiments on day 7 in culture, no statistical difference
was observed in the amplitude of responses to kainate or NMDA between cells
grown in F12 medium and MEM medium. However, on days 10 and 15, responses
to both kainate and NMDA recorded from neurons maintained in F12 medium
became progressively larger than those in MEM medium. The average increase in
amplitude compared to responses from cells grown in MEM was: kainate, 86 %
on day 10 and 90 % on day 15 in culture; responses to NMDA was also increased
by 41 % on day 10 and 60 % on day 15 in culture.

These results indicate that in hippocampal neurons, the sensitivity to kainate
or NMDA is not decreased by chronic exposure to high concentrations of glycine.
However the sensitivity to both excitatory amino acids increases following
prolonged exposure to Ham's F-12 medium, containing both aspartic and
glutamic acids. This was unexpected given O'Brien & Fischbach's suggestion (J.
Neuroscience 11, 3290) that L-glutamate down regulates the expression of
excitatory amino acid receptors.

208.2

GLYCINE POTENTIATES AND ZINC BLOCKS A SLOW EPSP BETWEEN HIPPOCAMPAL
NEURONS iN CULTURE. 3 K Lab. of
Dev. Neurobiology, NICHD, NIH, Bethesda MD. 20892.

Monosynaptic EPSPS mediated by excitatory amino acids can be separated into
two kinetically distinct components: A fast conventional EPSP and a slow
component which is voltage sensitive, calcium permeable and antagonised by
2-amino-5-phosphonovalerate, indicating that it is mediated by NMDA
receptors (Forsythe & Westbrook, J. Physiol. submitted). Recent evidence
suggests that the NMDA receptor channel is modulated by several endogenous
substances. Sub-micromolar concentrations of glycine have been shown to
potentiate  NMDA responses by increasing the probability of channel opening via
a strychnine insensitive mechanism (Johnson & Ascher, Nature,325:529,
1987). Zinc, on the other hand blocks NMDA channels by a non-competitive
mechanism (Westbrook & Mayer, see adjacent abs.). Zinc is present in mossy
fibre terminals and is released during synaptic stimulation, while glycine is
present in the extracellular fluid. To examine the extent to which synaptic
transmission can be modulated by these compounds; we have studied the effect of
both glycine and zinc at an excitatory synapse in culture.

In low density cultures of hippocampal neurons monosynaptic EPSPs were
recorded during perfusion of control medium and on the addition of glycine or
zinc. The extracellular medium contained 1 mM Ca, no added Mg and 10 uM
picrotoxin. Pairs of whole cell patch recordings were made with potassium
methyl-sulphate filled electrodes at 25° C. Before perfusion the two components
of the EPSP are unaffected by local perfusion of control medium from puffer
pipettes; however perfusion of the whole bath by the same medium results in the
abolition of the slow, NMDA receptor-mediated component. Switching the
perfusion to control medium plus 1 uM glycine restores the slow component to
control levels. Local application or perfusion of zinc (50 uM) also substantially
reduces the slow component of the EPSP even in the presence of added glycine, as
illustrated below. Each frace is the average of 16 sweeps at -67 mV. These
results show that glycine and zinc, endogenous neuromodulators, have opposing
actions on synaptically-activated NMDA-receptors, and that when the NMDA
receptor is blocked by zinc it cannot be potentiated by glycine.

2 mV.

100 mS

Control
Recovery
Zinc
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208.3 ZINC AND MAGNESIUM ACT AT SEPARATE SITES ON NMDA-RECEPTOR CHANNELS 208.4 ANALYSIS OF GLUTAMATE CURRENTS AND GLUTAMATE CURRENT NOISE OF
. r. Lab.Dev.Neurobiol., NICHD, NiH, Bethesda, MD 20892. CULTURED NEURONS DISSOCIATED FROM SEPTUM OF RAT.
Divalent cations in the extracellular fluid play a critical role in determining the R.Shingai, Y.Ebina*, S.Nagaoka* and T.Ban*.
impact of NMDA-receptor activation on neuronal function in that magnesium ions Dept. of Pharmacology, Sch. of Med. and Dept. of Electric
block the channel in a voltage-dependent manner, and calcium is highly permeable Engineering,Faculty of Engi.,Yamaguchi Univ.,Ube 755 Japan.
with an estimated relative permeability of PCa : PNa of 10.6 (Mayer & Membrane currents induced by pressure applications of L-
Westbrook, J. Physiol., in press). Although other divalent cations such as Ni and glutamate (Glu), kainate (Ka), quisqualate (Qa) and NMDA were
T . L " . N recorded from cultured neurons dissociated from septal area of
Mn can also interact with NMDA channel§,. this is of lmlg physnolpgfcal relev_anqe rat under the whole cell clamp conditions. All neurons (70
since they are present only in trace quantities. An exception to this is Zn which is cells) responded to Glu or the agonists. Current-voltage
present in high concentrations in nerve terminals especially the hippocampal relations showed the Ka-current was larger than the Qa-current
mossy fibers. Of particular interest to receptor function, Zn is released with when Ka or Qa of 50 uM concentration was applied, however the
stimulation with estimated concentrations in the synaptic cleft reaching several Qa-current was larger than or equal to the Ka-current when the
hundred micromolar. It is conceivable that synaptic release of Zn may affect concentration was reduced to 20 uM or less. The -currents
synaptic transmission since we have recently found that Zn at micromolar induced by a puff of 100 uM NMDA were of similar magnitude to
concentrations blocks responses to NMDA, but not to kainate or quisqualate on those by 20 uM Qa.  Fluctuations of currents were analyzed to
cultured hippocampal neurons (Mayer & Westbrook, Biophys. J. 51:64a 1987). study the behavior of the whole glutamate channels of cells.
The effects of zinc are rapidly reversible and thus unlikely to result from gﬁctu};:ﬁrs :Fa’gct;:mfolﬁ:ii;}’pri‘;:::i::s (II’rS\D:ims:f ev::;
reduction of sulfhydryl bonds. Complex formation between zinc and either glycine m .
or agonists is also insufficient to explain the antagonism of responses to NMDA. case, ;he hzgh freq‘;ency component of PS?Oh;d(lllf;(l) Jé‘;‘%(i
The antagonism by zinc is non-competitive, and unlike Mg, the block by Zn is S:g’]’jft e§f9(iwezzl)na:a:;?;ziaﬁgw:ztenémsfe The valve
not relieved by depolarlzauor! suggestmg that Zn and Mg act at separate snes: We of X changed when the holding potential was changed, depending
have used fluctganon analysis to examine the effects of Zn and Mg on th‘e single on unknown conditions of cells. The mean of &’s for holding
channel properties of NMDA-evoked currents. NMDA (1-10 uM) was applied by a potenitals between -20 and -120 mV was 1.7, except the cases
large bore flow pipe to evoke a steady inward current at -50 or -60 mV in the of more than 100uM NMDA where ™ was alwatys 2.0. When the
presence or absence of either 150 pM Mg or 30 uM Zn. Control spectra of PSDs were fitted by a single Lorenzian or a sum of two
agonist-evoked currents were well fit by a single Lorentzian. In Mg, two Lorenzians (a sum of more than two Lorenzians did not improve
Lorentzians were required to adequately describe the power spectra (A), the fitting), the cut-off frequencies of them were 22 and 70
consistent with a channel blocking action of Mg. However, similar degrees of msec. Effective conductance was culculated when PSD was
antagonism by Zn did not produce a distinct two Lorentzian spectra (B), but fitted well to single Lorenzian which ranged from 1 to 6 pS
compared to the action of D-AP5 (5 uM) on the same neurons, Zn did cause a for Ka, from 0.3 to 5 pS for Qa, from 9 to 35 pS for NMDA.
small but consistent reduction in the single channel lifetime and conductance. Pressure applications of 10uM Glu and one of three agonists
were conducted alternatively to the same cell to find the
differences between PSDs for the drugs. These paired
3 applications showed that PSDs by Glu and by an agonist for
] the same cell had strong correlations, that is, in 16 cells
10 3 out of 17 cells both PSDs of the pair shifted wupward or
E downward in parallel on the graph of PSD, by the change of the
1 ] holding potential, It seems that the activation and the
3 kinetics of channels strongly depend on the internal state of
] E the cell.
0.1 F
3 E
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208.5 NMDA RECEPTORS EXPRESSED IN XENOPUS OOCYTES ARE 208.6 MODULATION OF INTRACELLULAR FREE CALCIUM IN ISOLATED FOETAL BRAIN

REGULATED BY Mg AND GLYCINE. N. W. Kleckner*, T.A.
Verdoorn® and R. Dingledine (SPON: J. Wilson). Dept. Pharmacology
gnd Neurobiology Curriculum, Univ. North Carolina, Chapel Hill, N. C.
751

The Xenopus oocyte translation system has been used recently to
study the properties of mammalian amino acid receptors, and as a
cloning tool for these receptors. RNA preparations that include mRNA
encoding NMDA receptors have been notoriously difficult to obtain,
perhaps due to the size and/or complexity of NMDA receptor mRNA.
We have succeeded in this task. mRNA was isolated from primary
cultures of rat brain by the guanidinium thiocyanate - CsCl method and
oligo-dT cellulose chromatography. Each oocyte (stage V or VI)
received 40-80 ng of mRNA by microinjection and was assayed by
voltage clamp after 1-4 days of culture at 199C in modified Barth's
solution. For testing, oocytes were perfused with culture medium and
voltage clamped with one or two microelectrodes; drugs were applied
by perfusion.

Many mRNA preparations that induced the expression of receptors
for kainate and AMPA did not induce NMDA responses in oocytes; only
a few mRNA preparations encoded NMDA receptors. At a holding
potential of -60 mV, NMDA evoked a smooth, nondesensitizing inward
current that was readily reversible on washout. The EC50 of NMDA
was approximately 40 pM. The NMDA receptor antagonist, D-2-amino-
5-phosphonovaleric acid (D-APV, 10 pM), reduced the amplitude of the
ionic current evoked by 100 pM NMDA by 83% (mean of 6 cells).
Current-voltage curves of NMDA responses constructed in the presence
of 1 mM Mg showed a nonlinear region between -80 and -20 mV, which
was nearly eliminated when Mg was omitted from the perfusion fluid.
The ratio of chord conductances at -60 mV and -30 mV was 0.13 in Mg
but 0.91 without Mg (n=5), attesting to strong voltage dependent block
by Mg. The maximum current evoked by NMDA was increased
approximately 9-fold by 3 uM glycine, without a marked lateral shift of
the NMDA concentration-response curve. Responses to ibotenate (100
uM), but not kainate (100 pM) or AMPA (50 uM) showed a similar
voltage-dependence and potentiation by glycine.

These results demonstrate that both regulatory components of the
mammalian NMDA receptor - its voltage-dependent block by Mg and
potentiation by glycine - are preserved in frog oocytes injected with the
appropriate mRNA. This preparation lends itself well to quantitative
studies of the regulation of NMDA receptor activation, and may be
useful for purification of mRNA(s) encoding these receptors. Supported
by NS-17771, NS-22249, NS-2380%4 and a Pharmaceutical Manufacturers'
Association Foundation Predoctoral Fellowship (TV).

CELLS: MEASUREMENTS WITH FURA-2. I. Szekelyhidi, J. F. MacDonald
and M. E. Morris. Department of Pharmacology and the Playfair
Neuroscience Unit, University of Toronto, Toronto, Canada, M5S 1Al.
Studies using fluorescence analysis have identified two types of
calcium-permeable channels in mammalian prenatal brain cells.
Brain slices from 12-14 day-old mouse embryos were used to prepare
isolated cells in suspension (Morris et al., Exp. Brain Res. 65:
520, 1987). After treatment with trypsin/trypsin inhibitor, coll-
agenase and histopaque, separated cells were incubated with 4 um
fura-2/AM at 37° for 90 min to achieve a final intracellular con-
centration of = 0.1 mM fura-2, and then washed and resuspended in a
Ringer solution containing 3 mM KC1, 10 mM glucose and 0.2 mM EGTA.
Fluorescence cuvette measurements were made with 4 x 108 cells/ml
and excitation and emission wavelengths of 339 (%4) and 499 (%8) nm.
Limits of calcium binding of the ligand were determined by consec-
utive additions of ionomycin (1 uM) and Mn2+ (3 mM) in the pres-
ence of extracellular calcium ([Caz+]o). Initial levels of intra-
cellular calcium ([Ca2+]i) were 99 (SE %3, n = 54) nM and increased
to 197 (SE %6) nM when [Caz+]o was raised to 1 mM. Subsequently,
increasing extracellular potassium ([K*],) (between 1-80 mM) evoked
dose-dependent accumulations of [Caz+]i -- with a maximal increase
of = 50 nM at [K+]o = 40 mM. These did not occur in the absence of
[Caz"‘]o and were attenuated by TTX (200 nM) and nitrendipine (< 50
nM) and blocked by verapamil (2.5 uM). Small dose-dependent in-
creases in [Caz+]i were seen with hexanol (2-20 mM), pentobarbital
(5-200 uM) and ethanol (800 mM), but no changes with ketamine (5-
200 uM). Although no changes were observed with either quisqualic
acid or the kainate-like Lathyrus neurotoxin, L-3-oxalyl-2-amino-
propionic acid (50-400 pM), N-methyl-D-aspartate (NMDA) (50-800 uM)
evoked increases of 60-80 nM which could be blocked by Mg2t, keta-
mine (< 20 uM) and 2-amino-phosphonovaleric acid (100 uM). A sig-
nificant and dose-dependent potentiation of submaximal NMDA-evoked
responses was produced by glycine (10-1000 nM); and a parallel
shift of the NMDA concentration-response curve was apparent. The
direct measurement of intracellular calcium in these experiments,
demonstrates (i) the existence in prenatal brain cells of both
voltage-dependent calcium channels and NMDA receptor-activated
channels which are permeable to C32+, (i1) the ability .to modulate
influx and accumulation of {Ca2+]i (by specific organic and inorgan-
ic blockers/antagonists, anaesthetic agents, glycine and changes in
ion levels), and (iii) the development of a preparation which can
be used to assess pharmacological blockade of anoxic/ischaemic
brain damage.

(Supported by The Easter Seal Research Institute
and The Medical Research Council of Canada.)
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AMPA-ACTIVATED CHANNELS IN MAMMALIAN CEREBELLAR NEURONS.
Christiansen and L.M. Nowak. Dept. of Pharmacology, College o
Vet. Med., Cornell University, Ithaca, NY 14853,

It was reported recently that quisqualate, N-methyl-D-aspartate
and kainate each activate ion channels with multiple conductance
states (Cull-Candy & Usowicz, 1987; Jahr & Stevens, 1987; Ascher
& Nowak, in press) and that each agonist activated some conduc-
tance states shared by other agonists. One hypothesis is that
shared conductance states arise because agonists such as quisqual-
ate and glutamate activate more than one receptor subtype and as
mixed agonists they stimulate channel activity consistent with
their affinity for the different receptor subtypes. This hypothe-
sis assumes that each receptor is associated with a different
channel protein each of which may have multiple conductances. We
have approached this problem by studying the pharmacological
profiles of quisqualate-activated ion charrels in cultured neurons
and quisqualate receptors in rat brain membranes by combining
patch clamp electrophysiology and radioligand binding assays.

Microexplants of cerebella from one day old rat pups were grown
in culture for at least 10 days before use in patch clamp record-
ings. Whole cell and outside-out patches were made with pipettes
containing (in mM): 145 CsCl, 10 EGTA/1.0 CaCl, and Hepes-K (pH
7.2) from presumptive Purkinje neurons. e extracellular
solution contained (in mM): 145 NaCl, 2.8 KC1, 1.0 CaClz, 10
Hepes-Na (pH 7.2) and 0.3 uM tetrodotoxin. Drugs were applied to
cells by fast perfusion (U-tube method) and by bath exchange.
Noise analysis was done on whole cell records to estimate channel
open time (1) and current-voltage plots were made from single
channel data to measure channel conductance (y). Radioligand
binding assays were performed on well washed rat brain membranes
and binding of 3H-AMPA was done in the presence of 100 mM KSCN as
described by Murphy et al. (1987). Displacement and saturation
binding assays were done using the filtration method.

AMPA (5-10 uM) evoked large whole cell currents associated with
a small increase in noise. Power spectra of AMPA noise were
fitted by a single Lorenzian in some cells with a t of near 10ms,
or by two Lorenzians in other cells where there was a faster 1 of
about 1 ms. The single channel data showed predominantly small
conductance channels similar to the 8-10 pS channels activated by
quisqualate. This channel is also activated by L-glutamate
(10-100 uM). Preliminary binding studies reveal that AMPA has a
saturable, high affinity binding site with a 20-30 nM K, on rat
brain membranes which was displaceable by L-glutamate with an
IC5 of roughly 0.3 uM. Further comparisons of the pharmacology
of Qhe binding sites and jon channel activation are in progress.

This research was supported by NIH grant #NS24467 to LMN and
JLC was supported by a PMA predoctoral fellowship award.

QUANTITATIVE STUDY OF THE USE DEPENDENT BLOCK OF EXCITATORY
AMINO ACID CURRENTS BY KETAMINE AND PHENCYCLIDINE. J.F.
MacDonald, P. Pahapill, T. Mody and P.S. Pennefather. Playfair
Neurosci. Unit, The Toronto Hosp. & Dept. Physiology & Faculty
of Pharmacy, Univ. Toronto, Toronto, Ont. M5T 2S8.

We have shown previously that ketamine will block the
response to NMDA agonists in a use-dependent manner. Both the
onset and offset of blockade is enhanced by repeated activation
of NMDA receptors. This suggests that ketamine interacts
selectively with the open channel state of the receptor and if
the channel closes while blocked, the ability of ketamine to
dissociate 1is greatly reduced. In effect, ketamine becomes
trapped on the channel. The guarded receptor hypothesis
proposed by Starmer et al. (Biophys. J. 49, 913, 1986) provides
equations to describe this type of blockade. We have applied
these equations to the use-dependent blockade of excitatory
amino acid currents.

Currents evoked by brief pressure applications of L-aspartate
were recorded in cultured murine hippocampal neurones with a
patch electrode in the whole-cell configuration and a
discontinuous voltage-clamp. Responses rose rapidly and decayed
with a time constant of 1 to 2 s. The equations allow the rates
of interaction during and between the response to be calculated
from the fractional decrease per pulse of agonist, the steady
state level of blockade and the frequency-dependence of the
blockade. The analysis was simplified because the blockade by
ketamine was independent of the frequency of agonist
application, suggesting that the interaction was negligible
between pulses.

At -60 mV, the calculated forward and reverse rates of
interaction with the open channel for ketamine were 2x10* M™' s7!
and 0.1 s7%, respectively. These rate constants were independent
of ketamine concentration and predict an affinity of 5 uM.
Changing the pH from 7.4 to 9.0 reduced the fraction of ketamine
that is positively charged (pK,=7.5) and decreased the forward
rate constant, implying that it is the charged form of ketamine
that is most potent. With phencyclidine, the forward rate
constant was similar to ketamine but the reverse rate constant
was ten times slower; thus, accounting for the greater potency
of this agent. The channel activated by L-aspartate has a mean
open time of 5 ms and therefore we would predict that in the
presence of a half-maximal concentration of ketamine an
individual channel would have to open or close on average 2000
times before becoming blocked or unblocked.

The guarded receptor hypothesis provides a useful model for
interpreting the actions of ketamine and phencyclidine on the
NMDA-gated channel. Supported by MRC of Canada.

208.8
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ACTIONS OF EXCITATORY AMINO ACIDS ON MEMBRANE PROPERTIES OF
DEVELOPING PURKINJE NEURONS IN CULTURE. M. Joels*, A.J. Yool,
and D.L. Gruol, Div. Preclin. Neurosci. and Endocrin., SCripps
Clinic and Res. Foundation, La Jolla, CA 92037.

In previous extracellular studies it has been shown that mature
Purkinje neurons (PNs) in culture display a multiphasic response
to glutamate (GLU). The response is characterized by an immediate
increase in simple spike firing followed by a phase of bursting
discharges, reduced activity and finally return to baseline
activity (Franklin and Gruol, Neurosci. BAbstr. 12, 1986). The
effects of the excitatory amino acid agonist quisqualate (QUIS)
were similar to those of GLU. Kainic acid (KA) on the other hand
only induced an increase in simple spike firing. Immature PNs (7
days in culture) were excited by GLU, QUIS and KA but did not
display the complex responses seen in the mature cells. With
whole cell and single channel recording techniques we have
investigated the changes in membrane properties and ion channel
activity that may underlie the extracellularly observed responses.
Recordings were made from neurons at two developmental stages;
7-9 days in culture, when PNs have only thin neurites and at 12-16
days in culture, when branching dendrites are present. GLU (10
uM), QUIS (1 uM) or KA (10 uM) were ejected from glass pipettes by
pressure. In whole cell recordings from identified PNs (n=32)
mean resting membrane potential was -56.7+1.2mV (+SEM). Mean
input resistance (Rin) was 466+136MQ for the immature PNs (7-9
days) and 260+37Mq for the older PNs (715 days). At both ages,
GLU induced a depolarization (24.0+1.9mV) accompanied by a
decrease in Rin. In approximately half of the cells the
depolarization was followed by a small (3-4mV) hyperpolarization.
In mature PNs the total duration of the responses (116+3lsec) was
longer than in immature cells (50+8.5sec). QUIS evoked prolonged
depolarizations (22.1+2.5mV) accompanied by a decrease in Rin
followed by a pronounced hyperpolarization (5.9+1.8mV). The GLU
and QUIS depolarizations were characterized by an initial burst of
spikes, a period of decreased spike-amplitude, gradual recovery of
spike amplitude, then increased firing relative to control.
During the subsequent repolarizing and hyperpolarizing phases,
spike frequency was reduced. In contrast to GLU and QUIS, KA
mainly induced a small (13+1.3mV) and short lasting (~25sec)
depolarization and increase in spike frequency. These data
indicate that PNs show differential membrane responses to the
excitatory amino acid agonists, QUIS being the most potent. In
preliminary single channel studies using the cell attached
configuration, activation of a small conductance K+ channel was
associated with the inhibitory phase of the QUIS response.
Further studies of amino acid evoked changes in channel activity
are in progress. (Supported by NIAAA Grant AA06665 to DLG and
AA07456; C & C Huygens Grant H88-145 from the Dutch ZWO to MJ).

EFFECTS OF EXCITATORY AMINO ACIDS ON Ca2*- AND K*-CHANNELS IN RAT
BRAIN SYNAPTOSOMES. M. Simonato*, R. Jope and L. Beani* (SPON:
M. Koenig). Department of PharmacoTogy, University of Alabama at
Birmingham, Birmingham, AL 35294 and Institute of Pharmacology,
University of Ferrara, 44100 Ferrara, Italy.

Recent evidence indicates that excitatory amino acids play an
important role in the normal activity of the mammalian CNS and in
neuronal damage associated with a number of disorders. An
association has been established between excitatory amino acid-
induced cell death and elevated intracellular calcium. In this
study we examined the effects of glutamate, kainate and N-methyl-
D-aspartate (NMDA) on synaptosomal flux of calcium and rubidium
(as an indicator of K* flux). This approach allows the
measurement of direct effects on cation fluxes in nerve terminals,
the site of presynaptic modulation of release and a possible site
of acfion of excitatory amino acids.

Ca¢t influx mediated by fast channels (1 sec) has been studied
in rat cortical and hippocampal synaptosomes, by measuring influx
in Tow K* and high K* media. The rate of Ca* influx in Tow K
and the net stimulation by high K* in cortical synaptosomes are
0.127 + 0.015 and 0.607 + 0.060 nmoles/mg prot, respectively,
while in hippocampal synaptosomes they are 0.381 + 0.057 and 0.397
+ 0.036, respectively.

Glutamate (5 mM) significantly increased the resting influx of

Ca** in cortical synaptosomes (146 + 8% of control), and
decreased the net uptake after depolarization (76 + 6%); glutamate
did not have a significant effect in the higgoc mpus. Kainic acid
(5 mM) did not alter cortical synaptosomal *3Ca¢* flux, but
decreased resting influx (73 + 3%) and increased the net uptake
(137 + 18%) in the hippocampus. NMDA (5 mM) had no significant
effect on any of these measures.

k* channels were studied by measuring 86Rp* efflux from
synaptosomes purified from rat forebrain and preloaded with 86pp*
by the method of Bartschat and Blaustein (J. Physiol. 361, 419,
1985). The effects of glutamate, kainic acid and NMDA were
measured a% 1, 3 and 5 sec, in media containing low K*, high K*
without Ca?* and high K* with Ca*. These results will be
discussed with regard to the direct effects of excitatory amino
acids on cation fluxes in nerve endings.

Supported by AGO4719 and MH38752.



754 EXCITATORY AMINO ACIDS: MECHANISMS WEDNESDAY PM
208.11 PHARMACOLOGICAL MANIPULATION OF GLUTAMATE-INDUCED CALCIUM INFLUX 208.12 ROLE OF NMDA-ACTIVATED AND VOLTAGE-DEPENDENT CALCIUM CHANNELS IN
IN CULTURED NEURONS. A. W. Probert* and F. W. Marcoux (SPON: J. THE INDUCTION OF HIPPOCAMPAL LONG-TERM POTENTIATION. A.H
Marriott). Warner-Lambert/Parke-Davis, Pharmaceutical Research, Ganong and T.H. Brown. Division of Neurosciences, Beckman
Ann Arbor, MI 48105. Research Institute of the City of Hope, Duarte, CA 91010.
The excitatory amino acid, glutamate, exerts neurotoxic The induction of long-term synaptic potentiation in
effects in vitro when present in high concentrations. These hippocampal CAl pyramidal neurons requires conjuctive pre- and
excitotoxic effects have been linked to the NMDA-type glutamate post-synaptic activity (Kelso, S.R., Ganong, A.H., and Brown
receptor and reported to involve calcium accumulation intracellu- T. H., PNAS, 83: 5326-5330, 1986). Several lines of evidence
larly. Whereas NMDA antagonists have been shown to prevent suggest that one of the critical steps in the induction
glutamate-induced excitotoxicity, less is known regarding their mechanism may involve increases in intracellular free calcium in
effects on calcium influx. We studied the effects of NMDA the postsynaptic neuron. One formal model predicts that calcium
antagonists and other drugs on calcium influx induced by excito- entry through voltage-dependent calcium channels in the spine
toxic concentrations of glutamate in mammalian cultured neurons. head can account for the spatiotemporal features of associative
Eighteen day old cortical neurons isolated from fetal rat brain LTP (Gamble, E., and Koch, C., Science, in press). An
were co-incubated in 100 uM L-glutamate and varying concentra- alternative model suggests that calcium entry through the
tions of test compounds. Ca]ﬁgum+inf1ux was assessed by measu- channel coupled to the N-methyl-D-aspartate (MMDA) subtype of
ring neuronal accumulation of "“Ca  from the culture medium. glutamate receptor is necessary for the induction of LTP. We
Compounds examined included the competitive NMDA antagonists, have begun to test differential predictions of these models in
2-amino-7-phosphonoheptanoic acid (7-APH), 4-(3-phosphonopropyl)- the Schaffer-CAl synapse.
2-piperazinecarboxylic acid (CPP) and gamma-D-glutamylglycine Intracellular recordings were from CAl pyramidal neurons in
(DGG) and the non-competitive NMDA antagonists, ketamine (KET), rat hippocampal slices. The medium contained picrotoxin to
phencyclidine (PCP) and (+)-10,11-dihydro-5-methyl-5H-dibenzo reduce the synaptic inhibition that accompanies stimulation of
[a,d] cyclohepten-5,10 imine (MK-801). 45 ++ the S?haffer excitatory input. The intracellular electrode
CPP, DGG and 7-APH inhibited glutamate-induced "“Ca” influx contained 2 M CsCl and 50 mM QX-314 or QX-222 in order to
with IC of %89 léé and 245 pM, respectively. MK-801, PCP and suppress sodium spikes and help maintain postsynaptic potential
KET inﬁ?ﬁ%ted Ca influx more potently with IC of 0.10, control. Stimulus intensity was adjusted to elicit EPSPs of
0.16 and 6.8 pM, respectively. These results with %nown NMDA about 5 mV peak amplitude at a holding potential of -80 mV. As
antagonists parallel in rank order of potency other reports on we have shown previously, high frequency presynaptic stimulation
the antiexcitotoxjg actions of the compounds; this suggests that (100 Hz for 200 msec, 5 repetitions) during application of a
inhibition of Ca = influx is involved in the antiexcitotoxic voltage clamp to the postsynaptic neuron did not produce LTP.
effects of NMDA antagonists. LTP was induced if the presynaptic stimulation was paired with
an outward current step sufficient to elicit a QX-31l4-resistant
spike, or a voltage-clamp step to -20 mV (which elicited a large
inward current). LTP was not induced by either an outward
current step alone (which elicited a QX-3l4-resistant spike), or
a voltage-clamp step sufficient to induce a inward current.
Application of the NMDA receptor antagonist 2-amino-5-
phosphonopentanoate (AP5) blocked the induction of LTP even if
the intensity of the stimulation was sufficient to produce a
QX-222-resistant spike during the depolarization caused by the
high frequency afferent stimulation. The presence of AP5
prevented the induction of LTP even when strong afferent
stimulation was paired with additional postsynaptic
depolarization from the intracellular electrode.
These results are less easily explained by the Gamble-Koch
model than the alternative. (Supported by NRSA NS08042-02, the
McKnight Foundation, and AFOSR Contract F49620.)
208.13 NMDA-ACTIVATED CURRENTS IN RAT NEOCORTICAL NEURONS ARE 208.14 EXCITATORY AMINO ACID RECEPTORS FROM RAT BRAIN EXPRESSED IN

BLOCKED BY THE ANTICONVULSANT MK-801. J.E. Huettner
and B.P. Bean. Dept. of Neurobiology, Harvard Medical
School, 25 Shattuck St., Boston, MA 02115

We have used whole-cell and single channel
recording to study the action of MK-801 (Wong et al.,
PNAS 83:7104, 1986) on currents elicited by excitatory
amino acids. Cortical neurons from young rats were
maintained in cell culture for 1-3 weeks. Electrodes
contained (in mM) Cs-methanesulfonate 120; HEPES 10 pH
7.4; EGTA 10; Mg 5; ATP 4 and GTP 0.3. Cells were
clamped at -60 to -80 mV and drugs were applied at 1-
50 uM (in NaCl 160; HEPES 10 pH 7.4; CaCl2 2) for 1-10
sec by local perfusion. NMDA (+1uM glycine), kainate
and quisqualate (Quis) evoked inward currents in every
cell. Application of 2 uM MK-801 +1 uM glycine for 10-
20 sec had no effect on the response evoked by
subsequent application of NMDA, kainate or Quis. When
NMDA and MK~801 were applied simultaneously, the
inward current elicited by NMDA decreased steadily
with a time constant of several seconds. After washout
with control solution, responses to NMDA recovered
very slowly. Exposure to NMDA speeded the recovery.
These results suggest that MK-801 blocks the channel
activated by NMDA and that binding and unbinding of
the drug are facilitated when the channel is open.
MK-801 did not diminish currents elicited by kainate
or Quis. Application of NMDA to outside-out patches
activated channels of 45 pS. MK-801 reduced channel
activity without changing unitary conductance.

NMDA NMDA + MKB801
——— @ AEEES ———— EEESNNN 4 A EEEENE  SSSEma——
2 nA
10 s
NMDA NMDA + MKB8O01

XENOPUS OOCTYES: SINGLE CHANNEL RECORDINGS. A.M.J. VanDongen(*),
G. Frech(*), R. Joho(*) and A.M. Brown. Dept. Physiol. and Molec.
Biophys., Baylor College of Medicine, 1 Baylor Plaza, Houston,

TX 77030.

Frog oocytes microinjected with mRNA can express exogeneous gluta-
mate receptors (Gundersen et al, 1984, Proc.R.Soc.B211:127). We
are using this powerful expression system to study the electro-
physiological and molecular biological properties of excitatory
amino acid receptors. At least three distinct types of glutamate
receptors, characterized by the specific agonists NMDA, kainate
and quisqualate have been proposed for the mammalian central
nervous system. Reports by Jahr and Stevens (1987, Nature 325:522)
and Cull-Candy and Usowicz (ibid p525) on single channel currents
have shown that all agonists activate the same set of multiple
conductances. However, each agonist predominantly activates one
subset of conductances. Direct transitions between all the levels
were observed. Taken together, the existence of a complex molecu-
lar entity, consisting of a set of receptors coupled (conjointly
or separately) to an ionophore with multiple conductance states
is suggested.

We micro-injected oocytes from Xenopus laevis with total
mRNA isolated from whole rat brain or with size-fractionated mRNA.
After 2-6 days at 19°C, whole cell two-electrode voltage clamp
experiments showed inward currents following bath perfusion of
kainate, glutamate, quisqualate and aspartate. Single channel
current measurements were performed using outside-out patches
excised from the oocyte membrane. Application of kainate activated
multiple conductance Tevels with similar characteristics as those
reported for native neuronal membranes. Preliminary data indicate
that the response to glutamate may be different.
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MECHANISMS BY WHICH QUISQUALATE SUPPRESSES KAINATE INDUCED
ELEVATIONS OF CEREBELLAR CYCLIC GMP. P.P. McCaslin* and
W.W. Morgan. Dept. of Cellular & Structural Biology, The
University of Texas Health Science Center at San Antonio, San
Antonio, TX 78284,

Primary cultures of cerebellar neurons from 8 day old rat
pups were grown for 14 days in vitro in antibiotic-free media
and then analysed for changes in bot, cyclic guanosine
monophosphate (cGMP) and the influx of Ca in response to
several excitatory amino acids (EAA) or related antagonists.
We have previously reported that kainic acid (Ka),
N-methyl-d-aspartate (NMDA) and quisqualic acid (QA; listed in
order of potency) produce dose-, time- and calcium-dependent
elevations of cGMP in these cultures., The effects of QA and
NMDA on this parameter were additive as were the effects of KA
and NMDA, however, 100 uM of QA completely prevented the
KA-induced elevation of this cyclic nucleotide. Here, using
Shield's analysis, we report that concentrations of QA as low
as 2.5 uM (which has no effect on cGMP at this concentration)
significantly reduced the elevations of cGMP induced by 100 uM
KA by 25Z. By contrast, 100 uM concentrations of the EAA
antagonists, cis-2,3-piperidine dicarboxylic acid (PDA) and
glutamylaminomethylsulphonic acid (GAMS), were required to
reduce the effect of KA by an equivalent amount. Since
binding studies have shown that KA has a 30-fold greater
affinity for the KA~receptor than does QA, it is possible that
the effect of QA on preventing the KA-induced elevation of
cGMP is at some site removed from the KA receptor regognition
site(s). Therefore, the EAA-stimulated influx of Ca into
these neuronal cultures was examined. Each of the three EAA
agonists produced dose- and time-dependent increases in the
influx of calcium and in the same order of potency as that
seen with cGMP productigg Additionally, QA prevented the
KA-induced influx of Ca in a similar manner to its
antagonism of the KA-induced cGMP elevat On the other
hand, QA did not alter the stimulation of Ca influx induced
by NMDA. Collectively, these data suggest that QA selectively
antagonizes the stimulatory effects of KA at least on cGMP
formation in cultured cerebellar neurons and does so at least
in part by suppressing KA-mediated calcium influx. Supported
by DA 00083 and DA 00755 to WWM.

EFFECTS OF EXCITATORY AMINO ACID ANALOGUES ON
PHOSPHOINOSITIDE HYDROLYSIS IN RAT BRAIN.
F.T. Crews and M.R. McElhaney*. Department of
Pharmacology, College of Medicine, Box J-267, JHMHC,
University of Florida, Gainesville, FL 32610.
Glutamate stimulates the hydrolysis of phospho-
inositides (PI) in the cerebral cortex, hippocampus
and striatum. The glutamate analogues ibotenate,
quisqualate, and N-methyl-D-aspartic acid (NMDA) were
studied in all three brain regions to determine which
glutamate receptors were involved. Quisqualate was
the most potent compound in all three brain regions.
The dose response curve in the cerebral cortex was
sigmoidal with an ED5g of approximately 15nM. In the
striatum and hippocampus the curve was biphasic with
the first phase similar to the cerebral cortex curve
and a second phase at higher concentrations. Ibo-
tenate was more effective at stimulating PI hydro-
lysis than quisqualate or NMDA in the cerebral
cortex. A1l three agents were equally effective in
the hippocampus and NMDA was much less effective than
either of the other two agents in the striatum.
Ibotenate and NMDA were additive in all three brain
regions, whereas neither ibotenate and quisqualate,
nor NMDA and quisqualate were additive. Glutamate
receptor subtype coupling to PI hydrolysis will be
discussed. (Funded by AA06069)

208.16 PERINATAL HYPOXIA-ISCHEMIA ENHANCES QUISQUALIC ACID(QA)
C. K. Chen:. F,

STIMULATED PHOSPHOINOSITIDE(PPI) TURNOVER.
ver n*_an V.
laboratones, Univ. of Michigan, Ann Arbor, MI 48104

Several lines of evidence indicate that enhanced release of the excitatory
neurotransmitter glutamic acid contributes to the pathogenesis of hypoxic-
ischemic neuronal damage. In neonatal animals, using in vitro autoradiography
with 3H-glutamate(GLU), we found that a focal cerebral hypoxic-ischemic insult
leads to marked inhibition of GLU binding in target areas for irreversible
ischemic damage(e.g., hippocampus and striatum) 24 hrs after
injury(Silverstein F. et al., Dev. Br, Res,, in press). At this dcvclopmental
stage, Nicoletti et al(PNAS., 83:1931, 1986) showed that excitatory amino acid
recognition sites are coupled to inositol phospholipid metabolism and that the
GLU agonist quisqualic acid(QA) potently stimulates PPI hydrolysis. To assess
the functional correlates of the acute reduction in GLU binding we observed, in
this study, we assayed QA stimulated PPI turnover in hypoxic-ischemic tissue.

7 d.o. rat pups underwent right carotid artery ligation(RCL), followed by
exposure to 8% oxygen for 2.5 hrs; this procedure predictably results in
unilateral forebrain injury ipsilateral to ligation. Pups and litter-mate controls
were sacrificed 24 hrs post-hypoxia, hippocampus(HIP) and striatum(STR)
were dissected out and brain slices were prepared. For each anatomic region,
tissue samples from the side of ligation, the contralateral hemisphere, and
unoperated controls were prepared. In tissue preincubated with 3H-myo-
inositol, the accumulation of inositol phosphates(IPs) was measured, in the
presence of Li, with addition of QA(104 or 10-6 M) or the cholinergic agonist
carbamoylcholine(104 or 10-2 M).

‘We found that QA(104 M) preferentially stimulated PPI hydrolysis in HIP
and STR ipsilateral to ligation. For each tissue sample, total IPs were expressed
as % of basal. In HIP, agonist stimulated IPs accumulation was 1053_237%
ipsilateral to RCL, 588+134% in the contralateral hemisphere and 631+147% in
controls(N=9 assays, p<0.005, one-tailed paired 7 test); in STR, corresponding
values were: 801+157%, 474+89%, and 506+115%(p<0.05). In contrast, with
the lower concentration of QA(10-6 M) and with both doses of carbamoylcholine
there was no preferential stimulation of IP hydrolysis in ischemic tissue.

The data suggest that hypoxia-ischemia enhances coupling between the
reduced number of glutamate binding sites remaining in the injured brain and
PPI turnover. The changes in QA stimulated PPI turnover provide additional
evidence for selective involvement of glutamate synapses in the evolution of
neuronal damage. Enhanced PPI turnover may be related to altered neuronal
excitability and/or regenerative responses which follow hypoxic-ischemic injury.

Neuroscience
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[ONIC DEPENDENCE. DISTRIBUTION. AND PHARMACOLOGICAL PROPERTIES OF
QUISQUALATE-SENSITIVE | *HiGLUTAMATE BINDING SITES IN RAT BRAIN
] T Greenamyvre, | | Cha | B Penpey _and A B Young Department of
Neurology and Neuroscience Program. University of Michigan. Ann Arbor
MI 45104

Quisqualic acid an analog of glutamic acid, selectively interacts with a
subclass of glutamate receptors Quantitative autoradiographic techniques
were used lo study gquisqualate- sensitive 53H}glutamate receptors in rat
brain. Adult rat brains were cut into 201im sections and thaw-mounted onto
gelatin-coated glass slides  Brain sections were then incubated with
i3Hjglutamate (200nM) in the presence of varying concentrations of
quisqualate or competitors. After rinsing with cold buffer and drying.
glass slides were apposed to tritium-sensitive film and allowed to expose for
2-3 weeks. The resultant film images were analyzed via computer-assisted
densitometry

Quisqualate-sensitive [3Hglutamate binding sites were found to be
distributed throughout all parts of the rat brain. The relative distribution
of quisqualate-sensitive {3Higlutamate binding sites was: cerebellar
molecular layer - stratum moleculare of the dentate gyrus = entorhinal
cortex - stratum radiatum of CAj > cerebellar granule layer - striatum No
displacement of binding was observed in precentral cortex Of these areas,
the cerebellar molecular layer had the highest proportion (79%) of
3Higlutamate binding sites displaceable by quisqualate followed by
cerebellar granule layer (62%). striatum (34%) entorhinal cortex (31%)
and stratum moleculare and stratum radiatum of the hippocampus (27%)

Binding of [3H]glutamate was influenced by both calcium and chloride
ions Chloride ions (at concentrations up to $6mM) exerted a marked effect
on quisqualate-sensitive {3H)glutamate binding. with a maximal stimulation
by chloride occurring at 4imM  Calcium (0 1uM to 100mM) also stimulated
quisqualate-sensitive binding. but only in the presence of chloride. The
maximal amount of stimulation by calcium occurred at 10mM for all
concentrations of chloride tested. The stimulation of binding exerted by
chloride did not depend on the presence of calcium. Calcium- and chloride-
enhanced binding was completely quisqualate-sensitive: in the presence of
2 51M quisqualate. no ionic-dependent increase in binding was observed

{3H|Glutamate binding in the cerebellar molecular layer was reduced
60% by 100uM L-serine-O-sulphate, 45% by 100:M N-acetylaspartyl-
glutamate. 21% by AMPA and 16% by 100uM N-methyl-D-aspartate. There
was no significant reduction of binding by kynurenate, GAMS, L-aspartate,
or L-2-aminophosphonobutyrate (APB). all tested at 100uM.  The calcium-
and chloride-stimulated quisqualate-sensitive binding site thus does not
appear to be an NMDA or APB receptor

Supported by NIH NRSA 5T32 GM07863 and USPHS grant NS 19613

EFFECTS OF SPIDER VENOM ON VERTEBRATE CNS GLUTAMATE BINDING.
Hollis*, L.M. Kerr, J.K. Wamsley, T.N. Parks, and H. Jackson.
Departments of Psychiatry and Anatomy, University of Utah School
of Medicine, Salt Lake City, Utah 84132.

Certain spider venoms have been shown to suppress glutamate-
mediated synaptic transmission in both insects and vertebrates.
Particularly in the case of the vertebrate CNS, however, very
little is known about the mechanism of these effects. In order to
investigate the site of action of spider toxins and their possible
applications as probes for the study of glutamate-mediated
transmission, we have begun examining effects of spider venoms on
[3H]-glutamate binding. Partially-purified fractions of venoms
from several species have been tested against glutamate binding to
sections of both rat and chick brain (after the methods of Halpain
et al., J. Neurosci. 4:2247). In most experiments, non-
radioactive glutamate was used as the displacer to determine
specific binding, which ranged from about 65-75%. Results were
similar using either rat or chick tissue.

We have previously shown that partially-purified material
from the venom of the Hololena curta spider suppresses synaptic
transmission mediated by non-NMDA receptors in chick brain. In
the present study, we found that this material also produces dose-
dependent reduction of specific glutamate binding to either chick
or rat brain with a 50% reduction at a concentration of about
0.5%. To examine whether the toxin might be acting preferentially
at particular classes of glutamate receptors, we tested its
effects when combined with either NMDA, kainate, or quisqualate.
The expectation was that we might observe a greater reduction in
binding when the toxin was combined with a ligand specific for a
class of receptor not affected by the toxin alone. Surprisingly,
we found that glutamate binding increased to control levels in the
presence of the spider toxin and any of these three ligands.
tested alone, kainate (1 mM) reduced glutamate binding by 94% and
quisqualate (1 mM) reduced binding by 85%. NMDA (1 mM) alone had
little effect on glutamate binding but nonetheless appeared
capable of eliminating the effects of the spider toxin on binding.
Pending further study, we suggest these findings may reflect a
complex allosteric interaction between binding sites for these
ligands. Such an interpretation is consistent with the recent
hypothesis that the various classes of glutamate receptor-channel
complexes may in fact reflect different functional states of a
single structure (Jahr and Stevens, Nature 325:522).

Supported by grants NS 15132 and NS 17257
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209.2

209.4

QUANTITATIVE AUTORADIOGRAPHY OF GLUTAMATE RECEPTORS IN THE
FELINE MOTOR THALAMUS . G.R. Zuercher*, T. DeBoon* and K.
Kultas-Ilinsky. (SPON: I. Ilinsky) Dept. of Anatomy, University
of Towa College of Medicine, Iowa City, IA 52242,

Though evidence points to glutamate (Glu) as the neuro-
transmitter in corticothalamic projections, specific Glu
receptor subtypes associated with these pathways in individual
thalamic nuclei remain unknown. In these studies we used quan-
titative receptor binding autoradiographic techniques with
computer-assisted image analysis to determine the presence,
binding parameters, and topography of Glu receptor subtypes in
the ventral anterior (VA), ventral medial (VM), and ventral
lateral (VL) thalamic nuclei. Binding assays were performed on
serial coronal sections of the thalamus using an incubation
medium consisting of 50 mM Tris-HCl buffer, pH 7.4, with 2.5 mM
CaCl, containing varying concentrations of 2H-Glu and one of the
following displacers: quisqualate (QUIS), N-methyl-D-aspartate
(NMDA), kainate (KA), homocysteine (HO), and amino-3-hydroxy-S-
methyl-4 isoxazolepropionate (AMPA). In a separate series of
experiments, 3H-N-acetyl-aspartyl-glutamate (3H-NAAG) was used
as a ligand. The binding parameters (Bmax, K ) were determined
from the data obtained from the thalamic regions of interest of
digitized images of autoradiographs. Autoradiographic tritium
standards (Amersham) were used for construction of calibration
curves.

The 3H-Glu binding under the incubation conditions employed
was saturable and a high density of binding sites was found
throughout the thalamus without much variation between individu-
al thalamic nuclei. A 40% inhibition by 5.0 pM QUIS of specific
3H-Glu binding indicated that this receptor subtype was indeed
present in the motor thalamus. Only 12% inhibition was observed
with 10 pM HO, whereas addition of 30 uM KA or 100 pM NMDA in-
duced enhancement of 3H-Glu binding under the same conditions.
We are now studying the effect o +the same agents on S3H-Glu
binding with the use of Cl and Ca free incubation medium in
an attempt to dissect the KA and NMDA sites from the total
3H-Glu binding. Moreover, digital subtractions of images of
3H-Glu binding with and without displacers are being performed
to determine the distribution pattern of individual Glu receptor
subtypes in the cat motor thalamus.

The 3H-NAAG binding experiments demonstrated an extremely low
density of 3H-NAAG receptor sites in the thalamus. This was in
contrast to a high concentration of these sites in the caudate
present in the same sections. This suggests an insignificant
role of the NAAG receptors in the cat motor thalamus. (Sup-
ported by NIH NS RO1 19280.)

L-GLUTAMATE BINDING SITE ON N18-RE-105 NEUROBLASTOMA HYBRID CELLS
REPRESENTS A SEQUESTRATION PROCESS. _L. M. Boland, B. Berry”, and
R. Dingledine. Dept. of Pharmacology and Neurobiology Curriculum,
Univ. North Carolina, Chapel Hill, N.C. 27514

An L-glutamate (L-glu) binding site was described on the
neuroblastoma x retina hybrid cell line, N18-RE-105, (Malouf et.
al., JBC, 259:12756, 1984), and evidence was presented that this
site is an aminophosphonobutyric acid (APB)-sensitive,
quisqualate-type of excitatory amino acid (EAA) receptor. We
performed electrophysiological and radioligand binding studies on
these cells in order to directly test the idea that the binding
site discovered is an EAA receptor.

N18-RE-105 cells demonstrate many neuronal properties. These
cells were strongly immunofluorescent for neurofilament but not
for glial fibrillary acidic protein. In whole cell patch clamp
experiments, cells had a resting potential up to -56 mV. They
exhibited a number of voltage-dependent ionic currents, including
a TTX-sensitive Na current, a 4-AP-sensitive K current, and a
slow Ca current that could be blocked by cobalt. However, even
when cells were grown in the absence of glutamine or in
conditions that enhanced process growth (2% DMSO, 0-1% serum),
perfusion with L-glu (3-300pM), L-glu plus glycine (3-2QuM), or
kainate (5-300pM) did not evoke the inward current expected of a
glutamate receptor/channel complex.

specific binding of [3H]-L-glu to washed membranes at 37°C
demonstrated saturable binding sites with an apparent Kd of 0.64
pM and Bmax of 69 pmoles/mg protein. Binding was inhibited by
quisqualate (K4 = 0.25 uM), DL-APB (Kd = 5.4 pM), and L-cystine
(Kd = 0.17 pM), but not reduced by 1 mM kainate or N-methyl-DL-
aspartate. Glutamate binding was subjected to similar tests
described by Kessler et. al. (J. Neurochem., 48:1191, 1987) to
distinguish binding from an exchange process. Binding of 100 nM
[3H])-L-glu was stimulated by chloride (2-fold by 10 mM NaCl) but
reduced by Na (half-maximal inhibition at 20 mM Na methyl-
sulfate). Binding was also reduced 54% by 0.01% digitonin and
42% by hyperosmotic (400 mM glucose) assay medium. [3H]-L-glu
bound to equilibrium at 37°C could be released from membranes
much more effectively in the presence of a saturating concentra-
tion (100 pM) of unlabelled glutamate (53% released after 20
min.) than unlabelled quisqualate (30% released after 20 min.),
but often there remained a non-releasable pool of [3H]-L-glu.

Although N18-RE-105 cells possess many neuronal properties,
the results obtained are not those expected from reversible
binding of L-glutamate to a channel/receptor complex, but are
consistent with a chloride-activated sequestration or exchange
process. Supported by NS22249 and NS23804.
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N-OXALYL-DIAMINO-CARBOXYLIC ACIDS ARE POTENT
INHIBITORS OF GLUTAMATE RECEPTOR BINDING. R.J.
i i% P.B. Nunn*+, Watkins*++, and
C.W, Cotman., Dept.of Psychobiology, University of California, Irvine, CA
92717, and +King's College London and *++University.of Bristol, England.
B-N-Oxalyl- e -diamino-propionic acid (8-ODAP) is an excitatory amino
acid that has been identified as a major causative agent in the pathogenesis of
human neurolathyrism (Chase et al., Neurosci. Lett., 55, 1985. This disease is
associated with the excessive consumption of seeds containing the neurotoxin
(e.g., Lathyrus sativus, L. clymenum, and L. cicera) and is characterized by a
permanent spastic paralysis of the lower limbs. [B-ODAP and several
structurally related derivatives (see below) have been prepared and tested for
their ability to inhibit the binding of radioligands to the three major excitatory
amino acid receptor classes: NMDA (N-methyl-D-aspartate), QA (quisqualate)
and KA (kainate).

o O  COOH
HOOC)L NH’\/ CooH HOOC
B-ODAP  NH o—~ODAP  NH,
o NH, o
COOH
Hooc)]“NH’\/k COOH Hooc A NH
y-ODAB §-OX-ORN  NH,
o) NHp
Hooc/lL NH’\/\/k COoH
€ -OX-LYS

QA, KA, and NMDA rece%tors in synaptic plasma membranes were
assayed with specific ligands (3H-AMPA, 3H-KA and 3H-L-Glutamate,
respectively) as described (Monaghan et al. . PNAS, 83, 1986). Of the
compounds listed above, including o-L-ODAP and B-D-ODAP, only f-L-
ODAP was found to potently inhibit the binding of 3H-AMPA (IC50 near 1
uM). Similarly, B-L-ODAP also selectively inhibited the binding of 3H-KA
(IC50 near 50 yuM). In contrast, B-L-ODAP did not exhibit substantial
inhibition of binding to the NMDA receptor. Binding to this receptor was most
potently inhibited by L-and D-y-ODAB (N-oxalyl-a,y-diamino-butyric acid), 8-
D-OX-ORN (8-N-oxalyl-ornithine) and e-D-OX-LYS (e-N-oxalyl-lysine).
Electrophysiological studies in the spinal cord neurons suggested the site of
action of B-L-ODAP is at non-NMDA receptors (MacDonald and Morris, Expt,
Brain Res., 57, 1984).. The findings reported here are consistent with that
model and further suggest that at low concentrations the toxic action of B-L-
ODAP may be a specifically attributable to the interaction with QA receptors.
Structure-function studies with these derivatives should also provide insight
into ligand specificity differences between KA and QA receptors.

PURIFICATION OF KAINIC ACID BINDING SITES FROM FROG BRAIN
USING ION EXCHANGE AND LIGAND AFFINITY CHROMATOGRAPHY.

D. R. Hampson and R. J. Wenthold. Laboratory of Neuro-otolaryngology,
NINCDS, NEH, Bethesda, MD 20892

Binding sites for the neurotoxin, kainic acid, may represent a subset of
receptors for the endogenous excitatory amino acids glutamate, aspartate,
or a related compound. Previous studies have indicated that these binding
sites are concentrated at synapses and have a unique distribution in the
central nervous system.

We have established a protocol for solubilizing kainic acid binding sites
from frog (and rat) brain using a combination of the detergents, Triton X-
100 and digitonin in 0.5M phosphate buffer, pH 7.0. The solubilized binding
sites from frog brain displayed a high affinity (Kp = 4.8) and low affinity
(Kp = 39) component. Both the dissociation constants and the competition
profiles are similar to those found in membranes and solubilized
preparations from rat brain. Although the pharmacological properties of
the solubilized binding sites from frog brain are similar to those observed
in rat brain, the density of binding sites was 5-10 fold greater in the frog.
The Bmax values for the solubilized binding sites in frog brain were 3732
pmol/mg protein and 12756 pmol/mg protein for the high and low affinity
sites respectively.

The solubilized binding sites were purified by ion exchange
chromatography followed by ligand affinity chromatography using the high
affinity kainic acid analog, domoic acid. Ion exchange chromatography on
DEAE sepharose using a linear 0-0.2M NaCl gradient resulted in more than
a 15-fold purification over the crude solubilized preparation. Pooled
fractions from the ion exchange column containing binding activity were
applied to the domoic acid affinity column; binding sites were eluted using
kainic acid. The specific activity of the binding sites eluted from the
domoic acid affinity column was several hundred fold greater than that of
the crude solubilized preparation. Both the crude solubilized and the
partially purified kainic acid binding sites from frog brain eluted from a
Sepharose 6B gel filtration column in the presence of detergent, with
molecular weights of 650,000 daltons. The calculated molecular weight of
the crude solubilized binding site from rat was the same as that for the
frog binding site.

The kainic acid binding sites from both rat and frog brain appear to be
glycoproteins based on their binding to a variety of agarose-conjugated
lectins, including wheat-germ agglutinin, Concanavalin A, and lentil lectin.
The majority of the sites bound to wheat-germ agglutinin could be eluted
with 0.35M N-acetyl-D-glucosamine, while none of the sites bound to
Concanavalin A could be eluted using 0.35M o-methyl-D-mannoside.

209.6 IMMUNE LABELING AND PURIFICATION OF A 71 kDa GLUTAMATE BINDING

209.8

PROTEIN IN BRAIN SYNAPTIC MEMBRANES. E.K. Michaelis, J.-W. Chen*
M.D. Cunningham and N. Galton*, Dept. of Biochemistry and Human
Development and Center for Biomedical Research, Univ. of Kansas,
Lawrence, KS 66045.

Immunoblot studies of synaptic membranes isolated from rat
brain using antibodies raised against a previously purified
glutamate binding protein (GBP) indicated labeling of an ~70 kDa
protein band. Since the antibodies used were raised against a 14
kDa GBP, the present studies were undertaken to explore the
possibility that the 14 kDa protein may have been a proteolytic
fragment of a larger M, protein in synaptic membranes. Protease
activity during protein purification was prevented by introducing
five protease inhibitors and a three-step purification procedure
was developed that yielded a high degree of purification of
glutamate binding proteins. The major protein enriched in the
most highly purified fractions was a 71 kDa glycoprotein, but a
63 kDa protein was co-purified during most steps of the isolated
procedure. The 71 kDa protein interacted very strongly with
concanavalin A-biotin complex, whereas the 63 kDa bound this
complex weakly. Antibodies raised against the 71 and 63 kDa
proteins labeled most strongly a 71 kDa protein band in synaptic
membranes. The 63 kDa protein appeared to be a proteolytic
fragment of the 71 kDa glycoprotein. The isolated protein
fractions did not have any glutamate-metabolizing activity and
their glutamate-binding characteristics were very similar to
those previously described for the 14 kDa GBP, including
estimated dissociation constants for L-glutamate binding of 0.25
and 1 pM, inhibition of glutamate binding by azide and cyanide,
and a selectivity of the ligand binding site for L-glutamate and
L-aspartate. The neuroexcitatory analogs of L-glutamate and L-
aspartate, ibotenate, quisqualate, and D-glutamate, inhibited L-
[°H] glutamate binding to the isolated proteins, as did the
antagonist of L-glutamate-induced neuronal excitation, L-
glutamate diethylester. The transport carrier inhibitor threo-
hydroxyaspartic acid did not inhibit significantly the binding
activity of the protein. Excitatory amino acid analogs of
glutamate such as kainate, domoate, NMDA and AMPA produced weak
inhibition of L-glutamate binding to these proteins. In terms of
ligand selectivity the purified glutamate binding proteins
resembled most closely the binding sites on cerebellar granule
cells described by Drejer et al. [Life Sci. 38, 2077, 1986].
(Supported by grants DAALO3-86-K0086 from the ARO, AA04732 from
the NIAAA, and KS-86-G-22 from the AHA-KS Affiliate).

NANOMOLAR AND SUBMICROMOLAR BINDING OF L~(H) PROLINE TO MOUSE
BRAIN SYNAPTIC MEMBRANES. J.G. Ortiz, A.E. Negrdn* and Maria S.
Bruno*., Department of Pharmacology, Univ. of Puerto Rico School
of Medicine, San Juan, Puerto Rico 00936,

L-proline has been shown to exert a variety of physiological and
behavioral effects that are consistent with its possible role as
either a neurotransmitter and or a neuromodulator. Some of these
effects are: (a) inhibition of memory consolidation (Cherkin et
al., 1981), (b) excitatory actions on hippocampal pyramidal
neurons (Keller et al., 1981), (c) high-affinity synaptosomal
uptake (Hauptmann et al., 1983), and (d) K*-stimulated release
(Nickolson, 1982). Recently, Greene et al., (1986) have described
the micromolar binding of proline to hippocampal synaptic
membranes.

n this study, the nanomolar and submicromolar binding of
I~ (TH) proline to mouse brain synaptic membranes has been
examined. We have been able to identify two additional binding
sites to those described by Greene et al., 1986. Preliminary
kinetic analysis reveals a binding site(s) with an apparent K3 of
2.9 nM and B of 2.5 fmole/mg protein. On the other hand,
another binding site is also observed with an apparent Kd of 0.29
uM and B of 500 pmole/mg protein. 3

In coﬁ€¥ast to the binding of pipecolic acid, ("H) proline
binding is inhibited by NaCl. The latter point suggests that
these compounds are binding to different site(s). At 10 uM;
I~proline, ornithine and pipecolic acid displaced approximately
50% of the bound proline; followed by glutamate, GABA and glycine
(30-40%). Although there are many similarities between the
binding of glutamate and proline, kainic acid (10 uM) was
ineffective in displacing bound proline.

These results suggest the possibility that proline may bind
to its own binding sites.

(Supported by NIH/MBRS 5-S06-RR08224-02)
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209.9 EFFECT OF INSULIN-INDUCED HYPOGLYCEMIA ON EXCITATORY FUNCTIONAL STUDIES OF A NEW NON-NMDA ANTAGONIST (FG 9041) IN

AMINO ACID RECEPTORS IN RAT NEOSTRIATUM 20910 \rURONAL CELL CULTURE MODELS. J. Drejer* and T. Homoré*

Wester nd TW, Wieloch (SPON: J.K. Deshpande). Lab. for Exp. (SPON: ENA). Ferrosan Research Division, DK-2860 Soeborg, Denmark
Brain Research, Lund Hospital, University of Lund, S-221 85 Lund, Sweden.

Hypoglycemia, when severe enough to cause EEG isoelectricity, leads to We have recgntly developed a series of potent and competitive
delayed neuronal necrosis in the caudate nucleus. With increasing severity of the inhibitors of “H-AMPA and ~H-kainate binding sites. (T. Honoré
hypoglycemic insult, the damage to small and medium sized neurons first appear et al., this meeting). The pharmacological profiles of these
in the lateral part of the striatum, and spreads medially into the structure. substances including FG 9041 were evaluated using a newly developed
Lesioning of the glutamatergic cortico-striatal pathway, as well as intrastriatal model of excitatory amino acid (EAA) induced “H-GABA release from
injection of an NMDA receptor antagonist (AP-7) protect against hypoglycemic cultured mouse cortex interneurons (Drejer et al., J. Neurosci.,
damage. These results indicate that receptors for excitatory amino acids may play in press).
anlgnponac‘i'} role 1]311_[113 di‘;eéol'-’mem Oféh_e dargage. 4 . " inth The ECgp values for stimulation of 3H-GaBA release were for

utora 1(;%;;1& ic metl s were used in orb efr to stu yp0fSSIbIE changes 1n the quisqualate 75 nM; NMDA 16 puM; kainate 29 pM and L-glutamate 12 pM.
p;opeimes ordi elEEtGg ut?matedreqept%%(;e,?re onsle(; o dE:)% 1§o;1ec§r101§y Responses to 20 UM NMDA were potently blocked by the NMDA selec-
(burst suppression Pa[ ern), uring S1 ence.( an min 150¢ ectr.xc tive antagonist D-APV (IC50 = 1.5 uM; and by the PCP/sigma opiate
EEG) as well as after different periods of glucose induced recovery (30 min & )
. . N . . ype of compounds (IC5y values were for PCP: 2 uM; MK 801: 3 uM;
isoelectric EEG with 1 h, 1 week or 4 weeks survival). NMDA displaceable X X : ;

A L o Y etamine: 8 UM and cyclazocine: 11 puM). Responses induced by 500 nM

3H-glutamate, 3H-AMPA and 3H-kainic acid binding to 6 um brain tissue X ; X

L i . P quisqualate could be blocked effectively by the new EAA antagonist
sections was quantified by computer aided densitometry. FG 9041 (ICeq = 3 M) wh th _NMDA ant. ist h

Male Wistar rats were injected with 9-22 IU/kg insulin and EEG silence was te-2 . 3-pDA- GaNS MZDE; S e e o 28
awaited (2-3 hours). Control rats were given an equal amount of insulin ;15 e o Tees b :n gnuremc acid were very weak or inef-
supplemented with glucose in order to maintain a normal plasma glucose level. ggz“YehF‘,so values higher than 500 uM). Schild analyses of FG
The animals were sacrificed by in situ freezing of the brain with liquid nitrogen. ! inhibition of responses to quisqualate, kainate and NMDA
The brains were removed and sectioned at -20°C. Paralell sections were used for indicated a competitive inhibition at all receptor subtypes with
in vitro binding of the tritiated ligands and for histological evaluation of neuronal pAp values of 6.2, 5.9 and 5.4, respectively.
damage. EAA neurotoxicity was studied in similar neuronal cultures using

Qur results revealed a biphasic pattern in AMPA binding. Following 30 min of the blue formazan formed from MIT (a tetrazole compound) as a stain
EEG silence, AMPA binding decreased to 50 % of control in both lateral and for surviving neurons. In this model FG 9041 (10 pM) effectively
medial striatum. One hour following glucose administration, AMPA binding was blocked quisqualate (50 M) and kainate (50 uM) toxicity without
no longer different from control binding, while prologation of the recovery period protection against NMDA (50 uM) or L-glutamate (50 M) toxicity.
to 1 or 4 weeks resulted in a binding decrease compared with controls only in the FG 9041 was a potent inhibitor of quisqualate (10 uM) and
more vulnerable lateral portion of the caudate. kainate (25 pM) responses in a model of EAA induced 22Na efflux

NMDA displaceable glutamate binding was enhanced by approximately 30 % from rat striatal slices (ICgy values were 4 pM and 2 pM, respec-

» dISp! 8 ding Y appro2 4 : ; 50
after 10 min of isoelectric EEG. The binding was thereafter normalized during the tively) with weaker effects on NMDA responses (ICgy = 40 pM).
isoelectric and early recovery periods, while a reduction in binding was found 1 These results indicate that FG 9041 is a competitive EAA-anta-
and 4 weeks following 30 min of severe hypoglycemia. No changes in kainic acid gonist with a selectivity for non-NMDA receptors and a potency
binding was found during EEG silence or in the early recovery phase. As the several orders of magnitude higher than for known non-NMDA anta-
recovery period was extended to 1 or 4 weeks, a significant drop in binding was gonists.
found in the lateral caudate.

We conclude that the early decrease in AMPA binding probably reflects a Acknowledgement. The close collaboration with Squibb Institute for
reversible desensitization of the quisqualate receptor due to increased extracellular Medical Research, Princeton, NJ 08540, USA is highly appreciated.
concentrations of excitatory amino acids during EEG isoelectricity. The second
decrease in AMPA binding as well as the loss of binding to NMDA and KA sites
correlates with the distribution of damage and probably reflects cell death. The
significance of the increase in binding to NMDA receptors at 10 min of
isoelectricity is elusive, but is in accordance with an NMDA-receptor involvement
in the mechanisms of hypoglycemia induced neuronal damage.

209.11 DIFFERENTIAL PHARMACOLOGICAL RESPONSES TO THE CIS AND TRANS INTERACTIONS OF AP4 WITH GLUTAMATE RECEPTOR AND UPTAKE SITES IN
209.12

ISOMERS OF 1-AMINO-3-PHOSPHONOCYCLOPENTANECARBOXYLIC ACID
(CYCLOPENTYL APB). J.F. Koerner. Dept. of Biochemistry and
Neuroscience Graduate Program., Univ. of Minnesota,
Minneapolis, MN 55455.

The L-glutamate analogue L-2-amino-lL-phosphonobutanoic acid
(L-APB) antegonizes synaptic responses at micromolar
concentrations for a very limited subgroup of putative
glutamatergic pathways. It also acts as an excitant for
ON-bipolar retinal cells and it becomes a potent excitant for
hippocampal and prepyriform cortical neurons after they are

RETINA. Cheryl K. Mitchell* and Dianna A. Redburn. Department
of Neurobiology and Anatomy, The University of Texas Med. Sch.
at Houston, Houston, TX 77025.

Analysis of glutamate transmission in the vertebrate retina
has been greatly facilitated by the use of compounds which bind
with a high degree of specificity to distinct subclasses of
glutamate receptors. AP4  (2-amino-4-phosphonobutyric acid,
previously designated 2-APB) is a particularly useful compound
which has been shown to block the activity of the ON channel
presumably by acting as an agonist at glutamate receptors on ON

exposed to quisqualate [The Quis effect: Robinson et al., Brain
Res., 381 (1986) 187]. We previously synthesized two
conformationally-restricted analogues of APB, cis- and
trans-l-amino-3-phosphonocyclopentanecarboxylic acid (cis- and
trans-cyclopentyl APB) and demonstrated that the trans isomer is
more potent for inhibition of the APB-sensitive lateral perforant
path in rat hippocampal slices [Crooks et al., J. Med. Chem., 29
(1986) 1988]. I wish to report differential pharmacological
responses to these compounds for three other neural systems. The
trans isomer is also a more potent inhibitor of the most
APB-sensitive component of the extracellular synaptic field
potential of rat prepyriform neurons activated by stimulating the
lateral olfactory tract. Thus 10 uM L-APB or 300 uM trans-—
cyclopentyl APB inhibited this response 15-20%, whereas 300 uM
cis-cyclopentyl APB inhibited less than 6%. [The synaptic
responses which are not inhibited at these concentrations have
very low sensitivity to higher concentrations of L-APB [Hearn et
al., Brain Res., 379 (1986) 372]. In superfused retinal eyecup
preparations from the red-eared turtle (Pseudymus elegans),

250 uM trans cyclopentyl APB inhibited the ON-bipolar extra-
cellular response of the intraretinal electroretinogram more than
80% whereas the cis isomer inhibited 50% (data obtained by M.M.
Slaughter). In contrast to these systems, the cis isomer of
cyclopentyl APB was more potent for eliciting agonist-induced
synaptic blockade in rat hippocampal CAl pyramidal cells after
exposure to 16 uM quisqualate (Quis effect; cis-cyclopentyl APB:
IC = 120 pM; trans—cyclopentyl APB: IC50 = 1.8 mM;

L-APB: ICg, = 70 uM). This is the first’observation of
different?ation of responses of L-APB-sensitive functions by
conformationally-restricted APB analogues.

(Supported by NIH NS 179kk).

bipolar cells (J. Neurosci., 1985, 5:224 - 233).

We have analyzed the binding properties of AP4 at glutamate
receptors in rabbit retina and we find a. good correlation
between the pharmacological/kinetic characteristics of in vitro
binding, and those reported for the electrophysiological
effects of AP4. AP4 displaces “H-glutamate from a set of
binding sites a) s sensitive to freeze-thaw procedures, b)
requires chloride ions and c) is stereoselective for the L
isomer.

However, recent reports from other CNS areas have suggested
that AP4 may also interact with glutamate uptake sites. We
have therefore examined the effect of AP4 on both the
Na-dependent and the Cl-dependent g1utamate3 uptake systems in
rabbit retina synaptosomes. AP4 inhibits “H-glutamate uptake
in both systems, thus suggesting that AP4 may have multiple
effects on glutamine{gic transmission in rabbit retina.

AP4-sensitive “H-glutamate binding to post-synaptic
receptors cannot be differentiated from binding to uptake sites
on the basis of in vitro binding assays. Both sites
demonstrate temperature and chloride dependence and their
pharmacological specificities arevery similar.

KP4 preferentially blocks “H-glutamate uptake into the
potassium-releasable pool of retinal synaptosomes. Thus,
applicaticns of AP4 in intact retina could alter intracellular
and extracellular concentrations of endogenous glutamate.
These findings raise the possibility that multiple sites may
contribute to the functional responses seen with AP4.

Supported by NEI 1655.
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QUISQUALATE-INDUCED SENSITIVITY TO AP4 IN HIPPOCAMPAL SLICES IS
ANTAGONIZED BY L-q—AMINO ADIPATE AND SERINE-O-SULFATE. E.W. Harris!
and C.W. Cotman (Spon: W. Makous). Dept. Psychobiology., Univ.
Calif., Irvine, CA 92717 & !Pharmacology Dept., Pharmaceut. Div.,
Pennwalt Corp., Rochester, NY 14623,

The functional role of the most-studied CNS glutamate binding
site remains unclear. It is now being argued that this chloride-
dependent binding site, sensitive to 2-amino-4-phosphonobutyrate
(AP4) and quisqualate, may be a uptake site. We have suggested
(Harris & Cotman, Brain Res., in press) that a recently reported
interaction between quisqualate and AP4 (Robinson et al., Brain
Res. 381: 187, 1986) may be mediated by this site, and provides
evidence of a transport role for this site. To further test this
hypothesis, we have examined the interaction between the quisqualate
"priming effect" and other compounds that are potent ligands at the
chloride-dependent binding site.

Compounds were applied at known concentrations to submerged hippo-
campal slices. Extracellular synaptic field potentials were
recorded in CAl stratum radiatum or stratum pyramidale after
stimulation of stratum radiatum near CA2. Slices were "primed" by
a single 2-4 minute application of 10-20 uM quisqualate. Priming
is evidenced by 1) a lasting reduction in synaptic response
amplitude apparent after quisqualate is washed out, and 2)
sensitization to AP4 - a pronounced reduction of the synaptic
potential during subsequent application of as little as 100 uM AP4;
this is associated with CAl pyramidal cell depolarization. Such
sensitivity to AP4 is not seen in untreated slices.

We now report that quisqualate also sensitizes slices to the
potent chloride-dependent site ligand L-a-Aminoadipate (LoAA),
although this compound had effects different from AP4. In primed
slices, 100 pM LoAA caused only a small decrease in synaptic
potential that faded within 1-2 minutes, and a second application
of LaAA had little effect on the synaptic response. LaAA also
greatly reduced the sensitivity to application of AP4. Including
100 pM LaAA during quisqualate treatment blocked the priming effect
although sensitivity to AP4 could be induced by subsequent
application of quisqualate. L-serine-O-sulfate (LSOS) also
antagonized the priming effect of quisqualate. In control slices,
L.SOS (up to 300 uM) had no pronounced effect on Schaffer responses,
but application of LSOS to primed slices consistently reversed the
persisting decrement in the synaptic response, and reduced the
sensitivity to subsequent application of AP4.

These data provide further pharmacological evidence that the
priming effect of quisqualate on hippocampal slices in mediated
by the chloride-dependent glutamate binding site. But, most
important, we have demonstrated antagonism by LaAA and LSOS of
the priming effect of quisqualate, which will greatly facilitate
the study of its underlying mechanism(s).

[3H] MK801 BINDING TO THE EXCITATORY AMINO ACID RECEPTOR
COMPLEX FROM RAT BRAIN IS ENHANCED BY GLYCINE. §.N, Murphy*, LI

ig* i (SPON. D.C. U'Pri chard) Dept.
Pharmacol. and Physiol. Sci., Univ. Chicago, Chicago IL 60637.
The i y amino acid (GLU) acts on at least three receptor

types in the mammalian brain. These receptors are characterized by the
actions of relatively selective agonists N-methyl-D-aspartate (NMDA),
kainate and quisqualate. The novel anticonvulsant MK801 selectively
inhibits the actions of NMDA by blocking the NMDA-operated calcium-
selective ionophore. We have studied the binding of [3H] MK801 to rat
brain membranes to further investigate drug action at this site.

Binding assays employed membranes that had been washed a total of ten
times in 20mM HEPES, pH 7.4, and had undergone 2 freeze-thaw cycles.
[3H] MK801 binding of this extensively washed membrane preparation had
an affinity of 27nM and a density of 0.62pMol/mg protein of receptors.
GLU and glycine (GLY) enhanced binding by increasing the affinity but
and negligible effects on the density of receptors. Half maximal
concentrations were 1.28 and 0.31puM respectively. GLU (100uM) and GLY
(30uM) increased the affinity to 8.1 and 10.2nM. Maximal concentrations
of the two were additive, and in combination the affinity was increased to
3.0nM. This indicates that GLU and GLY act at separate sites on the NMDA
receptor complex.

The binding of [3H] MK801 was regulated by other drugs that are
believed to interact with the NMDA receptor-ionophore complex. Thus,
phencyclidine, CPP+ and Mgz+ inhibited binding with half maximal
concentrations of 34.7nM, 540nM and 10mM respectively. By contrast,
NMDA mimicked the effects of GLU by increasing binding in the
concentration range 1-100uM.

Several other amino acids produced GLY-like effects in this assay. D-
Serine was most effective, and D-alanine was also potent. L-amino acids
were generally less effective. B-alanine and taurine had very little effect,
and strychnine did not block the effects of GLY at concentrations of 10uM.

We have also studied the effects of amino acids on the increase of
cytoplasmic free calci produced by NMDA in single cultured mouse
striatal neurons. Glycine increases the effects of threshold
concentrations of NMDA, and increases the potency of NMDA in the range
0.01-10pM The amino acids D- and L-serine mimicked the effects of GLY,
while taurine was ineffective.

We have demonstrated that GLY can potently interact with the NMDA
receptor-ionophore complex, and that GLY can modulate the actions of
agonists at this receptor. These results support the suggestion (Johnson &
Ascher, Nature 325:529, 1987) that GLY may be an important modulator of
the actions of GLU at the NMDA receptor in_vivo.

209.14 QUANTITATIVE STUDIES ON THE ANTAGONISM OF QUISQUALATE, KAINATE AND NMDA

209.16

RESPONSES BY PENTOBARBITONE. J.A. Kemp*, S. Grimwood*, C. Wardell* and A.C.
Foster, (Spon: L. Iversen). Merck Sharp and Dohme Research Laboratories,
Terlings Park, Eastwick Road, Harlow, Essex, UK.

Barbiturates have been suggested to block receptor-operated Nat-K*
conductances regardless of the receptor type involved (Barker, Brain Res.,
92: 35, 1975). Thus, it is of interest that in mammalian CNS preparations,
barbiturates are reported to antagonise quisqualate and kainate responses
more potently than NMDA receptor mediated responses (Teichberg et al, Brain
Res., 291: 285, 1984; Miljkovic and MacDonald, Brain Res., 376: 396, 1986).
In order to study this antagonism of excitatory amino acids more
quantitatively, we have examined the ability of pentobarbitone to antagonise
quisqualate, kainate and NMDA responses using a rat cortical slice
preparation.

Approximately Imm wide cortical wedges (0.5mm thick) were mounted in a two
compartment bath with the ventral margin of the cortical tissue traversing a
greased slot, so that the cortical tissue lay almost entirely within one
chamber and the white matter entirely within the other. The potential
between the chambers was monitored using Ag/AgC! electrodes and continuously
displayed on a chart recorder.

Pentobarbitone (30-300uM) produced concentration dependent shifts to the
right of the quisqualate concentration-response curve (usually 3-30uM).
Concentration-ratios estimated from the middle part of the control curve
produced a Schild plot with a slope = 1.37 + 0.26 (+ 95% confidence limits)
and a pAy = 4.7. At  300uM pentobarbitone, the quisqualate
concentration-response curve appeared to be initially flattened but then
steepened at concentrations above 300uM quisqualate. Addition of the
competitive NMDA receptor antagonist, D-2-amino-5-phosphono valerate (D-AP5;
30uM), reduced the size of the responses to high concentrations of
quisqualate. This was further investigated by examining the effect of
pentobarbitone on full concentration-response curves to quisqualate in the
presence of the selective, non-competitive NMDA antagonist, MK-801 (3uM),
which completely blocked depolarising responses to NMDA. Under these
conditions, pentobarbitone (300uM), reduced the slope of the mean
concentration-response curve (n = 4 slices) from 0.91 to 0.58 and the
maximum from 2.94 to 1.68 mV. 1In contrast, pentobarbitone (300uM) had
little effect on kainate responses, producing a mean concentration-ratio of
2.99 + 0.27 (n = 4) and had less effect on responses to NMDA, mean
concentration ratio = 1.62 + 0.21 (n = 12).

These results suggest that on rat cortical cells barbiturates
preferentially block quisqualate receptor-mediated responses, in a
non-competitive manner. They also indicate that at high concentrations
quisqualate is not a selective agonist and activates NMDA, as well as
quisqualate, receptors.

GLYCINE BINDING SITES RECIPROCALLY INTERACT
WITH GLUTAMATE BINDING SITES AT THE NMDA
RECEPTOR COMPLEX. *, D. T. Monaghan, and CW
Cotman. (SPON: E. E. Mena) Dept. Psychobiology, Univ. California,
Irvine, CA, 92717.

Agonist induced responses at the N-methyl-D-aspartate excitatory
amino acid receptor have recently been shown to be potentiated by low
concentrations of glycine. Using quantitative autoradiograghy, we have
found that 0.1 to 10 UM concentrations of glycine enhance L-[°H]glutamate
binding (procedure: PNAS 83 (1986) 7532) at the NMDA receptor
complex, while higher concentrations reduce the levels of binding.
Likewise, D-serine ,was also active at increasing the levels of
NMDA-sensitive L~[3H]g1utamate binding. These effects were neither
mimicked nor blocked by 10 pM st!yghnine.

Conversely, L-glutamate alters [°H]glycine binding. [3H]Glycine has
been reported to bind to a strychnine-insensitive binding site which has a
distinct anatomical distribution similar to the NMDA receptor's and a high
affinity for glycine and D-serine (Bristow et al., Eur. J. Pharmacol.,
126:303 (1986). We have gvaluated these binding sites using quantitative
autoradiography (100 nM [°H]glycine, NEN, incubated with thaw-mounted
Sprague-Dawley rat brain tissue sections for 20 min. at 0-4 C in 50 mM
Tris-citrate pH 7.2. followed by a 20 s wash) The anatomical distribution of
theie sites is very similar to that previously reported for NMDA-sensitive
L-[°H]glutamate binding sites. These sites appear to be closely associated
with the L-glutamate binding site because L-glutamate and other NMDA
agonists (L-aspartate, NMDA, and ibotenic acid) enhance binding at the
[PH]glycine binding site. In gddition to being readily displaced by glycine
and D-serine, binding at the [°H]glycine site is also reduced by the NMDA
antagonists 2-amino-5-phosphonopentanoate and 2-amino-7-phosphono-
heptanoate (measured in the presence of 10 UM L-glutamate), but not by the
inactive 4, 6, and 8 carbon analogues. Noncompetitive NMDA S'mtagonists
MK801 and ketamine also reduce the glutamate-stimulated [°H]glycine
binding.

NMDA antagonists, however, do not inhibit [SH]glycine binding
uniformily throughout the brain. chiong such as the striatum and septum
appear to be more greatly affected than [°H]glycine binding in the granule
cell layer of the cerebellum. This regional variation may correspond to the
differing classes of NMDA binding sites (see abstract by Monaghan et al.,
these proceedings). These results confirm that [°H]glycine binds to a
separate site on the NMDA receptor complex, and indicates that the
glutamate and glycine sites reciprocally interact with each other in the
NMDA receptor complex.
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209.17 HIPPOCAMPAL NEURONAL LOCALIZATION OF NMDA AND TCP RECFEPTORS. 209.18 COMPLEX INTERACTIONS BETWEEN A GLYCINE BINDING SITE AND NMDA
VW.F. Maragos, J.B. Penney and A.B. Young, Dept. of Neurology and RECEPTORS. M.Kessler, M.Baudry, T.Terramani* and G.Lynch.
Neuroscience Program, University of Michigan, Ann Arbor, MI Center for the Neurobiology of Learning and Memory, University of
48104. California, Irvine CA 92717.

Substantial evidence has accumulated that dissociative Glycine has been reported to modify the electrophysiological
anesthetics exert some of their CNS effects by interacting with characteristics of the NMDA receptor (Nature 325 (1987) 529-531).
a site close to the ionic channel of the N-methyl-D-aspartate This prompted us to investigate the effect of glycine on glutamate
(NMDA) receptor. The NMDA receptor labeled with [3H]glutamate binding to the NMDA site and to test for the presence of a glycine
and the dissociative anesthetic receptor labeled with binding site associated with the NMDA receptor. Binding assays
[3H]-N-1[(2-thienyl)-cyclohexyl]3,4-piperidine (TCP) have were done by incubating detergent-treated membranes isolated from
similar distributions in rat and human brain. The synaptic rat telencephalon with radiolabeled ligands at 0°C for 30 min,
localizations of these sites, however, is unknown. Ve have followed by filtration.
investigated NMDA and TCP receptors in serial sections of rat In agreement with previous reports (J.Neurochem. 37 (1981)
hippocampus after lesions of the perforant pathway and of the 1015-1024), 3H-glycine bound to a single strychnine-insensitive
dentate gyrus. site with a of 0.3 uM, a Bp,, of 4-8 pmoles/mg protein and

Eight Sprague-Dawley male rats (200 grams) were anesthetized, a high affinity for serine (Kj: 0.8 uM). Glycine binding to this
placed in a stereotaxic frame and a unilateral knife cut made site was found to be highly sensitive to NMDA-receptor specific
through the angular bundle to sever the perforant path. Four ligands; however, agonists and antagonists exerted opposite
additional animals vere anesthetized and 2 injections of 2.5 pg effects on glycine binding. Agonists like NMDA, glutamate and
colchicine (5 wug/ul) were made unilaterally into the dentate homocysteate increased glycine binding by 10-20%; the antagonists
gyrus. After one week, the animals were decapitated, the brains AP5, AP7 and CPP reduced glycine binding by up to 80%; in both
rapidly removed and frozen on dry ice. Twenty micron sections cases, the change in glycine binding was primarily due to a
were assayed for [3H]glutamate binding to NMDA receptors change in Bp,y. The IC50 of the NMDA-receptor antagonists for
(Greenamyre et al., J. Pharm. Exp. Therap. 233:254, 1985) and inhibiting glycine binding corresponded closely with their K; for
[3H]TCP binding to dissociative anesthetic receptors (Maragos et the NMDA site; however, the maximum inhibition of glycine binding
al., Neurosci. Lett. 74:371, 1987). The sections were exposed differed for each antagonist, reaching 80% for AP5, but only 30%
to Ultrofilm 3H for 2-3 weeks, then developed and analyzed by for CPP. The inhibition of glycine binding by NMDA receptor
computer assisted densitometry. antagonists was completely reversed by high concentrations of

After perforant path lesions, NMDA binding in dentate gyrus glutamate.
vas 4.0 1+ 0.6 pmol/mg protein ipsilateral to the lesion as Glycine binding was also inhibited with high affinity by
compared to 4.4 + 0.6 pmol/mg protein on the control side. kynurenate (K; ~ 8 uM). Inhibition by kynurenate differed from
[3H]TCP binding was significantly decreased by 9% (0.35 + 0.02 that produced by the NMDA-receptor antagonists in several aspects:
pmol/mg protein vs 0.32 + 0.02) on the lesioned side. After (i) it was competitive, (ii) it was complete at saturating
dentate gyrus lesions, NMDA receptor binding was decreased by kynurenate concentrations, and (iii) it was not reversed by
84% (4.1 + 0.23 vs 0.67 + 0.21) and [3H]TCP binding by 92% (0.25 addition of high concentrations of glutamate. This suggests that
+ 0.02 vs 0.02 + 0.01) on the lesioned side. kynurenate directly binds to the glycine site.

These data support the hypothesis that NMDA and TCP binding Glycine and serine increased binding of 3H-glutamate to the
sites are closely linked anatomically since both receptors NMDA site. Conversely, kynurenate inhibited glutamate binding
respond similarly to lesions. Furthermore, the results suggest and the inhibition was, at least at kynurenate concentrations
that a very small percentage of NMDA/TCP receptors are below 50 uM, reversed by high concentrations of glycine. Thus,
presynaptic on perforant pathway terminals and that the majority kynurenate might act as an antagonist of the glycine site.
of sites are postsynaptic on dentate neurons. These results indicate that the NMDA and the glycine site are

Supported by USPHS grant NS 19613. mutually interdependent. It is suggested that the glycine binding

site exists in a low and a high affinity state and that NMDA
receptor agonists and antagonists shift the equilibrium between
these two states in opposite direction.
(Supported by grants NS-21860 to M.K., BNS 81-12156 to M.B. and
AFOSR 86-0099 to G.L.)
209.19 AUTORADIOGRAPHIC VISUALIZATION OF NMDA-TYPE RECEPTORS USING 209.20 DEVELOPMENTAL CHANGES OF NMDA RECEPTORS TN CHICKEN

[3H]CPP: PHARMACOLOGICAL CHARACTERIZATION AND COMPARISON
WITH [3H]TCP BINDING SITES IN RAT BRAIN. Deborah E. Murphy, Michael F.
is. Will ¥ i I iliams. Drug Discovery
Division, Pharmaceuticals Division, CIBA-GEIGY Corporation, Summit, NJ 07901.
[BH]CPP (3-(+)-(2-carboxypiperazin-4-yl) propyl-1-phosphonic acid)
selectively labels the N-methyl-D-aspartate (NMDA)-type excitatory amino acid
(EAA) receptor with relatively high affinity in rat brain. [3H]CPP binding is highest
in the hippocampus (CA-1) followed by cortex > thalamus > granule cell layer of the
cerebellum. The activity of a number of EAA agonists and antagonists as well as
phencyclidine (PCP)-type compounds was examined in hippocampal CA-1 stratum
radiatum, parietal cortex and thalamus using quantitative autoradiography. The
most active compound examined was the newly described NMDA-antagonist, CGS
19755 (Lehmann et al., this meeting) with an I1C-50 value of 73 nM in the stratum
radiatum, being twice as active as CPP and AP5. The pharmacological activity of
NMDA-type ligands, both agonists and antagonists, was highly correlated between
the three brain regions (r = 0.99, P < 0.01). EAA ligands were most active in the
parietal cortex with a rank order: CGS 19755 > L-glutamate > CPP > DAP5 > L-
aspartate > AP7 > NMDA > L-homocysteic acid. Quisqualate had weak activity
(IC-50 > 62 uM). AMPA and kainate, as well as the dissociative anesthetics PCP,
dexoxadrol and tiletamine were without significant activity at 100 uM. The
pharmacology of [3H]CPP binding to NMDA-receptors using autoradiography agrees
well with data obtained from homogenate assays (Murphy et al., J. Pharmacol. Exp.
Ther. 240: 778, 1987). The regional distribution of NMDA receptors labeled with
[BH]CPP in general showed a good correlation (r = 0.88, P < 0.01) with the
distribution of PCP receptors labeled with [3H]TCP. However, differences were
observed in the percent of maximal binding in different brain areas. For example, a
greater relative proportion of [3H]CPP binding was observed in the cerebral cortex
and cerebellar granule cell layer than with [SH]TCP. These results suggest that
there may not be a 1:1 ratio of NMDA and PCP sites in all brain regions and that the
proposed NMDA/PCP receptor complex may be specific for discrete brain regions.

CEREBELLUM.

A...g_;_KLE_LN_._Ei_ERE!_._E..L_g.EBELIN.G_L
K.LH‘_W.INIERHMER__._M._CLLENQD__and_%._SIRE_IL (SPON:
European Neuroscience Association). +Brain Res. Inst.,

Univ. of Zurich, CH-8029 zurich, 2Sandoz Res. Inst.,
CH-3001 Bern, 3Lab. of Biochem I, Swiss Fed. Inst. of
Technol., CH-8092 Zurich, Switzerland.

In adult rat, pigeon and chicken cerebellum, no
signs for functional N-methyl-D-aspartate (NMDA) recep-
tors can be found in [22Na*] efflux experiments. How-
ever, in chick cerebellar slices around hatching NMDA
stimulated [22Nat] efflux was present at a considerable
level, i.e. at about 50% of the value determined in
adult rat hippocampus. NMDA stimulated [22Na*] efflux
rapidly decreased during the first week to reach about
20% of the maximal level in 3 week old animals. - In
extensively washed chick cerebellar homogenates, stored
frozen at -20°C and thawed before use, NMDA displace-
able L-[3H]-glutamate binding could be measured only
after incubation day 14, reached its maximum at hatch-
ing (430 fmol/mg protein) and decreased to about 30% of
this level 3 weeks later. The time-course of this de-
crease was similar to that found in [22Na*] efflux ex-
periments. The time-course of the increase, on the
other hand, was the same as that observed for specific
L-[°H]l-glutamate binding which also reached its maximum
(440 fmol/mg) at hatching but did not decrease there-
after in frozen material. A higher maximal level of
specific L-[3Hl-glutamate binding (920 fmol/mg) was
reached already on incubation day 20 in experiments on
freshly prepared homogenates and was maintained later.
About 70% of this value were reached as early as on in-
cubation day 14. - The freeze-labile component of spe-
cific L-[3H]-glutamate binding may represent terminal
uptake or APB binding sites. This site, thus would de-
velop first and would be followed by NMDA receptors:
The findings that NMDA receptors decrease after hatch-
ing and that the maximal 1levels of specific L-[3H]-
glutamate binding are maintained suggest that NMDA re-
ceptors would be replaced postnatally by other types of
binding sites for excitatory amino acids. The role
played by cerebellar NMDA receptors around hatching
will have to be determined in the future.
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SPECIFIC GLUTAMATE RECEPTORS IN THE BARORECEPTOR REFLEX ARC. W.T.
Talman and P.A. Grieve*, Department of Neurology, V.A. Medical
Center and University of Iowa, Iowa City, Iowa 52242.

In previous studies we and others have suggested that the exci-
tatory amino acid glutamate is a neurotransmitter integral to the

baroreceptor reflex arc in the nucleus tractus solitarius (NTS).
We have shown that the baroreceptor reflex can be completely
blocked by the microinjection of glutamate diethylester (GDEE)

bilaterally into the NTS. However, the doses of GDEE required to
block the baroreflex also inhibit other putative transmitters in
the NTS. In this study we have sought to determine if the selec-
tive blockade of N-methyl-D-aspartate (NMDA) and kainic acid (KA)
receptors by kynurenic acid (KYN) alters the baroreceptor reflex.
Thirty-four adult male rats were anesthetized with pentobarbital
(50 mg/kg) and instrumented for recording intra-arterial pressure
and for administering intravenous drugs. Glass micropipettes
filled with 0.9% saline vehicle, sodium L-glutamate (L-GLU), KA,
NMDA, quisqualate (QUIS), acetylcholine (ACh), or KYN were stereo-

taxically placed unilaterally or bilaterally into the NTS after
exposure of the dorsal medulla through an occipital craniotomy.
Baroreflexes were tested by determining the reflex fall in heart

rate to a 55 mm Hg rise in mean arterial pressure after the injec-
tion of phenylephrine intravenously. Microinjections (50 nl for
agonists and 100 nl for KYN) were made into the NTS unilaterally
or bilaterally. NMDA, QUIS, KA and L-GLU each produced a signifi-
cant decrease in arterial pressure. After the microinjection of a
2 nmol dose of KYN the hypotensive response to NMDA was reduced
from 39.2 * 7.4 mm Hg to 6.6 * 5.4 mm Hg (mean * SEM) (p < .01),
the hypotensive response to 3 pmol of KA was reduced from 43.7 *
2.2 to 10.0 * 5.6 mm Hg (p <.0l1), but the response to the micro-
injection of 10 pmol of QUIS was not changed (31.8 * 4.2 mm Hg
before KYN; 37.6 * 5.3 mm Hg after KYN). The response to L-GLU
was reduced by 60%. The bilateral injection of a 2 nmol dose of
KYN into the NTS eliminated any significant baroreflex. Before
KYN phenylephrine increased arterial pressure 60.8 * 3.3 mm Hg
with a decreased heart rate of 47.5 * 16.1 bpm. After KYN blood
pressure increased 54.5 * 2.9 mm Hg and heart rate fell 8.8 *+ 6.3
bpm. Microinjection of 20 nmol of KYN did not significantly alter

the hypotensive response to the microinjection of ACh into the
NTS. These studies confirm that the bilateral injection of
kynurenic acid into the NTS blocks the cardiovagal limb of the
baroreceptor reflex and suggests that NMDA and KA receptors, but

perhaps not QUIS receptors, are integral to neural elements in the
baroreceptor reflex. Supported by NIH RO1-HL32205 and VA Merit
Review Tab 18. WTT was supported in part as an Established Inves-
tigator for the American Heart Association.

THE EFFECT OF EXCITATORY AMINO ACID AGONISTS ON RAT STRIATAL
NEUROPEPTIDE~Y AND CHOLINERGIC NEURONS. R.J. Boegman and

A. Parent. Department of Pharmacology and Toxicology, Queen's
University, Kingston, Canada; and Laboratoire de Neurobiologie
et Departement d'Anatomie, Universite Laval, Quebec, Canada.

The response of rat striatal neurons to excitatory amino
acid agonists and an antagonist was studied by means of NPY
immunocytochemistry, NADPH-diaphorase histochemistry, DFP
histochemistry for acetylcholinesterase (AChE), and biochemical
determination of choline acetyltransferase (ChAT) activity.
Intrastriatal infusion of 0.5 ul of each drug dissolved in
saline (pH 7.4) was carried out with the aid of a microinfusion
pump attached to a cannula stereotaxically placed in the striatum.
The injection coordinates were lateral 3.2 mm, anterior 0.12 mm
and ventral 4.00 mm to bregma.

Striatal NPY neurons were more sensitive than cholinergic
neurons to the neurotoxic action of kainic acid (KA, 6 nmoles/ul),
quinolinic acid (QA, 120 nmoles/ul) or L=-glutamic acid (GA,

2 pmoles/ul). All three compounds produced a marked loss of

NPY neurons, but only a moderate decrease in the number of AChE
neurons or ChAT activity. While KA resulted in a 45% reduction
in striatal ChAT and QA in a 30% reduction, GA gave no signifi-
cant change in striatal ChAT activity. Co<injection experiments
indicated that the neurotoxicity of QA and GA, but not that of
KA, could be antagonized by the specific NMDA receptor antagonist
3=((x)=2=carboxypiperazin=4«yl)«propyl«1«phosphonic acid (CPP).
Removal of cortical afferents to the striatum, which are

thought to be glutamatergic, by cerebral decortication protected
striatal NPY and cholinergic neurons against the neurotoxicity of
intrastriatal KA.

In the rat striatum the enzyme NADPH-diaphorase is considered
a histochemical marker for neurons expressing NPY<like and
somatostatin-like immunoreactivity. Following intrastriatal
infusion of the excitatory amino acid agonists listed above,
NADPH=diaphorase positive cells were found to be as sensitive to
the neurotoxic effect of the infused drug as were the NPY immuno=
reactive neurons. Our experiments present the first morphological
evidence that the NPY immunoreactive neurons in the striatum which
belong to the medium~sized aspiny type I neurons receive prominent
cortical amino acid afferents. Our data also supports previous
reports that the AChE positive striatal neurons which correspond
to the large aspiny type II neurons also receive glutamatergic
cortical afferents. 1In addition, these neurons express excitatory
amino acid receptors on their surface which mediate the neurotoxic
response.

Supported by grants from the Medical Research Council of Canada
to RJB and to AP, and by the Ontario Mental Health Foundation to
RJB.

210.2

210.4

EXCITATORY AMINO ACIDS CONTRIBUTE TO SYNAPTIC EXCITATION
IN RAT STRIATAL NEURONES IN VITRO
L. Lanfumey. P. Stanzione*, P.L. Herrling and E. Cherubini.
INSERM U.029. 123 Boulevard de Port-Royal. 75014 Paris, France.
The nature of the excitatory transmitter released after local stimulation in
striatal slices is still uncertain. Previous studies suggested that the
excitatory post synaptic potential (e.p.s.p.) evoked by intrastriatal
stimulation is mediated either through the activation of a cholinergic
nicotinic receptor (Misgeld. U. et al.. Brain Res.. 253, 317. 1982). or an
excitatory amino acid receptor (Cordingley. G.E. and Weight. F.F.. Br. J.
Pharmac.. 88. B47. 1986). Our experiments were aimed at further elucidating
the nature of this excitatory transmitter in the in vitro slice preparation
using intracellular recording techniques and a recently described broad
spectrum and specific excitatory amino acid antagonists kynurenic acid
{KYAC) and (D.L) 2-amino-7-phosghonoeptanoic acid (D0.L) -AP-7.
In the presence of bicuculline (10-30 pM) intrastriatal stimulation evoked a
pure e.p.s.p.. The relationship between e.p.s.p. and membrane potential
was not linear. It decreased in amplitude and duration for values of
membrane potential more negative that -80 mV and increased in amplitude
and duration for values of membrane potential more positive than -50 mV.
The mean reversal potential (with K+methylsulphate electrodes) was
-g.2 £ 1.7 mV (X £ S.E.M.. n = 4). Amplitude and duration of the e.p.s.p. were
reduced in a dose dependent way by the endogenous excitatory aminao acid
antagonist KYAC (100-300 pM). However a residual depolarization remained
even at high antagonist concentrations. In normal ACSF. the specific NMDA
receptor antagonist {D.L) -AP-7 (30 pM) reduced the amplitude and duration
of the e.p.s.p.s at depolarized membrane potentials (-50 mV or more)

but not at resting membrane potential. When Mg++ was removed from
the bathing solution. the e.p.s.p.s. increased in amplitude and duration. Under
these conditions. addition of (D.L)-AP-7 (30 pM) reduced the amplitude and
duration of the e.p.s.p. even at resting potential. We conclude that the
e.p.s.p. evoked by intrastriatal stimulation is mediated at least in part by the
activation of excitatory amino acid receptors of the non-NMDA type in
normal medium and resting membrane potential : NMDA type receptors will
be activated when the membrane is depolarized or in absence of Mg++.

RETARDATION OF AMYGDALOID KINDLING BY AND THE BEHAVIORAL EFFECTS
OF KYNURENIC ACID,AN ANTAGONIST OF EXCITATORY AMINO ACIDS; A PRE-
LIMINARY REPORT. 3. and D.P.

U. of Western Ontario, London, Ontario, CANADA N6A 5C2.

Much can be discovered about the role of the dicaboxylic amino
acids in epileptic phenomena by investigating the effects of
antagonists of these compounds. Kynurenic acid, a tryptophan
metabolite, has been shown to suppress epileptiform activity in
an acute model (Ganong,Lanthorn, & Cotman, 1983). The present
study was designed to examine the effects of kynurenic acid in a
chronic model, amygdaloid kindling. 1In addition, the effects of

an excitatory amino acid antagonist on motor behavior were
quantified using a Digiscan activity monitor.
Male hooded rats were implanted with bipolar stimulating-

recording electrodes aimed at the amygdala, and bilateral guide
cannulae aimed at the cerebral ventricles. Between 1-2 weeks
following surgery, an afterdischarge (AD) threshold was
determined using 1 sec. trains of 60 Hz biphasic square waves of
increasing intensity. Every 48 hours, KYNA rats received an icv
injection of 63 ug kynurenic acid in 3.3 ul saline, using an
infusion pump, and were then placed in the activity monitor for
30 minutes. Forty minutes following injection, the rats were
stimulated at a frequency 50 microamps above AD threshold.
Contrqol animals received 3.3 ul of saline alone. Stimulation
continued for 19 sessions,or until the animal reached a second
stage 5 convulsion. Animals were tested in the activity monitor
every 3rd stimulation session.

saline animals reached a stage 5 convulsion after a mean of
10 stimulations, while KYNA animals reached a stage 5 after a

mean of 16.6 stimulations [t=8.57,p<.0005]. These results
indicate a significant retardation in rate of kindling
development by pretreatment with kynurenic acid. In comparing
movement time, as recorded by the activity monitor, the KYNA
animals showed less spontaneous movement compared to controls.
The strongest effect was seen in the first session, where the

KYNA animals had a mean of 20.62 seconds of movement in a 5
minute block compared to a mean of 93.7 seconds of movement in a
5 minute block in controls. This effect decreased in strength and
by the 10th session, the two groups were not distinguishable
based on movement, as the mean movement time for KYNA animals was
82.3 seconds per 5 minute block and the mean movement time for
controls was 86.5 seconds per 5 minute block. These results
indicate that strong motor impairment is evident with the initial
administration of kynurenic acid, but tolerance develops to this
effect with repeated administration.
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! EXCI-
D.T. Ross. Departnment of Clinical
Neurosciences, Brown University, Providence, RI

Relay in the thalamic ve basal complex (VB) axotomized by ablation
of the primary somatosensory cortex (SI) exhibit abnormally high levels of spon-
taneous activity and an enhanced responsiveness to tactlile evoked stimulation in
their peripheral receptive field (Angel and Clarke, 1975; Ross and Ebner, 1986).
The observed hyperexcitability of axotomized relay neurons together with other
anatomical and physiological alterations which occur within the thalamus suggest
that thalamic retrograde degeneration following cortical injury may be an excito-
toxic process. The present experiments were dgesigned to examine the role of ex-
citatory amino acid neurotransmission in the activity of normal and axotomized
thalamic relay neurons.

Tontophoresis of the broad spectrum excitatory amino acid antagonist kynurenic
acid (KYN) into the ventrobasal thalamus completely blocked the response of
relay neurons to tactile stimulation in their peripheral receptive fields. Spontaneous
activity was also somewhat decreased following KYN iontophoresis but bursting
with spindle rythmicity (6-10 Hz) was not prevented. Stimulation of neurons in
layer VI of the somatotopically corresponding region of the SI cortex by local ion-
tophoresis of NMDA drove the firing of VB neurons. The response of the relay

to this corticothalamic stimulation was also antagonized by iontophoresis
of KYN into the VB. These results are consistant with those of numerous other
studies which suggest that both the corticothalamic and lemniscal synapses upon
relay neurons in the ventrobasal thalamus may use an excitatory amino acid neuro-
transmitters.

Iontophoresis of KYN into the ventrobasal thalamus 6-8 hours after ablation of
the SI cortex antagonized both the abnormal spontaneous activity and the abnormal
response of the axotomized relay neurons to tactile stimulation in their peripheral
receptive field. Iontophoresis of KYN onto identified VB units firing at sponta-
neous rates from 30-40 Hz totally abolished activity within 5 seconds of the onset
of iontophoresis at 150-300 nA. Iontophoresis of 10-30 nA of L- glutamate
reversed the blockade within 5-10 seconds. Spontaneous activity returned to 30-40
Hz within 5-10 minutes after cessation of KYN iontophoresis with 5 nA retaining
current on the glutamate barrel. The response of the axotomized relay neurons to
tactlie stimulation in their peripheral receptive fields was characterized by bursts of
4-12 very fast spikes which followed stimulation up to 10 Hz with very high
fidelity . Within 20 seconds after the onset of KYN iontophoresis at 300nA these
same units failed to follow the same tactile stimulation at any frequency.

Responsi to tactile sti ion on the unit's peripheral receptive field returned
within 5-10 minutes after the cessation of KYN iontophoresis or within 5-10
seconds after the onset of glutamate iontophoresis at 10-30 nA.

These results suggest that the axotomized relay neurons' abnormal levels of
spontaneous acitvity and burst type response to stimulation are due to a derrange-
ment in excitatory amino acid neutc ission. Studies in progress will examine
1) the relative contribution of different excitatory amino acid receptor classes to the
increased excitability of axotomized relay neurons, and 2) the efficacy of long term
excitatory amino acid ist infusion ond ing excitability and prevent-
ing retrograde degeneration of axotomized VB relay neurons. (Supported by NIH
postdoctroal fellowship NS 07419-02).

ANTAGONISM OF NORMAL AND ABNORMAL ACTIVITY OF RELAY
NEURONS IN THE RAT'S VENETROBASAL THALAMUS USING

AUTORECEPTOR REGULATION OF ASPARTATE AND GLUTAMATE RELEASE FROM
THE SCHAFFER COLLATERAL-COMMISSURAL PROJECTION TO HIPPOCAMPAL AREA
CAl. G. Bustos*, S. Bray* and J.V. Nadler. Dept. Pharmacology,
Duke Univ. Med. Ctr., Durham, NC 27710.

Glutamate and/or aspartate is the probable transmitter released
by synaptic terminals of Schaffer collateral, commissural and ip-
silateral associational fibers in the hippocampal CAl area. We
have employed slices of the CAl area to test the hypothesis that
transmitter release in these pathways is regulated by feedback of
the transmitters onto presynaptic excitatory amino acid receptors.

The CAl area, excluding stratum lacunosum-moleculare, was dis-
sected from 475 um-thick rat hippocampal slices. CAl slices were
transferred to small superfusion chambers, 5 slices per chamber,
and superfused with artificial CSF at 32°C for QO min. Trans-
mitter release was provoked by increasing the K concentration of
the medium to 53.5 mM for 1 min at this point and then again 40
min later. Under the conditions of is study, aspartate and glu-
tamate release is better than 907 Ca” -dependent and originates
predominantly from the CA3-derived pathways. Samplei of superfu-
sate collected immediately prior to and during the K pulses were
analyzed for amino acid content by HPLC of the o-phthalaldehyde
derivatives. Excitatory amino acid Jeceptor ligands were added to
the medium 5 min before the second K pulse and their effect upon
the ratio of amino acid released by the second pulse as compared
to the first was determined.

Kainate (10-800 uM) and AMPA (20 uM) significantly reduced the
K -evoked release of aspartate, but not of glutamate. The maximum
reduction obtained (800 uM kainate) was about 507. Neither kai-
nate nor AMPA by itself evoked glutamate or aspartate release.
N-Methyl-D-aspartate (NMDA; 100 uM) did not significantl§+affect
excitatory amino acid release, even in the absence of Mg~ . The
relatively non-selective excitatory amino acid antagonist kynure-
nate (2 mM) enhanced the release of both aspartate and glutamate
by about 25%7. Conversely, the selective NMDA receptor antagonist
CPP (20 uM) reducEg aspartate release by about 237, but only in
the absence of Mg~ .

These results suggest that the activation of NMDA and non-NMDA
receptors has opposite effects on excitatory amino acid trans-
mitter release in area CAl; NMDA receptor activation enhances re-
lease, whereas activation of non-NMDA receptors ingibits release.
The actions of antagonists suggest that elevated K releases e-
nough endogenous amino acid to activate many of these receptors.
Thus transmitter release at Schaffer collateral-commissural synap-
ses may normally be regulated, in part, by the transmitters them-
selves. The transmitters may not only modulate the total quantity
of amino acid released, but may also change the ratio of aspartate
release to glutamate release. (Supported by NIH grant NS 16064.)

210.6 OII:IOID INHIBITION OF KAINIC ACID INDUCED-SCRATCHING:

210.8

ALTREXQONE SENSI}‘[VE AND INSENSITIVE COMPONENTS

.C. hill, H. Frenk," D.F. Bossut, D.E. Kellstein, and D.J. Mayer.
Departmeni of Physiology, Medical College of Virginia, Richmond, VA
%329? and "Department of Psychology, Tel Aviv University, Ramat Aviv,
sracl

Intrathecal (IT) injection of kainic acid to rats results in a behavior-
al syndrome characterized by vigorous scratching of the flanks with the
hind paws and caudally directed biting and licking. Morphine inhibits
scratching induced by IT Kkainic acid and strychnine, but not that in-
duced by substance P. To further delineate the receptor tyge by which
opioids inhibit scratching, we examined the effectiveness of mu, delta,
kappa, and sigma agonists on reducing kainic acid-induced behavior.

Adult male rats (400-500g; Hilltop) were implanted with IT catheters
terminating in the lumbosacral region of the spinal cord. After 5 days
of recovery, animals were pretreated with morphine (90, nmol), levor-
phapol (30 and 90 nmol), dextrorphan (90 nmol), [D-ala?, N-Met-Phe?,
Gly>-ol]- enkephalin (DAGO, .4 and 1,1 nmol), [D-Pen“D-Pen A-enkeph—
alin (PEN, 90 nmol), [D-ala®, D-leu’]-enkephalin (DADL, 10 and 30
nmol), dynorphin (DYN, 1.1 nmol), ethylketocyclazocine (EKC, 90 nmol),

hencyclidine (PCP, 90 nmol), or salinc ten minutes prior to injection of

.468 nmol kainic acid. All drugs were administered IT in 10 microliters
of saline except naltrexone (30 mg/kg) which was injected intraperi-
toneally.

The mu agonists morphine, DAGO, and levorphanol produced substan-
tial reductions in kainic acid-induced scratching. e delta agonists
DADL and PEN also reduced scratching elicited by kainic acid, while the
kappa opioids EKC and DYN had no effect. Naitrexone, an antagonist
known to reverse the behavioral effects of mu and delta agonists, par-
tially reversed morphine-induced scratch reduction, but failed to alter
scratch reductions produced by levorphanol. These findings indicate that
opioid reduction of kainic acid-induced scratching is composed of nal-
trexone reversible and naltrexone irreversible components. The existence
of a naltrexone insensitive mechanism is further supported by the ability
of dextrorphan, the dextrorotary isomer of levorphanol, to reduce kainic
acid-induced scratching. Such a naltrexone insensitive mechanism may
be mediated through a sigma site, since both dextrorphan and levor-
phanol are known to bind to the sigma receptor. PCP, however, failed
to reduce kainic acid-induced scratching, indicating that dextrorphan and
levorphanol may elicit their effects via PCP-insensitive mechanism(s),
such as the haloperidol/sigma receptor.

Supported by HHS award DA 00576 to D.J.M.

KAINIC ACID INHIBITS HIPPOCAMPAL CHOLECYSTOKININ RELEASE AND HAS
DIFFERENT EFFECTS ON SYNAPTIC TRANSMISSION IN CA3 REGION OF RATS
AND GUINEA PIGS. P.G. Aitken, G. Bustos™, P.Lee®, D.B. Jaffe*,
J.-S. Hong, J.V. Nadler. Depts. of Physiology and Pharmacology,
Duke Univ. Med. Ctr., Durham, NC 27710 and Laboratory of Behav-
ioral and Neurological Toxicology, N.I.E.H.S., Research Triangle
Park, NC 27709.

We have previously suggested that the effects of kainic acid
(KA) in the CA3 area may be mediated by -disturbances in the endo-
genous cholecystokinin .(CEK) system. To further address this pos-
sibility, the present research asked (1) Do the rat and guinea
pig, which differ in the distribution of CCK in the hippocampal
CA3 area, also differ in their response to KA?, and (3) Does KA
alter CCK release from hippocampal slices?

For electrophysiology, hippocampal slices from Sprague-Dawley
rats or Hartley guinea pigs were maintained at 35.5°C in an inter-
face chamber. A stimulating electrode was positioned to activate
the mossy fibers, and the postsynaptic extracellular field response
was recorded in stratum pyramidale of area CA3b. Input/output
(1/0) curves were generated by plotting the amplitude of the mossy
fiber-evoked response against stimulus current over a range of
stimulus intensities.

KA (50-200uM) was applied in the bath. Slices were monitored
for spontaneous synchronous activity ("bursts"), and I/0 curves
were generated before," during, and after KA application. In both
rat and guinea pig slices, KA caused bursting at frequencies from
26 to 64/min. In rat slices, KA increased the area under the I/0
curve by 43%, indicating increased synaptic efficiency and/or
postsynaptic excitability. In guinea pig slices, KA had no effect
on I/0 curves. All KA effects reversed upon washout. This dif-
ference in the effects of KA may be related to the presence of CCK
in guinea pig, but not rat, mossy fibers.

For release experiments, slices of rat hippocampus were main-
tained in small chambers (4 slices/chamber, 32°C)and superfused
with artificial CSF. CCK release was provoked by increasing the
K concentration of the superfusion medium to 53.5mM for two-1 *
minute intervals spaced 40 minutes apart. Samples were collected
before and during each Kt pulse and analyzed for CCK content by
radio-immunoassay. In some experiments, KA was present during the
second Kt pulse; its effects on CCK release were assessed by com-
paring pulsel/pulse2 ratios from control and KA experiments.

In control chambers K evoked the release of 92.8 * 8.6 pg/min
over baseline release of 17.7 * 4.0 pg/min. KA, at 100uM and 1luM,
reduced Kt-evoked CCK release by 64% and 22% respectively, but did
not affect basal release. Because CCK appears to have a net in-
hibitory effect in area CA3 of rats, inhibition of CCK release may
contribute to the epileptogenic and excitotoxic effects of KA in
this region. (Supported by NIH grant 17771)
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EPILEPTIFORM ACTIVITY IN THE IN VITRO HIPPOCAMPAL SLICE.
G.B. Watson®* R.K. Rader, and T.H. Lanthorn. Searle Research
& Development, Chesterfield, MO. 63198

N-methyl-D-aspartate (NMDA) receptors are involved in some
epileptiform burst firing in the hippocampus. Compounds which
decrease the efficacy of NMDA receptors can inhibit epilepti-
form activity. Recently, we have begun to examine the effects
of such compounds on epileptiform activity induced by different
means in the hippocampal slice. Here we describe the abilities
of D-2-amino-7-phosphonoheptanoate (D-AP7, 100uM), phencyclidine
(PCP, 30uM) and kynurenate (KYN, 500uM) to alter epileptiform
activity induced by penicillin (PEN, 3.4mM) and increased
potassium (high K, 9.25mM).

Epileptiform bursts, recorded extracellularly in area CAl,
were induced by stimulation of the Schaffer collateral/
commissural fibers. All experiments were performed in a
submersion chamber and all compounds were applied to the
perfusate.

D-AP7, PCP, and KYN decreased the rate of spontaneous
occurring potentials, decreased the duration of evoked bursts
and decreased the numbgr of population spikes per evoked burst
in both PEN and high K media. KYN decreased the amplitude of
the remaining evoked population spikes in all slices examined.
PCP either decreased or did not affect the amplitude of
remaining evoked population spikes in both PEN and high K
media. Unexpectedly, D-AP7 increased the amplitude of the
remaining evoked population spikes. This effect was more
readily seen in PEN induced epileptiform actjvity (75% of
slices examined) but was also seen in high K medium (40% of
slices examined; amplitude unaffected in remaining slices).

KYN was able to block all components of the epileptiform
burst. This is consistent with its ability to block NMDA and
non-NMDA acidic amino acid receptors and to block synaptic
transmission at the Schaffer collateral/commissural-CAl
synapse. PCP and D-AP7 both selectively block NMDA responses.
As expected, both compounds reduced the burst duration.
However, D-AP7 was also able to increase the amplitude of the
remaining population spikes, an effect not mimicked by PCP.
This finding may suggest that PCP and D-AP7 can act on
separate, as well as a common mechanisms.

EFFECT OF PROLONGED GLUTAMATE (GLU) APPLICATION ON POSTSYNAPTIC
RESPONSES TO GLU AGONISTS IN RAT HIPPOCAMPAL NEURONS. A.E.
Cole, J.M.H. ffrench-Mullen and R.S. Fisher, Dept. of Neurology,
Johns Hopkins Hospital, Baltimore, MD 21205.

Prolonged exposure (3-5 min) of rat hippocampal slices to
perfusate containing 1-2 mM GLU induces a reversible and rela-
tively selective blockade of excitatory transmission, with
little effect on inhibitory pathways (Bernstein et al., Neuros-
ci. Lett. 1985). This action is also seen when GLU is applied
by ionophoresis into mid-stratum radiatum, the site of ex-
citatory synaptic input from the Schaffer-collateral fibers
(Cole et al., Neurosci. Abst. 1986). The present study examines
the effect of prolonged application of GLU on postsynaptic
responses to GLU agonists, at a time when the EPSP is depressed.

Multibarreled ionophoretic electrodes were positioned in
stratum radiatum while recording intracellularly from CAl
neurons. Pulses of agonists (50 ms-1 sec) were ejected at 30 sec
intervals with pipette concentrations of GLU (200 mM), quisqua-
late (QUIS,10 mM), N-methyl-d,l-aspartate (NMA,30 mM) and
kainate (KA,10 mM). Ejection currents were selected to produce
postsynaptic membrane depolarizations of equal ampiitude. At a
time when the EPSP was depressed to 37% of control (n=15;p<.001)
by prolonged GLU application (115.6+10.9sec), the depolarization
to a pulse of GLU was depressed to 43% of control (p<.005). The
responses to pulses of QUIS(n=7), NMA(n=6) and KA(n=5) were also
significantly depressed (p<.001 for QUIS and NMA; p=.02 for KA).
An identical protocol was followed using prolonged ionophoresis
of QUIS, NMA and KA. QUIS (n=7) selectively depressed the EPSP
to 371 of control with little effect on the IPSP, and depressed
the depolarizations to both NMA and KA (p<.05). In contrast,
although prolonged NMA application selectively reduced the EPSP
(n=9) to 52% of control, it had no significant effect on the
brief depolarizations to QUIS or KA (p>0.1). Although KA (n=6)
depressed the brief QUIS and NMA responses, this was always
accompanied by a non-selective depression of the EPSP and IPSP.

These results show that prolonged QUIS and KA application
decreased postsynaptic responses to GLU agonists,in addition to
the EPSP. Conversely, NMA blocked the evoked EPSP but did not
decrease postsynaptic responses to QUIS, KA or GLU. This
suggests a primarily postsynaptic locus of action for QuUIS and
KA, and a presynaptic locus for NMA. The action of GLU, a mixed
agonist, is likely to be a combination of pre- and postsynaptic
actions. These findings support the presence of an intrinsic
mechanism with both pre- and postsynaptic components that may
regulate excessive excitatory transmission in the CNS.

Supported by grants from the Epilepsy Foundation of America
and TIDA 5K07-NS00597-05.

210.10 EFFECT OF LOW GLUCOSE CONCENTRATIONS ON SYNAPTIC

TRANSMISSION TO CA1 PYRAMIDAL NEURONS IN THE RAT
HIPPOCAMPUS SLICE. _J.C. Szerb, P. Fan* and P.A. O’Regan*.
Dept. of Physiology and Biophysics, Dalhousie Univ. Halifax, N.S.
B3H 4H7, Canada.

Severe hypoglycemia in vivo is known to slow down and then
to abolish reversibly the EEG (Auer et al. Diabetes 33:1090, 1984).
At the same time, there is a large increase in the extracellular
concentration of potassium (Harris et al. J.Cerb.BLFlow
Metab.4:187,1984) and of amino acids, especially that of aspartate
(Sandberg et al. J.Neurochem. 47:178, 1986). In hippocampal slices
a low glucose concentration (0.2 mM) increases the Ca-dependent,
TTX sensitive evoked release of both aspartate and glutamate but
that of aspartate is increased about three times more (Szerb and
O'Regan, Synapse, in press). The purpose of these experiments
was to reconcile electrophysiological and neurochemical
observations on the effects of hyp oglycemia on neuronal
function by measuring synaptic transmission from Schaffer
collaterals to CAl pyramidal cells in the rat hippocampal slice in
different glucose concentrations. Changing the glucose content of
the superfusion fluid from 5 to 0.2 mM reversibly depressed the
population spike and the dendritic focal EPSP, without affecting
the size of the presynaptic volley. The maximal glucose content
of the medium that resulted in a reduction of the population
spike was about 1 mM, the same concentration of glucose that
was just sufficient to increase the ratio of aspartate to glutamate
released. The population spike of CAl pyramidal cells stimulated
antidromically from the alveus was depressed only slightly by low
glucose. In contrast to low glucose, 5-10 uM ouabain or 10-12
mM Kt intitially increased the size of the population spike, then
depressed the presynaptic volley, along with the focal EPSP and
population spike.  These observations suggest that the loss of
electrical activity in hypoglycemia is not due either to the failure
of action potential conduction, or of transmitter release but to
the blocking of the postsynaptic action of the released
transmitter.

(Supported by the Medical Research Council of Canada.)

210.12 EFFECT OF GLUTAMATE AGONISTS AND ANTAGONISTS ON CALLING IN DOMESTIC CHICKS.

L. Normansell, D. Zeisloft * end J. Panksepp. Department of Psychology, Bowling
Green State Univ., Bowling Green, OH 43403.

Localized infusions of glutamate have been reported to induce vocalizations in both
cats and squirrel monkeys, presumably by activating synaptic fields where
vocalization pathways are relayed. e have investigated the effects of
intracerebroventricular administration of glutamate, as well as several glutamate
receptor agonists and antagonists, on calling in domestic chicks.

Glutamate, at doses from 25 to S00 ug/3ul, decreased calling in a dose-dependent
manner. Administration of N- methyl- D-aspartate {NMDA), on the other hand, had no
effect on vocalizations when the animals were tested in plain boxes, but doses of .5 and
1.0 ug induced dramatic increases in calling frequency (> 400 %) when the birds were
placed into mirrored boxes, an environmental situation which has a quieting effect on
control animals. Kainate (KA) had an effect similar to NMDA: No changes in
vocalization frequency were detected in the plain boxes at any dose tested (.05, .1, .25,
.5 1ug), but dose~dependent increases occurred in the mirrored boxes. Incontrast,
quisqualate (QA) produced a dose-dependent decrease in the number of calls, except at
the highest dose 1.0 ug) where calling frequency increased back to control levels.

The effects on vocalization of glutamate receptor antagonists have also been assessed.
Both D-2-amino- 5-phosphonovalerate (APY), a selective NMDA receptor antagonist,
ond gamma-D-glutamyiglycine (DGG), 8 broad spectrum/QA- KA receptor antagonist,
produced dose-dependent decreases in calling. Administration of either NMDA (1.0
ug) or KA (.25ug) completely reversed the suppression of calling that followed APY
(.1ug) treatment. KA pertially reversed the DGG-induced suppression of calling,
whereas NMDA did not.

The finding, that NMDA and KA seem to effect vocalization frequency in one direction,
whereas QA shifts the propensity to call in the other, may partially explain the
vocalization reduction abserved following glutamate administration. If an NMDA or KA
system serves an activational role, while s 04 system acts in @ counteracting mancer,
the relative density of the receptor subtypes in the area near the injection site of the
general agonist could result in either an increase or decrease in calling. The finding
that all three agontsts had behavioral effects suggests they are all present near the area
of the 4th ventricle (the target site for the injection). Additionally, that the highest
dose of Q4 produced an increase in vocalizations would seem to suggest that the
specificity of agonists for a particular receptor eccurs only within a limited
concentration rance.
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LAMINAR DISTRIBUTION OF EXCITATORY AMINO
EXTRACELLULAR K* AND Ca2+ CHANGES IN THE ISOLATED TURTLE
CEREBELLUM. Ricex and C. Nicholso Dept. Physiol. &
Biophys., New York Univ. Med. Ctr., New York, NY 10016.
Excitatory amino acid (EAA) receptor subtypes are regionally
distributed in the rat cerebellum (Greenamyre et al. JPET. 233:

ACID-INDUCED

254, 1985). Quisqualate (Quis) receptors are concentrated in
the molecular layer, whereas N-methyl-D-aspartate (NMDA)
receptors are mainly in the granular layer. Kainate (Kai)

receptors are more evenly distributed, but are denser in the
granular than molecular layer. Using ion-selective micro-
electrodes (ISMs) and iontophoresis, we have examined the
correlation between these distributions and EAA-induced changes
in [K*], and [Caz*]° in the isolated turtle cerebellum.
Electrode assemblies consisted of a central double-barrelled
pipette with two of five EAAs (200 mM, pH 7.6 glutamate (Glu),
aspartate (Asp), Kai, NMDA, Quis) with a Ca2+- and a K*+-ISM
glued 50-60 ym away. Ion changes during EAA-iontophoresis were
recorded at 100 um steps through the cerebellar cortex. Kai was
found to be the most potent EAA, producing large ion changes
throughout the cerebellum, with the largest response in the

granular layer. Quis and NMDA had more distinct response
patterns. Quis produced larger changes in [Ca*t lo and
[K+], during iontophoresis in the molecular layer than in

the granule cell layer, while NMDA induced ion changes in the
granular layer, but had little effect in the molecular layer.
Glu and Asp were indistinguishable from each other and had
laminar response patterns that mirrored the profile for Kai.
The maximum increase in [K*]° (4-6 mM) and decrease in
[Ca2+]° (0.3-0.4 mM) with Glu or Asp were seen in the
granular layer, 200-300 pm from the ventral surface. The
largest [K*], increase in the molecular layer (just above
the Purkinje cell bodies) was 50% of the maximum granular layer
response, while that in the Purkinje cell layer was 40%. To
eliminate secondary effects from Ca2* entry, 5 mM Mn2+ (1
mM Ca2+) was included in the bath. Here, synaptic trans-
mission was inhibited (indicated by elimination of the second
component of peduncle-evoked fields) and [Ga2+]o decrease
was blocked, except in the granular layer at the site of max-
imum [K*], increase. Granular  and molecular layer
increases were reduced 20-40% and the Purkinje cell layer
response was unaltered, however the largest increase remained
in the granular layer. In summary, the functional locations of
EAA receptors in the turtle cerebellum correspond well with
those predicted by autoradigraphy. Moreover, Glu and Asp appear
to act at Kai receptors, with little discrimination between
Quis and NMDA sensitive sites. (NINCDS NS-13742 and NS-07745.)

RESPONSE OF NEONATAL RAT LATERAL HORN CELLS TO G&UTAMATE AND N-
METHYL-D-ASPARTATE IN VITRO. T. Miyazaki, N. Mo and N. J. Dun.
Dept. of Pharmacol. Loyola Univ. Med. Ctr., Maywood, IL 60153

Intracellular recordings were made from lateral horn neurons in-
cluding antidromically identified sympathetic preganglionic neurons
situated in thin (500 pm) thoracolumbar spinal cord slices obtained
from neonatal (10-20 days) rats. Glutamate (Glu) and N-methyl-D-
aspartate (NMDA) were applied to lateral horn cells by pressure
ejection. In normal Krebs solution containing 1.3 mM Mg, Glu and
NMDA evoked a phasic depolarization with an amplitude of several to
more than 10 mV. The responses were not appreciably affected by
low Ca (0.25 mM) solution or Krebs solution containing tetrodotoxin
(TTX, 0.1 yM). In a number of lateral horn cells, the Glu or NMDA-
induced depolarization was accompanied by burst of small hyperpol-
arizing potentials resembling inhibitory postsynaptic potentials
(IPSP's). The frequency of IPSP's induced by Glu or NMDA could be
enhanced by changing to a Mg-free Krebs solution. As IPSP's were
reversibly eliminated by superfusing the slices with a low Ca so-
lution or solution containing TTX or strychmnine (0.1-1 uM), they
were probably due to the release of glycine from an interneuron(s)
activated by Glu or NMDA. The Glu and NMDA-induced depolarizations
were associated with a small decrease, increase or no apparent
change of membrane input resistance in different cells studied. By
changing to a Mg-free solution, the Glu and NMDA-induced depolari-
zations were consistently and markedly increased, often giving rise
to intense cell discharge. In Mg-free solution, the NMDA-induced
depolarization was associated with decrease of input resistance
and the response was made larger on membrane hyperpolarization. The
mean extrapolated reversal potential was about -20 mV. D-2-amino-
5-phosphonovalerate (APV, 5-10 uM), DL-APV (50-100 uM) or ketamine
(5-10 pM) reversibly blocked the NMDA-induced depolarizations in
Mg-free solution. The Glu-induced depolarizations evoked in Mg-free
solution on the other hand appeared to be less straightforward in-
sofar as antagonists were concerned. For example, APV, DL-APV and
ketamine in concentrations effective in blocking the NMDA-induced
depolarizations only partially suppressed the Glu-induced responses.
These findings suggest that rat lateral horn cells are endowed with
NMDA receptors whose electrophysiological and pharmacological char-
acteristics appear to be similar to those reported in other central
neurons as well as non-NMDA excitatory amino acid receptors. While
NMDA activates selectively the NMDA receptors, Glu appears to acti-
vate both the NMDA and non-NMDA receptors. In addition, inhibitory
interneurons in the lateral horn seem to be endowed with NMDA and
non-NMDA receptors the activation of which causes a release of
glycine. (Supported by NS18710).
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REGIONAL SELECTIVITY OF EXCITATORY AMINO ACID ANTAGONISTS IN THE
VERTEBRATE DORSAL HORN. R.L. Gannon _and R.B. Leonard. Department
of Pharmacology and Toxicology, Department of Physiology and Bio-
physics and the Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, Texas 77550,

Spinal cord physiology is being investigated in our 1lab using
an in vitro spinal cord preparation from the Atlantic stingray,
Dasyatis sabina, a vertebrate model for locomotion. Current research
is directed to determining the role of putative excitatory amino
acid neurotransmitters in the production of spinal reflexes. Sting-
rays are anesthetized ard a length of spinal cord with spinal nerves
attached to one side is removed, placed in a recording chamber,
and superfused with a modified Ringer's solution. A laminectomy
is performed to expose the dorsal surface and the side contralateral
to the intact spinal nerves. Standard electrophysiological tech-
niques using suction electrodes are employed to stimulate the sen-
sory component of the spinal nerve and to record the volley on
the dorsal root. Capillary glass electrodes (6-10 MR, 3M NaCl)
are used to record field potentials in superficial and deeper areas
of the dorsal horn, corresponding to small A§ and larger Aa,B af-
ferent fiber terminal projections, respectively. Dorsal horn field
potentials produced by small A§ fibers are inhibited by the non-
selective excitatory amino acid antagonists kynurenate and DL-2-
amino-4-phosphonobutyrate (APB), but not by D-g-aminoadipate (DAA).
The inhibitory action of APB was further shown to reside in the
L(+) isomer. The N-methyl-D-aspartate (NMDA) antagonist DL-2-amino-
5-phosphonovalerate (APV) and its D(-) and L(+) isomers were found
to have little affect. Phencyclidine and etoxadrol at high concen-
trations (300 UM) also inhibited the A8 field potentials. Field
potentials in deeper areas of the dorsal horn were also inhibited
by kynurenate and etoxadrol at the same concentrations effective
in superficial areas, but not by APB, APV, DAA, or phencyclidine.
Dihydrokainate reduced the amplitude of field potentials produced
by both fiber types. These results suggest that both A§ and Ag,R
primary afferent fiber types are releasing excitatory amino acid
transmitters, but that presynaptic and/or postsynaptic receptor
types may be different for the two afferent populations. Supported
by NIH NS11255.

GLUTAMATE-SENSITIVE SITES CONTROLLING SLOW AND FAST
MODULATIONS OF THE FREQUENCY OF ELECTRIC ORGAN
DISCHARGES: LOCATION, MORPHOLOGY AND RESPONSE
PROPERTIES OF PREPACEMAKER NEURONS. G. Rose, M.
Kawasaki, L. Maler and W. Heiligenberg. Neurobiology
unit, Scripps Institution of Oceanography, La Jolla, CA
92093, Dept. of Anatomy, Univ. of Ottawa, Ottawa,
Ontario, K1H 8M5.

Certain types of South American electric fish produce
rhythmic electrical discharges for the purpose of
spatial orientation and social communication. These
electric organ discharges (EODs) are controlled by a
group of cells in the medulla, the pacemaker nucleus;
each action potential of the pacemaker neuron triggers a
single EOD cycle. The pacemaker maintains a rhythmic
discharge even when isolated and placed in vitro.
Modulations of discharge frequency of pacemaker neurons,
and therefore of EODs, occur during social behaviors.
Two forms of modulations can be distinguished: smooth
frequency shifts with a time constant on the order of a
second, and fast rises, or 'chirps', that may lead to a
brief cessation of the pacemaker.

The objectives of the present study were: 1) Determine
which neurons are afferent to the pacemaker N. by using
retrograde tracing methods. 2) Identify sites that, when
stimulated by iontophoretic application of L-glutamate,
elicit the slow or fast modulations in the EOD
frequency. 3) - Record from single wunits in these
glutamate-sensitive sites while presenting sensory
stimuli that produce slow or fast EOD modulations.
Experiments were conducted on two genera of electric
fish, Eigenmannia and Apteronotus.

Modulations of the EOD frequency could be elicited by
iontophoresis of L-glutamate at several sites in the
midbrain tegmentum. One of these sites corresponds.to
the prepacemaker nucleus, a region where labelled cells
are observed following WG-HRP injections into the
pacemaker nucleus. The response properties of single
units in the prepacemaker nucleus suggest that different
types of neurons control smooth frequency shifts and
chirps. Supported by grants NS 07261-02 to G.R. and
BNS 82-05454 to W.H.
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HOMOCYSTEATE AS A NEUROTRANSMITTER CANDIDATE IN THE
BRAIN - PRESYNAPTIC AND POSTSYNAPTIC CHARACTERISTICS.
C. Tsai*, P.L. Wood, and J. Lehmann(SPON: P. Etienne).
Research Dept., Pharmaceuticals Division, CIBA-GEIGY
Corp., Summit NJ 07901.

Homocysteic acid. (HCA) has been proposed as an
endogenous neurotransmitter acting at N-methyl-D-
aspartate-preferring (NMDA-type) receptors, for two

reasons. First, there is measurable depolarization-
evoked release of HCA from brain tissue. Second, HCA
produces the bistable depolarizing shifts

characteristic of NMDA-type receptor activation when
it is iontophoresed in the brain (X.Q. Do et al., J.
Neurosci. 6:2226, 1986). We have pharmacologically
characterized the actions of the stereoisomers of HCA
at NMDA-type receptors on striatal cholinergic
igterneurons, and also examined the uptake system for
["H)DL-HCA in crude synaptosomes.

Like NMDA, HCA evoked the release Qf
["H]acetylcholine (ACh) formed from [~“H]choline in
striatal slices. The concentration-response curve to
L-HCA was virtually superimposable on that to NMDA,
yielding equal EC_, values (18 uM) and maximal
responses. Howevgg, D-HCA was weaker, with an EC o
value of 170 uM, and an agparently smaller maxima?
response. L-HCA evoked [“H]ACh release was inhibited
by the same cgtegories of compounds which inhibit
NMDA-evoked [“H]ACh release: the divalent ion Mg
(IC.,=14 uM), competitive NMDA antagonists DL-AP7
(IC.,=49 uM) and CPP (IC..=17 uM), and dissociative
anegghetics tiletamine (§85°= 4.9 uM) and MK-801
(1€;=0.09 uM).

P9HCA inhibited high affinity [3H]L-glutamate
uptake with an IC of 2 mM, while D-HCA was inactive
up tg and includi 10 mM.

[TH]DL-HCA was accumulated by crude synaptosomal
fractions from brain, but by a low velocity system.
Whereas high ti§sue-to-medium ratios were obtained for
t§e uptake of [“H]L-glutamate (116), that for
["H]DL~-HCA was only 3.5 under optimal conditions,
which was closer to the values obtained for
["H]dopamine (10.5), and [;H]choline (9.6). The
regional distribut%on of [“H]DL-HCA uptake did not
parallel that of [“H]L-glutamate uptake. It is
questionable if the major route of inactivation of
synaptic HCA would involve a high affinity uptake
system. Rather, there may exist specific enzymes to
inactivate HCA.

MECHANISM OF ANTICONVULSANT AND CEREBROPROTECTIVE ACTIVITY OF
U-50488H and U-54494A. M.Camacho Ochoa, T.A. Jackson*, C. S.
Aaron* and P.F. Von Voigtlander. The Upjohn Company, Kalamazoo,
MI 49001.

Recent investigations have linked excitatory amino acids to
the etiology of epilepsy and other neurodegenerative diseases.
We have previously showed that U-50488H blocks (H3)Kainic acid
((H3)KA) binding in the presence of Ca++ and Cl- ions.

We have used 45Ca++ uptake, 2-Deoxyglucose (2-DG) uptake,
(H3)KA binding and KA-induced lesions in the mouse hippocampus
to study the mechanisms underlying the anticonvulsant and
cerebroprotective activity of U-50488H and U-54494A, a diamine
analogue of U-50488H. The results revealed that the calcium
uptake in K+ depolarized synaptosomes was significantly reduced
by these two compounds only at concentrations of 10°% - 10°°M.
(H3)KA binding was significantly decreased in the presence of
Cat++ and Cl- ions in a mouse synaptic membrane preparation.
Both the total specific and the high affinity binding were
decreased when similar concentrations of these two compounds
were used (10‘4 to 10'5M). The KA-induced 2-DG uptake increase
in various regions of mouse brain was minimally affected by
U54494A and U-50488H. Cerebroprotective activity was measured
by image analysis as the decrease of area of vacuolization in
the CA3 region of the mouse hippocampus lesioned with
intracerebroventricular KA. Both compounds afforded a high
degree of protection.

Hence, although the biochemical data on calcium uptake,
(H3)KA binding and 2-DG uptake do not provide us with a precise
cellular mechanism by which these compounds protect the brain,
the morphological data clearly suggest that a cytoprotective
mechanism is at play. This may be related to the anticonvulsant
activity of U-50488H and U-54494A.
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PARTIAL PURIFICATION OF N-ACETYLATED-ALPHA-LINKED ACIDIC
DIPEPTIDASE (NAALADASE): A QUISQUALATE-SENSITIVE PEPTIDASE
THAT CLEAVES N-ACETYL-ASPARTYL-GLUTAMATE TO N-ACETYI;-
ASPARTATE AND GLUTAMATE IN VITRO. M. B. Robinson, B. L. Stauch’,
and J.T. Coyle. Dept. of Neuroscience, The Johns Hopkins School of Medicine,
Baltimore, MD, 21205

The heterogeneous regional distribution of N-acetyl-aspartyl-glutamate (NAAG)
and its ability to depolarize specific neurons which receive proposed glutamate
afferents suggest that NAAG may act, in part, as an excitatory neurotransmitter at a
subpopulation of putative glutamatergic synapses.

Metabolic studies using rat forebrain synaptosomes suggest a potentially rapid
mechanism of inactivation whereby the peptide is degraded to N-acetylaspartate
(NAA) and glutamate with subsequent glutamate reuptake (Blakely et al. J.
Neurochem. 47 (1986) 1013-1019). Similiarly, striatal injections demonstrate a
parallel route of NAAG catabolism in vivo. We have recently identified and
characterized a quisqualate-sensitive, chloride-dependent, membrane bound,
metallopeptidase activity which demonstrates a high apparent affinity for NAAG
witha K, =540nMand a V = 180 nM/mg protein per min (Robinson et al.
Eur. J. P[l‘liarm. 130 (1986) 3&%47). This activity demonstrates specificity for
N-Acetylated Alpha-Linked Acidic Dipeptides, and therefore has been named
"NAALADase".

NAALADase was partially purified from lysed synaptosomal membranes
prepared from frozen rat forebrains and solubilized with Triton X-100 (0.5 %)
followed by sequential column chromatography in Tris-Cl buffer (10 mM, pH 7.8)
with 0.05 % Triton. gJAALADase activity was assayed by quantitating the liberation
of [°H] Glu from [°H] NAAG in a Tris-Cl buffer, followed by resolution of
product and substrate by anion exchange chromatography.

The accompanying table summarizes the results of these sequential purification
steps. Maximal selective solubilization of NAALADase activity was achieved at a
Triton X-100 : protein ratio of 10:1. The peptidase eluted in the void volume of the
anion exchange column and at 0.25 M NaCl from the cation exchange column
suggesting that NAALADase has an unusually high isoelectric point.

Purification Factor % Yield
Crude Homogenate 1 100
Lysed Synaptosomal Mem. 4.1 69
Triton X-100 Extract (0.5 %) 9.7 73
DEAE-Sepharose 96 77
CM-Sepharose 950 32

Preliminary data from a Sepharose size exclusion column suggest a molecular
weight of 180 kDa. Silver stained SDS gels of fractions surrounding the
NAALADase peak of activity from a CM column and material from each purification
step show enrichment of a 90 kDa band.

Under these chromatographic conditions only one peak of activity was
observed; futhermore, this activity was quisqualate-sensitive, as was found in lysed
synaptosomal membranes. These data support the hypothesis that this
quisqualate-senstive activity is responsible for NAAG catabolism in vivo and may
function to inactivate neurotransmitter pools of NAAG. [Supported by USPHS #
NS 13584 and a postdoctoral fellowship (# 07870) to MBR]

NETWORK BURSTS TRIGGERED BY SINGLE CELL STIMULATION IN THE
RAT HIPPOCAMPUS. R.S. Neuman. E. Cherubini and Y. Ben-Ari. INSERM
U.29, 123 Bd. de Port-Royal. 75014 Paris, France.

In the present experiments we examined the action of
N-methyl-D-aspartate (NMDA) and low Mg2+ on burst generation in CA3
neurones.

Transverse hippocampal slices (500 yM) from 100-150 gram
rats were used. Standard intracellular and extracellular recordings from
CA3 pyramidal neurones were obtained from submerged slices.

Superfusion of slices with Mg2+ free medium or NMDA
(5-10 yM) first induced endogenous (pacemaker) bursts followed by network
driven bursts. Endogenous and network bursts were readly distinguished as
the former were not accompanied by burstsin the extracellular recordings.
Furthermore. hyperpolarization abolished endogenous but not network bursts.

As the endogenous bursts always preceeded the network bursts
we wondered if the former triggered the later. More specifically. did any
CAZ3 neurone. impaled at random. possess the appropriate follower
circuitry to trigger a population response. To test this hypothesis. bursts of
action potentials were produced by current pulses applied to the
intracellular electrode. As expected. in control medium, this single cell
stimulation did not induce network bursts. However. in Mg2+ free medium
activating a single neurone could trigger network bursts which were evident
both in the intracellular and extracellular recordings. CsCl filled electrodes
were more effective in triggering bursts. as Cs+ blocked the K+ conductance
and thereby prolonged the directly evoked spike discharge.

From our observations we conclude that there is no requirement
for a special group of neurones to act as "pacemakers" for burst production.
Instead. any neurone (at least in CA3) can trigger a network burst providing
the excitability of the tissue is such that the appropriate follower circuitry
is activated.

R.S.N. was the recicipent of a Canadian MRC Traveling
Scientist Award.
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EXCITATORY AMINO ACIDS IN THE RETINO-TECTAL SYSTEM OF
XENOPUS LAEVIS. B.E.S. Fox and S.E. Fraser. Dept. of Physiol.
Biophys., Univ. of Calif, Irvine, CA 92717.

Glutamate (GLUT) has been proposed to be the major excitatory
transmitter in the CNS of mammalian and nonmammalian species. Two
classes of receptors have been characterized by the artificial agonists,
either kainic acid (KA) or n-methyl-d-aspartate (NMDA), which
selectively bind them. In some cases, KA is such a potent agonist that
neurotoxicity results from excessive membrane depolarization (Olney,
Rhee & Ho, 1974, Brain Res., 77, 507).

We have investigated whether GLUT acts as a transmitter in the
Xenopus retino-tectal system in either young adults or stage 47-50
tadpoles. Laminar field potentials were recorded with a saline filled
micropipet in the optic tectum and retina in response to a flash of white
light (200ms duration). Evoked potentials 75-90% g<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>