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Session Session
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29. Regulation of pituitary function II ................ 88
WEDNESDAY 30. Stress, hormones, and the autonomic nervous
] (<) 1.1 P 94
Public Lecture—4:00 pm 31. Pain modulation I ........................ ... ... 98
1. Speaking of hearing: from hair cells to the artificial ear. 32. Pain modulation IL............................... 103
A.J.HUDSPETH ..., No abstract 33. Somatic afferents............ ... .., 108
34. Evoked potentials ..................coiiia., 112
35. Metabolic studies. ... 116
THURSDAY 36. Learning and memory: physiology I............... 121
37. Learning and memory: physiology II.............. 126
Symposia—8:30 aM 38. Leam@ng and memory: anatomy I................. 131
2. Receptor binding radioautography: techniques. lim- 39. Learning and memory: anatomy II................ 133
itations, and recent data. Chaired by: C. A.
BOAST ... .o 1 Symposia—1:00 pM
3. Naturally occurring neuronal death in vertebrates. 40. Gene expression in the nervous system. Chaired
Chaired by R. W. OPPENHEIM ... .o ovrn | by R.M.EVANS ... 138
41. Autoreceptors and modulation of neurotransmitter
Slide Sessions—8:30 AM release. Chaired by: L. X. CuBepbu and M. L.
4. Bpilepsy | ... ] DUBOCOVICH ...l 138
5. Postsynaptic mechanisms I....................... 4
6. Basal ganglia: anatomy and physiology I.......... 7 Slide Sessions—1:00 pm
7. Membrane biophysics I ................. ... ... 10 42. Process outgrowth and guidance mechanisms II.... 138
8. Development and plasticity: transmitter phenotypic 43. Development and plasticity: synaptic connections .. 141
plasticity ... 13 44. Action potentials and ion channels I .............. 144
9. Psychotherapeutic drugs. .................ooiu... 16 45. Circuitry and pattern generation I................. 147
10. Retina I ... 19 46. Invertebrate neurotransmitters I................... 151
11. Excitatory amino acids: glutamate and glutamate 47. Peptides: anatomical localization I ................ 154
ANAlOES . . oot 22 48. Sensorimotor integration I........................ 157
12. Identified cells I........... ... .. ... . it 26 49. Vestibular system I .............. ... ... L 160
13. Spinal cord and brainstem I...................... 29 50. Morphology of neurons and glia I ................ 163
14. Cardiovascular regulation: functional aspects I ... .. 32 51. Cardiovascular regulation: functional aspects Il .... 166
Poster Sessions—8:30 Am Poster Sessions—1:00 pm
15. Cellular localization of receptors.................. 35 52. Neuropeptides and behavior I..................... 169
16. Process outgrowth and guidance mechanisms I..... 37 53. Neuropeptides and behavior II.................... 172
17. Morphogenesis and pattern formation ............. 43 54. Neuropeptides and behavior III ................... 174
18. Evolution of the nervous system.................. 50 55. Neuropeptides and behavior IV.................... 177
19. Visual system: geniculo-cortical pathway develop- 56. Basal ganglia: anatomy and physiology II ......... 179
ment and plasticity ............. ... ... 52 57. Epilepsy IL......oooo i 184
20. Subcortical visual pathways I..................... 54 58. Auditory sensory organs ......................... 189
21. Visuomotor integration........................... 58 59. Presynaptic mechanisms I........................ 194
22. Catecholamines: anatomical localization........... 62 60. Presynaptic mechanisms Il ....................... 197
23. Catecholamines: physiological effects I............ 65 61. Postsynaptic mechanisms II ...................... 202
24. Catecholamines: physiological effects II........... 68 62. Structure and function of neuroendocrine cells ... .. 208
25. Neural plasticity in adult animals: spinal cord and 63. Peptides: receptors I.......... ... ... 214
MOLONEUIONS . « . v ettt et eieaeeee e 72 64. Peptides: receptors I ............................ 214
26. Long term potentiation........................... 75 65. Biogenic amines I............................... 218
27. Lipids and myelin............................... 80 66. Biogenic amines I .............................. 221
28. Regulation of pituitary function I ................. 83 67. Excitatory amino acids: binding and localization ... 225
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Number and Title Page Number and Title Page
68. Excitatory amino acids: electrophysiology and 104. Epilepsy kindling...................... ... ... 343
release ... 228 105. Basal ganglia: physiology ....................... . 348
69. Catecholamines: receptors IL...................... 232 106. Axonal transport I................. ... ... ... 352
70. Catecholamines: receptors II..................... 236 107. Molecular biology of gene expression I ........... 357
71. Membrane biophysics II ......................... 241 108. Uptake storage and secretion ..................... 361
72. Auditory COrteX.........oovvvviniiiininannenann., 243
73. Perinatal treatments and brain development........ 247 Symposium—1:00 pm
74. Learning and memory: pharmacology ............. 251 109. How calcium acts as a second messenger in neu-
75. Learning and memory: cholinergic pharmacology .. 256 rons. Chaired by: J. H. SCHWARTZ ............. 367
76. Psychotherapeutic drugs: anxiolytics and
antidepressants. ... 258 Workshop—1:00 pm
77. Psychotherapeutic drugs: antipsychotics ........... 263 110. Recent developments on the medullary, hypothal-
amic, and spinal control of autonomic function:
Presidential Symposium—S8:00 pm characterization of *‘transmitter specific’’ path-
78. A neuroscience medley: molecules, synapses, and sys- ways. Chaired by: J. B. CABOT ................ 367
tems. Chaired by: G. D. FISCHBACH ..... No abstract
Slide Sessions—1:00 pm
111. Development and plasticity: trophic agents I....... 367
112. Process outgrowth and guidance mechanisms HI ... 371
113. Molecular biology of gene expression II........... 374
114. Peptides: receptors HI............................ 377
FRIDAY 115. Regional localization of receptors................. 380
116. Anatomy of memory in human and nonhuman
Symposia—8:30 aM PrMALES . ... .et it 383
79. The role of extracellular matrix in the function, de- 117. GABA and benzodiazepines: binding I ............ 386
velopment, and regeneration of the peripheral 118. Oculomotor system I ............................ 389
nervous system. Chaired by: U. J. MCMAHAN ... 267 119. Subcortical auditory pathway I ................... 392
80. Multimodal maps in the superior colliculus.
Chaired by: J. C. MIDDLEBROOKS . ............. 267 Poster Sessions—1:00 pm
120. Neuroethology I......... ... ... ... . ... ... 396
Slide Sessions—8:30 aAM 121. Neuroethology I ........... ... ... .. . ..... 399
81. Invertebrate learning and behavior I............... 268 122. Neuroethology Il .......... .. ... .. ... .. ... 402
82. Aging I..... ... 270 123. Epilepsy kindling: peptides and mutants........... 405
83. Pharmacology of synaptic transmission I .......... 273 124. Basal ganglia: behavior and pharmacology......... 411
84. Catecholamines: receptors I ...................... 277 125. Pharmacology of, synaptic transmission II.......... 415
85. Regeneration I .........................oo 280 126. Neuroanatomical methods........................ 420
86. Peptides: biosynthesis and metabolism I........... 283 127. Morphology of neurons and glia I................ 425
87. Structure and function: cortico-cortical and cortico- 128. Peptides: anatomical localization I ............... 430
subcortical relationships I...................... 286 129. Peptides: anatomical localization III............... 434
88. Transmitters and receptors in disease I ............ 288 130. Transmitter cytochemistry and
89. Biological thythms I.......................... ... 291 immunohistochemistry......................... 439
90. Subcortical visual pathways II.................... 295 131. Aging 1L, ..o o 444
91. Cardiovascular regulation: central transmitters I.... 298 132, Aging 11 ... 448
133. Endocrine control of development I............... 453
Poster Sessions—8:30 AM 134. Retina and retinofugal projections................. 458
92. Feeding and drinking: neuropharmacology I ....... 301 135. Synapse elimination, competition and neuronal
93. Feeding and drinking: neuropharmacology 1II....... 304 death: retinaand brain......................... 461
94. Emotion and motivation: intracranial self- 136. Development and plasticity: retinal and tectal
stimulation .......... ... oo 306 SYSEEIMIS .« v vttt et e et 465
95. Emotion and motivation.......................... 310 137. Visual cortex: development and plasticity.......... 468
96. Interhemispheric relations ........................ 312 138. Visual cortex: striate area I....................... 471
97. Human neuropsychology and behavioral neurobiol- 139. Extrastriate visual areas I ........................ 474
ogy L. 316 140. Endocrine control .................. . ... ... 471
98. Development and plasticity: descending pathways 141. Subcortical somatosensory pathways .............. 481
and cerebellum................ ... .. ... L 320 142. Spinal cord ....... ... .. .. . i 485
99. RetinaIl.......... .. .. .. ... .. ..ol 323 143. Pain: central pathways [.......................... 489
100. Reflex function..................ooiiinvinn.... 328 144. Somatosensory cortex and thalamocortical relation-
101. Limbmovement I ............................... 332 ships I ... oo 492
102. Limbmovement I .............. ... ... ... .. 337 145. Somatosensory cortex and thalamocortical relation-
103. Control of limb movements ...................... 340 ships L. .. ..o 496
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146. Biological thythms Il ............................ 498 174. Opiates, endorphins, and enkephalins: biochemical
147. Sleep. ... 504 characterization .................... .. ... 591
175. Peptides: biochemical characterization............. 594
Grass Foundation Lecture—8:00 pm 176. Limbic system: hippocampus and amygdala ....... 596
148. How auditory space is encodéd in the owl’s brain. 177. Peripheral autonomic nervous system I............ 603
M. KONISHI ..o No abstract 178. Cardiovascular regulation: morphological aspects... 606
179. Limbic system and hypothalamus................. 609
180. Cardiovascular regulation: functional aspects III.... 614
181. Sensory transduction........................o... 619
182. Invertebrate motor function and behavior.......... 623
SATURDAY 183. Locomotion [ ..............covueuineiaiiniin., 628
184. Locomotion Il........... ... oot 632
Symposia—8:30 AM 185. Control of posture and movement [ ............... 635
149. Principles and mechanisms of neuronal migration. 186. Ce‘ll d?aﬂh neurgnal competition and synapse elim-
Chaired by: P. RAKIC .o oo 507 ination: ganglia and motoneurons............... 639
150. Comparative neural mechanisms of sound localiza- 187. GABA and benzodiazepines: electrophysiology and
tion in vertebrates. Chaired by: G. D. PoLLAK .. 507 localization ... ... RERERRRRREEEEEE EERREEEEEEREERE 642
188. GABA and benzodiazepines: behavior............. 647
Slide Sessions—8:30 am .
151. Invertebrate learning and behavior II.............. 508 Symposia—1:00 pm ) )
152. Invertebrate neurodevelopment ................... 511 189. Senile dementia and Alzheimer’s disease. Chaired
153. Basal ganglia: anatomy and physiology HI......... 513 by: S. B. PRUSINER ........ FEREREE R 651
154. Opiates, endorphins, and enkephalins: receptors .. 516 190. Modulation of ion channels by intracellular mes-
155. Visual cortex: striate area I1l...................... 519 sengers. Chaired by: R. O. ECKERT ............ 651
156. Human neuropsychology and behavioral neurobiol- . .
ogy Il . o 522 Sl'd? Sessnons—.—l':00 PM .
157. Action potentials and ion channels II.............. 526 191. Feeding and drinking: central mechanisms I ....... 651
158. Sensory system development I.................... 529 192. Chemical sensory systems [ ...................... 654
159. Feeding and drinking: cues for need state I ........ 531 193. CNS neurons I ... seseaseaas [REEEEEEESRRERRRE 657
160. Neurotransmitters, modulators: interactions between 194. Development and plasticity: trophic interactions I .. 661
CANSMILErs | o oo oo 535 195. Neural plasticity in adult animals I................ 664
161. Cerebellum I ... ..o oo 537 196. Development and plasticity: visual pathways. ...... 667
162. Brain metabolism L. ..o 540 197. Receptor modulation I ........................... 670
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Poster Sessions—8:30 am .
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THEMATIC LIST OF SESSIONS

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

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
82. AgingI Slide Fri am
131.  Aging II Poster  Fri pm
132.  Aging IlI Poster  Fri pm
302. Biochemical and pharmacological correlates of development I Poster ~ Sun pM
303. Biochemical and pharmacological correlates of development I1 Poster Sun pm
288.  Brain transplants Poster ~ Sun pm
186.  Cell death, neuronal competition and synapse elimination: gan-
glia and motoneurons Poster Sat am
222. Development and plasticity: autonomic nervous system Poster  Sat pm
233. Development and plasticity: cell lineage and differentiation I Slide Sun aM
304. Development and plasticity: cell lineage and differentiation II Poster ~ Sun pMm
98. Development and. plasticity: descending pathways and cere-
bellum Poster  Fri am
314. Development and plasticity: geniculo-cortical pathways Slide Mon aM
136. Development and plasticity: retinal and tectal systems Poster  Fri pM
267. Development and plasticity: spinal cord, motor neurons, and
muscles Poster ~ Sun AM
43. Development and plasticity: synaptic connections Slide Thu pm
8. Development and plasticity: transmitter phenotypic plasticity I Slide Thu am
223. Development and plasticity: transmitter phenotypic plasticity 11 Poster Sat M
111.  Development and plasticity: trophic agents I Slide Fri pm
306. Development and plasticity: trophic agents II Poster ~ Sun pm
194. Development and plasticity: trophic interactions I Slide Sat pm
307. Development and plasticity: trophic interactions 11 Poster ~ Sun pM
196. Development and plasticity: visual pathways Slide Sat pM
281. Developmental disorders Poster ~ Sun pMm
231. Development of CNS function in utero Symp. Sun am
133.  Endocrine contfol of development I Poster  Fri pm
272.  Endocrine control of development II Slide Sun PM
300. Invertebrate development and plasticity Poster ~ Sun pm
152.  Invertebrate neurodevelopment Slide Sat am
305. Limbic system Poster Sun pm
26. Long term potentiation Poster ~ Thu am
289. Malnutrition and brain development Poster ~ Sun pm
17. Morphogenesis and pattern formation Poster ~ Thu am
3. Naturally occurring neuronal death in vertebrates Symp. Thu am
195.  Neural plasticity in adult animals I Slide Sat pm
287.  Neural plasticity in adult animals II Poster ~ Sun pm
25.  Neural plasticity in adult animals: spinal cord and motoneurons Poster ~ Thu am
315. Neuronal death: synapse elimination and competition Slide Mon am
277.  Neurotoxicity I Slide Sun pm
343.  Neurotoxicity II Poster ~ Mon aM
344.  Neurotoxicity III Poster  Mon am
345.  Neurotoxicity IV Poster Mon am
73. Perinatal treatments and brain development Poster Thu pm
149. Principles and mechanisms of neuronal migration Symp. Sat am
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16.  Process outgrowth and guidance mechanisms I Poster Thu am

42.  Process outgrowth and guidance mechanisms I Slide Thu pm
112.  Process outgrowth and guidance mechanisms I11 Slide Fri pm
85.  Regeneration | Slide Fri am
298.  Regeneration 11 Poster Sun pm
299.  Regeneration IlI Poster Sun pm
316. Regeneration IV Slide Mon am
158.  Sensory system development | Slide Sat am
335.  Sensory system development Il Poster Mon am
301.  Specificity of synaptic connections Poster ~ Sun pm
297.  Sprouting and sprouting mechanisms Poster Sun pMm
135.  Synapse elimination, competition and neuronal death: retina and
brain Poster Fri pm
171.  Synaptogenesis | Poster Sat am
271.  Synaptogenesis Il Slide Sun pm
77.  The role of extracellular matrix in the function, develop-
ment, and regeneration of the peripheral nervous system Symp. Fri am
137.  Visual cortex: development and plasticity Poster Fri pm
19.  Visual system: geniculo-cortical pathway development and plas-
ticity Poster Thu am

Theme B: Cell Biology

Session Day and
Number Session Title Type Time
106.  Axonal transport | Poster Fri am
317.  Axonal transport Il Slide Mon am
234.  Blood brain barrier | Slide Sun AM
336. Blood brain barrier 11 Poster Mon am
260. Cellular aspects of disease Poster Sun am
15.  Cellular localization of receptors Poster ~ Thu am
221.  Functions of glia | Poster Sat pm
279.  Functions of glia Il Slide Sun pm
40. Gene expression in the nervous system Symp. Thu pm
12.  ldentified cells | Slide Thu am
219.  Identified cells II Poster Sat pm
27.  Lipids and myelin Poster Thu am
340. Membrane structure and function Poster Mon am
35.  Metabolic studies Poster Thu am
107.  Molecular biology of gene expression I Poster Fri am
113.  Molecular biology of gene expression 11 Slide Fri pm
50.  Morphology of neurons and glia | Slide Thu pm
127.  Morphology of neurons and glia II Poster Fri pm
126.  Neuroanatomical methods Poster Fri pm
308. Protein and nucleic acid regulation Poster Sun pm
62.  Structure and function of neuroendocrine cells Poster Thu pm

Theme C: Excitable Membranes, Transduction, and Synaptic Transmission

Session Day and
Number Session Title Type Time
312.  Acetylcholine receptor function Symp.  Mon Am
44.  Action potentials and ion channels | Slide Thu pm
157.  Action potentials and ion channels Il Slide Sat aM



255.  Action potentials and ion channels III Poster ~ Sun am
256.  Action potentials and ion channels IV Poster ~ Sun AM
257.  Action potentials and ion channels V Poster ~ Sun AMm
276.  Action potentials and ion channels VI Slide Sun pm
318.  Action potentials and ion channels VII Slide Mon am
193.  CNS neurons I Slide Sat PM
311.  CNS neurons II Poster ~ Sun pm
167.  Drug effects on receptors Poster ~ Sat AM
232. Mechanisms of transmitter release Symp. Sun am
7. Membrane biophysics I Slide Thu am
71.  Membrane biophysics II Poster ~ Thu pMm
83.  Pharmacology of synaptic transmission I Slide Fri am
125.  Pharmacology of synaptic transmission II Poster  Fri pM
5.  Postsynaptic mechanisms I Slide Thu amM
61. Postsynaptic mechanisms II Poster ~ Thu pMm
59.  Presynaptic mechanisms I Poster  Thu pm
60. Presynaptic mechanisms II Poster ~ Thu pm
166.  Receptor desensitization Poster ~ Sat am
181.  Sensory transduction Poster ~ Sat am
163.  Synaptic structure and function I Slide Sat AM
268.  Synaptic structure and function II Poster ~ Sun am
Theme D: Neurotransmitters, Modulators, and Receptors
Session Day and
Number Session Title Type Time
269. A cholinergic neuron in the retina Symp. Sun pm
240.  Acetylcholine I Slide Sun aM
341.  Acetylcholine 11 Poster ~ Mon aMm
342.  Acetylcholine III Poster ~ Mon am
275.  Acetylcholine receptors: general topics Slide Sun pMm
212. Acetylcholine receptors: nicotinic receptors Poster ~ Sat pm
284.  Alcohol and barbiturates III Poster ~ Sun pm
41. Autoreceptors and modulation of neurotransmitter release Symp. Thu pm
309. Behavioral pharmacology I Poster ~ Sun pm
310. Behavioral pharmacology Il Poster ~ Sun pMm
320. Behavioral pharmacology IlI Slide Mon am
65. Biogenic amines I Poster ~ Thu pMm
66. Biogenic amines II Poster ~ Thu pm
22. Catecholamines: anatomical localization Poster ~ Thu am
258. Catecholamines: biochemical characterization I Poster  Sun am
259.  Catecholamines: biochemical characterization II Poster ~ Sun am
23.  Catecholamines: physiological effects I Poster ~ Thu am
24. Catecholamines: physiological effects II Poster . Thu am
280. Catecholamines: physiological effects III Slide Sun pM
84. Catecholamines: receptors I Slide Fri am
69. Catecholamines: receptors II Poster ~ Thu pm
70. Catecholamines: receptors III Poster  Thu pm
220. Cell surface macromolecules Poster ~ Sat Pm
282.  Characterization of purine, peptide, and amino acid receptors Poster ~ Sun pMm
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263.
322.

67.

68.

1.
188.
117.
285.
286.
187.
109.

46.
202.
190.
239.
328.
203.
160.

204.

200.

173.
174.

273.
324.
325.
154.
172.

47.
128.
129.
175.

86.
201.
241.
326.
327.

63.

64.
114.

197.
329.
330.
115.
165.
130.

88.
261.
262.
319.
108.

Cholinergic receptors: muscarinic receptors

Cyclic nucleotides I

Cyclic nucleotides 11

Excitatory amino acids: binding and localization

Excitatory amino acids: electrophysiology and release

Excitatory amino acids: glutamate and glutamate analogs

GABA and benzodiazepines: behavior

GABA and benzodiazepines: binding 1

GABA and benzodiazepines: binding Il

GABA and benzodiazepines: biochemistry

GABA and benzodiazepines: electrophysiology and localization

How calcium acts as a second messenger in neurons

Invertebrate neurotransmitters I

Invertebrate neurotransmitters 11

Modulation of ion channels by intracellular messengers

Neuromodulators [

Neuromodulators II

Neurotransmitters, modulators: coexistence of transmitters

Neurotransmitters, modulators: interactions between trans-
mitters |

Neurotransmitters, modulators: interactions between trans-
mitters 11

Neurotransmitters. modulators: metabolism of transmitters and
modulators

Opiates, endorphins, and enkephalins: anatomical localization

Opiates. endorphins, and enkephalins: biochemical characteriza-
tion

Opiates, endorphins, and enkephalins: physiological effects I

Opiates, endorphins, ahd enkephalins: physiological effects Il

Opiates, endorphins, and enkephalins: physiological effects 111

Opiates, endorphins, and enkephalins: receptors I

Opiates. endorphins, and enkephalins: receptors I

Peptides: anatomical localization I

Peptides: anatomical localization 11

Peptides: anatomical localization 11l

Peptides: biochemical characterization

Peptides: biosynthesis and metabolism I

Peptides: biosynthesis and metabolism I1

Peptides: physiological effects |

Peptides: physiological effects II

Peptides: physiological effects 111

Peptides: receptors |

Peptides: receptors Il

Peptides: receptors 111

Receptor binding radioautography: techniques, limitations,
and recent data

Receptor modulation |

Receptor modulation I

Receptor modulation HI

Regional localization of receptors

Regional localization of receptors and transmitters

Transmitter cytochemistry and immunohistochemistry

Transmitters and receptors in disease |

Transmitters and receptors in disease 1

Transmitters and receptors in disease 1l

Transmitters and receptors in disease IV

Uptake storage and secretion
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Theme E: Endocrine and Autonomic Regulation

Session Day and
Number Session Title Type Time
209. Adrenal medulla Poster Sat pm
91. Cardiovascular regulation: central transmitters I Slide Fri am
207. Cardiovascular regulation: central transmitters II Poster Sat pm
14.  Cardiovascular regulation: functional aspects I Slide Thu am
51. Cardiovascular regulation: functional aspects Il Slide Thu pm
180. Cardiovascular regulation: functional aspects II1 Poster Sat AM
208. Cardiovascular regulation: hypertension and stress Poster Sat pm
178.  Cardiovascular regulation: morphological aspects Poster Sat AM
140.  Endocrine control Poster  Fri pm
245. Hormonal control of behavior I Poster Sun AM
246. Hormonal control of behavior II Poster Sun AMm
210.  Neural control of immune system Poster Sat pM
177.  Peripheral autonomic nervous system I Poster Sat am
321.  Peripheral autonomic nervous system II Slide Mon am
244. Pineal gland Poster ~ Sun am
110. Recent developments on the medullary, hypothalamic, and
spinal control of autonomic function: characterization of
‘‘transmitter-specific’’ pathways Wksh.  Fri pm
247. Regulation of autonomic function Poster Sun AM
206. Respiratory regulation Poster Sat pm
313. The subfornical organ as a model of neurohumoral
integration Wksh. Mon am
Theme F: Sensory Systems
Session Day and
Number Session Title Type Time
72.  Auditory cortex Poster Thu pm
58.  Auditory sensory organs Poster Thu pm
192.  Chemical sensory systems | Slide Sat pm
254. Chemical sensory systems Il Poster Sun aAM
150. Comparative neural mechanisms of sound localization in
vertebrates Symp. Sat am
34. Evoked potentials Poster Thu am
139.  Extrastriate visual areas | Poster  Fri pm
274.  Extrastriate visual areas Il Slide Sun pm
80. Multimodal maps in the superior colliculus Symp.  Fri am
31.  Pain modulation I Poster ~ Thu Am
32.  Pain modulation II Poster ~ Thu am
198.  Pain modulation III Slide Sat pm
143.  Pain: central pathways I Poster  Fri pm
236.  Pain: central pathways Il Slide Sun AM
134. Retina and retinofugal projections Poster Fri pm
10. Retina I Slide Thu am
99. Retina I Poster Fri am
248. Retina II1 Poster Sun Am
33.  Somatic afferents Poster ~ Thu am
142.  Spinal cord Poster Fri pm
30. Stress, hormones, and the autonomic nervous system Poster Thu am
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119.  Subcortical auditory pathway [ Slide Fri pm
249.  Subcortical auditory pathway Il Poster Sun AM
333.  Subcortical auditory pathway 111 Poster Mon am
141.  Subcortical somatosensory pathways Poster Fri pm
20. Subcortical visual pathways I Poster ~ Thu am
90. Subcortical visual pathways Il Slide Fri am
170.  Subcortical visual pathways 111 Poster ~ Sat AM
291.  Transmitters in sensory systems Poster Sun pm
211. Visual cortex: cortico-cortical and cortico-subcortical relation-
ships Poster Sat pm
138.  Visual cortex: striate area | Poster Fri pm
155.  Visual cortex: striate area Il Slide Sat aM
237.  Visual cortex: striate area Il Slide Sun amM
Theme G: Systems and Sensorimotor Integration
Session Day and
Number Session Title Type Time
6. Basal ganglia: anatomy and physiology I Slide Thu aAm
56. Basal ganglia: anatomy and physiology Il Poster Thu pM
153.  Basal ganglia: anatomy and physiology III Slide Sat am
124.  Basal ganglia: behavior and pharmacology Poster Fri pm
205. Basal ganglia: cellular studies Poster Sat pm
105.  Basal ganglia: physiology Poster Fri am
161. Cerebellum I Slide Sat am
217.  Cerebellum II Poster Sat pm
103.  Control of limb movements Poster Fri amM
185.  Control of posture and movement | Poster Sat AM
238.  Control of posture and movement Il Slide Sun AM
214. Cortex Poster Sat pm
265. Disorders of motor systems: neural prostheses Poster Sun amM
182. Invertebrate motor function and behavior Poster Sat aM
101.  Limb movement I Poster Fri am
102. Limb movement Il Poster Fri am
183. Locomotion I Poster Sat am
184. Locomotion II Poster Sat AM
225. Muscle and muscle afferents Poster ~ Sat Pm
226. Muscle | Poster  Sat pm
227. Muscle 11 Poster Sat pm
118.  Oculomotor system | Slide Fri pm
266. Oculomotor system Il Poster Sun am
290.  Oculomotor system III Poster Sun pm
100. Reflex function Poster Fri am
48.  Sensorimotor integration I Slide Thu pm
213.  Sensorimotor integration Il Poster ~ Sat pm
13. Spinal cord and brainstem I Slide Thu am
215.  Spinal cord and brainstem Il Poster  Sat pm
216.  Spinal cord and brainstem IlI Poster ~ Sat pm
264. Spinal cord and brainstem IV Poster  Sun am
270. The many roles of the muscle spindle in motor control Symp. Sun pm
49.  Vestibular system [ Slide Thu pm
334.  Vestibular system Il Poster ~ Mon am
21.  Visuomotor integration Poster ~ Thu am
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Theme H: Structure and Function of the CNS

Session Day and
Number Session Title Type Time
162.  Brain metabolism I Slide Sat AM
293.  Brain metabolism II Poster ~ Sun pm
253. Comparative neuroanatomy Poster Sun am
242. Diseases of nervous system I Slide Sun amM
292. Diseases of nervous system Il Poster Sun PMm
251. EEG and ERP Poster Sun AM
4. Epilepsy 1 Slide Thu aAmM
57. Epilepsy Il Poster ~ Thu pm
104.  Epilepsy kindling Poster Fri am
123.  Epilepsy kindling: peptides and mutants Poster Fri pm
164.  Epilepsy: fits and slices Poster Sat am
331. Evoked potentials and EEG Poster Mon am
18.  Evolution of the nervous system Poster Thu AM
179. Limbic system and hypothalamus Poster ~ Sat am
176. Limbic system: hippocampus and amygdala Poster Sat amM
252. Regional neuropharmacology Poster Sun AM
28.  Regulation of pituitary function I Poster ~ Thu am
29. Regulation of pituitary function II Poster ~ Thu am
199.  Regulation of pituitary function II1 Slide Sat pm
243. Regulation of pituitary function IV Slide Sun am
348. Regulation of pituitary function V Poster ~ Mon aM
189. Senile dementia and Alzheimer’s disease Symp. Sat pm
87.  Structure and function: cortico-cortical and cortico-subcortical
relationships I Slide Fri am
332.  Structure and functioh: cortico-cortical and cortico-subcortical
relationships 11 Poster ~ Mon am
250.  Subcortical organization Poster Sun AM
Theme I: Neural Basis of Behavior
Session Day and
Number  Session Title Type Time
224. Aging IV Poster Sat pM
169.  Alcohol and barbiturates | Poster Sat AM
283.  Alcohol and barbiturates Il Poster Sun pPM
116.  Anatomy of memory in human and nonhuman primates Slide Fri pm
295.  Angiotensin and drinking Poster ~ Sun pm
89. Biological rhythms I Slide Fri am
146.  Biological rhythms II Poster Fri pM
278. Central somatosensory system Slide Sun pm
45.  Circuitry and pattern generation I Slide Thu pm
218.  Circuitry and pattern generation I Poster ~ Sat Pm
95.  Emotion and motivation Poster  Fri am
94. Emotion and motivation: intracranial self-stimulation Poster  Fri am
191.  Feeding and drinking: central mechanisms I Slide Sat pm
296. Feeding and drinking: central mechanisms Il Poster ~ Sun pm
159. Feeding and drinking: cues for need state | Slide Sat am
294. Feeding and drinking: cues for need state II Poster Sun pm
92. Feeding and drinking: neuropharmacology I Poster Fri am
93. Feeding and drinking: neuropharmacology Il Poster Fri aM
97.  Human neuropsychology and behavioral neurobiology [ Poster Fri am
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5 SYMPOSIUM. RECEPTOR BINDING RADIOAUTOGRAPHY: TECHNIQUES, 3 SYMPOSIUM. NATURALLY-OCCURRING ~ NEURONAL ~ DEATH 1IN
LIMITATIONS AND RECENT DATA, C.A. Boast, CIBA-GEIGY Pharm. VERTEBRATES. R. W. Oppenheim, Bowman Gray Medical School
(Chairperson); M.J. Kuhar, Johns Hopkins Univ. Sch. Med.; T. (Chairperson); A. Lamb*, Neuromuscular Research Institute,
C. Rainbow, Univ. Penn. Med. Sch.; E.W. Snowhill*, CIBA-GEIGY Western Australia; C. Lance-Jones, Univ. of Pittsburgh; K.
Pharm.; J.B. Penney, Univ. Mich.; K.A. Frey, Univ. Mich. Herrup, Yale Univ.; E. Johnson, Washington Univ.; B,

Radioautographic techniques have been used extensively to Finlay, Cornell Univ.; D. D. M. 0'Leary, Salk Institute.”
visualize specific receptor populations in various tissues. After a long period of neglect in the 50's and 60's,
Applications of this approach have been increasing for sev- the phenomenon of naturally-occurring neuron death in
eral years. Dr. Kuhar will provide a general overview of the vertebrates has, in the past 10 years, become a topic of
development of these techniques, in vitro and in vivo, and general interest to neurobiologists. Although neuron
their use in positron emission tomography (PET) scanning, death has been shown to be a normal developmental stage in
with emphases on the advantages and technical limitations of the life history of most populations of central and
each. Dr. Rainbow will discuss the use of [!251] labeled peripheral neurons, both the mechanisms regulating this
ligands to localize subtypes of monoamine receptors. These phenomenon and its biological (adaptive) value are still
ligands have significant advantages in that they allow the not well understood. Consequently, a major focus of this
generation of autoradiograms in a few hours and show no dif- symposium will be the discussion of experimental models
ferential absorption by white matter. The use of [}25I]pin- for elucidating these two major issues.
dolol to localize the B8) and B, subtypes of adrenergic recep- Alan Lamb will present data on motoneurons which
tors will be discussed, as will the use of [}25I]lysergic challenge the idea that the survival of these cells is
acid diethylamide (LSD) to localize S, serotonin and D, dopa- dependent on successful competition for limited amounts of
mine receptors. The assessment of benzodiazepine (BZ) bind- some entity supplied by the targets. Instead, he will
ing kinetics in various brain regions will be discussed by argue that some form of error correction is associated
Dr. Snowhill. Many compounds currently available have re- with cell death in this population.
portedly different affinities for proposed subtypes of BZ re- By contrast, Cynthia Lance-Jones will present data from
ceptors. These include CL 218,872, CGS 8216, CGS 9896 and chick and mice embryos which indicates that the naturally-
halazepam. Autoradiography offers an ideal method for local- occurring death of spinal motoneurons is not due to target
izing any regional differences in the Kq or Bpayx of BZ re- mismatch (error correction), at least at the level of
ceptor binding, or in the concentrations of these drugs re- individual 1imb muscles.
quired for inhibition of [3H]BZ ligand binding. Dr. Penney Karl Herrup will discuss observations and experiments
will describe studies of BZ and amino acid receptors in human on mouse mutants which provide new perspectives on the
brains with Huntington's, Parkinson's or Alzheimer's diseases. mechanisms and biological value of neuron death in the
Significant changes seen in striatal BZ, gamma-aminobutyric CNS.
acid and glutamate receptors in Huntington's disease, and Eugene Johnson will address the fundamental issue of
cortical changes in glutamate receptors observed in Alzheim- the role of neurotrophic factors in the regulation of
er's disease, demonstrate the utility of autoradiographic re- neuron survival in vivo, using evidence from the study of
ceptor analysis in the pathologic assessment of human disease. NGF as a model.
Dr. Frey will present muscarinic receptor binding data focus- Barbara Finlay will describe studies in the mammalian
ing on two important aspects of in vivo studies, selection of CNS which indicate that both target size and functional
appropriate ligands and experimental models. The tentative activity are important for cell survival. She will also
selection of ligands is based on in vitro prediction of blood- present data indicating that cell death is involved in the
brain barrier permeability and the molecular mechanism(s) of mapping of projections onto their targets.
ligand-receptor interaction. A proposed model will be solved Finally, Dennis 0'Leary will discuss recent data on the
by using static equilibrium and tracer kinetic methods. Data relative roles of collateral elimination, cell death and
using the latter technique is not autoradiographic, but has electrical activity in the restriction of early extensive
direct implications for the design and implementation of PET axonal projections in the mammalian CNS.
receptor imaging experiments.
EPILEPSY 1
4.1 THE EPILEPTOGENIC EFFECTS OF PENICILLIN AND STRYCHNINE 4.2 ELEVATED EXTRACELLULAR POTASSIUM- AND 4-AMINOPYRIDINE-

ARE DIRECTED AGAINST DIFFERENT NEOCORTICAL LAYERS.
J.S. Ebersole and A.B. Chatt¥. Epilepsy Center, West
Haven VA Medical Center and Dept. of Neurology, Yale
University School of Medicine, New Haven, Ct. 06510.

We have previously shown that stellate layer &4 of cat
striate cortex is most susceptible to the epileptogenic
effects of penicillin, and its involvement facilitates
evolution of epileptiform response abnormalities in
adjacent pyramidal layers. Our hypothesis has been that
such differences in sensitivity reflected the degree or
type of inhibitory modulation operative within the laminar
networks, rather than the presence of an unusual population
of neurons with intrinsic pacemaker properties. If this
were so, a convulsant with a different mechanism of action
might preferentially affect other cortical layers.

Microelectrodes with three recording barrels, which had
longitudinal tip separations, were positioned to span the
layers of cat striate cortex. Laminar field potentials
and extracellular unit activity were evoked by visual
field-specific photic stimulation. 1In a series of
randomized trials in each animal, comparable nanoliter
volumes of strychnine sulfate (5-20 mM) were microinjected
through a twin barrel at cortical depths corresponding to
layers 2-3, 4, and 5-6. At the lowest concentration and
volume, significant alterations in evoked activity
(enhancement of the normal primary potential and develop-
ment of a longer latency epileptiform potential) occurred
only following injection into layers 2-3 and lasted
approximately 15 minutes. Similar abnormalities could be
induced in layer 4 with higher concentrations and volumes
of convulsant, but they developed at a longer delay, were
less exaggerated, and shorter lived. Layers 5-6 were
least sensitive to strychnine alteration.

Epileptiform response alterations to strychnine, a
blocker of glycine inhibition, occur most readily in the
superficial pyramidal layers, rather than in the middle
stellate layer as they do with penicillin, a blocker of
GABA inhibition. These findings support the idea that
inhibitory controls vary among the cortical laminae and
may be preferentially disrupted by convulsant agents of
appropriate antagonistic action. Given the necessary
intralaminar circuitry, this disinhibition allows the
excitatory interactions of epileptogenesis to develop
within the neuronal population of that level.

*Indicates nonmember of the Society for Neuroscience

PO indicates abstracts that are published only

Science, 211, 1981).

INDUCED EPILEPTIFORM ACTIVITY IN CA3 HIPPOCAMPAL NEURONS.
P.A. Rutecki*, F.J¢ Lebeda, and D. Johnston (SPON: W.
Strittmatter). Dept. of Neurol. & Prog. in Neurosci.,
Baylor Col. of Med., Houston, TX 77030.

In the hippocampal slice preparation, one class of
convulsants (e.g. penicillin, bicuculline, picrotoxin)
appears to produce spontaneous epileptiform activity by
blocking the inhibitory action of GABA postsynaptically.

A number of other agents (e.g. elevated extracellular
potassium ([K],), 4-aminopyridine (4AP), and
tetraethylammonium), which are not known to be inhibitors
of GABA activity, also produce spontaneous epileptiform
activity in vitro. In order to understand the mechanism of
action involved in generating elevated [K],- and 4AP-
induced epileptiform events, we have undertaken a study of
spontaneous paroxysmal depolarizing shifts (PDSs) using
current- and voltage-clamp techniques.

Rat hippocampal slices were prepared in a conventional
manner. Intracellular recordings were made from CA3
pyramidal neurons using Cs-filled microelectrodes and a
single-electrode current- and voltage-clamp system.

With [K], between 6.5-10 mM, intracellular recordings
revealed regularly occurring spontaneous PDSs. The
frequency of occurrence of spontaneous PDSs was independent
of membrane potential. At depolarized potentials (> -30
mV), a hyperpolarization often preceded the depolarization,
and frequent spontaneous IPSPs were present. The reversal
potential for the excitatory synaptic component was -9.85 #
2.9 mV (N=10, + SEM). Using voltage clamp techniques, the
excitatory synaptic component reversed at -8.26 + 6.38 mV
and had a conductance of 59.2 + 9.35 nS (N=7).

5 um Y4AP in 2.5 mM-[K], saline produced spontaneous
PDSs in CA3 neurons. There was a large excitatory synaptic
component that accompanied the interictal discharge. The
conductance associated with this excitatory synaptic event
was large (> 100 nS) and reversed near 0 mV. There were
numerous spontaneous outward currents at potentials greater
than -40 mV. These were presumably inhibitory events.

Our experiments demonstrate that the high [K],- and 4AP-
induced PDS results from a large EPSP (Johnston & Brown,
However, unlike the GABA antagonist
convulsants, elevated [K], and 4AP do not block spontaneous
IPSPs. Experiments are being done to quantify the
inhibition present with high [K], or 4AP. (Supported by the
Grass Foundation and NIH grants NS18295, 15772 & 11535, and
USAMRDC DAMD17-82-C-2254)
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4.5

Adenosine Receptor Agonists Elevate Seizure Threshold in
Rats. P. Szot* and T.F. Murray. Oregon State University,
College of Pharmacy and Hatfield Marine Science Center,
Corvallis, Oregon 97331.

Considerable experimental evidence suggests that endog-
enous adenosine may function as a neuromodulator or cotrans-
mitter substance in the peripheral and central nervous
system. Adenosine and adenosine analogs have recently been
shown to have anticonvulsant effects in mice. The purpose
of the present investigation was to evaluate the effects of
adenosine receptor agonists and antagonists on pentylene-
tetrazol (PTZ) seizure threshold in rats. The effects of
adenosine analogs on seizure threshold were determined by
measuring the dose of PTZ, infused through a tail vein,
required to elicit a seizure. PTZ (5 mg/ml) was infused at
a rate of 1.5 ml/min via a 25 gauge butterfly needle in-
serted into a lateral tail vein. The time to the first
myoclonic twitch was recorded and the dose of PTZ required
to elicit the seizure was calculated from the recorded time,
concentration of PTZ and weight of the animal. The PTZ dose
required to elicit a convulsion in saline pretreated rats
was 19.8+0.4 mg/kg (mean+S.E.M.; n=8l). The adenosine
receptor agonist 2-chloroadenosine (2-CLA), raised the PTZ
seizure threshold from 19.8 to 26.7 mg/kg when administered
intravenously in a dose of 1.0 mg/kg. The peak effect of
2-CLA on seizure threshold occurred approximately 1 min
after IV injection. A similar elevation of PTZ seizure
threshold (30-35%) was elicited by L-N6-phenylisopropyl-
adenosine (L-PIA) and its D-diastereoisomer, D-PIA. The
rank order of adenosine agonist potency in elevating PTZ
seizure threshold was L-PIA>2-CLA>D-PIA with L-PIA being
approximately 50 times more potent than D-PIA. In contrast
to these effects of adenosine receptor agonists,
theophylline (THEO) in doses of 15 to 75 mg/kg i.p. elicited
a reduction in seizure threshold. The effects of THEO on
lowering PTZ seizure threshold plateaued at 30 mg/kg, a
dose which reduced the threshold dose by 25%. To determine
whether the observed effects of 2-CLA on PTZ seizure thres-
hold were mediated via an activation of adenosine receptors,
we administered THEO (5 mg/kg, IV) 15 min before the IV
injection of 2-CLA. This dose of THEO elicited a signif-
icant antagonism of the 2-CLA-induced elevation of seizure
threshold. These results provide support for an involvement
of adenosine receptors in the observed modulation of seizure
threshold by adenosine analogs. (This investigation was
supported by a research grant from the Epilepsy Foundation
of America.)

DEVELOPMENT OF TOLERANCE TO THE PRO- AND ANTICONVULSANT
EFFECTS OF MORPHINE. F. Foote* and K. Gale, Georgetown
Univ. School of Medicine, Washington, D.C. 20007.

We recently reported that morphine (10-50 mg/kg i.p.)
attenuated seizures induced by maximal electroshock (MES)
and potentiated seizures induced by bicuculline (BCC)
(Europ. J. Pharmacol. 95: 259-64). These effects were
antagonized by naloxone. We now report that both effects of
morphine exhibit tolerance following several days of daily
morphine administration. Male Sprague-Dawley rats received
injections of morphine (10-100 mg/kg s.c.) twice daily for
a period of 13 days. Controls that received chronic saline
injections were tested concurrently. Following chronic
morphine treatment, animals showed significantly less
potentiation by morphine of BCC seizures, and significantly
less attenuation by morphine of MES seizures, when compared
to chronic saline controls that received morphine for the
first time. In controls the ED50 for potentiation of BCC
seizures was 25 mg/kg of morphine 1i.p., whereas in
tolerant animals, no significant effect was obtained with
30 mg/kg of morphine. The EDSO0 for blockade
of tonic hindlimb extension (THE) component of MES seizures
was 18 mg/kg of morphine i.p.; 50 mg/kg of morphine i.p.
conferred complete protection from THE component of MES in
nearly all controls tested. In morphine-tolerant animals,
only 33% of animals showed blockade of THE even at doses of
75 or 100 mg/kg of morphine. In addition, we examined
seizure responses in rats that had been withdrawn from
morphine for 24-48 h. Rats in morphine withdrawal showed
decreased severity of BCC seizures and an increase in THE
duration in response to MES.

Thus, it appears that the systems mediating both the
pro- and anticonvulsant effects of morphine can adapt to
repeated exposure to morphine. This adaptation not only
results in a decreased effectiveness of (i.e. tolerance to)
morphine, but also causes an alteration in sensitivity to
the seizure-inducing stimuli in the absence of morphine.
This suggests that opiate-receptor-mediated transmission
may participate in regulating seizure susceptibility; the
direction of the opiate influence depends on the specific
seizure type.
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4.6

KINDLING OF GENERALIZED CONVULSIONS BY INTRACEREBRALLY
ADMINISTERED OPIOID PEPTIDES: REPLICATION AND MAPPING OF
RESPONSIVE SITES IN THE RAT. D.P. CAIN and M.E. CORCORAN.
Depts. of Psychology, U. Western Ontario, London, CANADA and
U. Victoria, Victoria, B.C., CANADA.

Recently we reported the first evidence of the kindling of
generalized convulsions by repeated small doses of B-endor-
phin (B-END) and met-enkephalin (M-ENK) given intracerebrally.
Here we report the results of additional work designed to map
the limbic forebrain extent of the response in the male hood-
ed rat. B-END, M-ENK or morphine (MOR) were administered
through a chronically indwelling chemitrode in a volume of
1 ul or less at a rate of .029 ul/sec using an infusion pump.
A1l administrations were spaced at 48 hrs, and EEG was taken.

The results from sites in the amygdala, hippocampus and
dentate gyrus indicate that B-END (10 ug) was the most potent
opioid. It kindled generalized convulsions from a total of 13
sites, evoked epileptiform spiking without convulsions from 5
sites and was without effect in 6 sites. M=ENK (10 ug) simi-
larly kindled convulsions from 10 sites, evoked only spiking
from 14 sites and was without effect in 19 sites. In contrast
MOR (10 ug) was completely without effect in 11 sites, and
evoked weak spiking from 5 sites. The opposite pattern of
response was obtained from sites in the anterior amygdaloid
area. Here, MOR evoked strong spiking from 6 of 12 sites,
whereas B-END and M-ENK were completely without effect in 19
sites. Most animals that were kindled by B-END or M-ENK did
so after 2-4 administrations. After 2-4 administrtaions of
MOR the spiking disappeared, suggesting tolerance. None of
the drugs was effective in any thalamic (n=8) or striatal
(n=7) site tested. Repeated injections of saline (1 ul) fail-
ed to cause any epileptiform effects in control rats. Nalox-
one (10 mg/kg) blocked the spiking and convulsions, suggest-
ing that the drug effects were mediated by opioid receptors.
Experiments in which the opioid-kindled rats were electrical-
1y rekindled demonstrate a highly significant savings (trans-
fer) in rekindling rate.

These results confirm and extend our earlier observations,
and provide evidence for a site-specificity within the rat
brain for the epileptiform and kindling effects of the drugs.
They also provide evidence for an opiate receptor specificity
for the effects. The fact that only B-END and M-ENK were ef-
fective in kindling convulsions suggests that the delta and
epsilon receptors may be of importance in the kindling re-
sponse to these drugs, and that the mu receptor is not. The
results suggest that opioid mechanisms might play a role in
convulsive seizures.Supp. by NSERC (DPC) & MRC, NSERC (MEC).

CHOLESTERYL ESTER HYPOTHESIS IN SEIZURE. Ingming
Jeng* (SPON: D. Cash). Neurochemistry Research Unit, Missouri
nstitute of Psychiatry, Biochem. Dept., University of Missouri-
Columbia, School of Medicine, 5400 Arsenal St., St. Louis, MO
63139,

Cholesterol represents the most rigid component in the
biological membrane. Cholesteryl ester, the storage form of
cholesterol, exists as droplets and does not associate with
membrane. The interconversion between cholesterol and
cholesteryl ester is expected to regulate the fluidity of membrane
and will affect the functions of membrane. We have recently
completed our study on the characterization of neuronal acyl-CoA
cholesterol acyl-transferase (ACAT). This enzyme was solely
responsible for esterifying cholesterol in the nervous system.
Interestingly, UI8666A, a hypocholesterolemic drug which induces
experimental epilepsy, was found to be a potent inhibitor of
ACAT activity in glial homogenates and of cellular cholesteryl
ester formation in glioblastoma cells. The inhibition of
cholesterol esterification by UI8666A was cell dependent, partial,
and reversible. Furthermore, the potency of UI8666A inhibition
was dependent on the presence of mevalonate or lipoprotein in the
medium. The inhibition of cholesterol esterification in neuronal
cells by an epileptigenic compound led us to propose that a
deficiency in cholesterol esterification may cause seizure.
Consistent with this hypothesis, lidocaine, a local anesthetic
known to induce seizure, had a direct effect on ACAT activity.
Lidocaine specifically inhibited cholesterol esterification since it
failed to change the phosphatidyl choline formation.
Interestingly, the inhibitory effect of lidocaine on cellular
cholesterol esterification declined with time. Cells were capable
of developing a compensatory mechanism to overcome the
inhibition of this critical process by lidocaine. Ul8666A and
lidocaine interfered with cholesterol esterification in different
manners. Despite the apparent differences, they lead to similar
symptoms. In summary, we have established a possible link
between cholesteryl ester metabolism and seizure. Further
experimentation is being conducted to substantiate the hypothesis
that high cholesterol content in membrane is responsible for
seizure.
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LOCUS COERULEUS STIMULATION RETARDS THE DEVELOPMENT OF
AMYGDALA KINDLING IN RATS. Carlos A. Jimenez-Rivera*, Anna
Maria Voltura*, Gerald K. Weiss}¥ (SPON: G. Ballam). Dept. of
Physiology, University of New Mexico, School of Medicine,
Albuquerque, New Mexico 87131

Kindling refers to the enhancement of convulsive excita-
bility with repeated electric subconvulsive stimulus culmi-
nating in the production of motor seizures. Depletion of
catecholamines, especially norepinephrine have been shown to
markedly accelerate the development of amygdala kindling in
rats. The majority of the cell bodies of noradrenergic
neurons are situated in the locus coeruleus (L.C.). The L.C.
projections are widely distributed into the cerebellum,
spinal cord, and forebrain structures. However, the physio-
logical significance of the L.C. activity in the development
of kindled seizure has not been studied. We designed an
experiment to electrically stimulate the L.C. during the
development of amygdala kindled seizures. Bipolar electrodes
were implanted in the right amygdala and in the right and
left L.C. of male Sprague-Dawley rats. The rats were allowed
to have one week of recovery post-surgery after which the
kindling procedure was started. The protocol consisted of
amygdaloid stimulation three times per day at 90 min.
intervals (400 u Amp, 1 msec, 60HZ) until 3 consecutive
stage 5 were achieved. Prior to each amygdala stimulation
the L.C. was stimulated for 20 minutes (180-500uA, 0.2 msec,
10HZ). Control animals had L.C. electrodes but were not
stimulated.

The results showed that L.C. stimulation prior to amygdala
kindling retards the normal sequence of seizure development
as compared to controls. This was due to a prolongation of
the time spent in the early stages, especially before enter-
ing Stage 1. The after-discharge (AD) recorded from the
stimulated amygdala during the prolonged early stages main-
tained durations characteristic of that stage and did not
lengthen until the appearance of the next stage. In some
animals, recordings from the L.C. showed discharges coincident
with the AD produced in the amygdala. These data are con-
sistent with the idea that enhanced activity of the nor-
adrenergic system inhibits the early .stages of seizure
development and may be most important in preventing the first
motor manifestations in seizure development.

(Supported by Grant #2506 RR08139 10 NIH)

POSTICTAL CEREBRAL METABOLISM-BLOODFLOW MISMATCHES OBSERVED
IN HIPPOCAMPUS AND SUBSTANTIA NIGRA OF AMYGDALA-KINDLED RATS.
Robert F. Ackermann, Harry T. Chugani, Sally Caldecott-Hazard
and Jerome Engel, Jr. UCLA School of Medicine, Los Angeles,
CA 90024.

Previously we' reported apparent mismatches between meta-
bolic and bloodflow rates in hippocampi of rats undergoing
either amygdala-kindled or bicuculline induced seizures
(Ackermann et al., J. Cereb. Blood Flow Metab., 3:supp 1,
$238-5239 1983; Yan et al., Soc. Neurosci. Abstr., 9:1108,

1983). ,Jn the present exper1ments,1xe infused rats with
either “'C-iodoantipyrine (IAP) or ~'C-2-deoxyglucose for

quantitatively measuring local cerebral bloodflow (BF)
(Sakurada et al., 1978) or local cerebral metabolism (MET)
(Sokoloff et al., 1977), respectively. All animals were
fully amygdala-kindled (stage 5) beforehand, but no seizures
were induced for at least 2 weeks before the tracer exper-
iments. The tracer infusions then occurred under two
seizure-related conditions: (1) postictal, in which tracer
was infused 0-180 sec after termination of 1 additional
kindled seizure; and (2) interictal, in which tracer was
infused with no additional seizure. Comparisons between
these two groups, and between each group and untreated
controls, revealed two striking results: (1) an apparently
profound postictal mismatch between MET and BF in the hippo-
campus (HIPP); and (2) an equally profound postictal mis-
match between MET and BF in the substantia nigra (SN). In
our previous studies, ictus rarely occupied the entire 40-45
sec IAP infusion duration. The present results suggest that
the then-observed relative HIPP BF deficits were late-ictal
to postictal in origin. By contrast, the presently observed
SN mismatches were not evident in the previous ictal studies.
Recently, the SN has been implicated by several groups in
the mediation of seizure severity and duration. The pres-
ently reported MET-BF mismatches could signify postictally-
reduced SN function, which may in part account for the post-
jctal seizure refractoriness characteristic of rat adults
(Moshé et al., Dev. Brain Res., 7:81-85, 1983)

Supported by PHS grant #15654 and DOE contract #DE-AMO-
3-76-SF00012.
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TRANSECTION OF THE CORPUS CALLOSUM FAILS TO PREVENT THE
SPREAD OF SEIZURE ACTIVITY INDUCED BY AMYGDALOID STIMULATION
IN RABBITS. J.A. Kusske, P.C. Rinaldi*, and P. Callahan*.
Div. of Neurosurgery, Dept. of Surgery, UCI School of
Medicine, Irvine, CA. 92717

Evidence from studies involving patients with generalized
seizures suggests that transection of the corpus callosum
(CC) abolishes or markedly diminishes these seizures where
other means of control have failed. This work is being
conducted as part of an ongoing series of studies investiga-
ting the role of the commissural pathways in development and
spread of seizure activity. The patterns and spread of
seizures were investigated in rabbits with an afterdischarge
induced by electrical stimulation of the amygdala.

In the initial phase of the experiment under Rompun and
Ketamine anesthesia, rabbits were placed in a stereotaxic
frame, the skull marked for future electrode placement, and
the bone removed to allow for transection of the CC. The
dura above the exposed cortex was removed. In one group of
rabbits (n=5) the CC was transected by suction. In a sec-
ond group (n=7) the CC was left intact. Following these
procedures, the bone flap was replaced, the overlying skin
sutured, antibiotics administered, and the rabbit allowed
to recover for two to three weeks.

In the second phase, following surgical procedures car-
ried out under halothane anesthesia, rabbits were immobi-
lized with gallamine triethiodide and ventilated to main-
tain normal PO2 and PCO2. Stereotaxically placed tungsten
microelectrodes were implanted to record waves and extra-
cellular unit activity from the dorsal medial thalamic
nucleus, hippocampus, and cortex. The stimulation elec-
trode was located in the amygdala contralateral to these
structures. Each rabbit received a set of three stimuli,
3,6, and 9 sec. in duration, with 20 minutes between each
stimulus. Data was collected during the 5 minutes preced-
ing and following each stimulus and stored on FM tape for
later analysis. Electrode placements and transection of CC
were confirmed histologically.

Experiments completed to date suggest that transection
of the CC fails to reduce the probability of occurrence or
severity of the seizure activity following electrical stim-
ulation of the amygdala. There is, in fact, indication of
increased incidence of seizures characterized by full tonic/
clonic development as assessed in the waves and spikes of
the various structures. Further investigations of this and
other epilepsy models are warranted to characterize the
role of the commissural systems in intractable seizures.

PREFERENTIAL BLOOD FLOW TO BRAINSTEM DURING GENERALIZED SEI-
ZURES IN THE NEWBORN MONKEY. D.G. Fujikawa*, B.E. Dwyer*
and C.G. Wasterlain® (SPON: R. Nishimura). Epilepsy Res.
Lab., V.A. Med. Cfr., Sepulveda, CA 91343 and Dept. of Neu-
rology and Brain Res. Inst., UCLA Sch. of Med., Los Ange-
les, CA 90024.

Prolonged generalized seizures may be associated with ir-
reversible neuronal injury in certain brain regions, and re-
cent findings suggest that this may be at least partly re-
lated to changes in local cerebral blood flow (1-CBF). We
studied the effect of generalized seizures on 1-CBF by auto-
radiograghy in 24 marmoset monkeys 7 days to 8 weeks of age,
using 1231~ or 1311—1sopropyliodoamphetamine or 14c-iodoan-
tipyrine as 1-CBF indicators. Generalized convulsions were
induced in ketamine-anesthetized and awake monkeys with I.M.
bicuculline and continued for 4 to 71 minutes. During con-
vulsions in marmosets 7 to 18 days of age (n=10), there was
a striking rearrangement of 1-CBF in favor of the pontomed-
ullary region. Seizure animals 4 to 8 weeks of age (n=5)
did not show this redistribution of 1-CBF and did not differ
significantly from controls (n=9). In the younger seizure
animals, the ratios of blood flow in lower brainstem to
blood flow in frontal cortex, putamen, dorsomedial thalamic
nucleus, frontal white matter and cerebellum were 1.6 to 2.2
times those of the older seizure animals and controls (p<
0.01). Neither the duration of seizures nor ketamine af-
fected the results. In three 14 to 16 day old marmosets
with continuous seizures for 30 minutes in room air, Pa02
was 83.5 + 19.2 mm Hg (mean * S.D.), PaC02 was 32.7 % 13.7
mm Hg, HCO3™ was 8.4 + 1.7 mM, and pH was 7.04 * 0.21; ar-
terial blood pressure increased 1% to 2 times. These re-
sults indicate that at least in some animals, factors other
than hypoxemia, hypercapnia and hypotension must be sought
to explain the altered blood flow pattern. The reason that
only newborn animals show preferential blood flow to brain-
stem during seizures is unknown. It could be related to
age-dependent differences in the vascular reactivity and/or
vascular density of various brain regions, differences which
could diminish as less mature areas develop. In any event,
the redistribution of 1-CBF during seizures in the neonatal
monkey may enhance survival by increasing the delivery of
oxygen and glucose to vital brainstem structures. However,
this may be associated with a relative underperfusion of
other brain regions that are functionally active during the
seizures, which in turn could contribute to the production
of neuronal damage. (Supported by NINCDS Grant NS-13515 and
the Research Service of the Veterans Administration.)




Kenyon Cells. Donald H. Perkel and Richard G. Coss*.
Dept. of Psychobiology, U.C. Irvine, California 92717
and Dept. of Psychology, U.C. Davis, California 95616

Spines on Kenyon cells in the corpora pedunculata
of the honeybee have been shown to shorten significantly
after the bees take their first flight (Coss & Brandon,
1982). Using the extensive morphological _data on pre-
and post-flight bees, we have examined the effects of
spine-stem shortening on postsynaptic potentials in these
cells; in particular, we compared the responses to synaptic
activation for spine heads having passive membrane with
those having active voltage-depend h 1s.

For simulation, the neuron was divided into isopo-
tential compartments. Passive membrane was assumed to have
a specific resistivity of 20 kQ cm® and a capacitance
of 1.0 uF/cm?; membrane area included all observed spines.
Cytoplasmic resistivity was 70 ohm/cm. Spine-stem resis-
tance was 180 MQ2 before flight and 90 MQ after the flight;
this represents the range of variation seen anatomically.
Active membrane in the spine head was described by the
Hodgkin-Huxley model of squid axon, with ten times its
channel densities. Activation of a synapse on the spine
head prod d a tance change following an alpha
function with time constant 2.0 msec; maximum transient
conductance was 0.92 nS, producing PSPs between 9 and
15 mv. The reversal potential was 75 mv above rest.

For passive membrane in the spine head, shortening
the spine stem increased PSP amplitude in the spine head,
but decreased it by about 10% in the dendrites. In con-
trast, with active membrane in the spine head, shortening
the spine stem greatly increased the PSP in the spine
head and not only decreased it somewhat in the dendrites,
but also increased the latency to peak by nearly 2.0 msec.

These results are consistent with earlier theoretical
studies demonstrating that when spine heads have active
membrane there can be a clearly optimal stem resistance.
In the honeybee example, that resistance was near the
optimum before flight, and was reduced during flight
to produce a smaller PSP. These examples also show that
when spine morphology changes as a result of experience,
the nature and amount of resulting functional change
may depend strongly on the kinds and amounts of ionic
conductances that are influenced by synaptic activation.

Supported by NIH Grant NS 21376 (DHP), NSF Grant
BNS-7906843 (RGC), Faculty Grant D922 (RGC), and Grant
G283 from the System Development Foundation (DHP).
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4.11 POSITRON EMISSION TOMOGRAPHY IN EPILEPTIC PSYCHOSIS. 4.12 D-TUBOCURARINE CAUSES BRAIN DAMAGE AND SEIZURES.
S.0hno*, T.Miyauchi*, H.Kishimoto, Y.Nomura*, S. Yokoi* ' R. Dasheiff and M. Hirvonen.* Epilepsy Center, VAH and
and HM.Tio*. Department of Psychiatry, Yokohama City Uni- Univ. Wisconsin, Madison, WI 53705.
versity, Yokohama 232 and Nakano National Hospital, Nakano, D-Tubocurarine (d-TC) is a drug commonly used to produce
Tokyo 165, JAPAN. muscle paralysis. Although it has been demonstrated to

The development of positron emission tomography(PET) for produce seizures when injected directly into the cerebral
the measurement of local cerebral glucose metabolism en- ventricles, no lasting neurotoxic effects have been re-
ables three-dimensional imaging and quantification of meta- ported. D-TC, in doses of 1-3 ug in 1 ul, was stereotaxi-
bolic rates. Kuhl etal. reported interictal hypometabolism cally injected into either the septal or temporal dentate
in regions of epileptic foci detected by EEG, using 18F- gyrus of rat hippocampus. When sacrificed one week later,
fluoro-deoxyglucose to measure local cerebral metabolism. there was a selective loss of dentate granule cells (DGC)
In this study, local cerebral metabolic activities of the in a 100 micron radius from the injection site. No sei-
psychotic epileptic patients were analysed by PET using zures were recorded from electrodes implanted in the hippo-
photosynthesysed 11C-glucose. campus. Injections at these same sites of 5-10 ug of d-TC

Five cases which showed paranoid-hallucinatory state induced limbic and convulsive seizures, and destruction of
were selected. Hysteria with seizures and schizophrenia- hippocampal pyramidal cells. Region CAl was consistently
1ike state which showed flattening of affect were excluded. damaged, whereas CA2-4 and DGC were variably affected. A
Two cases were generalized tonic-clonic seizure and two strong correlation was noted between increasing dose of
cases were complex partial seizure. The other one was com- d-TC, duration and severity of seizures, and extent of pyr-
bined generalized tonic-clonic seizure with complex partial amidal cell damage. Pharmacologic approaches to block the
seizure. The patients were laid down on the CT bed in a seizures suggested that the pyramidal cell loss was consis-
darkened room with eyes closed and given 20mCi 11c-glucose tent with the syndrome of epileptic induced neuronal dam-
by per os. After the 11C-glucose administration, two to age. Chronic phenobarbital administration blocked seizures
six horizontal brain scans parallel to the orbital-meatal and pyramidal cell death in some rats. High dose valium
Tine were done. (20 mg/kg, i.p.) was ineffective.

In two cases which showed generalized tonic-clonic Seizures and local cell damage at the injection site
sejzure, there was no difference of local cerebral meta- could also be produced from injections of d-TC into ento-
bolic activity between in the right cerebral area and in rhinal cortex, frontal cortex and cerebellum, less so in
the Jeft. The other three cases had significantly lower substantia nigra, but not in caudate, septum or olfactory
metabolic activity in the temporal or front-temporal bulb. No distant lesions were produced from any injection
cortex ipsilateral to the site of the focus of the epilepsy site.
as determined by surface EEG recordings. These five cases The effects of d-TC in the hippocampus appeared to be
showed no reduction in cerebral metabolic activity in mediated by a nicotinic mechanism as evidenced from-experi-
frontal area. . ments with chronic subcutaneous injections of either diiso-

These results showed that focal epileptic patients with propyl fluorophosphate or nicotine, or intradentate injec-
paranoid-hallucinatory state found a decrease of the tions of nicotine. Intradentate injections of either atro-
regional cerebral metabolism in an epileptic focus and that pine or baclofen were used to exclude muscarinic choliner-
epileptic patients with paranoid-hallucinatory stats did gic and GABAergic mechanisms, respectively.
not find a reduction in metabolic activity of the frontal Thus, two patterns of brain damage appear to result from
cortex which was seen in schizophrenic patients. Supported d-TC: DGC destruction in the absence of seizures, and
by Grant 83-10-11(NCNMMD) of the Ministry of Health and pyramidal cell damage induced by seizures. D-Tubocurarine
Wwlfare, Japan. appears to be a unique neurotoxin which has some of the

properties of both colchicine and the excitotoxins (e.g.,
kainic acid).
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MOTONEURONS STUDIED IN SPINAL CORD IN VITRO. K. Walton,
Dept. Physiol. Biophys., New York Univ. Med. Ctr., 550
First Ave., New York, NY 10016.

The reversal properties of spinal motoneuron EPSPs have
long been a subject of controversy. Most studies have
been carried out in adult cat where the spinal motoneurons
are quite large and have correspondingly large space con-
stants. In order to obviate this difficulty and to have a
preparation in which intracellular recordings remained
stable for many hours, a hemisected spinal cord from
neonatal rat (4 - 11 days) was used in these studies.
Motoneurons were activated synaptically using suction
electrodes on the appropriate dorsal root. Polysynaptic
activation was minimized by adding 1 mM Mephenesin to the
bathing solution.

EPSPs were reversed by injecting current through the
recording electrode. Relatively low levels of direct cur-
rent were required to reverse the sign of the EPSP (about
2 nA). This was expected from the rather high input re-
sistance of the cells (6-30 MQ, depending on animal age)
as compared with adult cat (1 - 3.6 MQ; Barrett & Crill:
J. Physiol. 239: 301, 1964). The EPSPs could be classi-
fied into three groups according to their reversal proper-
ties. In the first group the synaptic potential reversal
was monophasic, while in the second the reversal was
biphasic. In the latter type the early portion of the
EPSP reversed at a lower level of membrane depolarization
than did the late portion. This type of reversal resem-
bled that described in "distributed” synaptic junctions
such as between climbing fiber and Purkinje cell. These
two types of reversals may reflect two patterns of distri-
bution of synaptic boutons, with the afferent terminals
relatively close to site of electode impalement (presum—
ably the soma) in the monophasic reversal and distributed
over the cell, some electrically close to electrode site
and some further away (presumably on dendrites), in the
case of a biphasic reversal., In order to rule out poss-—
ible contamination by IPSPs, reversals were repeated after
blockage of GABA and glycine with bicuculline and strych-
nine respectively. No change in reversal properties was
observed under these circumstances. The presence of den-
dritic calcium spikes in neonatal motoneurons (Walton &
Fulton: Soc. Neurosci. Abst. 7: 246, 1981) may be a
contributing factor to a third group of EPSPs that failed
to reverse. Supported by Grant NS13742 from NINCDS.
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FREE CALCIUM DYNAMICS IN DENDRITIC SPINES: A BIOPHYSICAL
MECHANISM FOR RAPID MEMORY. H.P.C. Robinson* and C. Koch.
(Spon: Tomaso Poggio) Physiological Laboratory, Cambridge,
U.K. CB2 3EG, and Center for Biological Information Process-
ing, MIT, Cambridge MA 02139.

Dendritic spines in cortical structures have been implic-
ated, both experimentally (Fifkova & van Harreveld 1977 J.
Neurocyt.6,211) and theoretically (Koch & Poggio 1983 Proc.
Roy. Soc. Lond.B 218,455) in post-synaptic plasticity. More-
over Crick (1982 Trends Neurosci. 5,44) has postulated that
the dendritic spine might be the site of very rapid modific-
ation of synaptic efficiency as a function of presynaptic
activity. Using immunocytochemical and biochemical evidence
concerning the intracellular distribution of calcium and the
major calcium-binding proteins (calmodulin, calcineurin) we
propose the following scheme: (1) Presynaptic electrical ac-
tivity results in influx of Ca through Ca-channels, into the
spine head. (2) This Ca binds to calmodulin, calcineurin,
and other buffers. Taking diffusion into account, we model
a spine as four compartments, containing differing amounts
of Ca buffers. (3) The high buffering capability of the spine
cytoplasm together with pumping and diffusion into the den-
drite work to keep Ca concentration low in response to mod-
erate presynaptic activity. However, if presynaptic activ-
ity exceeds a certain critical amount, the buffers saturate.
(4) Subsequently, and with continued presynaptic input,
intracellular free Ca rises rapidly, causing a very fast
contraction of the actin/myosin in the spine neck: this is
functionally equivalent to a short-lasting change in synap-
tic efficiency. (5) In addition we propose that Ca activates
calmodulin associated with the cytoskeleton, causing micro-
tubule disassembly through binding to tau proteins by a
"flip-flop' mechanism (Kakiuchi & Sobue 1983 Trends Biochem.
8,59) and interacting with the fodrin-actin network by
binding to fodrin. This may lead to loosening of the cyto-
skeleton, and may allow for more permanent spine shape
changes, implementing a long-lasting modification of synap-
tic weight.

The proteins involved in this scheme are all known to be
present in mammalian brain, most of them in particularly
high concentrations in post-synaptic structures. We will

present a computer model of this mechanism and discuss its
possible relevance to memory in cortical structures, with
particular emphasis on LTP in hippocampus.

SEROTONIN ENHANCES THE RESPONSE OF EXCITATORY ACETYLCHOLINE RE-
CEPTORS IN THE RB CELL CLUSTER OF APLYSIA CALIFORNICA. L.K.
Simmons. Center for Neurobiology and Behavior, Columbia
University and NY State Psychiatric Institute, New York, NY
10032.

The RB cells of the abdominal ganglion of Aplysia have
acetylcholine (ACh) receptors which exhibit an excitatory
response when driven by identified cholinergic cell L10 (Kandel
et al., J. Neurophys., 30:1352, 1967). Characterization of the RB
cells' ACh receptor/channel complexes using the patch clamp
technique (Simmons, Neurosc. Abst. #135.8, 1983) and
iontopheretic application of ACh onto voltage-clamped cellbodies
(Ascher et al., J. Physiol., 278:177, 1978) indicate that these
channels have a relatively non—selective permeability to cations,
a mean open time that is voltage dependent and a mean close time
that depends upon the ACh concentration, and an elementary
conductance of approximately 31 pS.

The RB cellbodies also have serotonergic receptors which re-
spond to iontophoretic serotonin (5-HT). I have now demonstrated
that 5-HT also modulates the ACh response in these cells.

Individual RB cells were voltage clamped (=55 to =70 m V) with
two electrodes. The ganglion was maintained in a constantly
perfusing bath of artificial sea water (ASW). Acetylcholine was
iontophoresed onto RB cellbodies with constant current pulses;
5-HT (and other putative transmitters) were added to ASW, mixed
and then perfused into the bath.

When ASW containing concentrations of 10”7 to 1073 M 5-HT was
perfused into the bath the response to the constant current
pulses of ACh was enhanced by a factor of 1.2 to 2.8 in a
dose~dependent fashion. The 5-HT modulation was observed in
tied off RB cells and in cells maintained in high divalent cation
ASW, indicating that the effect is not being mediated by an
intervening interneuron.

The RB cells are responsive to dopamine and histamine; how-
ever bath application of these putative transmitters did not
enhance the ACh response. Serotonin did not enhance the
response of two other types of ACh receptors in Aplysia; the
inhibitory response to ACh in L1l and unidentified LB cells
(mediated by C1~ specific channels) or in left upper quadrant
cells (which have both the K* and C1” selective channels). It
also appears that the 5-HT-induced enhancement of the ACh
response is not a common property of all excitatory ACh channels
in Aplysia. The identified R15 neuron has excitatory ACh channels
similar to those observed in the RB cluster, but these ACh
responses are not modulated by 5-HT. Supported by NIH Grants
NS07038 and NS19328 and a grant from the Muscular Dystrophy
Association.
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PHOSPHOPROTEINS ASSOCIATED WITH THE REGULATION OF A K%

CONDUCTANCE IN APLYSIA CELL R15. J.R. Lemos*, I. Novak-
Hofer* and I.B. Levitan (SPON: H. Gillary). Friedrich
Miescher  Institut, P.0. Box 2543, C(H-4002 Basel,
Switzerland.

We have established a method that allows us to measure
protein phosphorylation in an individual neuron. Using
this technique we have performed a series of pharmacolog-
ical experiments to identify specific phosphoproteins
involved in the regulation of K* conductance in Aplysia
neuron R15. Serotonin (5HT) activates a specific K
conductance in this cell and this response has been shown
to be mediated by cAMP and cAMP-dependent protein phos-
phorylation. 5HT changes the phosphorylation state of a
number of proteins in R15. Five of these phosphoproteins
are dependent upon 5HT-treatment for detectability. The
use of different 5HT-receptor 1ligands has led to the
conclusion that this alteration in phosphoprotein pattern
is receptor mediated since whenever the receptor specific
for SHT is occupied the 5HT-dependent changes in phospho-
protein pattern are evident. The use of cAMP analogs and
the stimulation or inhibition of adenylate cyclase by
specific agents has shown that some, but not all, of the
phosphorylation changes evoked by 5HT in R15 are CcAMP-
mediated. It is impossible to dissociate the increase in
K* conductance from certain of the cAMP-dependent phos-
phorylation changes. Experiments which effectively blocked
changes in intracellular K% concentrations, either by
holding the cell at the k* equilibrium potential or using
Cs* to block the anomalously-rectifying channel, revealed
that net K* movement is not necessary for the 5HT-induced
changes in phosphoprotein pattern to occur. One would
expect that phosphoprotein changes responsible for the
regulation of channel properties must necessarily accompany
the increase in K% conductance. Kinetic analysis has
revealed that two phosphoproteins are most closely associ-
ated, in time, with the change in K% conductance. In
conclusion, using the probes and manipulations available to
us, we were never able to dissociate the appearance of two
phosphoproteins of M, = 29,000 and of M. = 70,000 from
the 5HT-evoked increase in K* conductance. One or both
of these phosphoproteins may be involved in the regulation
of this specific K* channel in R15.

NEUROTRANSMITTER-INDUCED [3H]-INOSITOL-1-PHOSPHATE
ACCUMULATION IN HIPPOCAMPUS: EFFECTS OF DENERVATION,
ADRENALECTQMY AND PHORBOL ESTERS

R. Labarca’ A.J. Janowsky*, and S.M. Paul}

Clinical Neuroscience Branch, National Institute of Mental
Health and *National Institute of General Medical
Sciences, Bethesda, MD 20205 USA

We have recently characterized the Tithium-amplified
agonist-induced accumulation of
[3H]-myo-inositol-1-phosphate (MIP) in rat hippocampal
slices (Janowsky et al., Life Sciences, 1984). The
accumulation of MIP 7s stimuTated by carbachol and this
response is potently blocked by atropine, a
muscarinic-cholinergic antagonist. Norepinephrine
(NE)-induced MIP accumulation is mediated by
aj-adrenoreceptors since prazosin, a selective
aj-adrenoreceptor antagonist blocked the response at low
concentrations whereas RX 781094, a specific
ap-adrenoreceptor antagonist, was without effect. The
M?P accumulation elicited by serotonin appears to be
mediated by 5HT; receptors since metergoline but not
mianserin 1nhib¥ted SHT's effect.

Following acute (4 days) and chronic (28 days)
denervation of NE-containing afferents to the hippocampus
by intracerebroventricular administration of
6-hydroxydopamine or unilateral surgical lesions of the
ascending medial forebrain bundle, a marked increase in
the maximal response to both carbachol and NE was
observed, suggesting that the effects of denervation may
be due to changes either proximal or distal to the
receptors' recognition site.

Four weeks following adrenalectomy the carbachol and NE
induced MIP accumulation was significantly reduced
compared to sham controls, indicating that the integrity
of the adrenal glands is required for physiological
agonist-induced phosphatidylinositol hydrolysis in
hippocampal slices.

The potent tumor-promoting agents, 48-phorbol
128-myristate 13a-acetate and 4-phorbol
128,13a-dibutyrate, significantly inhibited the carbachol
and NE responses whereas the inactive 4-a-phorbol had no
effect. Whether these results indicate that the
stimulation of protein kinase C by diacylglycerol
represents a negative feed-back mechanism regulating PI
hydrolysis, remains to be determined.
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AN ELECTROPHYSIOLOGICAL ASSESSMENT OF THE EFFECTS OF SYSTEM-
ICALLY AND IONTOPHORETICALLY APPLIED PHENCYCLIDINE (PCP) ON
VENTRAL TEGMENTAL AREA (VTA)(A10) DOPAMINE NEURONS.G.Brush*

and E.D. French, Maryland Psychiatric Research Center,

Baltimore, MD 21228.

Although PCP's CNS effects have been linked to a variety of
transmitter systems, considerably more evidence has centered
around a PCP-DA interaction. It has been hypothesized that
PCP's behavioral actions are mediated through presynaptic
catecholaminergic mechanisms. Because PCP's effects on mid-
brain DA systems may be particularly relevant for understand-
ing its behavioral consequences, the response of VTA DA neu-
rons to PCP was evaluated.

Standard extracellular recording and iontophoretic proced-
ures were used in anesthetized rats. Only neurons found 6.3-
7.8 mm below dura with biphasic action potentials of >2 msec
and firing rates of 1-9 spikes/sec were accepted for testing.

The response of 50 presumptive AlO DA neurons was measured
following systemic PCP: 31 were slowed, 14 excited, and 5
unaffected. 15 of the inhibitions either spontaneously re-
covered(n=2) or were reversed by an injection of haloperidol
(n=13). The other inhibitions showed no recovery or reversal.
Of the 14 cells speeded half showed a progressive decrease
in spike size concomitant with a greatly augmented firing
rate and an eventual cessation of detectable activity.This
apparent depolarization block could be related to PCP's re-
ported effects on Na/K channels. When the spontaneous or
glutamate-induced activity of 21 AlO neurons was tested with
iontophoretically applied PCP, 19 were inhibited and 2 un-
affected. Importantly, excitations were never observed dur-
ing local PCP application.

Our results show that, unlike amphetamine, VTA DA neurons
are inhibited as well as excited by systemically administer-
ed PCP. The fact that a number of inhibitions were reversed
by haloperidol indicates that PCP may affect some AlO neurons
via a DA interaction. Whether this effect is mediated
through negative feedback or local autoregulatory mechanisms
remains to be resolved. The iontophoretic results seem to
suggest that the effects are mediated within the VTA. Additi-
onal studies employing specific pharmacological and anatomi-
cal manipulations of DA content will be necessary to more
accurately define a PCP-DA mode of action.

(Supported by a Pharmaceutical Manufacturers Foundation
Research Starter Grant).
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DECREASES IN TEMPERATURE ALTER INTRINSIC AND SYNAPTIC PROPER-
TIES OF HIPPOCAMPAL CA1 PYRAMIDAL CELLS. L.M. Masukawa, S.M.
Thompson and D.A. Prince. Dept. of Neurology, Stanford Univ
Sch. of Med., Stanford, CA 94305.

Temperature is one important variable in studies which
employ the in vitro brain slice technique. Different labo-
ratories have used slices maintained at from 23-37°C. We
therefore performed experiments to examine the effects of
cooling on membrane properties and synaptic responses of CAl
guinea pig hippocampal pyramidal neurons maintained in vitro
Slices were kept at the air-fluid interface of an Andersen
type chamber. In some experiments populations of neurons
were examined either before or after a temperature change
between 37° and 27°C. In other experiments, single cells
were held during comparable temperature changes produced by
using a Peltier device to alter the perfusate temperature.
Similar results were seen under both conditions. The ef-
fects of brief cooling were reversible.

Cooling did not affect the resting membrane potential,
however the input resistance (RN) increased by about a fac-
tor of 2 from 26.8:6.2 Mo (37°) to 50.4:11.9 Ma (27°).
Action potentials increased in duration at 27° with slowing
of both rising and falling phases. Amplitude of the first
spike in a train was unchanged by cooling however subsequent
spikes were more attenuated at 27° than at 37°C. The after-
hyperpolarization (AHP) which followed a train of spikes was
significantly increased in amplitude and duration at lower
temperatures. Spike frequency accomodation, tested during
Tong depolarizing current pulses, was much more pronounced
at cool temperatures. At 37° the orthodromic synaptic
response consisted of an EPSP-IPSP sequence, however, at
lower temperatures a second longer latency slow hyperpolar-
izing potential was evoked. Early and late synaptically
evoked hyperpolarizations had different reversal potentials
which were near Ec - and E + respectively. We propose that
the major effects Af coo]iﬁg are to augment the AHP and
either enhance cor initiate a synaptically evoked, possibly
Ca,, -activated, K -mediated potential. We speculate that
Ca  buffering is depressed at lower temperatures because of
alterations in active pump mechanismg which Tead to, the
development of prolonged AHPs and Ca  activated, K -
mediated late hyperpolarizing synaptic potentials. The
temperature chosen for slice experiments may thus signifi-
cantly affect both intrinsic and synaptic properties of
hippocampal neurons. Supported by NIH grants NS 12151 and
NS 06477 from the NINCDS.

CAUDATE INDUCED CORTICAL INHIBITON IN THE RAT. PRELIMINARY
EVIDENCE SUGGESTING A GLYCINE-MEDIATED PHENOMENON. P. Ente*
G.T. Golden and R.G. Fariello (SPON: C. Bianchi). Department
of Neurology, Thomas Jefferson University Hospital, 1025
Walnut St., Philadelphia, PA 19107 and Service of Neurology,
VA Medical Center, Coatesville, PA 19320

In several animal species, stimulation of the caudate
nucleus inhibits cortical neuronal activity for approxi-
mately 250 msec. This inhibition corresponds to a delay in
the performance of learned motor tasks. At the end of the
inhibitory period, a brief rebound excitation is usually
seen, followed by a 10 Hz spindle activity on surface EEG.
The neuroanatomical pathways of this inhibition are specu-
lative, and we are not aware of previous attempts to iden-
tify the inhibitory transmitter involved. Long Evans Hooded
rats were anesthetized with urethane (1.2 g/kg) and unit and
multiunit activity were recorded from the somatosensory cor-
tex with standard electrophysiological techniques, using
metal microelectrodes. Square wave pulses of .1 msec dur-
ation at variable intensities were delivered to the head of
the caudate nucleus, ipsilateral to the site of cortical re-
cording (AP + 2.4, L 2.8, DV -5, according to Pellegrino and
Cushman). Poststimulus histograms were obtained with a
Neurolog system. 58 units from 14 animals were examined.
Each caudate stimulus was followed by a 150-280 msec sup-
pression of unit and multiunit activity. Once this pattern
was established, solutions of various epileptogenic agents
known to act through selective antagonism of a specific pu~
tative inhibitory neurotransmitter were superfused on the
cortex in subconvulsant and convulsant doses. TAG, a tau-
rine antagonist, and bicuculline, a GABA antagonist, did not
suppress inhibition even at convulsant doses as revealed by
recording of EEG spikes and unit bursting activity. Stry-
chnine produced a reversible loss of the inhibitory period
in 15 of 24 units tested from the 14 animals. In 6 of the 9
units that failed to show a breakdown of inhibition after
strychnine application, a severe suppression of activity with
firing, occurring mainly in the rebound excitation period,
was noted. When glycine, GABA, and taurine were superfused
onto the cortex, only glycine enhanced the inhibition, re-
stored inhibition when suppressed, and sharpened postinhibi-
tory rebounds of neuronal firing. These preliminary data
strongly suggest that glycinergic mechanisms are primarily
responsible for the powerful cortical inhibitory effect seen
after application of single shocks to the head of the caudate
nucleus in rats.
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POSTSYNAPTIC MECHANISMS I

MONOCLONAL ANTIBODIES TO PURIFIED GLYCINE RECEPTOR BIND TO

CURRENT-  AND  VOLTAGE-CLAMP  ANALYSES  OF  PUTATIVE

2
512 GLYCINE RECEPTORS ON MOUSE SPINAL NEURONS IN CULTURE. 5.13 MOTONEURONES CULTURED FROM THE EMBRYONIC MOUSE SPINAL CORD.

P.A. St.John, D.G. Owen, & J.L. Barker, and F. Pfeisser & D.G. Owen*, A.E. Schaffner, P.A. St. John and J.L.Barker.
H. Betz; L[ab. of Neurophysiology, NINCDS, NIF, Bethesda, : D.L. Gilbert). - s , Bethesda, MD.
MD., and Univ. of Heidelberg, GDR. Putative motoneurones were jsolated from neonatal mouse

Studies of neurotransmitter receptors are greatly ad- spinal cord using FACS techniques previously described (1)
vanced by high-affinity, specific probes that bind to and grown in culture for a period of 4-5 weeks.
those receptors. Glycine, an amino acid generally accepted Electrophysiological recordings were made at this time in
to mediate synaptic inhibition in the spinal cord, has modified  Hank's  Balanced  Salt  Solutions  using
been shown to have pronounced inhibitory effects on mouse microelectrodes containing 3M KC1. Cells viewed with
spinal cord neurons in culture; responses to glycine are Hoffman-quu]atioq and phase-;ontrast optics had sizeable
present on virtually all these neurons. We now report that (30-5.0. micron d1am:), mu'lt1pp'|ar somas and extensive
monoclonal antibodies against the glycine receptor bind to neuritic  arborizations. Typically, resting membrane
the surfaces of mouse spinal neurons in culture and that potentials lay between -40mV and -60mV, input resistances
one of them appears to interact with the glycine receptor/ were 35-100 Mohms and membrane time constant was about
channel complex to activate a conductance in these cells. 10ms. Rapidly rising action potentials (3-5ms duration)

Nine monoclonal antibodies were prepared against the de- were triggered with brief depolarizing current injections
tergent-solubilized and affinity-purified glycine receptor and were reversibly blocked by TuM TTX. Outward
of the rat spinal cord (H, Betz et al., this volume). We rectification occurred at depolarized potentials and
tested whether any of the antibodies binds to "native" inward rectification was apparent at negative membrane
glycine receptors on live neurons. Immunofluorescence (IF) potentials. Slow after—depo'lar'izations occasionally seen
microscopy was used to localize antibody binding in mature following TTX-sensitive spikes, were abolished by both TTX
culttures of mouse spinal cord neurons. Binding is confined and Cd. 10mM TEA enhanced after-depolarizations and
to neurons, is present on almost all neurons, and is found promoted paroxysmal depolarizing events. In the presence
only on cell surfaces, as expected for glycine receptors. of TIX, TEA reduced outward rectification and sometimes
The binding has a nonuniform, "patchy" distribution over resulted in the expression of slow regenerative potentials
the cell surface. Clusters of binding sites are not simply (presumably ~ Ca-dependent). Voltage-clamp ~ analyses
induced by post-binding aggregation, since the same dis- confirmed the presence of an outward rect1f1er. current
tribution is found on neurons that were fixed prior to an- carried by K jons. Activation occurred at potentials more
tibody binding. Evidence that antibodies are binding to depolarized than -40mV, was extremely rapid and was
glycine receptor/channel complexes comes from intracellu- blocked by TEA but not 10uM apamin. Inward currents
lar recordings of the effects of one antibody. An initial activated at potentials more negative than -80mV, and were
depression of responses to both glycine and GABA lasts on- abolished by extracellular Cs (5mM). Transient outward
1y about 10 sec. A second phase, lasting over 60 min., currents activated by depolarizing voltage steps were
shows a potentiation of glycine responses. During the se- rarely observed. Glycine (Gly) and GABA both activated
cond phase, there is an increase in conductance and mem- C1- conductances. In particular, Gly receptors (Gly-R)
brane current variance. Noise analysis suggests kinetics may be concentrated in neurites as evidenced by responses
characteristic of glycine-activated channels. to Gly applied to different areas of the cell and by

Our results suggest that these monoclonal antibodies discrete binding of Gly-R-channel antibodies to neuritic
bind -tightly and specifically to glycine receptor/channel elements (2). These findings are consistent with the
complexes on live spinal neurons, that these complexes are putative motoneuronal character of this purified
distributed in clusters on these neurons, and that one an- population of spinal cord cells. Refs: 1) Schaffner -et
tibody directly activates these. complexes. Fluorescence- al., Soc. Neurosci. Abs., 9, p7.(1983). 2) St. John et
activated cell sorting and IF microscopy suggest that re- al., this meeting.
ceptors appear on all cells more or less in synchrony
fairly late in embryonic development in the intact animal
or within a few days in culture.
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6.1 LIGHT MICROSCOPIC EVIDENCE FOR STRIATAL AND AMYGDALOID INPUT 6.2 STRIATAL INPUT TO A BASAL FOREBRAIN ACHE-POSITIVE

TO CHOLINERGIC CELL GROUP CH4 IN THE RAT. E.A. Grove and
W.J.H. Nauta, Dept. of Psychology, MIT, Cambridge, MA 02139,
and Mailman Research Center, McLean Hospital,Belmont,MA 02178

In the rat, part of the cholinergic cell group denoted Ché4
by Mesulam et al. (Neurosci. 11,'84), and known to innervate
cerebral cortex and amygdala, lies within an antero-ventro-
medial region of the globus pallidus, where its strongly
AChE~-positive cells mingle with typically pallidal, AChE-
negative neurons that project to the subthalamic nucleus and
substantia nigra (unpublished) as well as to various limbic
system-associated subcortical structures (Grove et al.,
Neurosci. Abst. 9,'83). In this location both AChE-positive
and negative neurons lie embedded in an extremely dense
plexus of striatopallidal fibers from a large antero-ventro-
medial striatal region that includes the nucleus accumbens.
The incursion of Ch4 neurons into the path of striatal out-
flow prompts the question whether they, like neighboring pal-
lidal cells, receive a direct innervation from the striatum.

To approach this question, the anterograde tracer, red
kidney bean lectin (PHA-L) (Gerfen and Sawchenko, Brain Res,
290, '84), was injected into various medial striatal loci; Ché
neurons were marked in the same material by staining for AChE
or by retrograde WGA-HRP labeling from anteromedial cortex.

A profusion of PHA-L-filled axons ending in terminal swell-
ings or displaying regularly spaced, bead-like varicosities
appeared in the medial globus pallidus. PHA-L-labeled fibers
encapsulating pallidal neurons often formed 'empty baskets'’
of terminal labeling. Moreover, fibers displaying varicos-
ities frequently converged upon and entwined strongly AChE-
positive, or HRP-positive,perikarya and their proximal den-
drites. Similar observations were made in a parallel study
employing enkephalin-like immunoreactivity instead of PHA-L-
labeling (Haber, this volume).

Striatal injections of PHA-L produced no terminal labeling
in the cholinergic magnocellular nuclei ventral to the palli-
dum. Labeling in these nuclei, by contrast, followed PHA-L
injections into the amygdala. Dense terminal labeling in the
substantia innominata, for example, followed an injection of
PHA-L into the central nucleus. Varicose fibers again fre-
quently entwined strongly AChE-positive neurons.

If ultrastructural analyses of similAar material show that
such juxtapositions represent synaptic contact, then Ché
neurons intruding into the pallidum and substantia innominata
may be strategically located to share the afferents of local
non-cholinergic neurons. Supported by PHS grant 5 POl MH 31154
and NSF grant BNS83-06284.

CELL GROUP SETS IT APART FROM THE REST OF THE
FOREBRAIN CHOLINERGIC NEURONS. Suzanne N. Haber.
Department of Anatomy, Univ. of Rochester Sch. of Med.,
Rochester, NY 14642,

Enkephalin-like immunoreactivity (ELI) appears in striatal
efferent fibers projecting to the globus pallidus in a unique
pattern called woolly fibers. These fibers are found throughout
the rat globus pallidus, ventral pallidum and pallidal regions of
the olfactory tubercle. Acetylcholinesterase (ACHE)-positive
cell bodies, used as a marker for the basal nucleus of Meynert,
are also found scattered in these regions. As previously reported
(Haber et al., Neurosci. Abstr., 1983), these ACHE-positive cells
seem to be located within the peptide-rich areas, and thus lying
within the path of striatal efferents. The cells may represent a
different group of cholinergic neurons from those lying outside
striatal circuitry. The purpose of this study was to determine, at
the light microscopic level, whether ACHE-positive cells might
receive enkephalin-positive striatal efference.

After fixation, tissue from normal adult rats, was sectioned
at 50 u and then processed, first for ACHE staining (Jensen-
Blackstad technique) followed by enkephalin immunohistofluores-
cence (primary antisera donated by Dr. Robert Elde). A second
group of rats received striatal lesions (either suction or ibotenic
acid). These animals were then processed as above.

Results from the first set of animals indicated that the
ACHE-positive cells which lie within the ventral pallidum, and
medial globus pallidus are in the direct path of enkephalin-
positive striatal efference. It appears as if the enkephalin-
woolly fibers make direct contact with the ACHE-positive cells.
There are a number of more ventrally located ACHE-positive
neurons which are not in the striatal efferent path. Results
indicating striatal input to ACHE neurons are supported by other
techniques (Groove and Nauta, Neurosci. Abstr., 1984). In the
lesioned animals, ELI is depleted in regions of the pallidum which
correspond to its striatal input. ACHE-positive neurons remain
unaffected. Comparing the lesioned with non-lesioned animals, a
regional assessment of enkephalin striatal input to ACHE-
positive neurons can be made.

ACHE-positive neurons which receive peptide striatal input
may also be unique with respect to their output. This group of
ACHE neurons may represent a subgroup of basal forebrain
cholinergic neurons whose circuitry is different from other
forebrain cholinergic neurons.

Supported by the Scottish Rite Foundation and NIH grant 5-
R23-NS20467.
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CHOLINERGIC CELLS OF THE VENTRAL PALLIDUM: A COMBINED
ELECTRON MICROSCOPIC IMMUNOCYTOCHEMICAL, DEGENERATION AND
3

s

; * R
HRP STUDY. L.Zaborszkyl, F.Eckenstein 2, Cs.Leranth

W.Oertelb, D.Schmechel*s, V.Alones*], and L.Heimerl.

1. Dept. of Neurol., Univ. Med. Ctr., Charlottesville, VA
22908; 2. Dept. of Neurobiol., Harvard Med. Sch., Bostonm,
MA; 3. Dept. of Obst., Yale Univ. Sch. of Med., New Haven,
CT; 4. Dept. of Neurol., Tech. Univ. of Munich, FRG;

5. Duke Univ., Med. Ctr., Durham, NC.

The ventral pallidum (VP) is a ventral, subcommissural
extension of the main body of the globus pallidus, and it
is rich in glutamic acid decarboxylase (GAD) containing
terminals (Zaborszky et al. 1982). Although cholinacetyl-
transferase (ChAT) containing cell bodies are randomly
distributed in the VP, they are especially numerous in its
more caudal part. The cell bodies show an oval, fusiform
or triangular shape (23x11.6um), and they usually emit
three main dendrites, which can be followed as far as 150
um in thick sections. The dendrites do not branch
frequently. The karyoplasm contains characteristic
parallel arrays of ER cisternae, and the nucleus has 2-4
small invaginationms.

In order to characterize the synaptic relationships of
the ChAT neurons, lesions were made in the n. accumbens or
olfactory tubercle. In addition, the animals received an
HRP injection in the basolateral amygdala and survived for
30-48 hours. The VP was processed for ChAT or combined
ChAT-GAD immunocytochemistry. The following observations
were made: 1) Half of the retrogradely labeled cells were
also ChAT-positive. 2) Some of the ChAT cells (mostly
those located close to the ventral border of the caudate
nucleus) were contacted by boutons containing anterograde-
1y transported HRP. These axo-dendritic boutons establish-
ed asymmetric contacts. 3) Degenerated complexes were seen
in close proximity to the retrogradely labeled (ChAT and
non-ChAT-positive) cells. 4) GAD-containing boutons made
symmetric contacts with both the dendrites, the soma and
the axon-hillock of the ChAT cells. The results suggest
that only one synaptic link may be inserted between . the
ventral striatum (accumbens and olfactory tubercle) and
the basolateral amygdala. Furthermore, amygdalofugal axons
seem to reciprocate the pallido-amygdaloid projection.
Direct GABA-ergic—cholinergic interactions seem to be
involved in the ventral pallidal circuits.

Supported by USPHS Grant NS#17743.

CHOLINERGIC INNERVATION OF RAT AMYGDALA AS DETERMINED BY
COMBINED RETROGRADE FLUORESCENT TRACING AND NEUROTRANS=-
MITTER HISTOCHEMISTRY. J. Carlsen*, L. Zaborszky, and
L. Heimer. Department of Neurology and The Clinical
Neuroscience Research Center, University of Virginia
School of Medicine, Charlottesville, Va. 22908.

In order to identify the origin of cholinergic inner-
vation of the amygdala, retrograde fluorescent tracers
were injected in different amygdaloid nuclei, and
sections processed for concomitant immunofluorescent
demonstration of cholinergic neurons with anti-choline
acetyltransferase. Since many tracer- and ChAT-positive
neurons were identified in basal forebrain areas
including the ventral pallidum, the same sections were
also 1incubated with antibody towards glutamate
decarboxylase to delineate pallidal areas (Young et al.,
1984) .

Following Fast Blue injections in the basolateral
amygdaloid nucleus (BL), retrogradely labeled neurons
were found in the cerebral cortex, dorsal pallidum,
midline thalamic nuclei, upper brainstem and ventral
forebrain areas. ' Combined tracer and ChAT-positive
neurons were observed only in the ventral forebrain,
specifically in a continuum stretching from the caudo-
dorsal part of ventral pallidum through the subpallidal
part of the substantia innominata to the most ventral
part of dorsal pallidum and peripallidal areas. No
labeled neurons were found in the medial septal nucleus
or the nucleus of the horizontal 1limb of the diagonal
band. These structures, however, were labeled after
control injections involving the pyriform and entorhinal
cortices.

Since populations of cholinergic neurons in the basal
forebrain have been implicated as origin for both
neocortical and amygdaloid cholinergic input, injections
of different fluorescent tracers were placed in these
structures. However, no double labeled cells were
observed, suggesting that the cholinergic input to
neocortex and amygdala originates in two separate subsets
of cholinergic cells.

Supported by Danish MRC Grants #12-4276, #12-4405 (JC)
and USPHS Grant NS #17743 (LH). Anti-ChAT, courtesy of
F. Eckenstein; Anti-GAD, courtesy of D.S. Schmechel and
W.H. Oertel.

6.4
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THE VENTRAL PALLIDO-THALAMIC PROJECTION: A LIGHT AND EM
IMMUNOHISTOCHEMICAL STUDY USING FLUORESCENT TRACERS,
HORSERADISH PEROXIDASE AND ANTIBODIES AGAINST GLUTAMATE
DECARBOXYLASE AND CHOLINEZACETYLTRANSFERA E. D.S. Zahm*,
L. Zaborszky, W.H. Oertel, D.E. Schmechel; and L. Heimer,
(SPON: W. Scott Young, III) 1. Department of Neurology,
University of Virginia School of Medicine, 2. Department of
Neurology, Technical University, Munich, FRG., 3. Division
of Neurology, Duke University Medical Center, Durham, N.C.

A subset of ventral pallidal neurons (VP) projects to
the mediodorsal nucleus (MD) of the thalamus (see Young et
al., '84 for references). We marked VP cells by retrograde
transport of fluorescent tracer substances or horseradish
peroxidase (HRP) and examined their glutamate decarboxylase
(GAD) and choline acetyltransferase (CAT) immunoreactivities
with light and electron microscopy. Whereas in the light
microscope the dense GAD terminal staining of VP prevented
unambiguous assessment of the GAD immunoreactivity of
retrogradely labeled perikarya (Young et al., '84), it could
clearly be concluded that no labeled cells were CAT positive.
In electron micrographs of HRP labeled cells, the perikarya
and dendrites were lined by boutons of which 80% to 90%
were strongly GAD positive. Following incubation with anti-
GAD in the absence of colchicine a small amount of reaction
product was usually present on the endoplasmic reticulum of
cells which recieved the dense gabaergic input, suggesting
that the cells also are gabaergic. To verify this
impression, we are continuing our studies using rats which
have been exposed to colchicine following retrograde trans-
port of HRP from MD injections. (Supported by USPHS-NIH,
NINCDS #T32 Ns07199 and NS 17743)

A SUBSET OF CORTICALLY PROJECTING NEURONS IN THE RAT

GLOBUS PALLIDUS ARE CHRONICALLY LABELED AFTER A SINGLE
PERIPHERAL  JNJECTION OF A HEAVY METAL. G F. Alheid”,

J. Carlsen and L. Heimer~. 1. Dept. Behav. Med. and
Psychiatry, and 2. Dept. Neurology, Univ. Virginia Sch.
of Med., Charlottesville, Va. 22908.

The corticopetal cholinergic cell group extending from
the medial septum through the diagonal band nuclei and
into the globus pallidus is implicated in the etiology of
Alzheimer's disease. It was recently found (Rungby and
Danscher, 1983) that peripheral injection of silver
compounds result in labeling of CNS neurons. Forebrain
neurons with the highest concentrations of silver are
found in the medial septum, diagonal band, and the dorsal
and ventral pallidum. Since the silver labeled neurons
are coextensive with the cholinergic corticopetal cell
groups, we investigated the possibility that some of the
cortically projecting cells also concentrate heavy
metals. A single subcutaneous injection (100 mg/kg) of
ProtargolR (silver coupled to albumin) was given to adult
male rats. One month later, these same animals received
large neocortical injections of Fast Blue. After 1-2
weeks, the animals were anesthetized, perfused, and their
brains sectioned onm a cryostat. The sections were
examined for the presence of retrogradely labeled
neurons, photographed, and subsequently treated to
physical development in order to visualize silver
containing neurons.

Most retrogradely labeled ventral forebrain neurons
were not double labeled with silver although these two
types of neurons were intermingled as adjacent clusters
throughout their range. In the globus pallidus, however,
double labeled neurons were found in significant numbers.
These occurred most commonly in the more medial aspects
of the anterior pallidum. We are extending these
observations to retrograde labeling after allocortical
injections and will attempt to double-label silver
neurons with antibodies to choline acetyltransferase.
The uptake of silver into basal forebrain neurons
suggests that these cells may be susceptable to more
toxic metals. Their location and size is similar to that
of the cholinergic cell groups, but not identical, so
that pathological studies based on cell size and location
might easily confuse these two groups. Since some of the
neurons that concentrate silver also project to
neocortex, a subset of the corticopetal cell group may be
directly affected by trace metal toxicity. NS #17743,
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urethane anesthetized adult rats.

RESPONSES OF FRONTAL CORTEX SINGLE UNITS TO MAGNOCELLULAR
BASAL FOREBRAIN STIMULATION IN THE RAT. W.C. Stern and
W.W. Pugh., North Carolina Foundation for Mental Health
Research, Raleigh, NC 27611 and Burroughs Wellcome Co.,
Research Triangle, NC 27709.

While recent neuroanatomical and neurochemical inves-
tigations have shown a major ascending cholinergic pro-
jection to cortical structures arising from neurons of
the basal forebrain (BF) in several mammalian species,
the physiology of this system is, as yet, poorly under-
stood. We have studied BF-FC stimulus-response rela-
tionships by recording neuronal activity of post-synaptic
frontal cortex (FC) neurons while stimulating BF in 17
First, a monopolar
macroelectrode was placed 1 mm deep in FC, A concentric
bipolar stimulating electrode was advanced through the
BF region in 1 mm steps while recording the FC evoked
potential at each site. The BF stimulation site which
yielded the greatest FC evoked potential was selected
for the remainder of the experiment. Then, the FC macro-
electrode was replaced by a glass micropipette for extra-
cellular single unit recording from the cortical sur-
face to a depth of 2 mm. Baseline, stimulation and post-
stimulation neuronal activity for 133 FC cells was ana-
lyzed by computer. Results indicate that BF stimula-
tion (0.2 msec pulses, 0.1-10 Hz, 0.1-1.0 mA for 1-30
seconds) influenced activity of FC neurons by: exci-
tation, usually seen as a brief discharge (latency 8-20
msec) followed by an inhibitory gap of 30-200 msec and
then increased firing; inhibition, usually seen as a
silent or inhibitory period lasting 40-500 msec fol-
lowing a stimulus; or no effect on firing rate or pattern
of discharge. In many cases, the stimulation produced
excitation or inhibition far outlasted these averages,
often persisting for seconds or even minutes. BF stimu-
lation sites confined to BF areas which project to FC
(Pugh and Stern, unpublished observations) produced
excitation in 76% and inhibition in 51% of 37 FC cells
studied. Stimulation sites adjacent (<1 mm) to FC pro-
jecting BF areas excited 46% and inhibited 59% of 70 FC
cells; and distant (> 1 mm) BF stimulation sites excited
only 37% while inhibiting 81% of 26 FC neurons. The BF,
along with n. raphe dorsalis and n. locus coeruleus,
appear to constitute an important triad of subcortical
structures which influence ongoing activity of cortical
neurons.

Supported by a grant from Burroughs Wellcome Co.

THE ANATOMICAL ORGANIZATION OF THE EFFERENT PROJECTIONS OF
THE A8 DOPAMINE CELL GROUP. A.Y. Deutch, 'M. Goldstein, B.S.
Bunney, and R.H. Roth. Neuropsychopharmacology Research Unit,

Yale School of Medicine, New Haven, and 'NYU Medical Center.

Recent preliminary anatomical data and behavioral studies
indicate that the A8 dopamine cell group and its efferent
projections are closely allied to the AlO-derived mesolimbic
system. We have therefore examined the anatomical organiza-
tion of the efferent projections of the A8 cell group using
both anterograde and retrograde histochemical techniques.

Anterograde projections were examined using immunohisto-
chemical demonstration of PHA-L transport. Bilateral termi-
nal labeling was noted in the striatum; the crossed striatal
projection was sparse. Dense unilateral labeling of the nuc.
accumbens was observed. The striatal and accumbens inputs
occured in patches. Other mesolimbic terminal fields also
exhibited PHA-L labeling: the olfactory tubercle, central
amygdala, and bed nuc. of the stria terminalis all exhibited
terminal labeling. Very few fibers were observed in either
the medial or suprarhinal prefrontal cortices. The agranular
insular cortex lateral to the claustrum was consistently
labelled. A8 injections of PHA-L resulted in labeling of a
broad band across the ventral pallidal region, ranging medi-
ally from the lateral preoptic area to the substantia inno-
minata and extending laterally to the pyriform cortex; a glo-
bus pallidus input was also noted. Among diencephalic sites
labeled were the lateral and anterior hypothalamic regions,
and the nuc. reuniens and mediodorsalis of the thalamus. A
number of descending projections originating from the A8 area
were also observed; these fibers were typically distributed
bilaterally. Areas labeled included the periaqueductal gray,
nuc. pedunculopontis tegmentalis, dorsal tegmental nuc., nuc.
cuneiformis, locus coeruleus, and the dorsal and ventral
parabrachial area. The dopaminergic nature of various effer-
ent projections originating from A8 were determined by means
of combined retrograde tracer-monoamine histoflourescence or
HRP-TH immunohistochemical techniges. Among the confirmed DA
projections from A8 are those to the nuc. accumbens, olfac-
tory tubercle, striatum, agranular cortex, and amygdala.

These data suggest that the efferent projections of the A8
cell group are unexpectedly extensive, and may occupy a key
intermediate position between the projections of the A9 and
Al0 dopamine cell groups. Thus, A8 neurons may represent a
nodal point from which activity within the nigrostriatal and
mesolimbic/cortical systems may be modulated. Supported by
MH-14092, MH-14276, and the State of Conneticut.
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HISTOGENESIS OF THE ENTOPEDUNCULAR NUCLEUS AND SUBSTANTIA
NIGRA IN THE RAT. R.G. Marchand and L. La;’oie*. Centre
de recherche en Neurobiologie, Hopital de 1'Enfant-Jésus,
1401, 18e Rue, Québec GlJ 1Z4.

In the past, various authors have proposed that the
pallidum and the substantia nigra (SN) share a close
embryological relationship. Spatz suggested that the pal-
lidum and the SN originate from a common diencephalic

matrix. Mirto also implied that the neurons of the pars
reticulata of the substantia nigra are pallidal neurons
that have migrated caudalwards. More recently, it was

shown that the non-dopaminergic neurons and more especial-
1y the reticulata type neurons had cytological and histo-
chemical characteristics, as well as related nervous con-
nections with the entopeduncular nucleus. It thus appear-
ed reasonable to investigate systematically the develop-
ment of the SN and of the entopeduncular nucleus.

We studied the neurogenesis and the histogenesis of
these two nuclei with the aid of [3H]-th_ym1'dine autoradi-
ography. The results of our study showed that although
both nuclei have a similar time of origin (from day 12 to
day 15 of gestation for the substantia nigra compared to
day 11 to day 14 for the entopeduncular nucleus), their
embryological development is different. .Cell migration
and site of origin along the germinal layer are very im-
portant aspects of the embryological development and
should be further investigated. The neurons of the ento-
peduncular nucleus apparently generate from the subthala-
mic longitudinal zone. On the other hand, the neurons of
the substantia nigra originate from two different points
of the basal plate at the level of the fovea isthmi at the
mesencephalo-isthmic junction. These neurons migrated ra-
dially from their site of origin and then rostrally toward
their adult site.

Our study did not disclose any direct developmental
relationship between the substantia nigra and the entope-
duncular nucleus despite numerous evidences or suggestions
given by various neuroembryologists and neuroanatomists
during the last century. During development however, the
substantia nigra and the entopeduncular nucleus are both
derived from the basal plate or from a rostral protonga-
tion of the basal plate within the diencephalon. Since
both nuclei share numerous characteristics in the adult,
they might differentiate on a parallel path under the
influence of common or similar factors. (Supported by the
MRC of Canada and FRSQ).

DIFFERENCES BBRTWEEN THE MORPHOLOGY AND DISTRIBUTION OF
DOPAMINERGIC AND NON-DOPAMINERGIC NIGROSTRIATAL AFFERENTS.
C.R. Gerfen, Lab of Neurophysiology, NIMH, Bethesda, MD

A method that allows the co-localization, within the
same fibers and terminals, of the anterogradely transported
axonal tracer, phaseolus vulgaris-leucoagglutinin (PHA-L)
and immunohistochemically identifiable neurochemical
markers was used to examine the nigrostriatal pathway in
the rat. Injections of PHA-L were made into the substantia
nigra using the previously described method of Gerfen and
Sawchenko, '84. Following a 10 day survival period the
animals were sacrificed and the brains were processsed for
immunohistochemical localization of PHA-L. One series of
sections was processed sequentially through guinea pig
antisera directed against PHA-L (1:1000 for 24 hours) and
then rabbit antisera directed against the dopamine synthetic
pathway enzyme tyrosine hydroxylase (TH, 1:1500 for 24
hours). After rinsing, the sections were incubated in a
solution containing rhodamine labeled goat anti-guinea pig
(1:100, Cappel) and fluorescein labeled goat anti-rabbit
(1:100) for 45 min, rinsed, mounted and examined with a
fluorescent microscope that was equipped with filters to
view rhodamine and fluorescein separately. Alternate series
were processed for immunoperoxidase localization of PHA-L
or for acetylcholinesterase staining to distinguish the
striatal neurochemical matrix and patch compartments.

PHA-L injections that filled both TH-positive (dopa-
minergic) and TH-negative neurons in the pars compacta and
pars reticulata of the substantia nigra, respectively, gave
labeling of both TH-positive and negative fibers in the
striatum. The great majority of TH-positive/PHA-L labeled
nigrostriatal fibers were distributed as a reticulum of
very fine fibers (0.1 um) on which varicosities of only
slightly larger diameter were seen. A second TH/PHA-L
labeled fiber type was of a larger diameter and possessed
more prominent flattened varicosities. TH-negative/PHA-L
labeled nigrostriatal fibers were by contrast much thicker
than either TH-type and possessed very prominent, bulbous
varicosities that were over 1.5 p:m in diameter. The non-TH
nigrostriatal fibers were distributed in patches throughout
the striatum. On the other hand the TH/PHA-L positive nigro-
striatal fibers were distributed in a very complex pattern;
to the striatal patches in some areas and to both compart-
ments in other areas with the non-TH fibers intermixed.
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REGIONAL CATECHOLAMINE DISTRIBUTION AND TURNOVER IN

MORPHOLOGY AND ELECTROPHYSIOLOGY OF SUBSTANTIA NIGRA NERVE

6.11 RAT STRIATUM. M.F. Beal and J.B. Martin. Dept. of 6.12 CELL CULTURES FROM FETAL MICE. J. H. Peacock and K. J.
Neurology, Massachusetts General Hospital, Boston, MA Futamachi*., Div. of Neurology, University of Nevada School
02114, of Medicine, Reno, Nevada 89557.

Neurochemical heterogeneities in the striatum have Neurons obtained from the lower third of the
been noted by several authors and they may provide mesencephalon of 17-18 day old Swiss Webster mouse fetuses
clues to functional organization. In the present were mechanically dissociated and cultured in DMEM
study rat brains were sectioned at 1 mm intervals and containing 5% horse serum and 5% fetal bovine serum. These
1 om diameter punches were obtained from four quad- cultures characteristically survived longer than 2 months,
rants of the striatum at 4 anterior-posterior levels. during which time neurons developed multiple, highly
Punches were then analyzed for concentrations of dopa- branched ,processes and soma diameters increased from about
mine (DA), serotonin (5-HT), hydroxyindoleacetic acid 10 uM to 30 uM.

(HIAA) and dihydroxyphenylacetic acid (DOPAC) using To determine if these cells were dopaminergic, a
HPLC with electrochemical detection. The ratios of combined glyoxylic acid/paraformaldehyde procedure was used
DOPAC/DA and HIAA/5-HT were calculated as an index of to detect dopamine. We found most of the neurons produced
turnover of DA and 5-HT. As noted by others (Ternaux, bright green fluorescence after loading with dopamine in
J.P. et al., Brain Res. 121:311, 1977, Strong, R. et the presence of the monoamine oxidase inhibitor, pargylinme.
al., J. Neurochem. 39:831, 1982) DA concentrations Electrophysiologic features of these neurons included an
were highest in rostral striatum while 5-HT was age related decrease in resting membrane potential (RMP)
highest in caudal striatum (p<.0l). No comsistent from about -80 mV to -60 mV between 13 and 67 days in
right-left differences were seen. DA concentrations culture with an overall average RMP of 65.4 + 10.6 mV (&
were slightly higher in the dorsolateral striatum but §.D., n=32). Input resistances ranged between 100 and 300
otherwise were homogeneous throughout the striatum. Mohms .
DOPAC concentrations were highest in the nucleus Abundant postsynaptic (PSP) activity was recorded with
accumbens while DOPAC/DA concentrations were greatest excitatory PSPs attaining amplitudes of 30 mV and
in the nucleus accumbens and ventromedial striatum inhibitory PSPs of 10 mV. Simultaneous intracellular
(p<.01). Serotonin concentrations were 2-3 fold recording between pairs of cells demonstrated reciprocal
higher in ventral and ventromedial portions of the innervation. In some neurcns, haloperidol blocked
striatum (p<.0l). HIAA was highest in the pallidum but spontaneously occurring excitatory PSPs and action
otherwise no marked heterogeneities were seen. The potentials (APs).
ratio of HIAA/5HT was consistently highest in the Both Na  and Ca‘H mediated APs were present in these
dorsolateral striatum (p<.0l). Dopamine turnover was cells. Amplitudes for Na APs were between 60-90 mV with
therefore highest in limbic innervated (ventromedial) 1-3 msec durations. When gcultures were exposed to
striatum while serotonin turnover was highest in tetrodotoxin (1 ug/{ml) or Na free medium, most of the
sensorimotor innervated (dorsolateral) striatum. cells generated Ca ¥ APs. ca't ap generation was stable
These findings support the concept that the striatum and highly reproducible; repetitive stimulation sometimes
is organized in a medial-lateral topography as well as produced broadening of AP duration.
along its anterior-posterior axis and provide further In conclusion, large neuronal size, catecholamine
evidence that there is functional compartmentalization histof luorescence, and block of synaptic activity by the
within the striatum. dopamine antagonist haloperidol provide strong evidence for

identification of substantia nigra neurons in dissociated

ventral mesencephalic cultures.

Supported by the Medical Research Service, Veterans
Administration and the Robert Z. Hawkins Foundation.
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7.1 TPROLONGED INACTIVATION OF A Ca*+-DEPENDENT K* CURRENT BUT 7.2 TRANSDUCTION CURRENT IN SACCULAR HAIR CELLS EXAMINED WITH

NOT Catt CURRENT BY LIGHT INDUCED ELEVATION OF INTRACELLULAR
CALCIUM. D.L. Alkon and M. Sakakibara*. Section on Neural
Systems, Lab. of Biophysics, NINCDS at MBL, Woods Hole,MA
02543.

Voltage clamp of Type B photoreceptor somata (isolated by
axotomy) previously revealed a voltage-dependent Ca cur-
rent, Iga++, which in 10 mM Cag+ does not inactivate and a
Ca-dependent Kt current, Ic, which shows marked and prolong-
ed inactivation (Alkon et al., Biophys. J., 1984), an early
Kkt current, Iz, and a delayed rectifier (Shoukimas and Alkon,
1980). We report here on light-induced currents measured
for Type B somata. In ASW at -60 mV, light elicits an early
transient inward Nat current which progressively decreases
with more positive holding potentials. Light also elicits
a slow inward current which increases during progressively
more positive command depolarizations. 1In O Na*-ASW light
elicits an early outward K* current as well as the delayed
inward current. The magnitude of both light-elicited cur-
rents in 0 Na*-ASW depends on [K}] and both currents are ab-
sent at Ex+. Both currents are reduced by intracellular ion-
tophoresis of EGTA. Neither current is markedly affected by
the presence of 2-5 mM 4-aminopyridine or 100 mM tetraethyl-
ammonium ion in the bathing medium. Substitution of 10 mM
Bag+ for Cag+ eliminates the light-induced delayed inward
current without affecting the early outward current. catt-
current blockers (e.g. 10 mM cdtt or 20 mM Co++) reduce the
delayed inward current but not the early outward current.
These data indicate that light releases intracellular ca*t
(c.f. Connor and Alkon, J. Neurophysiol., 1984) which causes
a transient increase of a Ca''-dependent kt current, Ig, and
a slower prolonged decrease of IC. Light does not alter the
voltage-dependent Ca current. The light-induced rise of
Catt inactivates I¢ directly rather than by inactivating
Igatt as described for other neurons (Tillotson,1979; Eckert
et al.,1981). At -10 mV the light-induced decrease (lasting
many seconds) of Ig follows light steps (e.g. 2 sec) of low
intensity (< 10-50 ergs/cmz-sec). Low intensity light steps
(predominantly red wavelengths) did not elicit either Iy +
or an early increase of I, both of which appeared with in-
creasing intensity of predominantly blue-green wavelength
light. Less elevation of Ca'{+ is necessary therefore to
cause decrease of Ic than an increase when a steady-state Ig
is present (e.g. at -10 mV). Also, light-induced elevation
of Catt apparently utilizes a visual pigment (in the red
region) distinct from that (rhodopsin) which effects the
light-induced Iy,+.

THE WHOLE-CELL VOLTAGE-CLAMP TECHNIQUE. T. Holton and A.J.
Hudspeth. University ofsCalifornia School of Medicine, San
Francisco, CA 94143.

Vertebrate hair cells transduce mechanical stimuli inci-

dent on their hair bundles into electrical responses. The
transduction process involves the rapid gating of ion chan-
nels by mechanical stimulation of the hair bundle. The
channels’ poor cation selectivity (Corey, D.P. and
Hudspeth, A.J., Nature 281: 675, 1979) suggests a unitary
conductance large enough that currents through single chan-

nels or small ensembles of channels can be recorded.

In the present experiments the transduction channel was
characterized by measuring displacement-modulated receptor
current in single hair cells with the whole-cell
voltage-clamp technique. Pipettes were lowered onto the ap-
ical surface of hair cells in an in vitro preparation of the
bullfrog’s saccular macula to form seals with shunt resis-
tances exceeding 1 G{); the membrane under the pipette tip
was then ruptured by slight suction. With K* aspartate in
the pipette, depolarizing voltage steps elicited a
voltage-dependent Ca?* current and a Ca®‘-activated K* cur-
rent qualitatively similar to those studied in solitary sac-
cular hair cells (Lewis, R.S. and Hudspeth, A.J., Nature
304: 538, 1983). These currents were blocked by replacing
K* by Cs* in the pipette and by holding the cell’s membrane
potential at -73 mV. Uhen the hair bundle was then stimu-
lated with a piezoelectrically driven microprobe at 12°C, a
receptor current was elicited. Responses showed saturation
in response to 1 um stimuli and had peak-to-peak-amplitudes
that could exceed 150 pA. Fluctuations in the receptor cur-
rent were observed whose root-mean-square amplitude varied
with the mean current amplitude. The results suggest that
the transduction current arises from the summation of cur:

.rents of 50 to 100 mechanically gated channels with a wuni-

tary conductance of about 30 pS.
(Supported by NIH Grant NS-20429 and by the System De-
velopment Foundation)
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A BIOPHYSICAL MODEL FOR ELECTRICAL RESONANCE IN HAIR CELLS
OF THE BULLFROG'S SACCULUS. R.S. Lewis. Division of Biology,
California Institute of Technology, Pasadena, CA 91125, and
Dept. of Physiology, Univ. Cal. San Francisco Sch. of Med.,
San Francisco, CA 94143.

Vertebrate hair cells, the receptor cells of the auditory
and vestibular systems, are highly selective for mechanical
stimuli of particular frequencies. In several species this
selectivity results from electrical resonance in the cell's
membrane; the resonance can be detected as damped oscilla-
tions in membrane potential elicited by injection of depo-
larizing current steps. We have previously described inward
Ca (Ica) and outward Ca-activated K (IC) currents in vol-
tage-clamped hair cells from the bullfrog's sacculus, and
have proposed that these two currents produce resonance pro-
perties (Lewis, R.S. and Hudspeth, A.J., Nature 304:538,
1983). To test this hypothesis we have modeled the cell's
behavior under current-clamp conditions in terms of I;, and
Ic. This model can account for the character of voltage os-
cillations produced by extrinsic current steps under a va-
riety of conditions.

The model consists of four parts: (1) Voltage-dependent
Iy activation is approximated by a third-order Hodgkin-
Huxley scheme. (2) Ca entering the cell is assumed to be
confined to a small submembrane compartment which contains
an excess of Ca buffer; Ca leaves this space with first-
order kinetics. (3) C-channel activation is Ca- and voltage-
dependent, and is described by the kinetic scheme
€ @ CajC # CayC @ Cap0 # Ca30, where Ca,C and Ca,0 denote
closed and open states with n Ca bound. Results of single-
channel recordings support the general form of this C-
channel gating scheme. (4) Leakage conductance and membrane
capacitance are constant.

Using the gigohm-seal techmique, whole-cell I, and I,
were recorded in solitary hair cells under voltage-clamp
conditions (Lewis, R.S. and Hudspeth, A.J., iZdem.). For each
cell, values of model parameters were chosen to provide the
best fits to these two currents in the voltage range of -50
to -30 mV. After rates in the model were thus specified, the
model was used to predict the cell's response under current-
clamp conditions. The model correctly predicts the character
of oscillations produced by current injection, including the
dependence of oscillation frequency and damping on membrane
voltage, both under normal conditions and under conditiomns
in which I, or I is decreased pharmacologically. (Sup-
ported by NIH grant GM-07737 and a System Development Foun-
dation grant to A.J. Hudspeth.)

THE APPLICABILITY AND ADVANTAGES OF THE USE OF CONTINUUM
DIFFUSION THEORY WITH MEMBRANE SYSTEMS COMPOSED OF DISCRETE
CHANNELS. T.L. Schwartz*. Biological Sciences Group, The
University OF Connecticut, Storrs, CT 06268.

The reasons for the failure of the independence principle
in an ensemble of K* selective, cholinergic channels in the
neurons of Aplysia californica are examined. A modern, but
simple formulation of thermodynamic continuum diffusion
theory that has no need for the classical but restrictive
assumptions of constant field and equal and opposite phase
boundary potentials - which thus yields a theory which is
much more general than that used classically is used here
to analyze the data. The investigation exposes the fact
that the independence principle actually depends on the
applicability of three physical assumptions. They are:
that no coupling between flows exists; that the intracellu-
Tar concentration of the permeant species is invariant in
the face of its extracellular manipulation; and that the
permeability remains unaltered when the extracellular con-
centration of the permeant species is changed. The first
of these constraints is met in these experiments. The
second is not but the error that this introduces is easily
corrected and proves to be irrelevant to this discussion.
The new theory predicts that the third will, in general,
not be satisfied. The experimental results confirm this
prediction. The miscarriage of the independence principle
is thus due to oversimplified physical a?proximations
inherent in its derivation; but not to flaws imbedded in
all continuum theory, which actually anticipates the
failure of this principle. It is shown that a similar con-
clusion applies also to problems that emerge with the use
of both the Goldman-Hodgkin-Katz equations and the Ussing
unidirectional flux ratio. More modern continuum theory
which is free of the problems peculiar to the older and
necessarily oversimplified approaches is also shown to be
capable of revealing previously inaccessible channel prop-
erties. Philosophical problems connected with the use of
continuum theories for work on systems containing discrete
diffusion channels as well as discrete intrachannel sites
are discussed. They are shown not to be of concern with
regard to ionic diffusion through membranes.

SEARCH FOR AN EARLY CA CHANNEL IN TWITCH MUSCLE +IBERS OF
THE FROG. G. Cotax and E. Stefani. Dept. Physiology, CIEA
of IPN, Mexico DF 07000, AP 14-740,

In intact muscle fibers Ca currents (ICa) are
conventionally recorded in hypertonic sucrose solutions to
avoid contractions. In the present experiments we have
studied the effects of hypertonicity on Ca channel
properties. To this end we recorded Ca action potentials and
ICa as a function of the time to exposure to hypertonic
sucrose (350 mM). Experiments were performed in cutaneous
pectoris muscle fibers of Rana pipiens and moctezuma by using
two microelectrode current-clamp or three microlectrode
voltage-clamp techniques. The recording solution contained
1 mM-Tea-methanesulphonate and 10 mM-Ca. The records
obtained during the first 5 minutes of exposure to the
hypertonic solutions showed two components of ICa that were
easily distinguishable by their voltage dependence, amplitude
and time course. Two components were also observed in the Ca

action potential. At 18 ©OC the first component was
detected at -60 mV and reached a maximum peak value of ~10 to

-25 uA/ai@ st about -20 mw. This current has &

relatively fast time course of activation. In  these
experiments the onset was not resolved since it was masked by
the capacity transients. An upper limit value for the peak
time at -45 mV was 40 to 60 msec. The corresponding time
constant of decay was 1.5 to 2.0 sec.The second component of
ICa was detected at -30 mv; at ca 0 mV reached a maximum

peak value of 40 to 60 uA/cm? in 250 to 400 msec and

had a time constant of decay of 1.5 sec. After 10 to 15
minutes in hypertonic solution, the early component
disappeared and only the already reported slow I(Ca was
recorded. In order to avoid the damage induced by
hypertonicity we attempted to record voltage responses after
replacing 10 mM-Ca by 10 mM-Ba, since in this condition
contraction induced by depolarization was less conspicuous.
The maximum rate of rise of Ba action potential was larger in
isotonic than in hypertonic solutions suggesting a reduction
of Ca channel conductance by hypertonicity. Furthermore, in
isotonic conditions the rising phase of Ba action potentials
frequently showed a biphasic time course. These results are
consistent with the existence of two populations of Ca
channels in intact muscle fibers in isotonic solutions. The
=irly Ca channel has & low threshold and a fast time course
of activation, a slow time course of dewuy and it tends to
disappear in hypertonic sucrose. Supported by CONACyT of
Mexico, grants PCCBBNA-020187 and PCCBNAL-790022.

IF UENIBRAIE CURRENTS ARE TC BZ RELATED
QUANTITATIVELY TO COUPLEYX 1IOLECULAR EVEITS,
NOIILINEAR SYSTEIIS AIALYTIC TECHNIQUES I[UST BC
USED. G.JD. Lange. Lab. of Neurophysiology,
HINCDS IIH, Bethesda I'D 20205

Standard time-series statistics (auto- and
cross-correlation) and their Fourier equivalents
(power and coherence spectra) are useful in de-
scribing systems where linear models apply. Aan
example is the use of a Lorentzian power spectrum
to quantify the parameters of a simple chemical
equilibrium model for membrane channel behavior.
Often, the spectra do not conform to theory and
one is tempted to construct complicated 1linear
models in order to improve the fit to the data.
In many cases however, such as, for example, with
calcium-activated potassium channels, we should
expect that models relating transmembrane voltage
to ionic currents will be nonlinear. 1In particu-
lar, if the concentration of one ion (Ca) can in-
fluence the voltage dependent flux of another ion
(K), then behavior formally equivalent to time-
dependent amplitude or freguency modulation nay
occur. A type of analysis associated with Wiener,
Volterra, and others deals directly with such
problems. These methods reduce to construction of
high-order correlation functions in time or of
their Fourier equivalents in frequency. Unlike
the autocorrelation function, which relates pairs
of points in a time series, these functions re~-
late triplets or higher order n-tuplets of times.
It is both convenient and instructive to do the
analysis in the Fourier domain. The resulting
"spectra® are multidimensional.

An example of the squared amplitude portion of
a non-normalized second order spectrum is § in
the following equation:

S(E',£'') = s(E£M)s(L£'")s(f'+£'").

The function 5 is the ordinary power spectrum;
£' and £'' are any two freguencies. S has high
points where two frequencies and associated sum
or difference frequencies all have significant
power. This condition will occur when nonlinear
modulations are important. The phase portion of
the second order spectrum has further information
on temporal properties of these nonlinearities.
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77 A CYCLIC KINETIC MODEL FOR ACETYLCHOLINE ACTIVATED 7.8 NEITHER MONOLIGANDED NOR DESENSITIZED RECEPTORS ACCOUNT FOR
. CHANNELS. S. Hestrin*, J.I. Korenbrot and A.V. Maricg*. EXCESS BRIEF ACETYLCHOLINE CHANNELS IN CULTURED RAT
Dept. of Physiology, UCSF, San Francisco, CA 94143. MUSCLE. H. A, Lester and L. D. Chabala. Division of
Records of acetylcholine (ACh) induced single channel Biology, California Institute of Technology, Pasadena, CA
currents have been shown to consist of separated groups of 91125.
closely spaced opening that are termed bursts. Even in Several investigators have reported that single
the presence of a low concentration of agonist that acetylcholine receptor channels show two lifetimes. One
produces an overall low frequency of activity, the burst component equals that expected from macroscopic relaxations
behavior persists and many openings are interrupted by and fluctuations; there is a second, much briefer component
brief closures. Colquhoun & Sakmann (1981) first (<1 msec) with the same conductance. We have investigated
suggested that during the brief closures and also right two hypotheses for the origin of the excess brief channels
after the end of the burst the channels occupy a unigue in patch-clamp measurements on cultured rat myoballs
kinetic state from which immediate reopening can occur. (-100 mv, 15°). We first studied the covalently bound
We performed experiments that were designed to test the ("tethered") agonists, GBr and bromoacetylcholine (BrACH).
adequacy of this model in a mouse muscle cell line: C2. In recordings with better frequency response (4 kHz) than
The kinetics of ACh activated channels was studied using previously used, we now find that single channels induced by
the patch clamp technique in the presence of both low and tethered agoenists have two exponentially distributed
high concentration of ACh. It was found that the inferred lifetimes, <1 msec and either 5 msec (QBr) or 10 msec
rate of opening under low concentration of ACh, assuming a (BrACH). The relative numbers resemble those seen with
sequential activation, was considerably slower than the reversibly bound agonists and with d-tubocurarine. The
rate that was estimated directly from the dwell time longer component corresponds to the single time constant of
between openings under high agonist concentration. Thus macroscopic voltage-jump relaxations and, with QBr, of
the linear sequential model provides an inconsistent light-flash relaxations. Light-flash experiments with
estimate of the opening rate since the rate of transition tethered @Br suggest that the predominant open state is
to the open state should be independent of the agonist monoliganded, in agreement with published reports on the
concentration. An alternative model, one in which stoichiometry of BrACH binding under our conditions. We
channels are activated in a cyclic scheme will be conclude that the brief channels do not arise exclusively
presented. In this cyclic model agonist molecules can from monoliganded receptors.
unbind from the open channel leading to a transition to a We then  used flashes to produce cis + trans
closed state from which channels cannot readily reopen. photoisomerizations of Bis-Q molecules within a spherical
If this interpretation is correct then calculations of the region (15-50 um diam.) centered on the pipette tip. The
opening rate that are based exclusively on observations newly created agonist concentration induces only small
under low concentration of agonist may have to be fractional receptor activation; agonist then diffuses away
reexamined. Furthermore, the open channel life time over the next few sec. Whole-cell recordings superimpose
appears to be more complex than previously believed since from one flash to the next (10 sec intervals); thus there is
it is controlled not only by the closing rate but also by no residual desensitization between flashes. With excised
steps involving agonist dissociation. outside-out patches, we measured the fraction of channel
durations less than 2 msec that opened within 300 msec after
the concentration-jump of agonist (there were too few
channels for complete histograms with individual patches).
Such brief channels accounted for 45% of the openings, a
large excess over the 20% expected from a single component
with a time constant of 9 msec (the longer component seen
with bath-applied Bis-Q). Therefore, the excess brief
channels do not manifest desensitized receptors. The
experiments do not yet point to an explanation for this
component. Supported: MDA Fellowship (L.D.C.), NS-11756.
7.9 CHOLESTEROL ATTENUATES HALOTHANE-INDUCED OPENTIME REDUCTIONS 7.10 50-DIHYDROTESTOSTERONE MODULATES ACETYLCHOLINE-

OF ACETYLCHOLINE RECEPTOR CHANNELS. J. Lechleiter and R.
Gruener. Department of Physiology, College of Medicine,
University of Arizona, Tucson, AZ 85724,

Using the patch-clamp single channel technique, we have
recently shown that the volatile anesthetic halothane
reduces the burst duration (opentime) of nicotinic
acetylcholine receptor (AChR) channels (Lechleiter, J. and
Gruener, R., PNAS, 81, 1984), In order to further
investigate the action of general anesthetics, we examined
the effects of halothane on AChR channels in Xenopus
myocytes pretreated with cholestérol-enriched liposomes.

Liposomes were prepared according to Shinitzky and Inbar
(J. Mol. Biol., 85:603, 1974) with or without exogenous
cholesterol (40 mg/10 ml). Cultured myocytes were incubated
with cholesterol-rich (CR) or cholesterol-free (CF)
liposomes for 12 hours prior to use. Inside-out cell-free
patches were obtained with patch electrodes containing 0.4
pM ACh. Patches were superfused with recording medium,
bubbled with halothane, as previously described.

Consistent with our previous reports, exposure to
halothane resulted in a concentration-dependent reduction in
burst duration for both low- (LC) and high-conductance (HC)
channels in all myocytes. However, the halothane-induced
reduction of burst durations was smaller in CR- than in CF-
treated myocytes. A 2% halothane concentration reduced the
burst duration to 84%+5 (% of control +SE) and 82%+11, for
LC and HC channels in CR-treated myocytes. In CF-treated
myocytes, exposure to the same concentration of halothane
resulted in burst duration reductions of 63%+6 and 59%+6.
Similarly, at 4% halothane, CR-treated myocytes had burst
duration -reductions of 55%+6 and 61%+6 and CF-treated
myocytes had burst duration reductions of 31%Z+11 and 29%+5
for LC and HC channels, respectively., Consistent with our
previous data, halothane did not affect channel conductance
in either CR- or CF-treated myocytes. Cholesterol analysis,
by gas chromatography, showed a significant increase in CR-
treated myocytes and no change in CF-treated myocytes when
compared to untreated cells.

We report here that halothane-induced reductions in burst
duration are attenuated in CR-treated myocytes and enhanced
in CF-treated myocytes. Our analysis indicates that
attenuation of the effects of halothane is coincident with
an increase in membrane cholesterol., Although we cannot
exclude the possibility that the increase in cholesterol may
be due, in part, to the adhesion of CR-liposomes to the
cells, these data provide further evidence for the role of
membrane lipids, and thus possibly membrane fluidity, in
the mechanism of action of general anesthetics.

Funded in part by a BRSG (to RG) and a NIH Training Grant
#HLO7249.

ACTIVATED SINGLE CHANNELS IN MYOTUBES CULTURED
FROM ADULT MALE XENOPUS LAEVIS-LARYNX. S.D. Erulkar,
D.M. Wetzel, L. Kilgren,* J. Rendt,* T. Parsons and S. Yang,*
Dept. of Pharmacol., Univ. of Pennsylvania, Philadelphia, PA 19104,

The androgen, 5a-dihydrotestosterone (DHT) restores species-
typical sex behavior (clasping and mate-calling) in castrated adult
male Xenopus laevis (Wetzel & Kelley, Hormones and Behavior
17:388, . Some of the central neurons involved in these behav-
iors concentrate androgens (Kelley, JCN 199:221, 1981), Further-
more, the muscles of the larynx which produce calls have high
affinity androgen receptors (Segil et al., Abs. Soc. Neurosci. 9:1093,
1983). DHT influences the patterns of firing of spinal motor neurons
which project to clasp muscles (Erulkar et al., PNAS 78:5876,
1981). In other androgen-sensitive musecles, androgens influence
acetyleholine receptor (AChR) density (Bleisch et al., J. Neurosei.
4:786, 1984), Using freeze-dry autoradiography, it was found that
myotubes grown in long-term cell cult%re after dissociation of adult
male laryngeal muscle concentrate “H-DHT in cytoplasmic and
nuclear compartments. This demonstrates the presence of androgen
receptors in these myotubes. Cell attached, inside-out, and outside-
out configurations of the patch clamp were used to determine how
DHT might modulate membrane activity of these myotubes grown
with and without DHT. In myogubes raaised in normal media without
DHT, addition of DHT (2 x 10™° — 107> M) to the bgth elicited burst
activity in the presence of ACh (2 x 108 —107° M) in all three
patch configurations. These effects occurred within 10 minutes.
The conductance of these channels was 33-80 pS. Burst activity
often became progressively longer in duration, but no desensitization
was observed at any ACh concentration tested for up to 3 hours.
Continued exposure to DHT caused a modest increase in conduc-
tance (90-100 pS). The effects of DHT wére seen with excised
patches, suggesting a direct action of DHT on the membrane. The
burst activity was similar to that seen during the blocking of AChR
with some local anestheties (Ogden et al., Nature 289:596, 1981),
These short-term effects were also seen in patches from thigh
muscle myotubes. In laryngeal myotubes exposed to 25 nM DHT for
greater than 6 days, ACh channels with fast burst activity, and large
conductances (250-380 pS) were observed; furthermore, patches with
at least two to three channels were often recorded. The latter two
effects were not observed in patches from thigh muscle myotubes
exposed to DHT for more than 6 days. The higher conductance and
also the greater density of AChR suggest that DHT may be affecting
the synthesis and distribution of AChR, perhaps via genomic
action. These effects were not observed when similar experiments
were done with 5B-DHT, estriol, or cholesterol. (Supported by NS
02211, MH 46554-06, and BRSG S07-RR-05415-22).
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MEMBRANE CURRENT OF APLYSIA NEURONS RECORDED
FROM A LARGE PATCH. J. W. gohngon' and S. H.
Thompson*(SPON: J. K. Ono). Hopkins Marine Station,
StanEord Univ., Pacific Grove, CA 93950.

Voltage clamp analysis of whole unisolated
neurons is hindered by recording of large currents
flowing across unclamped membrane. Cell isolation
greatly reduces this problem, but often results in
cell damage or some membrane that is not very well
clamped. Current recordings from sub-micron
diameter patches allows good voltage control and
excellent resolution for single channel recording,
but data concerning channel distribution and
densities are difficult to obtain. An intermediate
approach which allows recording of current from a
large area of well clamped membrane is through use
of a large(patch pipette (2 to 50 u) for current
recording (similar to Almers et al, J. Physiol.,
336:261,1983) while voltage clamping the whole cell
(similar to Frank & Tauc, Cellular Function of
Membrane Transport:113,1963 and Neher & Lux,
Pflugers Arch.,311: 272, 1969) The major difference
in t%e technique described here is the development
of a relatively high resistance seal (5 to 1000
Mohm) on Aplysia neurons following enzymatic
treatment. Patch pipette voltage errors due to
shank resistance can be kept to under 1 mV during
maximum ionic current flow, and patch current loss
across the seal resistance can be under 5%. Thus a
simple patch current recording circuit can be used.
If the bath voltage is clamped or is added to patch
voltage, rejection of current from unclamped
membrane is possible to the limit of resolution.
Current noise is greatly reduced by the high seal
resistance.

Currents recorded from large patches differ
from whole cell currents. During an action
potential, capacitative currents recorded from a
patch on the soma are far greater than ionic
currents there, as has been previously described.
Consistent with this observation, under voltage
clamp there is a much lower ionic current density
(normalized to membrane capacitance) in soma
patches than in whole cell. The relative
magnitudes of membrane currents and their apparent
kinetics vary significantly between patch and whole
cell.
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ENVIRONMENTAL REGULATION OF PEPTIDE NEUROTRANSMITTER PHENO-
TYPIC EXPRESSION. John A. Kessler, Depts. of Neurology and
Neuroscience, Albert Einstein College of Medicine, Bronx,
N.Y. 10u6l

Regulation of peptide neurotransmitter metabolism was
examined in dissociated cell cultures of neonatal rat sympa-
thetic and sensory ganglia. Sympathetlc neurons of the su-
perior cervical ganglion cultured in the presence of garig~
lion non-neuronal cells expressed both substance P (SP) and
somatostatin (SS). By contrast, pure neuron cultures had
higher levels of SS but virtually no SP, suggesting that
ganglion non-neuronal cells foster SP and inhibit SS de-
velopment. Peptide expression was also influenced by sol-
uble factors produced by sympathetic target tissues. Pineal
gland "conditioned" medium (PCM) treatment increased SP
levels and cholineacetyltransferase (CHAC) activity and
decreased tyrosine hydroxylase (TOH) activity and SS content
of sympathetic neurons cultured in the presence of ganglion
non-neuronal cells. Conversely, treatment of pure neuron
cultures resulted in a dose dependent increase in SS and
TOH, while SP and CHAC were virtually undetectable at all
doses. These observations suggest that there is a
reciprocal relationship between SP and SS expression by
sympathetic neurons analogous to previous observations
regardlng cholinergic-noradrenergic expression. Moreover,
in sympathetlc neurons SS may be linked with noradrenergic
expression, while SP may be associated with cholinergic
development. PCM treatment increased peptide development
in other neuronal populations as well. Dorsal root
ganglion, trigeminal ganglion, and nodose ganglion sensory
neurons contained SP both in the presence and absence of
ganglion non-neuronal cells. Moreover, in each of these
neuronal populations treatment with PCM increased SP levels
both in the presence and in the absence of ganglion non-
neuronal cells. These observations suggest that ganglion
non-neuronal cells are necessary for sympathetic but not
sensory neuron expression of SP., Moreover, PCM apparently
stimulates SP in neurons which already contain the peptide,
but the factor cannot foster de novo expression of the
phenotype. The large number and the heterogeneity of
neuronal populations affected by PCM suggest that similar
mechanisms may regulate peptide metabolism throughout the
nervous system.

DIFFERENTIAL EXPRESSION AND REGULATION OF NORADRENERGIC
TRAITS BY THE NUCLEUS LOCUS COERULEUS IN VIVO AND IN CUL-
TURE. C.F. Dreyfus, K.A. Markey and I.B. Black. Cornell
Univ, Med. Coll. N.Y., NY 10021.

To begin defining mechanisms governing brain develop-
ment, we have been studying ontogeny of noradrenergic
traits in the mouse nucleus locus coeruleus (l.c.) in vivo
and in explant culture.

Previous work indicated that
tyrosine hydroxylase (TH) and dopamine~B~hydroxylase,
noradrenergic biosynthetic enzymes, exhibit striking
developmental increases in the embryonic l.c. cultured for
3 weeks. To determine whether expression and developmeant
of different noradrenergic traits are similarly regulated,
we now compare ontogeny of TH with the high-affinity uptake
system for norepinephrine (NE).

Uptake was monitored by incubating the l.c.with 0.5
UM NE (Km for brain), and by following the saturable,
temperature~dependgnt, desmethylimipramine-inhibited pro-
cess. Combined ~“H-NE radioautography and TH immunocyto-
chemistry ensured that uptake and enzyme were localized to
the same neurons.

In vivo, uptake was initially detected on embryonic day

12 (E12), a full day before initial TH detection, suggest-
ing that expression of the 2 characters may be independent-
ly regulated. 1In culture, specific NE uptake into TH-
immunoreactive neurons increased progressively with age, as
did the rise in TH activity, Membrane depolarization in
culture has been shown to increase TH activity in l.c. To
determine whether depolarization similarly increases
uptake, cultures were exposed to veratridige. Although
veratridine significantly increased TH, “H-NE uptake,
localized to the same cells, did not rise. Consequently,
these two traits, associated with the same neuron, appear
to be differentially regulated. In aggregate, our studies
suggest the expression and regulation of 2 noradrenergic
characters exhibited by the same neuron are independently
expressed and regulated. We are now able to characterize
the influence of specific epigenetic factors on expression
and development of individual phenotypic characters in
defined brain neurons.
(Supported by NSF Grant BNS 80-24081, NIH grants NS 10259,
HD 12108 and the American Parkinson Disease Association.
C.F.D.is the recipient of a Teacher-Scientist Award from
the Andrew W. Mellon Fdn.)
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SYMPATHETIC NEURONS RETAIN DUAL TRANSMITTER FUNC-
TION AND PREDOMINANCE OF ADRENERGIC VESICLES WHEN
CO-CULTURED WITH PINEALCYTES. C. E. Phillips, J. E.
Freschi, and A. G. Parfitt. Physiology Department, Armed Forces
Radiobiology Research Institute, Bethesda, MD 20814.

Sympathetic neurons in culture exhibit considerable plasticity
in expression of neurotransmitter properties. Non-neuronal "back-
ground” cells can induce in the neurons a shift from adrenergic to
cholinergic transmitter metabolism (Patterson, Annu. Rev. Neuro-
sci. 1:1, 1978). Growth factors and hormones can inhibit this
cholinergic induction (Fukada, Nature, 287:553, 1980), and may
directly promote adrenergic differentiation. It is less clear how
neuronal contact with target cells influences subsequent transmit-
ter development. Most studies have noted that cholinergic shift
occurs regardless of the receptor profile on the target tissue. In
this study, we examined the effect of the pineal, an adrenergic
target tissue, on the synaptic structure of neonatal rat superior
cervical ganglion (SCG) neurons developing in culture. we pre-
viously reported that, in co-culture with pinealcytes, SCG neurons
form functional cholinergic synapses onto each other and release a
B-adrenergic agonist that induces an increase in pineal N-acetyl-
transferase activity (Parfitt et al., Melatonin Rhythm Generating
System, ed. Klein, Karger, 1982).

Sets of co-cultures were incubated with and without noradren-
aline, fixed in potassium permanganate, and processed for electron
microscopy. Adrenergic vesicles were identified by their dense
granular precipitate. We found that the rate of decline in the
number of small granular vesicles (SGV) was considerably slower
than the drop-out of these vesicles and concomitant rise in clear
vesicles seen in SCG neurons cultured without pinealcytes (cf,
Landis, Develop. Biol. 77:349, 1980). In addition, the varicosities
or terminals remained of one predominant vesicle type rather than
the mixed vesicle populations seen in SCG neurons co-cultured with
cardiac myocytes (Landis, Proc. Natl. Acad. Sci. USA 73:4220,
1976). Although release at neuron-neuron synapses in these cul-
tures causes cholinergic excitatory potentials, somal synapses con-
tained numerous SGV throughout the 6 weeks of study.

Thus, we found that, although they enhance cholinergic metabo-
lism in co-cultured sympathetic neurons (Rowe & Parr, J. Neuro-
biol. 11:547, 1980), pinealcytes also appear to influence the con-
servation of adrenergic vesicles in these neurons. We are now
comparing the vesicle content of synapses onto SCG somata with
those in Vvaricosities (e.g., axonal swellings without synaptic
contact). Similary, we are studying 5-hydroxydopamine-loaded
vesicles in horseradish peroxidase-filled neurons so that, from the
same cell, we can compare vesicle content in somal synapses and
axonal varicosities.

PLASTICITY OF SYNAPTIC PHENOTYPE: INSULIN AND c-AMP
INDEPENDENTLY INITIATE FORMATION OF ELECTROTONIC
SYNAPSES IN CULTURED SYMPATHETIC NEURONS. D.C.
Spray, J.C. Saez*, M.V.L. Bennett, and J.A.
Kessler +, Depts. Neuroscience & Neurology * Albert
Einstein Coll. Med., Bronx, N.Y. 10461.
Electrotonic coupling between pairs of sympathe-
tic neurons dissociated from superior cervical gan-
glia (SCG) of neonatal rats is rare when cells are
cultured in a serum containing medium (Ham's nut-
rient solution F12 plus 10% fetal calf serum) but
is common when cells are cultured for the same per-
iod in a serum free, defined medium; this pheno-
menon was described previously for embryonic SCG
neurons by Higgins & Burton (Neuroscience 7:2241,
1982). Our defined medium was Fl2 with five added
factors (progesterone, transferrin, putrescine, in-
sulin and selenium). When added singly to serum
containing medium, insulin and, to a lesser extent,
selenium promote the formation of electrotonic
coupling. The insulin effect is obtained with doses
as low as 0.01 ug/ml and is maximal after exposures
from 3-5 days. The incidence of electrotonic coup-
ling is also enhanced by exposure of cells to dibu-

tyryl cyclic adenosine 3'5' monophosphate (db-cAMP).

This effect is obtained with doses as low as 0.1 mM
is faster, being maximal at about 12 hrs exposure,
and is prolonged in the presence of the phospho-
diesterase inhibitor caffeine. Butyrate itself pro-
motes coupling to a small extent, but cAMP involve-
ment is confirmed by similar effects of other mem-
brane permeant cAMP analogues. Endogenous levels of
cAMP are significantly elevated in cultures grown
in the defined medium but not in those in serum
containing medium to which insulin or selenium are
added. We conclude that the promotion of electro-
tonic synapse formation by cAMP and by insulin or
selenium are independent. The formation of electro-
tonic connections in defined medium thus seems to
be a consequence of the addition of promoting sub-
stances (insulin, selenium) and the removal of an
inhibitory effect of serum on cAMP levels. Support-
ed in part by NIH grants NS 14830 & 20013. DCS is
recipient of a McKnight Development Award, JAK of a
George Cotzius Award.
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EXPRESSION AND REGULATION OF TYROSINE HYDROXYLASE IN
MAMMALTAN PRIMARY SENSORY NEURONS IN VITRO. D.M. Katz,
J.E. Adler, K.A. Markey and I.B. Black. Cornell Univ. Med.
Coll., N.Y., NY 10021.

Studies in this laboratory have recently documented
expression of catecholaminergic (CA) phenotypic character-
istics in primary sensory neurons of the normal adult rat,
in vivo (Katz, et al., 1983, PNAS, 80:3526). These cells,

to the vagal nodose and glossopharyngeal pe-

localized
trosal ganglia, express catalytically active tyrosine
(TOH), catecholamine fluorescence, and in-
creased catecholamine levels after inhibition of monoamine
oxidase. 1Initial studies demonstrated that expression of
sensory CA characteristics is mutable in adult animals, and
'‘may be subject to regulation by cues in the periphery.

To define molecular mechanisms of sensory CA regulation,
we have been studying expression of TOH in explant cultures
of petrosal ganglion neurons from fetal and adult rats. CA
sensory neurons in tissue culture express phenotype char-
acteristics typical of these cells in vivo, including 1)
functional TOH, measured by catalytic enzyme assay, and 2)
immunoreactivity to a highly specific anti-TOH antiserum.
Therefore, explant cultures provide an opportunity to
define regulation of sensory CA traits, and to compare
regulatory mechanisms with those expressed by other
CA populations, such as sympathetic neurons.

Explants were grown alone, or attached to their normal
carotid body targets, for one week in serum-containing
medium with added NGF (10u/ml). Ganglion neurons exhibited
abundant TOH immunoreactivity in the presence or absence of
the carotid body, indicating that normal targets are not
required for expression of sensory TOH in vitro. Moreover,
in the absence of normal target tissues, ganglion cells
expressed TOH in a catalytically active form.

To determine whether Nerve Growth Factor (NGF) plays a
role in expression and/or regulation of sensory TOH,
explants of fetal ganglia were grown for one week, without
targets, in the absence of added NGF and in the presence
of high concentrations of antiserum against the B-subunit
of NGF (A-NGF). Under these conditions, sensory ganglion
cells exhibited TOH immunoreactivity; consequently, NGF may
not be required for expression of sensory TOH in culture.
On the other hand, preliminary experiments suggest that NGF
may play a role in quantitative regulation of sensory TOH
because enzyme levels in ganglion explants appear to be
depressed in the presence of A-NGF. (Supported by
Dysautonomia Fdn.Inc. and NIH HD 12108 & NS 10259).

DEVELOPMENT OF CATECHOLAMINE- AND- PEPTIDE-CONTAINING CELLS
IN NEURAL CREST CULTURES: RELATIONSHIP OF DNA SYNTHESIS TO
PHENOTYPIC EXPRESSION. G.D. Maxwell and P.D. Sietz*. Dept.of
Anatomy, Univ. of Conn. Health Ctr., Farmington, CT 06032.
Neural crest cultures prepared from quail embryos give
rise to catecholamine (CA)-containing cells, and about one-
fifth of these CA cells also contain somatostatin-like immu-
noreactivity (SLI) (Maxwell et al., 1984 Dev. Biol. 101: 357-
366). These cells begin to be detectable at 4-5 days in
vitro. In the embryo, cells containing SLI are observed
early in the development of quail lumbosacral paravertebral
sympathetic ganglia (Maxwell et al., 1984 J. Neurosci. 4:
576-584). We wish to understand the mechanisms which control
the differentiation of these CA and SLI cell populations.
Neural crest cultures were grown in the presence of
[3H] thymidine for the times indicated below and then, in
separate experiments, immediately processed to visualize
either SLI-positive cells, by indirect immunofluorescence,
or CA-positive cells, by a histochemical procedure which
results in a water-stable fluorophore. The cultures were
then processed for autoradiography. The percentage of CA-
or SLI-positive cells with nuclei labeled with silver grains
was then determined.

Percent of cells labeled
CA-positive SLI-positive

Days in vitro
[°H] thymidine present

2-7 89.9 + 1.9 (6) 94.0 * 0.4 (7)
4-7 48.3 * 2.9 (6) 54.8 + 1.0 (5)
7-8 11.0 * 0.9 (5) 12.4 + 2.5 (5)
7 (1 hr) 0.5 £ 0.1 (12) 3.8 £ 0.9 (5)
8 (3 hr) not done 2.6 + 1.8 (5)
9 (1 hr) 1.8 (2) not done

Values represent mean * SEM (number of cultures).

These results demonstrate that 90% or more of the CA and
SLI precursors undergo DNA synthesis at least once during
the period of 2-7 days in vitro. The ability of cells to
undergo DNA synthesis decreases gradually with time in cul-
ture. A small percentage of cells appear to undergo DNA
synthesis after they become CA- or SLI-positive. These data
also suggest that there is no dramatic difference in the
developmental pattern of DNA synthesis in CA-positive cells
with or without SLI.

Supported by NIH grants NS 16115 and Research Career Devel-
opment Award NS 00696 (GDM).
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SYMPATHETIC NEURONS MAINTAINED WITHIN THE PERITONEAL CAVITY
FORM CHOLINERGIC SYNAPSES. D. Higgins, Dept. of Pharma-
cology, School of Medicine, State University of New York,
Buffalo, N.Y. 14214.

To determine whether endogenous macromolecules capable
of inducing cholinergic function are present in adult
mammals, I have examined the synaptic interactions of fetal
sympathetic neurons maintained within the peritoneal cavity
of adult rats. Neurons dissociated from the superior cervi-
cal ganglia of rat fetuses (21d) were plated in small
chambers and maintained for 1 day in a serum-free medium
that does not promote cholinergic function. On the morning
of the second day in vitro, some cultures were irradiated
(4000 rad, 6‘)Co) to prevent the growth of non-neuronal
cells. On that afternoon, cultures with or without non-
neuronal cells were sealed inside of dialysis tubing with
either a lower (12-14,000 dalton) or a higher (50,000
molecular weight cutoff (MWCO) and they were placed in the
peritoneal cavity of adult rats (23 months old). (The use
of dialysis tubing was necessary to allow the unambiguous
identification of implanted cells). After 9 to 1l days,
the implants were removed and simultaneous intracellular
recordings were obtained from pairs of neurons to examine
the nature of the synaptic interactions. With both types
of dialysis tubing, nicotinic cholinergic synapses were
frequently observed among neurons (~5C of all pairs tested)
in cultures in which non-neuronal cells were allowed to
proliferate. Cholinergic synapses were rare (-3% of all
pairs tested) among neurons maintained in the absence of
non-neuronal cells in dialysis tubing with a 12-14,000 MWCO;
however, they were 10 to 15 times more frequent in cultures
without non-neuronal cells that had been sealed within
dialysis tubing with a 50,000 MWCO. These data indicate:
(1) that a factor(s) capable of inducing cholinergic
function in sympathetic neurons is present or can be gener-
ated within the peritoneal cavity of adult rats and (2) that
this factor (s) more readily crosses dialysis tubing with a
50,000 MWCO than with a 12-14,000 MWCO. Thus this implanta-
tion technique appears to be useful for assaying the
presence of factors altering the differentiation of sympa-
thetic neurons; it is possible it may also be useful for
the detection of agents promoting neuronal suvival and
growth. (Supported by the Moir P. Tanner Fund and by a
Research Development Fund Award from the State University
of New York Research Foundation.)

REGULATION OF PROENKEPHALIN mRNA AND LEU-ENKEPHALIN IN
EXPLANTED RAT ADRENAL MEDULLAE. E.F. La Gamma., J.E.
Krause, J.E. Adler, J.D. White, J.F. McKelvy and I.B.

Black. Cornell Univ. Med. Coll., N.Y., NY 10021 and SUNY,
Stony Brook, NY 11794.

Impulse activity differentially regulates enkephaliner-
gic and catecholaminergic (CA) transmitter phenotypic
characteristics in rat adrenal medulla in vivo and in
vitro (LaGamma, Adler and Black, Science-In Press). Adult
male rat adrenal medullae grown as explants for 4 days
show a 50-fold rise in Leu-enkephalin-like immunoreactiv-
ity (LEU), following a 2 day plateau period. Tyrosine
hydroxylase, the rate-limiting enzyme in CA biosynthesis,
and phenylethanolamine-N-methyltransferase, the enzyme
which converts norepinephrine to epinephrine, do not
increase. To further characterize molecular mechanisms
governing the rise in LEU, 2 1/2 day cultured _medullae
were treated with inhibitors of DNA (Ara-C, 10 “M), RNA
(Act-D, 1 mcg/ml), or protein (cycloheximide, 2 mcg/ml)
synthesis. Cycloheximide completely prevented the rise in
LEU while Act-D prevented 50% of the increase. Ara-C had
no effect. This suggests that both ongoing RNA and protein
synthesis are required for the rise in LEU occuring from
days 2 to 3. To begin characterizing the molecular level
of regulation, proenkephalin mRNA was mgisured in this
culture system using a 918 base pair, P nick trans-
lated cDNA probe complementary to human pheochromocytoma
proenkephalin mRNA (Herbert et al, PNAS 79:360, 1982). Dot
blot analysis was performed on zero time and 4 day ex-
plants. After 24 hour hybridization, autoradiography
was performed for 1 and 3 days. Proenkephalin mRNA levels
from zero time medullae do not differ from background or

nonneuronal poly A RNA standards. In contrast, 4 day

explants revealed a striking increase in proenkephalin
mRNA which paralleled the rise in LEU. These data suggest
that the rise in LEU correlates with increased proenkeph-
alin mRNA and that ongoing synthesis of both mRNA and
enkephalin prohormone is required to increase LEU. This
culture system may permit characterization of the genomic
processes involved in differential expression of CA char-
acters and the putative peptide transmitter, leu-enkeph-
alin, in denervated, explanted adrenal medullary cells.
(Supported by NIH Grants HL00756, NS10259 and HD12108).

ONTOGENY OF CO-LOCALIZATION OF TYROSINE HYDROXYLASE- AND
NEUROPEPTIDE Y-LIKE IMMUNOREACTIVITY OF THE FOETAL RAT
BRAIN, G.A, Foster*, M. Schultzberg*, M, Goldstein and

T.Hokfelt* (SPON:G. Grant). Dept. of Histology, Karolinska

Institute,PO Box 60400, S-104 01 Stockholm.

It has recently been shown that adrenergic and nor-
adrenergic neurones in the adult rat medulla oblongata and
pons may also store neuropeptide Y (NPY), a novel 36 amino
acid peptide isolated from porcine brain which may possess
a messenger role Although the appearance during foetal
brain development of both NPY and tyrosine hydroxylase
(TH), a marker for catecholamine neurones, has been
separately documented by immunohistochemical analysis, the
ontogeny of their co-localization within the same neurones
has not. The aim of the study was to fill this lacuna,
and simultaneously to discover if the neuro-transmitter/
modulator complement of central nervous system neurones is
ineradicably programmed.

Antibodies to TH and NPY were raised in rabbits and
were used in the indirect immunofluorescence technique to
localize TH- and NPY-like immunoreactivity (LI) in foetal
rat brain. In the locus coeruleus, where in the adult
over 407 of the TH-immunoreactive (TH-I) cells are also
NPY-I, no NPY~LI was observed until day 21 of gestation.
In contrast, a very densely packed and extensive group of
TH-I cells appeared in the region as early as day 13. In
the rostral part of the nucleus of the solitary tract in
the mature animal, most of the NPY-I neurones also store
TH-LI. In the foetal rat, NPY-I cells were present in the
nucleus from day 13 onwards, whereas TH-LI could not be
detected in the same cells until after birth. Adrenergic
and noradrenergic neurones of the ventrolateral medulla
oblongata exhibit extensive co-localization of TH- and
NPY-LI in the adult rat. In the caudal part of the
embryonic rat ventrolateral medulla, neurones displaying
both NPY- and TH-LI were identifiable as early as day 17
of gestation. By days 20/21 the rostral limit of this
group of co-localizing cells now extended as far anterior
as the facial nucleus, to include most of the Cl group of
cells.

It is apparent from the results that neurones that will
eventually store botlr TH- and NPY-LI in the adult may
start producing TH before, after, or simultaneously with
the onset of NPY synthesis.
that the production of two of the putative messengers in
these neurones is not inextricably linked.

It would seem, therefore,.
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CHRONIC EFFECTS OF FLUOXETINE, AN ANTIDEPRESSANT AND A
SELECTIVE INHIBITOR OF SEROTONIN UPTAKE, ON TRANSMITTER
RECEPTORS. D. T. Wong, L. R. Reid*, F. P. Bymaster* and P.
G. Threlkeld*.  Lilly Research Laboratories, ETi Lilly and
Company, Indianapolis, IN 46285.

Fluoxetine (F) exhibits 1little or no affinity toward
receptors of various transmitters in vitro'. However,
chronic administration of F for 2-6 weeks Towered the number

of binding sites (Bmax) of serotonin (5HTq)
receptor52’3 without changing the sensitivity of
norepinephrine-activated adenylate cyclase or radio-
ligand binding to beta-adrenergic or 5HT) receptors®.,

We have now found that chronic F treatment for 12 days did

not change the Kp or Bpax in saturable binding of
radioligands to respective receptors: 3H—dihydroa1pren-
olol, H-WB4101 and H-clonidine (beta-, alphaj- and-
alphap-adrenergic  receptors), 3H—quinuclidinyl benzilate
(muscarinic acetylcholine receptor), H-pyrilamine
(histamine Hy receptor) and H-naloxone (opiate
receptor), whereas down-regulation (DR) of 5HT] receptor

persists. Thus, F as a selective inhibitor of 5HT uptake
does not modify receptors other than 5HT; receptor even
after chronic  administration. Further, DR of 5HTj
receptors in frontal cortex was induced within 1 week in
rats fed an F-incorporated diet (equivalent dose of 10 mg
F/kg/day). In fact, detectable DR occurred within 49 hr
during 3 daily injections of F at 10 mg/kg i.p. In rats
pretreated for 3 days with p-chlorophenylalanine, an
inhibitor of S5HT synthesis, F treatment for 4 days had no
effect, but F produced DR of 5HT; receptor in control
rats. Thus a dependence on synaptic concentrations of SHT
is suggested. These studies provide further evidence of the
selectivity of F as a 5HT reuptake inhibitor.

Ref.:
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1983.
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MODIFICATION OF SEROTONERGIC AND NORADRENERGIC NEUROTRANS-—
MISSION BY LONG-TERM ADMINISTRATION OF MONOAMINE OXIDASE
INHIBITORS I. ACTIVITY OoF PRESYNAPTIC NEURONS .
C. de Montigny and P. Blier (SPON: L. Descarries), Centre
de recherche en sciences neurologiques, Université de
Montréal, Montré&al, Québec, Canada, H3C 3J7.

Monoamine oxidase exists in two forms: type A deami-
nates serotonin (5-HT) and norepinephrine (NE), and type B,
B-phenylethylamine. The antidepressant effect of monoamine
oxidase inhibitors (MAOI) js generally assumed to result
from an increased availability of 5-HT and/or NE since
clorgyline, a selective MAOI-A, is as effective an anti-
depressant as non-selective MAOI. Deprenyl, a preferential
MAOI-B, has also been reported to have antidepressant acti-
vity but has been administered at regimens which also
inhibit MAO-A.

Male Sprague-Dawley rats received daily injections of
clorgyline (1 mg/kg, s.c.), deprenyl (0.25 mg/kg, S.C.), Or
phenelzine (2.5 mg/kg, i.p.) for 2, 7 or 21 days. Unitary
extracellular recordings of 5-HT and NE neurons were
obtained from the nucleus raphe dorsalis and the locus
coeruleus under chloral hydrate anesthesia (400 mg/kg,
i.p.), 24 h after the last injection. In the 2l-day treat-
ment groups, the sensitivity of 5-HT or NE autoreceptors
was assessed by determining the effects of LSD or clonidine
on the firing rate of 5-HT or NE neurons, respectively.

Two—day treatments with clorgyline or phenelzine marked-
ly decreased the firing rate of 5-HT neurons; there was a
partial recovery after 7 days of treatment and a return to
normal firing rate after 21 days of treatment. By this
time, there was also a desensitization of the 5-HT auto-
receptor as indicated by a decreased effectiveness of LSD.
In contrast, the 2l-day deprenyl treatment failed to modify
the sensitivity of the 5-HT autoreceptor. In the case of
NE neurons, clorgyline and phenelzine produced a reduction
of firing rate after 2, 7 and 21 days of treatment. Depre-
nyl had no such effect. The EDgg of clonidine was not
modified by any of the treatments, indicating that the NE
autoreceptor was not desensitized.

Given the delayed antidepressant activity of MAOI and
their rapid and sustained effect on NE neurons, it appears
unlikely that the therapeutic effect of these drugs is
mediated by the NE system. However, the gradual recovery
of firing activity of S5-HT neurons, attributable to the
progressive desensitization of their autoreceptor, corre-
lates well with the delayed onset of the antidepressant
action of MAOI.

9.2

9.4

SERUTOKIN=2 (8-2) BIWDING SITES DECREASE IN OLD MICE, BUT
ARE DOWN-REGULATED TO THE SAME EXTENT BY SUBCHRONIC
AMITRYPTALINE AT ALL AGES, C.E. Finch and D.G. Horgan
(SPON: C.A. Kasal). Andrus Gerontology Center, Univ. of
Southern California, los Angeles, CA, 90089-0191.

S-2 binding sites are reported hy several groups to
decrease 1in density following tricyclic antidepressant
treatment in rats. In Study 1, we adninistered amitryp-
taline in the drinking water at 0, 5, 15, 45, or 5-15-45
(lst wk=2nd wk=3rd wk) mg/kg/d to 8 mo. old male C578L/6J
mice for 21 days. After a 3¢ drug free period, mice were
sacrifices and the cortex was removed and frozen. S-2 and
alpha-1 adrenergic hinding sites were measured with 2 nM
(3H)spiperone. Binding displaced by 10 n!f prazosin was de-
signated alpha-1 specific binding. S-2 specific binding was
the difference between prazosin displaceable and nonspecif-
ic binding defined with 500 nM ketanserin. Amitryptaline

significantly reduced S-2 binding at all doses (Table 1).
No effect on alpha-1 adrenergic binding was observed.
TABLE 1, Dose of Amitryptaline (mg/kg/d)

S-2 hinding 0 5 15 45 5/15/45
(fmol/mg prot.)

Mean 70.6 58.1 52.5 47.9 40.0
+sen 4.2 5.2 5.3 1.4 2.2
%_0 dose 100% 827 747 687% S57%

In Study 2, mice of 4 age groups were administered O or
15 my/kg/d of amitryptaline in the drinking water for 21
days. Cortex was collected 2 days after removing the drug.
S-2 binding sites were measured in cortical membranes by
saturation analysis using 6 concentrations of (3H)spiperone
(0.25 to 8 nM) with prazosin added to all tubes to occlude
the alpha-1 adrenergic site. Nonspecific binding was est-
imated with 500 nM ketanserin. There was a significant re-
duction in S-2 binding sites with age and with amitryp-
taline treatment, but no age by drug interaction (Table 2).

Neither variable affected Kd (0.85 +.06 nM). We conclude
that fewer S-2 receptors are present in aged mouse cortex
(as in human cortex), but these receptors retain their
capacity for down-regulation by intermediate doses of
anitryptaline.
TABLE 2, AGE
4-6 mo. 9-11 mo. 15-20 mo. 24-26 mo.

Bmax 0 mg/kg 174 +6 158 49 154 +6 138 +8
Bmax 15 mp/kg 129 +5 117 ¥7 110 37 104 ¥5
Percent 749 754 724 76%_

Supported by Potamkin-Lerner Fellowship (DGM) and

AG-00117, AG03272 (CEF).

MODIFICATION OF SEROTONERGIC AND NORADRENERGIC NEUROTRANS-
MISSION BY LONG-TERM ADMINISTRATION OF MONOAMINE OXIDASE
INHIBITORS 1II. RESPONSIVENESS OF POSTSYNAPTIC NEURONS.
P. Blier, C. de Montigny and A.J. Azzaro. Université de

Montréal, Tanada, and University of West Virginia,
Morgantown, USA.
Serotonin (5-HT) but not norepinephrine (NE) neurons

regain their normal firing rate during long-term adminis-
tration of antidepressant monoamine oxidase inhibitors
(MAOI). The present study was undertaken to determine if
these presynaptic modifications result in altered neuro-
transmission.

Male Sprague-Dawley rats received daily injections of
clorgyline (1 mg/kg, s.c.), deprenyl (0.1 mg/kg, s.c.) or
phenelzine (2.5 mg/kg, i.p.) for 21 days. Activity of
MAO-A and B was assessed using subsaturating concentrations
of 5-HT and B-phenylethylamine as substrates. Clorgyline
and deprenyl inhibited very selectively MAO-A and B,
respectively, whereas phenelzine inhibited both forms of
the enzyme. Five-barrelled micropipettes were used to
record from hippocampal pyramidal neurons and to assess
their responsiveness to microiontophoretically-applied 5-HT
and NE using the ITsg method (current X time required to
obtain a 50% decrease of firing rate) in control and 2l-day
treated rats under chloral hydrate anesthesia (400 mg/kg,
i.p.), 24 h after the last injection. The responses of the
same neurons to the electrical stimulation (0.5 ms pulses
delivered at 0.8 Hz with currents of 80 to 640 uA) of the
ventromedial 5-HT pathway and to that of the dorsal NE
bundle was estimated from peristimulus time histograms.

The ITg5p values for 5-HT were increased by the clorgy-
line, but unmodified by deprenyl and phenelzine, whereas
those for NE were not altered by any of the treatments.
The suppression of firing induced by the stimulation of the
5-HT pathway was increased by phenelzine and clorgyline,
but not by deprenyl. Phenelzine and clorgyline, but not
deprenyl, reduced the effect of the stimulation of the
dorsal NE bundle.

These data show that prolonged inhibition of MAO-A, but
not that of MAO-B, results in an enhanced 5-HT and a reduc-
ed NE neurotransmission. Taken together with our finding
that 5-HT, but not NE neurons, progressively recover their
normal firing rate during long-term MAO-A inhibition, this
suggests that the enhancement of 5-HT neurotransmission is
more likely than the reduction of NE neurotransmission to
mediate the delayed antidepressant effect of MAO-A inhibi-
tion.
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PRE- AND POSTSYNAPTIC EFFECTS OF TRAZODONE ON SEROTONIN
NEUROTRANSMISSION: SINGLE CELL STUDIES IN THE RAT.
M. Dowdall and C. de Montigny. Centre de recherche en
sciences neurologiques, Université de Montré&al, Montréal,
Canada, H3C 337.

Several clinically effective antidepressant treatments
have been shown electrophysiologically to enhance serotonin
(5-HT) neurotransmission in the rat forebrain. Biochemical
and behavioral studies have suggested that trazodone, an
antidepressant triazolopyridine derivative, might have 5-HT
agonist and/or antagonist properties. The present study
was undertaken to determine whether long-term trazodone
treatment modifies 5-HT neurotransmission.

Male Sprague-Dawley rats were treated with trazodone (10
mg/kg, i.p.) for 2, 7 or 14 days. Twenty-four hours after
the last dose, rats were anesthetized with urethane (1.25
g/kg, i.p.). In a first series of experiments, extracellu-
lar unitary recordings were obtained from pyramidal cells
of the dorsal hippocampus with a five-barrelled microionto~
phoretic pipette; side barrels contained acetylcholine
chloride (ACh) (20 mM in 200 mM NaCl; pH 4), norepinephrine
(NE) (100 m4 in 50 mM NaCl; pH 4), 5-HT creatinine sulfate
(0.5 mM in 200 mM NaCl; pH 4) and dopamine (DA) (100 mM; pH
4). Silent or slowly-discharging neurons were activated to
8-12 Hz with a small current (1-5 nA) of ACh. Responsive-
ness to microiontophoretically-applied 5-HT, NE, and DA was
assessed using the IT5y method (i.e. current X time requir-
ed to obtain a 50% inhibition of firing rate from base-
line). In a second series of experiments, systematic
descents into the nucleus raphe dorsalis were carried out
using a single-barrelled micropipette; the number of spon-
taneously active 5-HT neurons per trajectory and their rate
of discharge were recorded.

A l4-day treatment with trazodone did not modify the
responsiveness of pyramidal neurons of the hippocampus to
5-HT, NE, or DA. 1In rats treated for 2 days, there was a
reduction in the firing rate of dorsal raphe 5-HT neurons.
There was a partial recovery of their firing activity after
7 days of treatment, and a complete recovery after 14 days
of treatment. At this time, there was a marked reduction
of the response of these neurons to intravenous LSD, indi-
cating a desensitization of the 5-HT autoreceptor.

These results suggest that long-term trazodone treatment
might enhance 5-HT neurotransmission via a presynaptic
action resulting in a desensitization of the 5-HT auto-
receptor. The time course of this phenomenon is compatible
with the delayed antidepressant effect of this drug.

SEPARATE MECHANISMS FOR DIAZEPAM'S EFFECTS ON
AGGRESSION AND PUNISHED DRINKING. K. A. Miczek.
Dept. of Psychology, Tufts Univ., Medford, MA
02155.

Benzodiazepines increase behavior that is
suppressed by aversive consequences in animals,
including humans, and this effect correlates with
the drugs' clinical anxiolytic effects. Benzo-
diazepine receptor blockers antagonize the punish-
ment-attenuating as well as anxiolytic effects.
Benzodiazepines also exert a 'taming" effect on
aggressive animals, although under certain con-
ditions these drugs may actually enhance aggres-
sive behavior. We investigated the aggression-
modulating and punishment-attenuating effects of
diazepam in rats (1) by comparing the most effec-
tive doses for both types of effects, (2) by
antagonizing both effects with Rol5-1788 and
(3) by enhancing the effects of diazepam with
concurrent administration of ethanol. Punishment-
attenuating drug effects were studied according
to a protocol in which rats, after water depri-
vation, were given access to water and every 20th
lick was followed by delivery of a 0.5 pA electric
shock. Aggressive behavior was engendered in
resident-intruder confrontations quantitatively
recorded. Low doses of diazepam (0.6, 1.0, 3.0
mg/kg, IP) increased the incidence of several
aggressive acts and postures, whereas 10 mg/kg
decreased these behaviors. We confirmed the
already known punishment-attenuating effects of
diazepam. At the 10.0 mg/kg dose sedative and
muscle-relaxant effects became evident. Rol5-1788
(10 mg/kg, IP) effectively antagonized the aggres-
sion-decreasing and punishment-attenuating effects
of diazepam. However, the aggression-enhancing
effects of low diazepam doses failed to be antago-
nized by Ro-15-1788. The anxiolytic, sedative,
and antiaggressive effects of diazepam appear to
be based on interaction with distinct receptor
complexes in the CNS, which differ from the drug's
mechanism of action for the aggression-enhancing
effects.
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THE EFFECTS OF ACUTE AND CHRONIC ADMINISTRATION OF CITALO-
PRAM ON SEROTONERGIC NEUROTRANSMISSION: ELECTROPHYSIO—
LOGICAL STUDIES IN THE RAT. Y. Chaput*, P. Blier and C. de
Montigny (SPON: J. Stewart). Neuroscience Research Center,
Université de Montré&al, Montréal, Canada, H3C 3J7.

Citalopram (CIT), a specific 5-HT reuptake blocker, has
been reported to be effective in the treatment of major
depression. CIT blocks in vitro the action of LSD on 5-HT
release suggesting that it could modify the properties of
the 5-HT autoreceptor (Langer et al., J. Pharmacol. exp.
Ther. 222: 220, 1982). Hence, the present studies were
undertaken to investigate in vivo the effects of CIT on
5-HT neurotransmission.

Male Sprague-Dawley rats (240-270 g) were treated with
CIT (20 mg/kg/day, i.p.) for 14 days. The responsiveness of
hippocampal pyramidal neurons to microiontophoretically-
applied 5-HT (0.5 mM in 0.2 M NaCl, pH: 4) and NE (0.1 M in
0.2 M NaCl, pH: 4) was assessed using the I.Tg5p method
[i.e. current (in nA) X time (in sec) required to obtain a
50% depression of firing rate] under chloral hydrate anes-
thesia (400 mg/kg, i.p.). The effect of the electrical
stimulation of the ascending 5-HT pathway in the ventro-
medial tegmentum on these same neurons was determined from
peristimulus time histograms.

Long-term treatment with CIT did not modify the respon-
siveness of the hippocampal pyramidal neurons to micro-
iontophoretically-applied 5-HT or NE; however, the effect
of electrical stimulation of the ascending 5-HT pathway on
the same neurons was markedly enhanced. To determine if
S-HT reuptake blockade itself could be responsible for this
enhancement, CIT (1 mg/kg) was injected intravenously in
naive rats while stimulating the ascending 5-HT pathway;
the effect of the stimulation was not increased. To assess
the involvement of the 5-HT autoreceptor, methiothepin, a
5-HT autoreceptor antagonist, was injected intravenously (1
mg/kg) in naive and in CIT-treated animals while stimulat-
ing the ascending S5-HT pathway; methiothepin markedly
enhanced the effect of the stimulation in naive rats but
failed to do so in rats chronically treated with CIT.

These results indicate that long-term CIT administration
enhances 5-HT neurotransmission via a presynaptic mecha—
nism. The markedly reduced effect of methiothepin in rats
chronically treated with CIT suggests ‘that the enhancement
of 5-HT neurotransmission by CIT might be due to a desensi-
tization of the 5-HT autoreceptor located on the 5-HT
terminals, presumably resulting in an increased release of
5-HT.

REGIONAL LOCALIZATION OF THE ANXIOSELECTIVE DRUG BUSPIRONE
IN RAT BRAIN. D. P. Taylor, R. E. G ,* D. K. Hyslop,
G. K. Matheson,!R. F. Mayol,* and S. Moon EdleyZ. Pharma-
ceutical Research and Development Division, Bristol-Myers
Company, Evansville, IN, 47721, and !Indiana University
School of Medicine, Evansville, IN, 47732, and 2Laboratory
of Neurophysiology, NIMH, Bethesda, MD, 20205.

Clinical trials have demonstrated that buspirone
(Buspar™) is effective in the treatment of anxiety neurosis
with efficacy and dosage comparable to diazepam or cloraze-
pate. However, buspirone is not only chemically distinct
from the benzodiazepines and other psychotropic agents, but
it also presents a clinical pharmacologic profile which is
"anxioselective". We have used a specific radioimmunoassay
to determine that following anxiolytically-relevant doses

(10 mg/kg), levels of buspirone are highest in cortex,
followed in descending order by hippocampus, midbrain,
thalamus, medulla-pons, striatum, hypothalamus and cere-
bellum. The levels of buspirone in the cortex were 50

percent higher than those in the cerebellum and twice as
high as circulating plasma levels of the drug. Recently, we
have obtained [3H]buspirone of high specific activity (68
Ci/mmol) and carried out preliminary autoradiographic
studies. Animals were dosed with saline or unlabelled
buspirone (10 mg/kg, i.p.) fifteen minutes prior to i.v.
injection of 150 pCi [3H]buspirone. Frozen brain slices (20
HUm) were exposed to LKB Ultrofilm for 14 weeks, and the
developed autoradiograms were analyzed by computerized
densitometry. Liquid scintillation counting of adjacent
slices revealed that pretreatment with unlabeled buspirone
resulted in a 70 percent decrease in radioactivity present.
Specific localization (representing binding and/or uptake
processes) of radioactivity was high in pyriform cortex,
anterior cingulate gyrus, somesthetic cortex, parietal
cortex, basolateral and corticomedial amygdaloid nucleus,
and hippocampus, among other regions. Radioactivity was
less densely localized in fiber tracts, zona incerta,
thalamus, the spinal nucleus of cranial nerve V, and the
paraflocculus of the cerebellar cortex. The relatively low
degree of localization in some nuclear regions and fibers of
buspirone may be taken as an indication of specificity.
Pharmacologic experiments to illustrate this will be pre-
sented. Results of further experiments designed to satisfy
requirements for stability of ligand and saturability are in
progress. Finally, because of the position of the tritium
label, the localized radioactivity can not be considered to
be a metabolite of buspirone, 1-(2-pyrimidinyl)piperazine.
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THE ANTIPANIC/ANTIPHOBIC DRUG,ALPRAZOLAM,INHIBITS THE
AGGREGATION OF HUMAN PLATELETS BY PLATELET ACTIVATING
FACTOR (PAF). E. Kornecki*, Y.H. Ehrlich, and R.H. Lenox
(SPON: E. Hendley). Dept. of Psychiatry, University of
Vermont, Burlington, Vermont 05405.

Panic attacks with debilitating agoraphobia is a chron-
ic,disabling disorder which afflicts 2 to 4% of the general
population in the USA and 10 to 1l4% of patients in cardiolo-
gy practices. Recently it was shown that the triazolobenzo-
diazepine,alprazolam, produces clinical improvement in patie-
nts with severe agoraphobia and panic attacks (Sheehan et al,
J.Clin.Psychnpharm.4:66,1984). They demonstrated that in th-
ese patients, plasma concentrations of platelet factor 4 and
beta-thromboglobulin were significantly elevated,and normali-
zed during treatment with alprazolam. These results suggest
that increased platelet activation may be associated with
panic/agoraphobic state and this activation is reversed dur-
ing treatment. In the present study we tested whether acti-
vation of platelets by various agonists can be blocked by
alprazolam.

PAF (1-0-alkyl,2-acetyl,glyceryl-3-phosphorylcholine) is
a potent platelet activator. We determined the effects of
alprazolam on PAF-induced human platelet aggregation both in
platelet-rich plasma(PRP) and in a washed platelet system.
Blood was obtained from healthy donors who had fasted for at
least 10 hrs prior to blood collection. The blood was collec-
ted in 3.8% sodium citrate,layered over Ficoll-Hypaque,and
centrifuged at room temperature to obtain PRP. Washed plate-
let suspensions were prepared by filtering PRP through a Se-
pharose 2B column equilibrated in Tyrode solution containing
0.5mM Ca**and 0.35%BSA,pH 7.35. Aliquots(0.45ml) of PRP and
washed platelets (2—4X108/m1) were preincubated for 1 min at
370C under stirring conditions in a Payton aggregometer in
the presence or absence of alprazolam. Platelet aggregation
was initiated by the addition of various agonists. Alprazo-
lam was found to completely inhibit PAF-induced aggregation
of platelets both in PRP and in washed platelet preparations.
On the other hand,alprazolam had no effect on ADP(1-10uM) &
thrombin(0.1-1U/ml)-induced platelet aggregations,however,
slight inhibitory effects on epinephrine (10uM),A23187(1~-10uM)
and collagen(200ug/ml)-induced platelet aggregations were ob-
served. In PRP,an ICgy of 12uM for alprazolam was obtained
at a PAF concentration of 2nM. Investigation of the process
by which alprazolam specifically inhibits PAF mediated cellu-
lar responses may shed light on the biochemical mechanisms
of action of triazolobenzodiazepines. (Supported in part by
a grant from the Upjohn Company).

PHENYLMETHANESULFONYL FLUORIDE AND METHANESULFONYL FLUORIDE:
CNS SELECTIVE CHOLINESTERASE INHIBITORS. L.A. Rodriguez*,
D.E. Moss and M.L. Camarena*. Department of Psychology,
University of Texas at EI Paso, El Paso, Texas 79968.

Several CNS diseases such as senile dementia of the
Alzheimer type and some hyperkinetic motor disorders could
theoretically benefit from enhancment of brain cholinergic
activity. One treatment strategy designed to facilitate CNS
cholinergic function has involved the'use of ChE inhibitors.
One serious problem is that ChE inhibitors usually also
affect cholinergic neurotransmission in peripheral tissues
(skeletal motor system, autonomic ganglia, and parasympa-
thetic synapses) and produce toxic side effects. The
present experiments, however, demonstrate that some sulfonyl
fluorides (irreversible ChE inhibitors of the same general
character as organic phosphates) have a high inherent
selectivity for inhibition of CNS ChE and remarkably low
general toxicity. Inhibition of brain, ileum, heart, and
pectoral muscle ChE was assayed after in vivo administration
of several sulfonyl fluorides. Repeated administration of
85 mg/kg phenylmethanesulfonyl fluoride (PMSF) produced up
to 90% inhibition of CNS enzyme with not more than 30%
inhibition in peripheral tissues. Methanesulfonyl fluoride
(MSF) also has excellent selectivity toward CNS enzyme.
Under similar conditions, but at 0.5 mg/kg, MSF produced
81% CNS inhibition with a maximum of 23% peripheral effect.
The unique CNS selectivity of PMSF and MSF is not demon-
strated by several other structurally related sulfonyl
fluorides. Because the sulfonyl fluorides are long-lasting
ChE inhibitors with unusually low general toxicity, these
compounds may prove to have clinical value in the treatment
of chronic CNS disorders.

This research was supported in part by the National
Institute of Mental Health and the MBRS Program of the
Division of Research Resources, NIH (Grant No. RR08012).
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HALOPERIDOL-INDUCED INCREASE
PREVENTED BY INSULIN. D.
Saller.* Exp.

IN DOPAMINE RECEPTORS. IS
Lozovsky, I.J. Kopin and C.F.
Therapeutics Branch, NINCDS, and Lab. Clin

Science, NIMH, NIH, Bethesda, MD 20205.

Dopamine (DA) receptor supersensitivity in rats made
diabetic with alloxan can be prevented by chronic insulin
or lithium (Science 214:1031, 1980; Am. J. Psychiat. 140:
6.3, 1983). We now report the effects of long-term insulin
treatment on haloperidol-induced DA receptor supersensitiv-
ity. Rats were treated as follows: Group 1 (controls): 21
days of i.p. vehicle (1.7% tartaric acid, pH 5.5) followed
by five days of saline (s.c.); Group 2: 21 days of i.p.
haloperidol (1lmg/kg) followed by five days of saline;
Group 3: 21 days of haloperidol followed by five days of
increasing doses (s.c.) of regular insulin (2.5, 4, 6, 6
and 8 U/kg); Group 4: 21 days of haloperidol and 12 days
of insulin covering the last seven days of haloperidol and
five days thereafter (2.5, 4, 6, 6, 7, 8, 9, 10, 11, 12,
13, and 14 U/kg); Group 5: 21 days of haloperidol and 26
days of insulin covering all 21 days of haloperidol and
five days thereafter (2.5, 4, 6, 6, 7, 8, 9, 10, 11, 12,
13, 14, 13, 13, 10, 10, 8, 8 U/kg, and 7 U/kg for the last
eight days); Group 6: 21 days of vehicle, followed by five
days of insulin (as in group 3); Group 7: 21 days of
vehicle and 12 days of insulin (as in group 4); Group 8:
21 days of vehicle and 26 days of insulin (as in group 5).
Food was withdrawn from all the rats for six hours after
the injections. All the rats were decapitated on the 27th
day. Specific binding of 1.2 nM [JH]spiperone to striatal
membranes was used as a measure of DA receptors (pmoles/g
tissue). Haloperidol induced a 382 increase in the number
of DA receptors (26.3 £0.9 and 19 0.8, P<0.0l1, for groups
2 and 1). Haloperidol-induced supersensitivity was not
affected by five days of insulin treatment (26.3 $0.9 and
24.7 $0.8 for groups 2 and 3), whereas administration of
insulin for 12 or 26 days in higher doses resulted in a
lack of DA receptor sensitization in rats treated with
haloperidol (20.1 0.9, P<0.0l, and 20.4 30.8, P<0.05, for
groups 4 and 5 vs. group 2). Insulin alone, however, had
no effect on striatal [3H)spiperone binding in vehicle-
treated rats (20.4 $1.5, 18.8 22.1, and 16.0 %2.8 for
groups 6, 7, and 8). The affinity of the [3H]spiperone
binding was not affected by any of the treatments. These
findings may be relevant to the mechanism of the thera-
peutic effect of insulin in the treatment of schizophrenia
since DA receptor supersensitivity has been implicated in
the pathogenesis of this disorder.
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MELATONIN AND PHOTORECEPTOR METABOLISM: REGULATION OF CONE

RETINOMOTOR MOVEMENT BY MELATONIN  AND DOPAMINE. M.E.
Pierce*, PeM. Iuvone, J.C. Besharse”. Dept. of AnatGmy,
mory Sch. of Med., anta,

The retinas of some vertebrates adjust to changing light
conditions by movements of the photoreceptors, presumably to
reposition the outer segments for optimal exposure to light.
In light, the myoid of the cone inner segment contracts; in
dark, it elongates. This retinomotor movement is influenced
by a circadian clock.) The following experiments were con-
ducted to test the hypothesis that melatonin is involved in
the regulation of cone retinomotor movement. This hypothe-
sis was based on the following observations: 1) the activity
of retinal serotonin N-acetyltransferase (NAT), a key enzyme
in the synthesis of melatonin, is expressed as a circadian
rhytha with peak activity in the dark;“ 2) melatonin
stimulates photoreceptor disc shedding, another circadian
process.” Eye cups were prepared from Xenopus laevis that

had been maintained in constant light at 26°C for 4 days, a

process that blocks the circadian rhythm of NAT activity?

Eye cups were incubated in vitro in either light or dark for
3 hours. Addition of 0.5uM melatonin to the incubation
medium stimulated cone elongation in light to an extent that
was comparable to that elicited by darkness; i.e. melatonin
mimicked the effect of darkness.

Retinal dopamine biosynthesis occurs in a rhythmic
fashion with peak activity in the light-“ We, therefore,
examined the effects of dopamine on cone elongation and
investigated a possible interaction between melatonin and
dopamine metabolism. Addition of 50uM dopamine 1) blocked
dark-1induced elongation, 2) blocked melatonin-induced
elongation, 3) caused contraction of dark-adapted cones, and
4) inhibited the stimulation of NAT activity by darkness.
In addition, 0.5uM melatonin decreased the concentration of
the dopamine metabolite 3,4-dihydroxyphenylacetic acid in
light-exposed retinas, suggesting that melatonin inhibits
dopamine release. These data suggest that the regulation of
cone movement may involve an interaction of melatonin and
dopamine, a putative neurotransmitter .in the inner retina.
References:

1) Levinson and Burnside, Invest. Opthal. Vis. Sci.

20:294, 1981.

2) Iuvone and Besharse, Brain Res., 273:111, 1983.

3) Besharse and Dunis, Science 219:1341, 1983,

4) Tuvone et al., Science 202:901-902, 1978.

DOPAMINERCIC EFFECTS IN HUMAN VISION: SPATIO-TEMPORAL
CONTRAST SENSITIVITY FLUCTUATES BETWEEN ''ON'' AND ''OFF"
PERIODS IN PARKINSON'S DISEASE. |. Bodis-Wollner!,2 and
S. Mitr (SPON: G. Lehrer!). Departments of Neurology!
and Ophthalmology2, The Mount Sinai School of Medicine of
the City University of New York, One Gustave L. Levy
Place, New York, NY 10029.

Several reports suggest abnormal visual evoked poten-
tials in Parkinson's disease (PD) (see Bodis-Wollner et
al., J Neural Transmisison, Suppl. 19, 1983). Our psycho-
physical studies in 76 PD patients suggested spatial
contrast sensitivity losses centered on 4-$ cycles per
degree and temporal losses in the range of 4-10 Hz. These
regions represent peak sensitivities of normals. In PD,
dopaminergic deficiency is known to be localized to
the basal ganglia but it is not known whether or not
there is a generalized deficiency also affecting retinal
dopaminergic neurons (Frederick et al., J Comp Neurol,
210:65-79, 1982) in the human. We studied spatio-temporal
contrast sensitivity in 10 PD patients undergoing dopa-
minergic therapy and showing 'on'' and '"off'' periods in
their symptoms. It is believed that such 'on''-''off'"
changes correlate with the availability and/or effective-
ness of postsynaptic dopamine receptors. We found that
visual changes accompany oscillations in motor symptoms.
Patients studied had normal ophthalmological exam and
normal acuity. From '‘on' to '"off'' one observes a flatten-
ing of spatio-temporal peak sensitivity and relative
elevation of the low frequency region without high fre-
quency changes. In several patients there are inter-
ocular differences. These frequency-specific contrast
sensitivity changes in parallel with motor symptoms
suggest a role for dopamine in tuning and amplification
in human vision.

The authors acknowledge support from the National
Institutes of Health grants NS-11631-10 and RR-0071; the
National Eye Institute grants 5-RO1-EY01708 and EY-01867;
and Clinical Research Grant 6-327 from the March of Dimes
Birth Defects Foundation.
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DOSE-RESPONSE RELATIONSHIP BETWEEN LIGHT IRRADIANCE AND
RETINAL DOPA AND DOPAMINE IN THE DARK ADAPTED RAT. G. C.
Brainard and W. W. Morgan. Dept. Neurology, Thomas Jefferson
Univ., Philadelphia, PA 19107 and Dept. Cellular and
Structural Biology, Univ. Texas Health Science Center, San
Antonio, TX 78284

Light expbsure produces an increase of dopamine (DA)
synthesis and a decrease of dihydroxyphenylalanine (DOPA)
accumulation in rat retina (Morgan and Kamp, J. Neurochem.
39:1982). The purpose of the following study was to
characterize how graded light irradiances influence changes
in DOPA and DA levels in the rat retina.

Adult male Sprague-Dawley rats, weighing 200-250 grams,
were dark adapted for a minimum of 12 hours. Under dim red
light, each rat was anesthetized with sodium pentobarbital
(25 mg/kg) and then given m~hydroxybenzylhydrazine (NSD
1015, 50 mg/kg) by tail vein injection. The rat was
immediately positioned in a stereotaxic frame and exposed to
a 15 minute pulse of white light. The experimental light
was produced by a 500 watt tungsten bulb (Sylvania),
collimated by a set of condensing lenses and passed through
a glass infrared filter. Light intensity was adjusted by
one or more glass neutral density filters. The resultant
light beam was centered directly in front of the rat at eye
level. Groups of 8 rats each were exposed to an irradiance
(incident gn the cornea) of 0, 1, 3, 5, 10, 25, 50, 100 or
1000 uW/cm”. Immediately following light exposure, the
rats were sacrificed by rapid decapitation and the retinas
were collected. DOPA and DA levels were quantified by liquid
chromatography with electrochemical detection. The data
were analyzed by one-way ANOVA, Newman-Keuls and nonlinear
regression.

Both the DOPA and DA levels responded to light irradiance
in a dose-response fashion. Mean DOPA accumulation was
observed to increase progressively in response to increasing
light irradiance. Mean retinal DA was observed to decrease
progressively in response to increasing light irradiance.
Both DOPA and DA data fit hyperbolic curves with respective
coefficients of correlation of 0.70 (P<0.01) and 0.79
(P<0.01). These results indicate that retinal DA synthesis
and presumably DA neuron activity shows a graded response to
increasing irradiances of white light. Exposure to white
light at 25 uW/cm” or greater appears to elicit the
maximum response of these neurons. (Supported by DA 00755
and DAOOO83 to WWM.)

EFFECTS OF DOPAMINE ON RABBIT RETINAL GANGLION CELLS.
Ralph J. Jensen. Department of Physiology & Biophysics,
Washington University School of Medicine, St. Louis, MO
63110.

Using an isolated, perfused rabbit eyecup preparation,
I have recently begun to examine the effects of dopamine
on extracellular recordings from retinal ganglion cells.
Results sc far have been obtained primarily from OFF-center
brisk ganglion cells, the majority of which have been
"large field units'". Dopamine (20-100 uM) was found to
diminish the sensitivity of these ganglion cells to light
stimuli (spots and annuli). Absolute thresholds of both
center OFF responses and surround ON respcnses were
elevated. The elevated thresholds were not the consequence
of a tonic inhibitory input acting directly on the ganglion
cells since dopamine did not decrease the spontaneous
activity of these cells; spontaneous activity either
increased or remained the same. With increased stimulus
intensity, the responses of ganglion cells under the
influence of exogenous dopsmine were very similar to
control, drug-free responses at lower light intensity.
Plotting the size of ganglion
cell response against stimulus
intensity (intensity-response
curve), I found that dopamine
caused a parallel shift of the
curve to the right. Shifts up
to 1 log unit were observed on
a few occasions for both center
and surround responses.
Whether dopamine causes similar
shifts in the intensity-response
curves for other ganglion cell
types is currently being investigated.

The results suggest that dopamine may play a role in
control of the state of adaptation of ganglion cells in
the retina.

Vgpam
_)PNQ.
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Supported by NIH Training Grant EY07057.
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WHOLE-CELL CURRENT ANALYSIS OF ISOLATED HORIZONTAL CELL
RESPONSES TO L-GLUTAMATE, KAINATE, AND QUISQUALATE. A. T.
Ishida* and J. Neyton* (SPON:C. Sotelo). Lab. Neurobiologie,
Ecole Normale Supérieure, 46 rue d'Ulm, 75005 Paris France.
Synaptic input from retinal photoreceptors to horizontal
cells (HCs) is thought to be mediated by L-glutamate (L-GLU)
since L-GLU and related analogs depolarize HCs in situ and
in tissue culture. To study HC amino acid responses apart
from non-synaptic voltage-dependent conductances and to
estimate channel mean lifetime (Z) and conductance (¥) prior
to single-channel analysis, we measured responses to L-GLU,
kainate (KA), and quisqualate (QA) of HCs dissociated from
goldfish retinas, under voltage clamp in the whole cell
configuration of Hamill et al (Pflligers Arch. 391:85, 1981).
1) At HC resting potential (Er, -65 to -70 mV), L-GLU, KA,
and QA produce net inward currents accompanied by relatively
small increases in noise. These currents reverse near zero
mV, and rectify slightly in the outward direction. The
reversal potentials for each agonist shift reversibly by
approx. -15 mV when 50% of the external NaCl is replaced
isosmotically by sucrose. Therefore these agonists appear to
produce an increase in HC cationic conductance.
2) KA and QA are both effective down to 3 uM; L-GLU is 10X
less effective. Responses to 3-30 uM KA, 3 uM QA, or 30 uM
L-GLU show no change in amplitude for applications as long
as a few minutes, and decay monotonically after wash-out.
Responses to either 30 uM QA or 300 uM L-GLU reach a peak
and decay within seconds to a plateau level; during wash-out
these responses increase in amplitude before decaying
completely. Steady-state amplitudes of KA responses at E
increase with KA dose over a one log unit range, whereas
those of L-GLU and QA responses increase with 0.5 log unit
éncreases in dose above threshold and decrease at higher
oses.
3) Both QA and L-GLU antagonize responses to KA. Even low
doses of QA (3 pM) or L-GLU (30 pM) produce responses which
neither sum linearly with, nor potentiate, responses to low
doses of KA.
4) Power spectra of Fourier-analyzed noise in the L-GLU, QA,
and KA responses can be fit by double Lorentzian functions.T
estimates from these spectra are approx. 1 and 6 msec for
the fast and slow components, respectively, for each
agonist. There is no pronounced dose-dependence in these
values. Variance analysis of the noise suggests that ¥ is
approx. 2 pS for each of the 3 agonists. Possible bandwidth
limitations compel us to confirm these estimates in
outside-out patches.

PHARMACOLOGICAL MODIFICATION OF CENTER-SURROUND
ORGANIZATION OF HORIZONTAL CELLS IN XENOPUS RETINA.
S. Stone and P. Witkovsky. Dept. Ophthal., NYU Med. Ctr.

New York, New York, 10016

In a previous report we described responses of the axon-
bearing horizontal cell in the Xenopus retina (Hassin and
Witkovsky, Vision Res. 23:921, 1983). These cells receive
synaptic input from both rods and cones. In the present
study we elicited responses from the same class of horizontal
cell 1in eyecup preparations in which rod input was suppres-
sed by continuous exposure to a diffuse, green adapting
light. Under such conditions, the response is mediated by
red sensitive (612 nm) cones.

Illumination of the surround with large spot or annular
flashes evoked a rapid hyperpolarizing ON-transient followed
by a prominent "rollback" to a more depolarized plateau
potential for the duration of the stimulus. Occasionally the
rollback exhibited small depolarizing transients. An addi-
tional feature of the light adapted horizontal cell response
was a pronounced spike-like depolarization at light OFF. 1In
contrast, equivalent amplitude responses to small central
sports showed a square shaped waveform in which the rollback
was reduced or absent; the OFF-transient was still apparent.
When annular flashes were superimposed upon steady central
illumination the depolarizing components of the horizontal
cell response were enhanced and in some cells, a pure sus-
tained depolarization in response to annular stimuli was
observed. However intense central illumination tended to
inhibit the rollback.

Superfusing the retina with GABA (5-7 mM) reduced the
rollback and the OFF-transient. It also reduced the depol-
arizing component of the response to annuli superimposed on
a steady central light. The effects of GABA wer$+reversed
by the GABA antagonist,+gicrotoxin (0.5 mM). Sr ions, which
readily pass through Ca channels, greatly increased the am-
plitude of the OFF-transient and induced or increased the
magnitude of the spike-like transients during the rollback.

Our findings support the view that in Xenopus horizontal
cells, the depolarizing responses to surround illumination
may be due to sign-inverting, GABA-mediated, synaptic feed-
back from horizontal cell axons onto cones. Accordingly,
central cones would be depolarized by annular stimulation,
resulting in a depolarizing response jin the horizontal cell
body. 1In addition, the effects of Sr suggest that these
depolarizing responses in horizontal cells involve a calcium
channel. Supported by EY 05527 to S.S. and EY 03570 to P.W.
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FUNCTIONAL ORGANIZATION OF GABA AND GLYCIKE INPUT
TO CAT RETINAL GANGLION CELLS. T, E. Frumkes, T,
VOIGT# and H, Wisslé®. Max-Planck Institut fur
Hirnforschung, 6000 Frankfurt 71, W. Germany
Ganglion cells from optically intact cat eyes
were studied by extracellular recording and ionto-
phoretic drug application. Results are from cells
unequivocally defined as brisk sustained (X) or
brisk transient (Y), and as On- or Off-center.
1). All units show similar decreases in activity
to GABA and glycine, and all respond to their se-
lective antagonists, bicuculline (BCC) and
strychnine (STR). 23. Alone or in combination,
STR and BCC can not eliminate center-surround RF
(receptive field) antagonism. Furthermore, the re-
sponses produced by adding a center or removing a
surround 1light are similarly influenced by STR
and BCC. Apparently, GABA and glycine can play but
a small role in spa%ial properties of ganglion
cell RFs. 3). Intense stimulation of the RF center
often results in the response sequence: transient
response; a brief period of relative inactivity;
a following period of sustained activity; and
decreased firing at stimulus offset. Most evi-
dent in On-center cells, both periods of decreased
firing are reduced by S&R or BCC, and both drugs
together generally produce greater reduction than
increasing either alone. We suggest most ganglion
cells receive transient inhibition at both light
onset and offset from both GABAergic and glycin-
ergic neurons, and this inhibition determines
transient vs. sustained response characteristicse.
4). In On~center cells, responses are similarly
increased by STR and BCC, and STR similarly in-
creases Off-center cell responses. However, pro=-
viding the ratio of illumination between cen-
ter and surround is less than 1 log unit, BCC
usually decreases the overall activity of off-
center cells. But in the presence of STR, BCC in
creases the overall activity of off-center cells.
This suggests disinhibition: in addition to di-
rect influences, GABAergic neurons inhibit the
glycinergic input to Off-center cells. 5). The
above results are independent of prevailing light
adaptation level and whether rods and/or cones
mediate photic responses.

ACTION OF THYROTROPIN-RELEASING HORMONE ON CAT RETINAL
GANGLION CELLS.J.Bolz% and P.Thier* (SPON:C.D.Gilbert).
Max-Planck Institut fir Hirnforschung,6000 Frankfurt 71,
West Germany.Present address:Lab.Neurobiology,Rockefeller
University,New York,NY 10021 (J.B.) & Neurologische
Universitatsklinik, 7400 Tibingen,West Germany (P.T.).

A number of neuropeptides have been localized in
particular classes of retinal neurons,but little is known
concerning the functional role of these peptides. We
attempted to ascertain the role of one peptide, thyrotropin-
releasing hormone (TRH), by determining its effect on the
light response and maintained activity of ganglion cells.

A total of 62 cells of the cat retina were recorded extra-
cellularly with multibarreled electrodes from the intact eye
in vivo. Before application of TRH the ganglion cells were
physiologically classified as brisk-sustained(X) or brisk-
transient(Y); other classes were not analysed.

Under photopic stimulus conditions we found a differ-
ential action of TRH on ON- and OFF-centre cells which was
independent of the brisk-sustained(X)/brisk-transient(Y)
dichotomy. Application of TRH suppressed the light response
and maintained activity of ON-centre cells. In contrast the
firing of OFF-centre cells was enhanced by iontophoresis of
TRH. The time course of the TRH response was similar to that
seen after application of transmitters such as GABA,glycine,
dopamine and serotonin.

Under scotopic stimulus conditions there was no influence
of TRH on the ganglion cell discharge. The lowest background
illumination at which a notable action of TRH could be
observed was between 5-20 cd/m2. This level of light lumi-
nance, when using a 4 mm artifical pupil, is in the mesopic
range. The findings suggest, therefore, that TRH action
requires activation of cone pathways in the retina.

Our results indicate that TRH does not act directly on
ganglion cells, since under scotopic illumination exogen-
ously applied TRH did not influence the ganglion cell acti-
vity, suggesting that TRH acts on neurons which are pre-
synaptic to ganglion cells and are only active under
photopic conditions.

A possible functinal role of TRH suggested by the
reciprocal modulation of ON- and OFF-centre ganglion cells
is in light adaptation. Ordinarily one might expect a rise
in background illumination to increase the resting discharge
of ON-centre cells and decrease that of OFF-centre cells,
but the maintained activity of ganglion cells is largely
independent of background illumination. The action of TRH is
appropriate for this adaptive property.



THURSDAY AM RETINA I 21
109 CHOLECYSTOKININ IN THE CAT RETINA: ACTION OF EX- 10.10 CHEMICAL SYNAPSES OF CONE HORIZONTAL CELL AXONS IN THE
OGENOUS CCK8 AND LOCALIZATION OF CHOLECYSTOKININ- GOLDFISH RETINA D.W. Marshak and J.E. Dowling. The
LIKE IMMUNOREACTIVITY. P.Thier* and J.Bolz* (SPON: Biological Laboratories, Harvard University, Cambridge, MA
K.P.Hoffmann): Max-Planck-Institut fiUr Hirnfor- 02138
schung, 6000 Frankfurt 71, F.R.G. Present address:
Neurologische Universitdtsklinik, 7400 Tibingen, Cone horizontal cells in the retinas of cyprinid fish are
F.R.G. (P.T.) and the Rockefeller University, Dept. among the ‘most thoroughly-studied interneurons in the
Neurobiology, New York, NY 10021 (J.B.). central nervous system, but we do not understand the roles
We tested the effects of iontophoretically of their axons (CHA) in visual information processing.
applied cholecystokinin-octapeptide amide sulfa- Except for one preliminary report, no information concerning
ted (CCK8) on the light response and the maintai- synapses made onto or by these elements is presently
ned discharge of cat retinal ganglion cells. available. We report here that we have found that CHA's
Ganglion cells were recorded extracellularly with form conventional chemical synapses with at least 3 types of
multibarreled electrodes in the optically intact postsynaptic elements and 2 types of presynaptic elements.
eye in vivo. Only cells classified physiological- We have also demonstrated that processes of the dopaminergic
ly as brisk-sustained (X) and brisk-transient (Y) interplexiform cell are among those presynaptic and
were analyzed. CCK8 suppressed the light evoked _ postsynaptic to CHA's. Eyes were removed from 1ight-adapted,
and the maintained discharge of X and Y cells 3" goldfish, hemisected, and immersed in a mixed aldehyde
without exception. This action of CCK8 was in- fixative. For immunocytochemistry, we used antiserum to
dependent of the state of light adaptation and tyrosine hydroxylase (kindly provided by Dr. Tong Joh). We
the drug did not alter the antagonistic organiza- sampled central and peripheral retina from all 4 quadrants
tion of the receptive fields. of 1 eye and surveyed 2 other eyes. CHA's were identified by
Using an antiserum directed against the C-ter- their abundant longitudinally-oriented microtubules and
minal tetrapeptide of cholecystokinin, we studied their high cytoplasmic electron density. The synapses were
the localization of CCK-like immunoreactivity in typical of the symmetric type observed elsewhere in the CNS.
cryostat sections of the cat retina. CCK-like IR In 2 instances, small synaptic specializations were
was found in a population of the larger amacrine separated by a region of unspecialized membrane, as in
cells. In the ganglion cell layer some small cells perforated synapses. 0.5% of the CHA's contain presynaptic
of approximately the same size as the amacrine specializations in random, ultrathin sections. All except 2
cells were labelled. In addition CCK-like IR of the synapses we observed were in the expanded, terminal
could be detected in horizontal cells and in- portions of the axons in the middle of the inner nuclear
consistently also in ganglion cell somata and layer, and the axons were mostly presynaptic. 40% of the
fibres. postsynaptic elements were dendrites of intermediate
An inhibitory action of CCK8 on cat retinal electron density with very few microtubules, abundant
ganglion cells contrasts with its excitatory microfilaments, and a few synaptic vesicles. 19% were more
action in other parts of the brain. However, we electron lucent dendrites with abundant microtubules. 11% of
cannot exclude that the action of exogenous CCK8 the postsynaptic elements contained abundant, small vesicles
is mediated by excitatory receptors on interneu- and large, dense-cored vesicles. Preliminary observations
rons, which in turn inhibit ganglion cells. The of Tlabeled tissue 1indicate that these are tyrosine
localization of CCK-like IR in a population of hydroxylase immunoreactive interplexiform cell processes.
amacrine cells is in accordance with its locali- Somata in the middle of the inner nuclear layer received the
zation in the retinae of other vertebrate species. remaining 30% of the synapses from CHA's. We also observed
CCK-like IR in horizontal cells and in ganglion somata and interplexiform cell processes which were
cells could be attributed to a possible cross- presynaptic to the axons, but these were seen far less
reactivity with neurofilaments as was recently frequently.
demonstrated for alpha-MSH-like IR found in these
cells (Drédger et al., 1983).
10.11 MONOCLONAL ANTIBODIES AGAINST COMPONENTS OF THE MOUSE 10.12 MONOCLONAL ANTIBODIES THAT DETECT CELL TYPE AND LAMINAR

RETINA. Grant W. Balkema and Ursula C. Driger, Dept. of
Neurobiology, Harvard Medical School, Boston, MA 02115.

Monoclonal antibodies against mouse retina are useful
tools in studying the functional architecture of the retina
in normal and mutant mice. We have used two immunization
strategies: 1) we immunized with mechanically isolated
retinal ganglion cell layer and used conventional fusion
techniques. 2) we followed the immunosuppression-in vitro
immunization technique of Matthew § Patterson (1983): we
immunized either with a retina in which all photoreceptors
had degenerated or with a retina from which the ganglion
cell layer had been removed, then eliminated all responding
B-cells with cyclophosphamide, and finally challenged the
surviving B-cells in vitro with whole retina. The conven-
tional technique yielded predominantly antibodies against
filamentous components in glial cells. The in vitro fusions
gave a much higher number and larger diversity of antibodies,
and several of them were directed against the difference
between the first and the second antigens. Our antibodies
can be roughly classified into eight groups: 1) Several
antibodies label the outer segments of the photoreceptors;
one of them (2D5) appears to have a preferential affinity
for photoreceptors in the periphery of the retina. 2) Anti-
body 1E9 has a high affinity for ribbon-like structures in
the outer plexiform layer, labeling about 5 of them per
1um?, and low affinity for cell nuclei in the ganglion cell
and inner nuclear layer and for the inner segments of the
photoreceptors. On Western blots 1E9 binds with high affin-
ity to a band at 82K, and under low affinity conditions two
additional bands appear at 76K, and 74K Mp. 3) Antibody 2B5
labels the ganglion cell layer (but spares the ganglion cell
bodies), a laminar pattern in the inner plexiform layer, the
outer plexiform layer, scattered round dots (~lum) in the
outer nuclear layer, and the inner segments of the photo-
receptors. The labeling pattern in the retina is identical
to the histochemical staining for cytochrome oxidase. 4)
Antibody 2C6 labels some of the retinal ganglion cells and a
few processes that extend into the inner plexiform layer.

5) Antibody 2A6 labels astrocytic processes on the vitreal
surface of the retina. 6) Antibody M3G7 labels the outer
limiting membrane in the retina. 7) Two antibodies (M3C9 &
M3G4) label only the outer plexiform layer. 8) Several
antibodies (e.g. 8F2) label the radial Muller glia and one
class of horizontal cells.

(Supported by NIH EY01938, EY05019)

DIFFERENCES IN RAT RETINA.
K. Akagawa* & C. J. Barnmstable. (SPON: P. R. MacLeish).
The Rockefeller University, New York, NY 10021.

To understand the molecular basis of neural structure,
function and development it is necessary to identify the

molecules involved. We have been generating monoclonal
antibodies against adult rat retina using retinal
membranes as immunogen. We have previously described
antibodies that allow us to label each major cell type of
retina both in intact tissue and in monolayer cultures
(Barnstable et al., Cold Spring Harbor Symp. Quant. Biol.,

48 ,863,1984). Here we describe some new markers that
detect novel molecular patterns in the retina.

Antibody 3.5E 1labelled membranes of bipolar cells. The
dendritic processes in the outer plexiform layer, the
somata and the axons were all clearly labelled. Labelling
of the inner plexiform layer revealed a clear laminar
pattern. This antibody differs from our previous bipolar
cell markers in that it is not also strongly expressed on
photoreceptor inner segments.

Antibody 2.6A 1labelled both inner and outer plexiform
layers. No labelling of cell bodies was detectable.
Bundles of axons in the optic nerve fibre layer were
unlabelled suggesting that the plexifrom layer specificity
was real and not an artefact of demsely packed membranes.
The labelling given by antibody 3.1A on the other hand was
restricted to the outer plexiform layer. A further
antibody, 6.1G, gave a highly punctate labelling of both
plexiform layers that differed both quantitatively and
qualitatively from that given by 2.6A.

Antibody 8.2E 1labelled the cytoplasm of ganglion cells
and some cells in the inner nuclear layer. Since the
ganglion cell axons in the optic nerve fibre layer and the
horizontal cells were unlabelled this antigen is clearly
different from the previously described ganglion cell
markers Thy-1 and neurofilaments.

Together with our previously described antibodies these
markers allow us to monitor and manipulate the cell
development and composition of retina in vivo and in
vitro . In addition, molecules restricted to synaptic
regions will allow a better understanding of the processes
of synapse formation, structure and function.

(Supported by grants EY05... and NS20483).
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POSTNATAL DEVELOPMENT OF GANGLION CELLS IN RABBIT RETINA.
E. V. Famiglietti. Dept. of Anatomy, Wayne State Univ. Sch.
of Med., Detroit, MI 48201l.

Time of birth for litters of pigmented rabbits was
established within 8-16 hrs. Animals were sacrificed at
timed intervals, the eyes removed and the isolated, flat-
mounted retinas processed by the Golgi-Kopsch method. At 5
days postnatal, ganglion cells are immature with few
dendritic branches of undetermined orientation.
Morphological types identifiable in the adult by their
dendritic branching pattern are not recognizeable at this
stage. At 8 days postnatal, wide-field and narrow-field
cells are differentiable, and narrow dendritic
stratification, including bistratification, is evident. On
the other hand, dendritic field diameters are small, and
dendritic branching patterns typical of adults are not well
established. Some aberrantly stratified dendrites appear to
be present. It has been reported that at this stage only 9%
of ganglion cells encountered respond to light, and none
with differentiated receptive fields (Masland, 1977).

At 10 days of age, just before eye opening, most adult
types of ganglion cell may be observed. These differ
significantly from adult cells, however, as they are covered
with long, slender, and branched spines, and the large-
bodied, class I cells have reached only 50 to 60% of their
final field diameters. Spines from adjacent dendriei®
branches are often in contact, bridging between daughter
branches in ladder-like fashion, particularly in the case
of the highly branched, type 1 bistratified ganglion cells.
Most dendritic spines disappear in adult ganglion cells.
Some of these may remain in the dendritic trees of type 1
bistratified ganglion cells, however, since slender touching
branches or appendages are not uncommon in the adult cells.
The latter cells have been identified as ON-OFF
directionally selective ganglion cells (Amthor et al.,
1983). At this developmental stage, directionally selective
cells were found, and 80% of the ganglion cells were
visually responsive, but only half had adult receptive field
organization (Masland, 1977).

At 10 days of age, the dendrites of retinal ganglion
cells receive synaptic input sufficient to yield complex
responses indicating direction of motion. Nevertheless,
homotypic dendro-dendritic interaction among ganglion cell
dendrites, mediated by spinous processes may be equally
important at this stage of development, perhaps functioning
to regulate the orderly expansion and overlap of the growing
dendritic trees of retinal ganglion cells.
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QUISQUALATE-SENSITIVE GLUTAMATE RECEPTOR SUBTYPES STUDIED BY
QUANTITATIVE AUTORADIOGRAPHY. S. Halpain, C. Wieczorek*, and

T.C. Rainbow. Rockefeller Univ., New York, NY 10021 and Dept.

of Pharm., Univ. of Penn. Sch. of Med., Philadelphia, PA 19174

Previously we reported evidence for at least two forms of
sodium-independent “H-glutamate (Glu) binding to rat brain
frozen sections prepared for in vitro quantitative autoradi-
ography. The two forms are distinguished by different affin-
ities for quisqualic acid (Quis). In subsequent studies we
sought to map the locations of these two possible Glu recep-
tor subtypes throughout the rat brain.

Using densitometric analysis of autoradiograms, we obtain-
ed ICs50 values for each of the two sites in 3 separate ana-
tomical structures. Each of the structures gave similar val-
ues for the 2 sites: ICg5ql=300nM, IC5p2=2mM. Based on this
8000-fold difference in affinities, we calculated that 24uM
Quis would occupy 99% of the high affinity site (Site 1) and
only 1% of the low affinity site at an 3H~Glu concentration
of 300nM. 24uM Quis was therefore included in the next series
of experiments to determine the locations of the two sites.
High and low affinity Quis sites were distributed non-unifor-
mly. Site 1 was most abundant in the anterior olfactory nuc-
leus (AON) and CAl and dentate gyrus of dorsal hippocampus,
accounting for 50% or more of the total specific binding in
these regions. Lesser but still high amounts of Site 1 were
found in caudate, cerebellum, and lateral septum. Lowest
amounts of Site 1 (<15% of spec. binding) were seen in medial
geniculate, central gray, and ventroposterior thalamus.

Recently, a Quis analog, a-amino-3-hydroxy-5-methyl-4-iso-
xazolepropionic acid (AMPA) has been proposed as a selective
agonist at a Quis subtype of glutamate receptor (Nature,284:
64). We therefore used 3H-AMPA to quantitatively localize
AMPA binding sites in frozen rat brain sections using proc-
edures identical to those for 3H-Glu. The pharmacological
profile of this site agreed well with reports from membrane
binding studies. 3H-AMPA binding was more highly localized
than 3H-Glu binding. Highest levels were in dorsal CAl and
subiculum of the hippocampal formation and in lateral septum.
Next highest levels were in AON, dentate gyrus, and frontal
cortex. Lowest amounts of AMPA binding were seen in central
gray, medial geniculate, and ventroposterior thalamus.

There appears to be a large degree of overlap in the loc~
ations of 3H-AMPA binding sites and the 3H-Glu binding sites
which are readily displaceable by 24uM Quis. The "AMPA site"
may thus account for much of the high affinity Quis sites
labeled by 3H-Glu in frozen settions. (Supported by NS19759,
NS20006 to TCR and an Albert Cass Fellowship to SH)

11.2 GHSIMLKH;&ENSUﬂYELa[aﬂllﬂtﬂﬂaz BINDING TO OLFACTORY BWB
DENDRODENDRITIC SYNAPTIC MEMBRANES, M.R. Quimg. Dept. Pathol.
Biochem., NYS Office for Mental Retardation and Developmental
Disabilities, Institute for'Basic Research in Developmental
Disabilities, Staten Island, NY 10314.
The secondary dendrites of mitral cells form dendrodendritic synapses
with primery dendrites of gramule cells in the extermal plexiform layer
of the alfactory tulb. Although a wealth of evidence supparts GABA as a
neurotrenamitter utilized by gremule cells, the mature of the mitral

cell excitatory tter remains sial. Since gl

and aspartate have been suggested as likely tter candidats

cfmltmloaua,wde ﬂnp!mmmlcgcmnd.tyd

Ma". ~independent binding of Jglutamate to membranes prepared from
itic (Im)ofmtolnm-ym OS were

prepared as pxwmuxdy described (Quinn & Cagan, J. Neurochem. 39:1381,
1982) and lysed in 40 vols of deionized water with the use of a
Folytron. Membranes of DDS uere sedimented at 48,000 g for 10 min and
extensively washed in Binding was measured by incubating
membranes with 0.2 M L[ ]ghnznate and concentrations of test
compounds in 50 @M Tris-HC1 (pH 7.1) at 37 C for 20 min,  Nonspecific
binding was measured in the presence of 0.5 nM unlabeled L-glutamate.
Membrane bound ligand wes separated fram free by rapid filtretion
through Millipore type AMWP filters. Filters were rinsed with 10 ml of
ice~cold buffer and redicactivity retained on the filter was measured by
liquid scintillation spect .

Specific binding of L~[“H]glutamate to membrenes of IDS reached
equilibriun within 20 mins and freeze-thesing the membranes eesentially
dx%éS!d specific binding activity. Specific binding of
L-["H]glutamate to membrenes of DDS was saturable and Scatcherd analyses
revealed the presence of one site with a Kb = 0.56 + .0l uM and a Brax =
48 + 5 pol/mg protein. Hill plots also indicated the presénce of one
site and did not reveal cooperativity (ny = 0.99 + .03). Several
a:qg;xtia were tested over a range of concentrations for inhibition of
L-{"Hlglutemate binding to membranes of DDS and the following Ki values
(uH) were tnlmlafad quisqualate, 0.57; L-glutamate, 0.62;

0.71; ib 0.83; D-homocy 2.67,
Ircystelnsult!nate, 3.54; D Lp2-anhl>Jb1i:xni:xxixnsu!nn, 5.42;
L-aspartate, 9.0; D-glutamate, 11.4; D-aspartate, 15.62; L-glutamate
diethylester, 253; quinalimate, N-methyl-D-espartate, and kaimate >
1000. The relative inhibitary activities of the above compauwds suggest
that a quisqualate-sensitive L-g) receptor mediates the
excitatary influence of mitral cell dendrites within the olfactary bulb.
(Supparted in part by NS 18870 from NINCIS).
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N-METHYL-D-ASPARTIC, KAINIC AND QUISQUALIC ACIDS EVOKED
CURRENTS IN MAMMALIAN CENTRAL NEURONES. L.M. Nowak and P.
Ascher*, Laboratoire de Neurobiologie, Ecole Normale
Supérieure, Paris 75230, Cedex 05 France.

N-methyl-D-aspartic acid (NMDA) activates a distinct
class of excitatory amino acid receptor in the vertebrate
CNS. The distinction between kainic (KA) and quisqualic
acid (QUIS) activated receptors is less certain. We have
compared KA, QUIS and NMDA evoked responses obtained in
patch clamp recordings as a preliminary step in determining
the feasibility of separating these receptors by
differences in their responses.

Neurones were dissociated from embryos (rat spinal cord,
mouse mesencephalon ang striatum) and grown in primary
culture (3-30days). The whole cell recording mode was used
to voltage-clamp small cells (Hamill et al. 1981,Pfliigers
Arch. 391:85) and study responses to bath applied agonists
at room temperature. Extracellular solutions contained in
mM: 140 NaCl, 2.8 KCl, 1.0 CaClp, 10 Hepes-Na*(pH=7.2) with
or without 1mM MgClo. Patch pipettes contained in mM: 140
CsCl, 4 NaCl, 5 EGTA-K*/0.5 CaClp and 10 Hepes-K¥(pH=7.2).

Not all neurones responded to each of the three agonists
(10-50uM NMDA, 10-100pM KA, 0.1-10pM QUIS) since an
occasional cell responded well to KA and not to QUIS or
NMDA. At -60mV NMDA induced a large increase in noise for a
small total inward current response whereas KA and QUIS
evoked small increases in noise for comparatively large
inward currents suggesting that KA and QUIS channels have a
smaller unitary conductance than NMDA channels. Spectra
obtained from NMDA and KA noise were fitted with single
Lorentzians which corresponded to mean open times of near
5 ms for NMDA and near 2 ms for KA. QUIS noise generally
could not be fitted by a single Lorentzian. The
current-voltage (I-V) curves produced by all three agonists
had reversal potentials of OmV. QUIS and KA I-V curves both
showed outward rectification and were not affected by
addition of extracellular Mg**, unlike NMDA curves which
showed very marked outward rectification in 1mM Mg+,
Reducing Na* (to 50mM) and adding choline (104mM) in the
bath shifted the reversal potentials to -22mV consistent
with these agonists activating non-selective cationic
channels. However, choline markedly reduced the NMDA evoked
current and augmented the rectification of the QUIS I-V
curve without changing the shape of the KA curve, thus
having different effects on each of the three responses.

We thank A. PYochiantz. J. Koénig and D. Ambroise for
preparing the cultures. 4

QUINOLINIC ACID PHOSPHORIBOSYLTRANSFERASE IN HUMAN AND RAT
BRAIN: ACTIVITY IN HUNTINGTON'S DISEASE AND LESIONED RAT
STRIATUM. R. Schwarcz, A.C. Foster, E.D. Bird and W.O.
Whetsell, Jr. Maryland Psych. Res. Ctr., Baltimore, MD 21228,
Brain Tissue Resource Ctr., McLean Hosp., Belmont, MA 02178
and Dept. Pathology, Vanderbilt Univ., Nashville, TN 37232.

Quinolinic acid (QUIN), an excitotoxic compound present in
the mammalian brain, has been hypothetically linked to neuro-
degenerative disorders such as Huntington's disease (HD). Its
specific catabolic enzyme, QUIN phosphoribosyltransferase
(QPRT), has been characterized in rat brain (Abs. Soc. Neuro-
sci. 9:327.3, 1983). To obtain information about the bio-
chemistry of QUIN in neurodegenerative states, we have now
measured QPRT activity in post-mortem samples of human brain
from control and HD patients and in the rat striatum
following excitotoxic lesions.

Human brains were obtained 1.5-10 hrs post-mortem and
stored at -80°C until analysis; HD was confirmed histologic-
ally. Injections of QUIN (300 nmmol) or kainic acid (10 nmol)
in 1 pl were made into the left striatum of anesthetized rats

In control human brains, QPRT activity was present in the
caudate and substantia nigra>thalamus, hypothalamus, frontal
cortex, hippocampus>cerebellum and putamen (N=5-9 each). The
identity of the enzymatic product was confirmed by HPLC
analysis. In control caudate, K, values for QUIN and its co-
substrate PRPP were 1.6 and 69.5 pM and vp,x values 16.18
and 0.35 fmol/h/mg protein, respectively. QPRT activity in
HD caudate tended to be higher than controls, the respective
values (mean*SEM, N=9 each) being 365.7£52.5 and 242.0£50.8
fmol/h/mg protein (0.1>p>0.05, t-test). Kinetic analyses in
HD caudate indicated similar K values for QUIN and PRPP but
increased vp,, values when compared to control. No
differences in QPRT were apparent in putamen.

QPRT was elevated in QUIN-injected rat striata. Enzyme
activities (ipsilateral as a percentage of contralateral
striata) at various timepoints after injection were: 2 days:
163.6+19.5%; 14 days: 344.4%52.1%;7 months: 198.9+29.8% (N=
7 for each group). Kinetic analyses in the 7 month QUIN=-
lesioned group indicated an increase of vp,y only. Similar
increases in QPRT were observed 12 days and 1 month following
striatal kainic acid lesionms.

The results indicate that QPRT can increase in response to
specific neurodegenerative events. However, the elevation of
QPRT activity is not an exclusively QUIN-related process and
could be associated with (glial?) tissue reactions to a loss
of nerve cells.

Supported by grants NS-16102, NS-16941 and MH/NS-31862.
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SYNTHESIS OF QUINOLINIC ACID BY 3-HYDROXYANTHRANILIC ACID
OXYGENASE IN RAT BRAIN TISSUE. A.C. Foster and R. Schwarcz
Maryland Psychiatric Research Center, Baltimore, MD 21228.

The excitotoxic compound quinolinic acid (QUIN) is an end-
ogenous metabolite of rat and human brain which is proposed
as an etiological factor in human neurodegenerative disorders
(Science 219: 316, 1983). In mammalian peripheral organs,
QUIN is synthesized from 3-hydroxyanthranilic acid (3HANA) by
3-hydroxyanthranilic acid oxygenase (3HAO), an enzyme invol-
ved in the biosynthesis of NAD from tryptophan. We have now
investigated 3HAO activity in rat brain tissue.

25 mg brain tissue was incuBated at 379C for 30 min in a
solution containing 0.33 mM Fe“*, 0.033 mM L-cysteine, 0.4
mM formate, 67 mM HEPES:NaOH buffer (pH 6.5) and 3 uM (carbo-
xy-14C) 3HANA (6.1 mCi/mmol; kindly provided by Drs. E. Shas-
kan and L. Spitznagle, Univ. Conn.)in a total volume of 0.5
ml. Subsequently, the product (IAC-QUIN) was separated from
the unreacted substrate on a Dowex 50W (H' form) cation ex-
change column. Blank values were obtained with boiled tissue.

The radioactive enzymatic product formed was identified as
Lac_quin by 4 criteria: (1) the product had an identical elu-
tion pattern to standard QUIN by HPLC analysis; (2) heating
both the product and standard 3H—QUIN in glacial acetic acid
resulted in the formation of radiolabelled nicotinic acid;(3)
purified hog kidney QUIN phosphoribosyltransferase (an enzyme
specific for QUIN) converted both the product and standard
H-QUIN to radiolabelled nicotinic acid mononucleotide and
(4) the product and standard 3H-QUIN had identical R¢ values
by TLC analysis. Kinetic analyses indicated a K for the
substrate of 2.6 uM and a v, of 32.3+10.9 pmol QUIN/h/mg
tissue (N=3). Omission of Fe3§ caused 63.7+2.47% inhibition of
activity (N=5). The following compounds gave <25% inhibition
of activity at 500 uM: QUIN, kainate, N-methyl-D-aspartate,
L-glutamate, L-aspartate, kynurenate, picolinate, glutarate
and L-tryptophan. A 4-fold variation of enzyme activity was
observed between rat CNS regions: olfactory bulb>hypothalamus
frontal cortex, hippocampus, striatum>cervical spinal cord,
cerebellum. When expressed as a percentage of adult values,
forebrain 3HAO activity (per mg wet tissue weight) was 83% at
7 days of age, rising to 143 and 168% at 12 and 15 days, res-
pectively, and returning to 103 and 106% at 22 and 27 days
of age. .

Since our data show that rat brain tissue can synthesize
QUIN by the action of 3HAO, it will be interesting to examine
a possible involvement of this enzyme in excitotoxic pheno-
mena.

Supported by USPHS grants NS-16102 and NS-16941 (to R.S.)

TISSUE LEVEL DETERMINATION AND BRAIN DIALYSIS SUGGEST SELEC-
TIVE BUT DISTINCT ROLES FOR NOREPINEPHRINE AND TAURINE IN THE
ACUTE PHASES AFTER INTRAHIPPOCAMPAL QUINOLINATE INJECTION.
Annamaria Vezzani and Robert Schwarcz. Maryland Psychiatric

Research Center, Baltimore, MD 21228.

There exists a vast body of literature on the possible
roles of norepinephrine (NE) and taurine (TAU) as modulators
of seizure phenomena. The present study was designed to exa-
mine if the mechanisms which govern the actions of NE and
TAU (and other neuroactive amino acids) in the brain are im-
paired in response-to an intrahippocampal injection of quino-
linic acid (QUIN). We had recently hypothesized that the ac-
tions of QUIN, an excitotoxic, convulsant brain metabolite,
may be causally related to the precipitation of epileptic
phenomena (Exp. Neurol. 84:1, 1984).

In a first set of experiments, hippocampal levels of NE,
aspartate, glutamate, glutamine, glycine, TAU and GABA were
measured bilaterally from 10 min up to 6 hr after the unila-
teral application of 120 nmol QUIN to unanesthetized rats.
Only NE levels changed significantly as compared to controls.
Starting 10 min after QUIN, NE levels decreased bilaterally,
reaching a nadir of -70% at 120 min and returning to control
within 6 hr. In order to gain insight into dynamic processes
surrounding QUIN-induced seizures, amino acids (but not NE)
were measured in perfusates obtained every 10 min through di-
alysis fibers bilaterally implanted into the hippocampi one
day earlier. The fibers (adjusted to our needs with the kind
assistance of A. Eliasson, U. Ungerstedt and E. French) were
glued to bipolar electrodes and, unilaterally, to a guide
cannula for intracerebral QUIN injection. Thus, the setup
permitted continuous sample collection with simultaneous EEG
recordings as well as QUIN application in unanesthetized rats.
Of all amino acids measured, only TAU changed after a convul-
sant dose of 120 nmol QUIN (267%37% of baseline values during
the first 2 hr; N=3). TAU increased on the QUIN-injected side
only. There was no correlation between seizure activity and
the TAU response.

The data indicate a close link between QUIN-related sei-
zure mechanisms and noradrenergic function. Increases in TAU
in the perfusates, apparently triggered by the physical exis-
tence of QUIN in the hippocampus, may reflect a selective
tissue response to an overabundance of extracellular excito-
toxins. Since tissue level determinations failed to reveal
the dramatic increase in extracellular TAU, brain dialysis is
clearly the method of choice for the further examination of
the link between QUIN and TAU.

Supported by USPHS grant NS-16102 (to R.S.).
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EXCITATORY AMINO ACID NEUROTOXICITY IS PRODUCED BY PASSIVE
CHLORIDE INFLUX. S. M. Rothman. Departments of Pediatrics,
Neurology and Anatomy & Neurobiology, Washington Univ. Sch.
Med., St. Louis, MO 63110.

The neurotoxic properties of glutamate (GLU) and other
dicarboxylic amino acids have been repeatedly documented
since 1969. Over this period evidence has accumulated that
GLU may be a major excitatory transmitter in the central
nervous system and may also be involved in the pathogenesis
of a variety of neurological diseases. In the ONS, GLU opens
channels permeable to at least sodium, which explains its
depolarizing action. The factors responsible for toxicity
are poorly understood. Possibilities suggested include:
(1) increased frequency of action potentials and synaptic
potentials; (2) sustained depolarization; and (3) excessive
calcium (Ca) influx. Experiments with dissociated rodent
hippocampus in tissue culture have provided new insights
into the pathophysiology of amino acid neurotoxicity.

In one set of experiments, cultures were exposed to a
balanced salt solution (BSS) containing 3 uM tetrodotoxin
(TTX), 5 mM Mgclz, no added Ca, and 1 mM GIWU. The TTX and
MgCl, were added to block action potentials and synaptic
potentials. All neurons still died within 30 min; the
culture appearance was indistinguishable from cultures kept
in control BSS with GLU. In BSS with Ca, the Ca ionophore
A23187 (30 uM) also failed to produce detectable changes
after 30 min. These experiments indicate that action poten-
tials, synaptic potentials, and calcium influx play no role
in GW-induced neuronal death.

When sodium was replaced by the impermeable cation benzo-
ylcholine, neurons were protected from GLU. In addition,
replacement of chloride by isethionate or sulfate, which are
impermeable anions, was also protective. These observations
suggested that GLU toxicity was mediated by passive chloride
influx resulting from depolarization. This hypothesis was
supported by other ion substitutions: depolarization with 90
mM potassium killed neurons when chloride, but not sulfate,
was the balancing anion. Chloride- or sodium-free BSS also
protected neurons from kainic acid and N-methyl-D-aspartate.

These results suggest a straightforward pathophysiology
for excitatory amino acid neurotoxicity: depolarization
leads to chloride influx down an electrochemical gradient;
this causes increased cation influx, osmotic overload, and
cell lysis.

(Supported by NIH NsS00568,
Foundation of America.)

NS19988; and the Epilepsy

KYNURENATE PROTECTS AGAINST EXCITOTOXIN-INDUCED NEUROMAL
NECROSIS IN CHICK RFTINA, L. Samson*, J.W. Olney, M.T. Price
and J. Labruyere* (SPON: E. Robins}, Washington Univ Schl
ed, vept Psychiatry, St. Louis, MO,

The chick embryo retina displays a distinctive pattern of
acute neuronal degeneration when incubated for 30 min in
balanced salt solution containing low concentrations of the
excitatory amino acids (EAA), glutamate (Glu), N-me+thy'l-DL:
aspartate (NMA) or kainic acid (KA). Removal of Na~ or Cl
from the incubation mediy;n blocks the toxic action of these
EAA but removal of Ca does not (0lney et al., this
meeting). In the present experiments, we tested certain EAA
receptor antagonists for their ability to protect the chick
embryo retina against Glu, MMA or KA neurotoxicity.

Antagonists were tested in a range of concentrations
against a fixed agonist concentration determined to be
slightly above that required to consistently cause a fully
developed retinal lesion (Glu 1mM, NMA 0.2mM, KA 0.025mM).
Glutamic acid diethylester at concentrations up to 3mM was
totally ineffective against any agonist, D-c-aminoadipate at
3mM slightly antagonized Glu and KA and provided nearly com-
plete protection against NMA, D-2-amino-5-phosphonopenta-
noate at doses up to lmM partially antagonized Glu and KA
and at a lower concentration (0.3mM) completely blocked MMA
toxicity. Kynurenate (Kyn) at 3mM protected completely
against NMA and KA and partially against Glu. An hierarchy
of cellular sensitivities to Kyn blocking was demonstrated;
eg, when Kyn was paired with KA, gradually lowering the
concentration of Kyn revealed loss of blocking first against
one cell type, then another, etc. until all blocking was
lost at 0.2mM Kyn (vs 0.025mM KA). Xanthurenate (Xan), a
close structural analog of Kyn, at 3mM failed to hlock the
toxicity of any agonist. ODur finding that Kyn, which may be
a natural CNS constituent, effectively protects against
either NMA or KA toxicity and that Xan is without blocking
action, confirms similar findings by Foster and Schwarcz
(Neurosci Abst 9, 1983) in the in vivo striatum and hippo-
campus. Stone et al. (Brain Res, 1982) and others have
shown Kyn effective in blocking the depolarizing actions of
exogenous EAA or synaptic transmission at several CNS sites
where EAA (Glu or aspartate) may be the natural transmitter.
Thus, Kyn has several interesting properties: it is inexpen-
sive, readily available, may be endogenously present in the
CNS and effectively blocks both the excitatory and toxic
activities of EAA at several EAA receptor subtypes.
(Supported by RSA MH38894 to JWO.)
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THE IONIC BASIS OF EXCITOTOXIN-INDUCED NEURONAL NECROSIS.
J.W. Olney, M.T. Price, L. Samson* and J. Labruyere*, Washington
Univ Sch Med, Dept Psychiatry, St. Louis, M0

It is thought that the neurotoxic activity of glutamate (Glu),
aspartate (Asp) and related molecules (excitotoxins) is mediated
through Glu/Asp excitatory receptors and entails sustained depola-
rization and altered permeability of postsynaptic dendrosomal
membranes, While increased membrane permeability is presumably
an essential precondition, the specific transmembrane ionic changes
that play crucial roles in the ensuing neuronal necrosis have not been
clarified. Contrary to speculation that excessive Ca”" 1influx into
the postsynaptic neuron may be critical, Rothman (see abstract, this
meeting) recently found that the toxic action of Glu on cungred rat
hippocampal neurons in vitro is prevented by removal of Na~ or C1°
from the medium but not by removal of Ca . Using the chick
embryo retina as an alternate in vitro system for studying Glu
neurotoxicity, we have confirmed Rothman's findings.

Fifteen day chick embryo retinas were incubated for 30 min with
Glu (0.6-1.2mM) in Hanks balanced salt solution (BSS) variously
modified to alter the ionic makeup. Glu, in normal BSS, produced a
fully developed lesion in 30 min, Substituting benzoylcholine (an
impermeable cation) for Na’, or SO, (a relatively impermeable
anion) for C17, prevented Glu toxicity, but eliminating Ca * (plus
adding EDTA) fafled to alter the toxic reaction. Replacing the entire
Na® content with K* (balanced by C17 as the major anion) but with-
out including Glu, resulted in an acute cytotoxic reaction similar but
not identical to the Glu reaction. This K Cl1-mediated toxic reaction
failed to occur in high K* but low C1” medium. Thus, both X* and
Glu have neurotoxic potential that is presumably depolarization-
mediated and dependent upon excessive C1” influx. We also report
that the potent excitotoxins kainate and N-methylaspartate destroy
neurons in the inner layers of the in vitro chick embryo retina with
potencies proportional to their excitatory potencies, that this neuro-
destructive action is Na® and C1” but not Ca*™* dependent and that
D-aaminoadipate, D-2-amino-5-phosphonopentanoate and kynuren-
ate, with varying degrees of receptor specificity, effectively block
the neurotoxicity of excitotoxins in this retina preparation.

Our findings support Rothman's interpretation that the steady
depolarization induced by excitotoxins entails, in addition to initial
cation conductance changes, an unregulated passive influx of C17,
balanced ionically by further cation influx and osmotically by
cytolytic increases in cell water. Excessive Ca” influx does not
appear to be a critical ingredient of this neurotoxic formula.
Supported by RSA MH38894 to JWO.

DOES CALCIUM MENIATE EXCITOTOXIN-IMDUCED NEURONAL NECROSIS?
M.T. Price, J. Labruyere* and J.W. Olney, Washington
University Sch Med, Dept Psychiatry, St. Louis, MO.

It is thought that the neurotoxic activity of glutamate (Glu),
aspartate (Asp) and related molecules (excitotoxins) is mediated
through Glu/Asp excitatory receptors and entails sustained
depolarization and altered permeability of postsynaptic dendrosomal
membranes. W hile increased membrane permeability is presumably
an essential precondition, the specific transmembrane onic changes
that play critical roles in the ensuing neuronal necrosis have not
been clarified. Current speculation has focused on excessive Ca++
influx as the mechanism responsible for Glu-induced cell death., The
present studies were undertaken to determine whether the well
established neurodegenerative reaction induced in the hypothalamus
by systemic excitotoxin administration is associated with selective
accumulation of Ca++ in degenerating neural elements and whether
the Cat++ channel blocker nimodipine (believed to act postsynapti-
cally to block voltage dependent Ca++ influx) can prevent excito-
toxin-induced neuronal degeneration.

The potent excitotoxic analog of Asp, N-methylaspartate (NM A),
was administered to 30 day old mice (100 mg/kq sc) and the arcuate
hypothalamic (AH) nucleus examined 2, 6 and 24 hr later by the
oxalate-pyroantimonate method for ultrastructural localization of
Ca++. Although results were somewhat variable with respect to the
intensity of Ca++ like precipitation, there was a consistent pattern
of -increased precipitation localized selectively in degenerating
dendritic structures within the lesioned area. Since this merely
establishes an association, not a causal relationship, between Ca++
influx and NMA-induced degeneration of AH neural elements, we
pursued the issue further as described below.

Mice (30 days old) were injected with NMA (100 mg/kg sc) or
nimodipine (3-10 mg/kg sc) or the same doses of both agents simul-
taneously and sacrificed after a 4 hr observation period for histo-
pathological evaluation of the AH. Mice receiving nimodipine or
NMA alone were asymptomatic following treatment but those
receiving both agents displayed hyperexcitability and com pulsive tafl
chewing. Nimodipine by itself induced no histopathological changes
in brain, NMA induced a typical excitotoxin-type neurodegenerative
reaction in AH., Nimodipine plus NMA resulted in a substantial
increase in the number of AH neurons destroyed and in the tendency
of the lesion to spread beyond the confines of the AH region. Thus,
instead of preventing the neurotoxic action of NMA on AH neurons
nimodipine, by a mechanism yet to be determined, augmented this
action. For more definitive evidence contradicting the hypothesis
that excitotoxin-induced neuronal necrosis is mediated by Ca++
influx, see Rothman and Olney et al., this meeting. (Supported by
RSA MH38894 to JWO.)
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ATTEMPTS TO RAPIDLY CONDITION INCREASED ACTIVITY TO CLICK IN
SINGLE CORTICAL NEURONS OF AWAKE CATS USING GLABELLA TAP AND
IONTOPHORETICALLY APPLIED GLUTAMATE. C.D. Woody, Y. Oomura,
E. Gruen*, J, Miyake*, and V. Nenov*. Depts. of Anatomy and
Psychiatry, UCLA Med. Center, Los Angeles, CA 90024

Earlier studies (J. Neurophysiol., 49:767-779, 780-791,
1983) found that rates of eyeblink conditioning could be
accelerated by adding electrical stimulation of hypothalamic
regions (HS) to presentations of click-CS and glabella tap-
US and that short-latency activation of cortical neurons was
a consequence of hypothalamic stimulation that could produce
this effect. Further studies (Cooper and Woody, Soc.
Neurosci. Abstr., 1983) found that this short-latency cor-
tical unit activation could be suppressed by glutamic acid
diethyl ester (GDEE), as could activation of the same units
by glutamate.

Present studies averaged click-evoked activity in single
units (n = 104) of the motor cortex before and after ten
serial presentations of click plus glutamate (c + g), click
plus glabella tap plus glutamate (c + t + g), and glutamate
plus click plus glabella tap (g + c + t) and, in other cells
(n =_20), after click plus glabella tap plus chloride (c + t
4+ Cl ). Unit activity was recorded through the same_
electrodes used to apply 0.5 M glutamate or 1.5 M Cl
extracellularly (90 nA, 300 ms). Mean peak responmses to
click > 3 sd above mean baseline levels of activity were
found only during the iritial tem click presentations and
after the ten presentations of ¢ + t + g. Some units
responsive to click could be found within each group of
cells tested. Among the responsive cells, responses to the
ten "test" clicks were largest after presentation of c + t +
g, with or without subtraction of mutual baseline activity.
All but one of the cells responding after c¢ + t + g showed
increased activity in response to glutamate. Our results
show that application of glutamate after click-CS and tap-US
can produce effects on cellular activity resembling those
found after adding HS to the same CS and US. The evidence
favors the hypothesis that glutamate or a glutamate-like
chemical is released at these cortical neurons by HS and
that the resulting increase in activity contributes in some
way to the rapidity of conditioning. (Supported by AFOSR
F49620-83-C-0077)

THE EFFECT OF GLUTAMATE ON THE SEMICIRCULAR CANAL OF THE
FROG. P.S. Guth, P. Valli, G. Zucca, L. Botta, C. Casella.
Dept. of Pharmacology, Tulane Univ. Sch. Med., New OrTeans,
LA {0112 and Ist. Fisiol. Gen., Univ. Pavia, 27100 Pavia,
Italy.

In the frog semicircular canal L-glutamate (Glu) has at
least two sites of action: the hair cell (presynaptic) and
the primary afferent nerve endings (postsynaptic). Gluta-
mate's action on the hair cell results in the release of the
natural transmitter. This presynaptic action: (1) requires
ca** in the perilymph, (2) requires K* in the endolymph,

(3) is antagonized by the excitatory amino acid antagonist
D-alpha aminoadipate (DaAA), and (4) appears responsible
for the large increase  in frequency of firing of the nerve
fibers. On the afferent nerve fibers Glu produces a long-
lasting depolarization that: (1) does not, by itself, by

the mode of application used, elicit action potentials; (2)
is only weakly antagonized by DaAA; (3) causes refractori-
ness to the effects of the natural transmitter; (4) does
not exhibit desensitization; (5) is not antagonized by Mg*+;
and (6) does not ‘seem to require K* in the endolymph or
ca** in the perilymph. "We have therefore reached the ten-
tative conclusion that Glu ¥s probably not the transmitter
released by the hair cells of the frog semicircular canal
because: (1) transmitters commonly cause a reduction of
their own release rather than an enhancement, as seen in the
present work; (2) Glu is incapable of inducing action poten-
tials when the release of the natural transmitter is reduced
or prevented; (3) the long-lasting depolarization (post-
synaptic) causes a long-lasting refractoriness to the ef-
fects of the natural transmitter, a condition not suited to
the rapid responses necessary in equilibrial organs; and

(4) the depolarization of the nerve terminals caused by Glu
does not exhibit desensitization or antagonism by Mg+, as
is seen at some glutamatergic synapses. Also to be descri-
bed is a new method of applying substances to the isolated
labyrinth or isolated semicircular canal that has distinct
advantages over previous methods used. (Supported by a
Fogarty Senior International Fellowship from NIH and a grant
from the Consiglia Nazionale di Ricerche of Italy).

11.12 AN IN_VITRO PREPARATION FOR THE STUDY OF THE PHARMACOLOGY

AND ELECTROPHYSIOLOGY OF THE VESTIBULAR NUCLEI. M. R.
Lewis*, J. P. Gallagher and P. Shinnick-Gallagher. Dept.
Pharmacology & Toxicology, Univ. Texas Med. Br., Galveston
TX 77556,

The pharmacology of the vestibular nuclei has remained
poorly understood due to the equivocal results obtained
from in vivo studies. We have therefore developed a brain
slice preparation containing the medial (MW) and lateral
(LWN) vestibular nuclei as well as a portion of the VIIIth
nerve and Scarpa‘s ganglion. This preparation allows
intracellular recording from the MM while stimulating the
vestibular nerve fibers or tract to evoke synaptic poten-
tials. The slice is a sagittal section of approximately
4808 taken from the rostral medulla of a rat, and placed
in warmed, oxygenated artificial cerebrospinal fluid.
Intracellular recordings show MUN neurons have average
resting potentials of -46mV, with approximately 88X demon-
strating spontaneous action potentials of 78-88mV and
firing at an average frequency of 28Hz. In certain cells,
stimutation of the VIIIth nerve fiber tract within the
slice generates graded excitatory postsynaptic potentials
(EPSPs) or orthodromic spikes of d4msec latency with a
conduction velocity of 1-28m/sec. These results suggest
that these MUN neurons are second-order.

Second-order neurons in the MUN can be classified on
the basis of their active or passive properties. Two
types of spikes can be discerned: one type displaying a
stow long lasting hyperpolarization following a fast
atterhyperpolarizing potential, and another type of spike
without the slow hyperpolarizing potential. Two types of
responses to hyperpolarizing current injection are
observed: 1) a non-rectifring electrotonic potential, and
2) a highly rectifying electrotonic potential.

During recording of VIIIth nerve tract evoked EPSPs,
superfusion of atropine (SKM) and hexamethonium (S@88EM)
had no effect on the EPSPs indicating the second-order
synapse is non-cholinergic, The H; antagonist diphen-
hydramine at SEM also had no effect. However superfusion
of 6.5mM e-aminoadipate, an excitatory amino acid an-
tagonist acting preferentially at N-methylaspartate re-
ceptors, caused marked depression of the evoked EP5Ps
while not affecting cell conductance or resting membrane
potential This indicates that neurotransmission at this
synapse may be mediated by an excitatory amino acia.
(Supported by NAS& NAG-2-240)
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PHYSTIOLOGIC ACTIVITY IN HERMISSENDA VISUAL NEURONS. A.M.
Kuzirian*, L.Hill*, J.T.Neary and D.L.Alkon (SPON: J.Dister-

hoft). Lab. of Biophysics, NINCDS-NIH, Marine Biological
Laboratory, Woods Hole, MA 02543.

Yoshikami (Science 212:929,1981) demonstrated the poten-
tial use of a tritium labeled amine, agmatine (4—[1—3H] (a-
minobutyl) guanidine) to identify and assess sensitivity of
specific neurons to acetylcholine (ACh) activation of ionic
conductance channels. Such small cationic amines have been
found to permeate ACh-activated ionic channels in sympathe-
tic neurons and endplate channels.in vertebrate skeletal
muscle (Dwyer et al., J. Gen. Physiol. 75:469,1980).Elements
of the photic pathway in the nudibranch Hermissenda crassi-
cornis have also been demonstrated to be cholinergic (Held-
man et al., J. Neurophysiol. 42:153,1979) and synaptic in-
teractions have been studied electrophysiologically (Alkon,
Bi61. Bull. 159:505,1980). Experiments were conducted on
isolated nervous systems to test the usefulness of 3H—agma—
tine to identify autoradiographically post-synaptic cells
and as a possible indicator of physiological activity with-
in the photic pathway under conditions of darkness and in-
termittent flashes of light. Under conditions of illumina-
tion, type B photoreceptors (central or medial) showed dis-
tinct agmatine uptake above background as did putative in-
terneurons located within the cerebropleural ganglion (CPG)
in proximity to the region 9f demonstrated cholinesterase
activity by optic nerve fibers. Nervous systems kept in
total darkness showed no significant uptake by the type B
photoreceptors and less uptake by cells along the photic
pathway within the CPG. The light elicited uptake of the
radiolabel is consistent with the known post-synaptic cho-
linergic function of the photoreceptors. Specific optic
ganglion cells in both light and dark conditions also
accumulated the radiolabel as did sensory hair cells in the
statocyst and their axons within the static nerve. Several
identifiable neurons (75-150 um diameter) in the CPG and
pedal ganglion (PG) showed high levels of agmatine but only
a few consistently showed changed uptake patterns between
light and dark conditions. These results indicate that
tritiated agmatine autoradiography ptrovides a histologic
means of monitoring physiologic activity within known ele-
ments of the Hermissenda visual system.

A NOVEL CYTOSKELETAL PROTEIN- OCCURRING 1IN .SUB-
SETS OF BRAIN NEURONS. B. Riederer* A, .
Friedrich Miescher 1Inst., P.O.Box 2543, 4002
Basel, Switzerland.

A library of monoclonal antibodies prepared

against rat brain postsynaptic densities (PSDs)
contained two independent primary clones which
secreted antibodies reacting with a Mr 160,000 PSD
polypeptide. Both antibodies stained only neurons
and in most brain areas labeling was strikingly
confined to subsets of neurons. In the hippocampus
CA3 pyramidal cells were strongly stained whereas
CAl cells and granule cells of the dentate gyrus
were entirely negative. Subsets of pyramidal cells
were also stained in the neocortex, and there was
selective labeling of neurons in the basal
ganglia, brain stem and cerebellum.

In all labeled cells the staining pattern was
the same, with the antigen present throughout cell
body, dendrites and axon. Within the cytoplasm the
stained material was distributed in a fibrous
pattern suggestive of a cytoskeletal affiliation.
To test this possibility we prepared brain micro-
tubules, neurofilaments and actomyosin and
examined them for their content of the 160,000
peptide by western blotting. All were negative.
Western blots of a series of brain fractions
showed that the antigenic protein was present in
brain homogenate, the 1000xg (Pl) pellet and in
the PSD fraction. These results suggest that this
protein is associated with filamentous material in

the cytoplasm of specific types of neurons.
Although it does not appear to be an integral
component of the known neuronal cytoskeletal

structures, it may be associated with one of them
in a manner which does not survive cell fraction-
ation., By contrast its presence in isolated PSDs
may indicate that it is an integral PSD component.

12.2

CABLE PROPERTIES OF APLYSIA R2 NEURON. D. Junge. Sch. of
Dentistry and Dept. of Physiology, Univ. of gah’f., Los
Angeles, CA 90024.

When a current is injected into the cell body of an
R2 neuron, how much of it flows into the axon? I have
attempted to answer this question by measuring somatic and
axonal parameters directly, and combining them in an
overall model of the cell. For this study I used adult
animals of 15-20 cm in length. First, the responses of
somas with more than 4 cm of attached axon were studied.
Potential changes and time derivatives of potential were
recorded in response to small inward steps of current. The
values of input resistance and time-constant found were
0.97 * 0.39 (S.D.) MQ and 0.131 * 0.036 s. The somatic
charging curves were only approximately fitted by single
exponential functions. Charging curves were better fitted
by the Rall theory, but equally good fits were obtained
over a sixfold variation of p, the axon/soma conductance
ratio, by small adjustments of the membrane time constant.
In order to better determine the axon/soma coupling
the axonal parameters were measured directly with two
electrodes, one of which was connected to a stimulus-
subtracting circu1t. The values obtained by this method
were Rjp = 1.82 ¥ 1,09 MQ, A= 0.208 t 0.071 cm, and r =
0.31 % 0 094 s. The 'Iength constant was smaller than the
amount prev1ous1y measured with one electrode in the soma
and one in the axon (Tauc, L., 1962, J. Gen. Physiol. 45,
1077; Junge, D. and Miller, J., 1974 Nature gS? 15'5")
This could reflect the different properties of the initial
segment, or trophospongium, which is interdigitated by
Schwann cells (Coggeshall, R.E., 1967, J. Neurophysiol.
30, 1263). If the axon was considered “as homogeneous
1fﬁr‘oughout, then the end-resistance would be twice Ry,
or 3.64 MQ . Since the conductance of the soma-plus-axon
was 1.03 uS and the axon end-conductance was 0.275 uS,
the soma conductance should have been 0.755 uS, which
indicated that p was about 0.364. A numerical model based
on measured axon parameters was able to give good fits to
the axon charging curves. The charging curves were best
fitted when the length-specific internal resistance of the
initial segment was less than that in the remainder of the
axon. This finding could account in part for the larger
length constant measured from soma-to-axon than with
both electrodes in the axon. In conclusion, the answer to
the original question appears to be "about 27%," with the
remaining 73% going through the somatic membrane, the
ratio of these fractions being p.

FLOW CYTOMETRIC ISOLATION AND CULTURE OF A NEURONAL
SUB-POPULATION FROM THE EMBRYONIC MOUSE SPINAL CORD (SC).
G. Kapatos, J. Mazzetta*, J.L. Barker, A.B. MacDermott and
.1. Caserta esda,

The aevelopment of a research strategy for the isola-
tion and culture of specific populations of neurons from
thé mammalian central nervous system (CNS) remains a major
goal of contemporary neurobiology. We have previously
reported using in vitro sensitization techniques to gener-
ate a panel of “surface-reactive monoclonal antibodies
(mAbs). One mAb, an IgM designated G1, recognizes a surface
antigen present on approximately 30% of the neurons in 1-4
week 01d cultures derived from embryonic mouse SC. Western
blot analysis of membrane proteins prepared from these cul-
tures show that this mAb binds primarily to a 41KD protein.
Probing identical blots with an IgM class mAb directed
against actin indicates that this 41 KD protein is not
actin. Ligand competition studies performed on blots
suggest that the epitope recognized by the Gl mAb is
composed 1in part of a carbohydrate moiety containing
N-acetyl-glucosamine. Flow cytometric analysis shows that
10-20% of cells dissociated from the embryonic mouse SC
are G1+ and that while cell-surface proteolysis with
trypsin (0.1% trypsin for 30 min. at 37° C) eliminates Gl
binding, removal of sialic acid residues with neuraminidase
(50u/ml for 30 min. at 370 C) increases the number of Gl+
cells. These data are in agreement with the biochemical
characterization of Gl antigen as a glycoprotein.
Re-analysis of sorted Gl1+ cells stained with propidium
jodide indicates a sorting efficiency of at least 90%, and
variable cell viability. Gl+ cells isolated by
flow-cytometry have been maintained for weeks in culture on
feeder layers of cortical astrocytes. Cultures of GI+
cells reacted again with the Gl mAb show that 90-95% of
these - cells are Gl+. These cells exhibit neuronal
morphology, synthesize neuron-specific enolase and glutamic
acid decarboxylase (see Caserta et.al.,this volume), and
display excitable membrane properties. The 1latter can
include firing of action potentials, repetitive firing of
action potentials during sustained depolarization and
spontaneous synaptic activity. We conclude that the GI
antigen is a glycoprotein on the plasma membrane of a
specific subset of neurons derived from the embryonic mouse
SC. More generally, these results suggest that isolation of
neurons from the embryonic CNS using immunofluorescent
surface markers and flow cytometry may well be applicable
to many, if not all, subtypes of embryonic CNS cells.
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12.5 A PUTATIVE CELL-SURFACE MARKER IDENTIFIES A SUBPOPULATION 12.6  CHARACTERIZATION AND FLUORESCENCE ACTIVATED CELL SORTING OF
OF GABAERGIC NEURONS IN MOUSE SPINAL CORD. M.T. Caserta, HIPPOCAMPAL NEURONS WITH A MONOCLONAL ANTIBODY GENERATED
J. Mazzetta*, J.L. Barker and G. Kapatos. Lab. of AGAINST DEVELOPING RAT DENTATE GYRUS. Anne E. Schaffner
Neurophysiology, NINCDS, NIH, Bethesda, MD 20205. and Joseph R. Moskal*, Lab.of Neurophysiology, R
We have previously shown (Kapatos et al., Soc. Neurosci, and Tab. of Cell Biology, NIMH, Bethesda, MD 20205.
Abstr. 9(1): 343, 1983) that a monoclonal antibody (Gl) The hippocampus, with its well-defined internal structure
directed against the surface of GH3 cells, a pituitary but complex connections and ascribed functions is a
tumor cell line, identifies a population of neurons in the particularly interesting brain structure. We have
embryonic mouse spinal cord. These neurons can be isolated previously described several monoclonal antibodies which
from the spinal cord and grown in tissue culture for many bind to cell-surface, trypsin-sensitive antigens in the
weeks (Kapatos et al., this volume). We report here that hippocampal formation. Employing histochemical, fluo-
the majority of these neurons are glutamic acid rescence-activated cell sorting (FACS) and radio-
decarboxylase positive (GAD+) and are presumably GABAergic. immunoassay techniques we have examined the developmental
When embryonic mouse spinal cord cells were reacted with appearance of the antigen recognized by the antibody,
the Gl antibody, a fluorescent secondary antibody and G6E3. In the adult rat, antibody binding appears to be
sorted by flow cytometry, a population of Gl-positive (Gl+) restricted predominantly to pyramidal and dentate gyrus
and Gl-negative (Gl1-) cells were collected, plated on cells and cerebellar Purkinje cells. At embryonic day 19
astrocytic feeder layers and grown in culture for ‘several antibody binding has been observed in olfactory bulb,
weeks. These Gl+ cultures were stained with an antibody Fo cortex and spinal cord as well. Furthermore, the antigen
GAD which has previously been shown to label GABAergic appears as early as embryonic day 13 in brain and spinal
neurons in culture (Caserta and Barker, Soc. Neurosci. cord. Antibody binding is also present on approximately
Abstr. 9(1): 7, 1983). Cell counts revealed that 70-90% of 50% of cell bodies and their proximal processes in cell
the neurons in the Gl+ cultures were GAD+. Gl- cultures cultures derived from 19-day rat embryonic hippocampi.
also contained GAD+ neurons, but in lower number (20-30%) . Two week old cultures were stained for G6E3 reactivity by
To control for the effect of plating density, feeder layer indirect immunofluorescence followed by PAP histochemistry
induction and sorting artifact, mouse spinal cord cells for neuron specific enolase (NSE) reactivity. G6E3
were labelled with a monoclonal antibody that identifies fluorescence was coincident with NSE+ cells. When cultures
the surface of all neurons (A2B5), sorted and plated like were stained for both G6E3 and glutamic acid decarboxylase
the Gl cultures. These were then stained with the GAD (GAD) reactivity over 95% of the G6E3+ cells were GAD
antibody and GAD+ cells counted. The results indicate that negative. However their cell bodies and processes were
neither plating density nor feeder layer nor sorting affect covered with GAD+ boutons. It therefore appears that the
the expression of GAD positivity in culture. In these antigen is present on hippocampal neurons that receive
cultures 20-30% of the neurons were GAD+, which is the same GABAergic innervation. G6E3+ cells from 19 day embryonic
percentage found in routine mouse spinal cord cultures. or 2 day postnatal rat hippocampi were sorted on a BD FACS
Double labelling of routine cultures with the Gl antibody 440 and plated on a feeder layer of nonneuronal cells in
and the GAD antibody revealed that 70-80% of the Gl the presence of hippocampal conditioned medium. After 1
labelled neurons were GAD+. There were numerous GAD+ week all sorted neurons restained positively with G6E3.
neurons that were not labelled with Gl (approx. 50%). Optimal conditions for maximal survival and long term
Therefore our monoclonal antibody Gl labels a maintenance are currently under investigation.It should
subpopulation of GABAergic neurons and might be considered now be possible to directly correlate the presence of the
a putative cell-surface differentiation marker for these antigen with specific electrophysiological and pharma-
cells. Recent experiments have.demonstrated tha{: some of cological properties as well as study the function of the
these Glf neurons also contain either somatostatin, met- antigen itself. By exploiting the binding properties of
enkephalin or substance P. Further studies are now in G6E3, the different birthdates of pyramidal, granule and
progress to determine whether the Gl antibody marks a Purkinje cells and their anatomical distributions we hope
population of neurons in which GABA is co-localized with to be able to isolate and maintain in culture pure
another neurotransmitter. popu]ations of these cells.
127 RADIOAUTOGRAPHIC  IDENTIFICATION OF 125 _NERVE 12.8  MONOCLONAL ANTIBODIES TO TURTLE VISUAL CORTEX. J.M. Shen*,

GROWTH FACTOR BIN.D[NG TO CELLS FROM NEUROFIBROMAS.
Kenneth H. Sonnenfeld , Paulette Bernd, and Allan E. Rubenstein.
Dept. of Neurology, Mt. glmu Sch. Med., ﬁew York, N.Y. 10029

Benign dermal neurofibromas are tumors often associated with
neurofibromatosis (NF). The embryonic origin of the cells
contributing to the tumor mass is thought to be the neural crest, &
structure that gives rise to elements.of the nervous system such as
neurons of the sympathetic und dorsul root (DRG) gunglia, Schwann
cells and perineural fibroblusts. Nerve growth factor (NGF), a
polypeptide required for the normal development and function of
sensory and sympathetic neurons may be involved in the
pathogenesis of NF.
neurofibromas that might be regulated by NGF so as to contribute to
cell proliferation and tumor growth, cell cultures of dissociated
neurofibro{%s were established and tested for the presence of cells
that bind ~NGF. Neurofibromas were dissociuted during digests
with either collag trypsin or collag —dispuse. Suspensions
of single cells were plated into 24 well Limbro plates containing
glass coverslips and incubated for five days in RPMI 1640 medium
containing 15% fetal culf serum (FCS) and antibiotics in a 37°C
humidified atmosphere of 95% air-5% CO,. After 5 days, the glass
coverslips and attached cells were washed for 1 hour in fresh RPMI-
f&s and incubated for 1 hr at 37°C, 5% COy in medium containing

-NGF (5 ng/ml). Coverslips were then processed for
radioautographic study.

Following 6 washes in PBS and fixation in 2.5% glutaraldehyde
coverslips were mounted on glass slides and coated with
photographic emulsion (liford L4). Development after 1 wk of
exposure revealed a subpopulation of li with a dense
accumulation of grains indicuting binding of I-NGF. Binding to
cells incubated in parallel with unlabeled NGF, 10 ug/ml, was not
observed. Histochemical and immunocytochemical studies are in
progress to further churacterize this cell population. These studies
indicate that neurofibromas contain cells having NGF receptors.
The functional significance of these receptors to this cell population
and to the overall growth of the tumor is unknown. Investigations
concerning NGF effects on cell proliferation, survival and
chemotaxis are underway. Such studies should help to determine
whether cells with NGF receptors are primary components of the
wumor or reactive, migrating toward a high source of NGF-like
activity. This study may also suggest that additonal target cells for
NGF besides those previously described exist in the periphery.

Supported by NIH Training Grant NS07245-01S1 for KHS and NIH
Grant HD17262 to PB.

As u means of identifying cells in-

A.R. Kriegstein, ,J. Boughton*, and N. Eshhar*. Dept. Neurol,
Stanford Univ. Sch. of Med., Stanford, CA 94305.

The general cortex of the turtle has attracted the atten-
tion of neurobiologists because of its relationship to
mammalian neocortex. The turtle cortex is a relatively
simplified structure containing only three cortical Tayers
and two basic cell types, pyramidal cells and stellate
interneurons, subclasses of which have not yet been de-
fined. We are preparing monoclonal antibodies to turtle
cortical tissue (P. scripta) in order to help answer several
specific questions: 1) Are there distinct subclasses of
pyramidal and stellate cells with similar physiological,
chemical and structural properties that can be identified by
monoclonal antibodies? 2) When are neuron-specific antigens
expressed during development? 3) Are there homologies that
exist between turtle cortical neurons and their counterparts
in the neocortex of higher animals?

Spleen cells of mice immunized with adult turtle cortex
were fused with an X63-Ag8-653 myeloma cell line, and anti-
body-secreting hybridomas were identified by radioimmuno-
assay (RIA) and visualized by indirect immunofluorescence on
unfixed frozen cortical sections and/or immunoperoxidase
staining on fixed tissue. Monoclonals were obtained using
the technique of 1imiting dilutions and then injected into
pristane-primed mice for ascites. Based on these results,
we have established several stable, independent hybridoma
colonies which generate antibodies that are directed against
anatomically localizable antigenic determinants.

Several antibodies bind to neuronal membrane antigens.
Among these are TC1 which stains a subset of pyramidal cell
bodies and their proximal dendrites, and TC2 which outlines
cell bodies in some areas of the pyramidal Tayer. Neither
one selectively labels neurons in the molecular and sub-
cellular zones. Two antibodies label processes that run
perpendicular to the surface of the cortex: TC5 stains
cell bodies and radial fibers of glia-ependymal cells, and
TC6 labels fine processes found throughout the cortex. RIA
shows that the antibodies have different levels of cross-
reactivity with turtle spleen cells and/or newborn rat
cortex. Histological studies on mammalian brain tissue are
currently underway to localize cross-reacting determinants.
Supported by a BRSG grant RR5353 from the NIH (ARK) and a
Klingenstein Fellowship in the Neurosciences (ARK)
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PURKINJE NEURONS IN CULTURE. W.J. Hendelman,

S.S. Jande* and D.E.M. Lawson*. Dept. of Anatomy,
Univ. of Ottawa, Ottawa, Canada, K1H 8M5; Dunn
Nutritional Laboratory, Univ. of Cambridge,
Cambridge, England, CB4 1XJ.

Vitamin D-dependent calcium-binding protein
(D-CaBP), a protein present in intestine, kidney
and other tissue, is also known to be present in
the brain. In the intact animal, D-CaBP has been
demonstrated using immunocytochemistry in a wide
variety of neurons and particularly in the Purkinje
neuron. Explant cerebellar cultures from the new-
born mouse, grown in the Maximow chamber, develop
in vitro in about 3 weeks. These organized cul-
tures consist of a cortical region (with Purkinje
neurons) and a deep nuclear region. Cultures were
maintained with a medium consisting of 25% human
serum, 25% chick embryo extract and 50% Eagle's
medium, supplemented with glucose to a final con-
centration of 11 gm/L. Mature cultures were fixed
with Carnoy's, embedded in paraffin, detached from
their coverslip and sectioned at 4um. After the
immunocytochemical reaction for D-CaBP, sections
were reacted using the peroxidase-antiperoxidase
technique. The Purkinje neuron was stained in its
entirety - soma, dendrites, axon and terminals in
the deep nuclear region. Deep nuclear neurons,
which do not react in vivo, did not stain in these
cultures. Some cultures were grown in serum-free
defined medium and had fewer Purkinje neurons at
maturity; the results were qualitatively the same
as in the serum plus embryo-extract medium. Preli-
minary results indicate that the Purkinje neurons
of the mouse in the late fetal stage already stain
for D-CaBP. Although the role of this prctein in
the function of the neuron is unknown, this proper-
ty of the Purkinje neuron is apparently maintained
in these cultures. This immunocytochemical marker
may prove useful to identify neurons of a specific
type in culture.

(Supported by the Medical Research Council of
Canada, and the University of Ottawa Faculty of
Health Sciences Development Fund).

SCHWANN CELL SURFACE MARKER DEFINED BY A MONOCLONAL ANTI-
BODY (224-58) WITH CROSS SPECIES REACTIVITY. B. Zalc¥A.Guer-
ci¥ C. Gouget-Zalc*1. Monge*A. Baron-Van Evercooren%* S. Dan-
cea¥ J.M. Boutry*(SPON: J,P, CHANGEUX ) Lab of Neurochimie,
INSERM U-134, HOp. de la Salpétrigre, 75651 Paris, France.

Mice (C57B1/6) were immunized with human brain myelin.
Spleen cells from the sensitized animals were fused with a
mouse non secreting cell line (Sp2/0-Agl4). Supernatants
from the hybridomas were screened by Elisa on human brain
myelin, Positive secreting hybrids were cloned. One of them
(224-58)secreted an IgM which reacted with sulfogalactosyl-
ceramide (SGC) by Elisa, complement fixation and immunoauto-
radiographic detection on thin layer chromatography.

Chemical and enzymatic treatments of SGC and total lipid
extracts, combined with immunological screening against var-
ious glycolipids closely related to SGC, have allowed us to
analyze precisely the molecular structure of the epitope
recognized by the monoclonal (mAb) 224-58.This epitope is
formed by the sulfate group in the C, position of galactose,
the B1-1 osidic bond and the carbonyiic function of the fat-
ty acid.

Interestingly enough, the structures labelled by the mAb
224-58 on tissue sections treated for indirect immunofluo-
rescence had a completely different topographical distribu-
tion from the ones previously described using a polyclonal
affinity purified specific antiSGC antibodies preparation
( Zalc et al. Brain Res.,gli:)hl,l981).lndeed, on tissue
sections, only peripheral nerve preparations were 224-58 po-
sitive, while brain, kidney, spleen or liver were always
224-58 negative.The mAb 224-58 reacted as well on mouse, rat
or human sections of peripheral nerve. On these latter sec-
tions, only the Schwann cells membrane was 224-58 positive.
The surface labelling of Schwann cells was confirmed by im-
munolocalisation on sciatic nerve teased fibers or dissocia-
ted cells preparations and also on Schwann cells primary
cultures, Double labelling experiments with rabbit anti-
Thyl-1 or anti laminin antiserum have also confirmed the
specificity of 224-58 for Schwann cells. The discrepancy
between the staining observed with the polyclonal antiSGC
antibodies and the mAb 224-58 will be discussed.
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1. Q.Sundin, 2. S. Hockfield, 3. Ronald McKay

MRC Lab. Mol Biol, Cambridge, England; Cold

Spring Harbor Lab, NY; Biology & Whitaker
College MIT

Recently the tools of molecular biology
have become sufficiently simple to allow the
experimental investigation of patterns of
gene expression in complex tissues. We have
used hybridoma technology to study both the
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