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CHRONOLOGICAL LIST OF SESSIONS

(see page viii for Thematic List of Sessions.)

Session Session
Number and Title Page Number and Title Page
27. Structure and function of the neuroendocrine cell.. ... 90
SUNDAY 28. Aging and behavior I ..................... ... 92
29. Aging and behavior IL........................ooL 96
Public Lecture—4:00 pm 30. Neural plasticity in adult animals I.................. 101
1. Recent advances in the retinex theory of color vision 31. Cardiovascular regulation: functional aspects I ....... 104
and some implications for cortical computation. E. 32. Peripheral autonomic nervous system I .............. 108
H. LAND ..o, No abstract 33. Regulation of autonomic function I.................. 111
34. Endocrine and autonomic regulation: neural control of
immune SYStem .............o.iiiiiiiiiiiiiia. 115
MONDAY 35. Endocrine and autonomic regulation: brain ventricular
SYSIEIML. ..t v ettt et e e e 118
36. Behavioral pharmacology: dopamine ................ 119
Symposium—38:30 am 37. Behavioral pharmacology: serotonin................. 125
2. Sexually dimorphic behaviors: differentiation in mam- 38. Behavioral pharmacology I......................... 127
mals. Chaired: T. O. Fox ....................... 1 39. Behavioral pharmacology Il ........................ 134
40. Peptides: biochemical characterization............... 137
Workshop—8:30 am 41. Peptides: physiological effects Il.................... 140
3. Reciprocal inhibition and coactivation of antagonist 42. Axoplasmic transport I............................. 145
muscles: two fundamental modes of motor control. 43. Axoplasmic transport IL.......................o... 146
Chaired: D. R. HUMPHREY....................... 1
Symposia—1:00 pm
Slide Sessions—8:30 am 44. Cell recognition in development of the nervous sys-
4. Pain modulation: bulbospinal mechanisms ........... | tem. Chaired: U. RUTISHAUSER. ...\ ooooeenn 151
5. Cell and tissue culture: neurons, glia, and neuronal 45. Monoaminergic innervation of cortex: new evidence
models .......... 4 of anatomical and physiologica] specificity.
6. Development and plasticity: trophic interactions I .... 8 Chaired: S. L. FOOTE .......ouuiiiiannn.. 151
7. Muscle L. 11
8. Basal ganglia: anatomy and physiology I ............ 14 Slide Session—1:00 PM
9. Peptides: physiological effects I..................... 17 46. Visual cortex: extrastriate visual areas [ ............. 152
10. Action potential and ion channels I.................. 20 47. Drugs of abuse: nonopiates I ....................... 155
11. Development of the visual system: retinothalamic 48. Characterization of cholinergic receptors. ............ 158
PIOJECHIONS . ...\t 23 49. Blood-brain barrier I.....................ooeiia.. 161
12. Learning and memory: anatomy [................... 26 50. Sensory transduction 1 ............ ... ... 164
13. Catecholamines: dopamine receptors I............... 30 51. Invertebrate learning and behavior I................. 167
52. Peptides: receptors I ........... ... . ...l 170
Poster Sessions—8:30 am 53. Regional localization of receptors and transmitters I .. 173
14. Visual cortex: cortico-subcortical relationships ... ... 35 54. Control of posture and movement I ................. 177
15. Cortex and cortico-subcortical relationships I........ 38 55. Cardiovascular regulation: functional aspects II. ... ... 180
16. Cochlea.............oo i 41
17. Development and plasticity: peripheral regeneration .. 45 Poster Session—1:00 pMm
18. Effects of activity and inactivity on development..... 53 56. Feeding and drinking: central mechanisms I.......... 183
19. Development and plasticity: retinotectal system I..... 56 57. Feeding and drinking: central mechanisms II......... 186
20. Development of motor systems .................... 60 58. Feeding and drinking: central mechanisms III ........ 191
21. Control of posture .............coovviiiiiiiiiiain.. 62 59. Feeding and drinking: central mechanisms IV ........ 192
22. Oculomotor system: mechanics and psychophysics ... 67 60. Feeding and drinking: cues for need state I .......... 195
23. Excitable membranes and synaptic transmission: 61. Angiotensin and drinking............. ... .. ... 197
invertebrate studies ................ ... Ll 71 62. Feeding and drinking: cues for need state II.......... 200
24. Transmitters in invertebrates........................ 74 63. Neuropeptides and behavior: vasopressin and oxytocin 202
25. Transmitter immunocytochemistry................... 79 64. Process outgrowth, growth cones, and guidance
26. Cyclic nucleotides .....................oiiiiiit 84 mechanisms I.............. ... ...l 205



Session Session
Number and Title Page Number and Title Page
65. Subcortical auditory pathways I..................... 211 Poster Sessions—8:30 am
66. Sensory systems in invertebrates I................... 215 102. Morphology of neurons and glia .................... 336
67. Limbic system: hippocampus and amygdala.......... 218 103. Cell surface, cytoskeleton, and related
68. Cerebellum: microelectrode recordings .............. 224 macromolecules ............... oo i 342
69. Pharmacology of synaptic transmission .............. 227 104. Cellular localization of receptors.................... 347
70. Membrane biophysics: voltage clamp and model 105. Membrane structure and function ................... 350
analysis. ........... i 232 106. Cortex and cortico-subcortical relationships II........ 352
71. Lipids, myelin, and glial proteins ................... 235 107. Locomotion I.......... ... . ... ool 356
72. Cell and tissue culture: behavior of neural, glial, 108. Spinal cord and brain stem II....................... 361
muscle, and model cells ......................... 238 109. Evoked potentials. .....................oilL 364
73. Subcortical somatosensory pathways ................ 244 110. Evoked potentials: visual ........................... 368
74. Somatosensory cortex and thalamo-cortical 111. Specificity of synaptic connections.................. 371
relationships ........... .. .. .. il 248 112. Development and plasticity: sensory systems......... 375
75. Spinal cord: cytochemistry and pharmacology........ 252 113. Neural plasticity in adult animals IT ................. 380
76. Spinal cord: afferent input and local circuits ......... 257 114. Invertebrate motor function......................... 381
77. Excitatory amino acids I ............... .. ... .. ... 260 115. Neuropeptides and behavior ........................ 384
78. Neurotoxicity I........ ... ..o i 265 116. Adrenal medulla.................................. 387
79. Diseases of the CNS........ .. ... . ... ... . ... 268 117. Regulation of pituitary function I ................... 389
80. Opiates I.......... ... 273 118. Epilepsy: physiology I ................. ... ... .. .. 394
81. Neuropeptides and behavior: opiates................. 276 119. Epilepsy: mutants and toxins ....................... 399
82. Opiates I1............ ... i 279 120. GABA and benzodiazepines: binding sites I - 403
83. Spinal cord and brain stem I........................ 283 121. GABA and benzodiazepines: CNS distribution of
84. Opiates, endorphins, and enkephalins: physiological binding sites ........... ... ... 408
effects I ... ..o 287 122. GABA and benzodiazepines: electrophysiology and
85. Peptides: anatomical localization I .................. 290 behavior............ ... .. oo, 410
86. Metabolism of transmitters and modulators .......... 295 123. Endocrine control: central pathways II............... 415
87. Staining and tracing techniques ..................... 298 124. Effects of chronic drug administration:
88. Identified cells .......... ..., 301 neurotoxicology ............. ... 420
125. Effects of chronic drug treatment: psychotropics. ... .. 424
Presidential Symposium—S8:00 pm 126. Psychotherapeutic drugs: antidepressants............. 427
89. Neuroscience for society. Chaired: D. P. 127. Psychotherapeutic drugs: neuroleptics ............... 431
PURPURA ... ... ... No abstract 128. Psychotherapeutic drugs: anxiolytics................. 434
129. Opiates, endorphins, and enkephalins: anatomical
localization ..., 438
130. Peptides: physiological effects III ................... 442
131. Functionsof glia ................ ... ... ... il 447
TUESDAY Symposium—1:00 pm
132. Developmental strategies for selective synapse forma-
Symposium—8:30 am tion. Chaired: E. FRANK..................... ... 452
90. Lesions of the visual system during infancy or adult-
hood: effects on morphology, physiology, and be- Workshop—1:00 pm
havior. Chaired: R. E. KALIL .................... 304 133. Heterogeneity of neurotransmitter receptors. Chaired:
H. I. YAMAMURA and I. CREESE.................. 452
Workshop—S8:30 am
91. New approaches to the study of the mechanism of Slide Sessions—1:00 pm
fast axonal transport. Chaired: D. S. FORMAN .. ... 304 134. Peptides: anatomical localization II.................. 453
135. Postsynaptic mechanisms I ......................... 456
Slide Sessions—8:30 AM 136. Regulation of pituitary function II................... 459
92. Development: endocrine control and transmitter 137. Chemical senses: olfactionand taste I................ 462
plasticity. .. ... 304 138. Feeding and drinking: neuropharmacology ........... 465
93. Cortex I .....oouuiiiiiiiiii 308 139. Reflex function I ................ PO 468
94. Peptide transmitters in invertebrates ................. 311 140. Spinal cord: somatosensory physiology and behavior 471
95. Vestibular reflexes: functional organization .......... 314 141. Visual cortex: intrinsic organization I................ 474
96. Endocrine control: central pathways I ............... 317 142. Learning and memory: pharmacology I.............. 478
97. Synapse elimination, competition, and neuron death I 320 143. Basal ganglia: behavior and pharmacology I ......... 481
98. Sensory systems in invertebrates II.................. 323
99. Opiates, endorphins, and enkephalins: receptors I .... 327 Poster Sessions—1:00 pm
100. Learning and memory: anatomy and physiology...... 330 144. Epilepsy: kindling I................ .. ... ... 484
101. Biogenicamines I ................ .. .. ..ol 333 145. Cortex II. ... ..o 490



Session Session
Number and Title Page Number and Title Page
146. Subcortical auditory pathways IT.................... 495 184. Molecular biology of gene expression ............... 620
147. Action potential and ion channels I................. 499 185. Biological thythms I.................. ... ... ..., 623
148. Action potential and ion channels IIT................ 508 186. Epilepsy: pharmacology ............................ 627
149. Membrane biophysics I .................. ... ... ... 511
150. Limbic system and hypothalamus ................... 514 Poster Sessions—38:30 Am
151. Nutritional and prenatal factors in development I..... 519 187. Control of limb movements......................... 630
152. Vestibular compensation and brainstem pathways. . ... 522 188. Locomotion II........... ... ... ...l 634
153. Reflex function IL.......................iiatt. 526 189. Learning and memory: anatomy II .................. 636
154. Neuroethology: nonavian auditory system and 190. Learning and memory: physiology .................. 641
vocalization.............. ... .. .o 530 191. Learning and memory: hippocampal physiology ... ... 645
155. Neuroethology: teleosts ......................oou... 532 192. Interhemispheric relations .......................... 649
156. Neuroethology: nonteleosts ......................... 534 193. Human neuropsychology I.......................... 653
157. Neuroethology: avian auditory system and 194. Human behavioral neurobiology .................... 655
vocalization................ ... ... il 537 195. Basal ganglia: anatomy and physiology II............ 658
158. Circuitry and pattern generation I ................... 539 196. Spinal cord and brain stem IIT...................... 663
159. Cardiovascular regulation: hypertension and stress. ... 542 197. Nutritional and prenatal factors in development II .... 666
160. Cardiovascular regulation: central transmitters I ... ... 547 198. Neurotoxicity IT ............. ... ... 668
161. Stress, hormones, and the autonomic nervous 199. Action potential and ion channels IV ................ 672
system L. 552 200. Electrophysiology of CNS neurons II............. .. 677
162. Monoamines and behavior I......................... 555 201. Sensory transduction II. . ........................... 682
163. Monoamines and behavior II ....................... 561 202. Retinal.......................... . P 685
164. Transmitter uptake, storage, and secretion I.......... 564 203. Synaptogenesis I.................. ...l 687
165. Transmitter uptake, storage, and secretion II......... 568 204. Regeneration: central I............................. 693
166. Characterization of noncholinergic receptors ......... 571 205. Regeneration: central II ............................ 697
167. Coexistence of transmitters and neuromodulators ... . .. 575 206. Development of the visual system: retina and
168. Characterization of nicotinic receptors............... 577 geniculate. .............. o 700
169. Characterization of muscarinic receptors............. 581 207. Regulation of pituitary function IIL.................. 703
170. Opiates, endorphins, and enkaphalins: biochemical 208. Regulation of pituitary function IV.................. 707
characterization ................ ... 584 209. Interaction between neurotransmitters. ............... 713
171. Peptides: receptors IL.................. .. ... .. ... 589 210. Transmitters and receptors in disease I .............. 718
172. Cellular aspects of disease.......................... 592 211. Regional localization of receptors and transmitters II 723
173. Metabolic studies......................ooill 595 212. Pineal gland............. ... 728
213. Postsynaptic mechanisms II......................... 732
Grass Foundation Lecture—8:00 pm 214. Vestibular sensory organs .......................... 737
174. Neurobiological bases of innate motor acts 215. Opiates, endorphins, and enkephalins: physiological
in vertebrates. S. GRILLNER................ No abstract effects Il ... .. 740
Symposia—1:00 PM
WEDNESDAY 216. Excitatory amino acid neurotransmitters. Chaired: C.
W. COTMAN. ..ttt 744
. . 217. Applications of neuroscience to human prostheses.
175 ?ﬁmp"s'a_s'” AM o Chaired: F. T. HAMBRECHT . ... .vveveeeenn. .. 744
. The dynorphin peptides. Chaired: A. GOLDSTEIN. .. .. 600 . . - o
176. The acidic interior of secretory vesicles: mechanisms 218. The neurogenetics of identified cells. Chaired: R. J.
S Y . WYMAN ..o 745
and implications for neurobiology. Chaired: J. T.
RusseLL and R. W. HoLz. ....................... 600 . .
177. Functional reconstruction of neuronal systems. Slldeﬁ Sessnpns—l:OQ PM .
: y 219. Peptides: biosynthesis and metabolism I ............. 745
Chaired: D. H. PErRkeL and P. A. GETTING ....... 600 - rep y ‘ : o
220. Oculomotor system: cortico-collicular organization ... 749
. . . 221. Circuitry and pattern generation I .................. 752
Slide Sessions—38:30 am
178. Electrophysiology of CNS neurons I ................ 601 222. Cell surface and related components................. 756
179. Development of invertebrates I ..................... 604
180. Cerebellum: olivo-cerebellar function................ 606 CONTINUED IN SOCIETY FOR
181. Regulation of autonomic function II................. 610 NEUROSCIENCE ABSTRACTS,
182. Development and plasticity: trophic agents I ......... 613 VOLUME 9 PART 2
183. Visual cortex: intrinsic organization II............... 616

vii



THEMATIC LIST OF SESSIONS

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

Theme A: Development and Plasticity

Session
Number Session Title Type Day Time
271. Aging | Poster Thu 8.30 am
272. Aging II Poster Thu  8:30 am
309. Aging 111 Slide Thu  1:00 pm
246. Cell lineage and differentiation I Poster Wed 1:00 pm
263. Cell lineage and differentiation II Slide Thu  8:30 am
44. Cell recognition in development of the nervous system Symp. Mon 1:00 pm
274. Development and plasticity: autonomic nervous system Poster Thu  8:30 aM
276. Development and plasticity: biochemical and pharmaco-
logical correlates I Poster Thu  8:30 am
320. Development and plasticity: biochemical and pharmaco-
logical correlates II Poster Thu  1:00 pm
273. Development and plasticity: denervation Poster Thu  8:30 am
319. Development and plasticity: endocrine control Poster Thu  1:00 pM
2717. Development and plasticity: limbic system Poster Thu  8:30 aM
17. Development and plasticity: peripheral regeneration Poster Mon 8:30 am
19. Development and plasticity: retinotectal system I Poster Mon 8:30 aM
223. Development and plasticity: retinotectal system II Slide Wed 1:00 pm
112. Development and plasticity: sensory systems Poster Tue  8:30 am
182. Development and plasticity: trophic agents I Slide Wed 8:30 am
243, Development and plasticity: trophic agents II Poster Wed 1:00 pm
6. Development and plasticity: trophic interactions I Slide Mon 8:30 am
244, Development and plasticity: trophic interactions II Poster Wed 1:00 pm
179. Development of invertebrates I Slide Wed 8:30 am
242. Development of invertebrates 11 Poster Wed 1:00 pm
20. Development of motor systems Poster Mon 8:30 AM
352. Development of the visual system: cortex Poster  Fri 8:30 aM
206. Development of the visual system: retina and geniculate Poster Wed 8:30 am
1. Development of the visual system: retinothalamic projections  Slide Mon 8:30 am
92. Development: endocrine control and transmitter plasticity Slide Tue  8:30 am
2175. Developmental disorders Poster Thu  8:30 aM
308. Developmental specificity Slide Thu  1:00 pm
132. Developmental strategies for selective synapse formation Symp. Tue 1:00 pm
18. Effects of activity and inactivity on development Poster Mon 8:30 am
245. Morphogenesis and pattern formation Poster Wed 1:00 pm
30. Neural plasticity in adult animals I Poster Mon 8:30 am
113. Neural plasticity in adult animals II Poster Tue  8:30 am
248. Neural plasticity in adult animals III Poster Wed 1:00 pm
354. Neural plasticity in adult animals IV Poster  Fri 8:30 aM
241. Neurogenetics Poster Wed 1:00 pm
78. Neurotoxicity 1 Poster Mon 1:00 pm
198. Neurotoxicity II Poster Wed 8:30 am
360. Neurotoxicity 111 Poster  Fri 8:30 am
151. Nutritional and prenatal factors in development I Poster Tue  1:00 pm
197. Nutritional and prenatal factors in development II Poster Wed 8:30 aM
64. Process outgrowth, growth cones, and guidance mech- ’
anisms I Poster Mon 1:00 M
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302. Process outgrowth, growth cones, and guidance mech-
anisms I Slide Thu  1:00 pM
204. Regeneration: central | Poster Wed 8:30 am
205. Regeneration: central II Poster Wed 8:30 am
226. Regeneration: central III Slide Wed 1:00 pm
111. Specificity of synaptic connections Poster Tue  8:30 am
287. Sprouting I Poster  Thu  8:30 am
288. Sprouting Il Poster Thu  8:30 am
97. Synapse ¢ limination, competition, and neuron death | Slide Tue  8:30 aM
247. Synapse elimination, competition, and neuron death II Poster Wed 1:00 pm
203. Synaptogenesis [ Poster Wed 8:30 am
342. Synaptogenesis 11 Slide Fri 8:30 am
218. The neurogenetics of identified cells Symp. Wed 1:00 pm
267. Visual cortical development Slide Thu  8:30 am
Theme B: Cell Biology
Session
Number Session Title Type Day Time
42. Axoplasmic transport | Poster Mon 8:30 am
43. Axoplasmic transport 11 Poster Mon 8:30 aM
346. Axoplasmic transport I Slide Fri 8:30 aM
49. Blood-brain barrier 1 Slide Mon  1:00 pm
255. Blood-brain barrier Il Poster Wed 1:00 pm
222. Cell surface and related components Slide Wed 1:00 pm
103. Cell surface, cytoskeleton, and related macromolecules Poster Tue  8:30 am
72. Cell and tissue culture: behavior of neural, glia, muscle, and
model cells Poster Mon  1:00 pM
5. Cell and tissue culture: neurons, glia, and neuronal models Slide Mon  8:30 am
172. Cellular aspects of disease Poster  Tue 1:00 pMm
104. Cellular localization of receptors Poster Tue  8:30 aM
131. Functions of glia Poster Tue  8:30 am
88. Identified cells Poster  Mon  1:00 pm
343. Immunohistochemistry of specific cellular components Slide Fri 8:30 aM
71. Lipids, myelin, and glial proteins Poster  Mon  1:00 pM
105. Membrane structure and function Poster Tue  8:30 aM
173. Metabolic studies Poster ~ Tue 1:00 pMm
184. Molecular biology of gene expression Slide Wed  8:30 aM
102. Morphology of neurons and glia Poster Tue  8:30 AM
91. New approaches to the study of the mechanism of fast axonal
transport Wksh. Tue  8:30 am
87. Staining and tracing techniques Poster Mon 1:00 pm
27. Structure and function of the neuroendocrine cell Poster Mon 8:30 aM
176. The acidic interior of secretory vesicles: mechanisms and im-
plications for neurobiology Symp. Wed 8:30 aM
Theme C: Excitable Membranes and Synaptic Transmission
Session
Number Session Title Type Day Time
10. Action potential and ion channels | Slide Mon  8:30 am
147. Action potential and ion channels II Poster  Tue 1:00 pm
148. Action potential and ion channels III Poster ~ Tue  1:00 pm
199. Action potential and ion channels IV Poster Wed 8:30 am



300. Biochemistry of synaptic regulation Symp. Thu 1:00 pm
321. Diseases of synapses and axons Poster Thu  1:00 pm
330. Effects of drugs on receptors Poster Thu  1:00 pm
178. Electrophysiology of CNS neurons I Slide Wed 8:30 aM
200. Electrophysiology of CNS neurons 11 Poster Wed 8:30 aM
322. Epilepsy: miscellany Poster Thu  1:00 pm
118. Epilepsy: physiology I Poster Tue  8:30 amM
266. Epilepsy: physiology II Slide Thu  8:30 am
23. Excitable membranes and synaptic transmission: invertebrate
studies Poster Mon 8:30 am
149. Membrane biophysics 1 Poster  Tue 1:00 pm
345. Membrane biophysics Il Slide Fri 8:30 AM
70. Membrane biophysics: voltage clamp and model analysis Poster Mon 1:00 pM
69. Pharmacology of synaptic transmission Poster Mon 1:00 pM
135. Postsynaptic mechanisms I Slide Tue  1:00 M
213. Postsynaptic mechanisms II Poster Wed 8:30 am
254. Presynaptic mechanisms [ Poster Wed 1:00 pm
304. Presynaptic mechanisms II Slide Thu  1:00 pm
50. Sensory transduction I Slide Mon 1:00 pm
296. Synaptic structure and function I Poster Thu  8:30 aM
341. Synaptic structure and function I1 Slide Fri 8:30 aM
Theme D: Neurotransmitters, Modulators, and Receptors
Session
Number Session Title Type Day Time
283. Acetylcholine: biosynthesis and electrophysiology Poster Thu  8:30 aM
281. Acetylcholine: biosynthesis and regulation Poster Thu  8:30 AM
282. Acetylcholine: cellular structures and projection pathways Poster Thu  8:30 am
38. Behavioral pharmacology I Poster Mon 8:30 am
39. Behavioral pharmacology II Poster Mon 8:30 am
36. Behavioral pharmacology: dopamine Poster Mon 8:30 AmM
37. Behavioral pharmacology: serotonin Poster Mon 8:30 amM
101. Biogenic amines [ Slide Tue  8:30 aM
333. Biogenic amines II Poster Thu  1:00 pm
291. Catecholamines: adrenergic physiology Poster Thu  8:30 aM
325. Catecholamines: adrenergic receptors Poster Thu  1:00 pm
332. Catecholamines: anatomical localization Poster Thu  1:00 pm
289. Catecholamines: biochemical characterization I Poster Thu  8:30 am
290. Catecholamines: biochemical characterization Il Poster Thu  8:30 am
13. Catecholamines: dopamine receptors I Slide Mon 8:30 am
323. Catecholamines: dopamine receptors 11 Poster Thu  1:00 pm
324. Catecholamines: dopamine receptors III Poster Thu  1:00 pm
292. Catecholamines: dopaminergic physiology Poster Thu  8:30 aM
48. Characterization of cholinergic receptors Slide Mon 1:00 pm
169. Characterization of muscarinic receptors Poster  Tue 1:00 pm
168. Characterization of nicotinic receptors Poster Tue  1:00 pM
166. Characterization of noncholinergic receptors Poster Tue  1:00 pm
167. Coexistence of transmitters and neuromodulators Poster Tue  1:00 pm
306. Colocalization of transmitters Slide Thu  1:00 pm
26. Cyclic nucleotides Poster Mon 8:30 aM
216. Excitatory amino acid neurotransmitters Symp. Wed 1:00 pm
77. Excitatory amino acids I Poster Mon 1:00 pm
344. Excitatory amino acids II Slide Fri 8:30 aM
120. GABA and benzodiazepines: binding sites I Poster Tue  8:30 aM



301. GABA and benzodiazepines: binding sites II Slide Thu  1:00 pm
121. GABA and benzodiazepines: CNS distribution of binding sites  Poster Tue  8:30 AM
122. GABA and benzodiazepines: electrophysiology and behavior ~ Poster Tue  8:30 AM
133. Heterogeneity of neurotransmitter receptors Wksh. Tue  1:00 pm
209. Interaction between neurotransmitters Poster Wed 8:30 aM
86. Metabolism of transmitters and modulators Poster Mon 1:00 pm
327. Modulators and modulations Poster Thu  1:00 M
45. Monoaminergic innervation of cortex: new evidence of ana-
tomical and physio'ngical specificity Symp. Mon 1:00 pm
350. Neuromodulators Poster  Fri 8:30 aM
129. Opiates, endorphins, and enkephalins: anatomical local-
ization Poster Tue  8:30 am
170.: Opiates, endorphins, and enkephalins: biochemical character-
ization Poster  Tue 1:00 pm
84. Opiates, endorphins, and enkephalins: physiological
effects | Poster Mon 1:00 pm
215. Opiates, endorphins, and enkephalins: physiological
effects II Poster Wed 8:30 am
233. Opiates, endorphins, and enkephalins: physiological
effects 111 Poster Wed 1:00 pm
328. Opiates, endorphins, and enkephalins: physiological
effects IV Poster Thu  1:00 pm
99. Opiates, endorphins, and enkephalins: receptors [ Slide Tue  8:30 am
293. Opiates, endorphins, and enkephalins: receptors II Poster Thu  8:30 am
94. Peptide transmitters in invertebrates Slide Tue  8:30 aM
85. Peptides: anatomical localization | Poster  Mon  1:00 pM
134. Peptides: anatomical localization II Slide Tue 1:00 pM
294. Peptides: anatomical localization I1I Poster Thu  8:30 am
40. Peptides: biochemical characterization Poster Mon 8:30 am
219. Peptides: biosynthesis and metabolism I Slide Wed  1:00 pm
329. Peptides: biosynthesis and metabolism II Poster Thu  1:00 pm
9. Peptides: physiological effects | Slide Mon  8:30 am
41. Peptides: physiological effects II Poster Mon 8:30 am
130. Peptides: physiological effects III Poster Tue  8:30 AM
52. Peptides: receptors 1 Slide Mon  1:00 pm
171. Peptides: receptors II Poster Tue  1:00 pm
349. Peptides: receptors 111 Poster  Fri 8:30 am
259. Post-translational processing of neuropeptide precursors and
neuronal proteins Symp. Thu  8:30 am
53. Regional localization of receptors and transmitters [ Slide Mon 1:00 pm
211. Regional localization of receptors and transmitters II Poster Wed 8:30 am
175. The dynorphin peptides Symp. Wed 8:30 am
25. Transmitter immunocytochemistry Poster Mon 8:30 am
164. Transmitter uptake, storage. and secretion I Poster  Tue 1:00 pm
165. Transmitter uptake, storage, and secretion 1l Poster  Tue 1:00 pm
210. Transmitters and receptors in discase [ Poster Wed 8:30 am
305. Transmitters and receptors in disease [I Slide Thu  1:00 pm
24. Transmitters in invertebrates Poster Mon 8:30 am
Theme E: Endocrine and Autonomic Regulation
Session
Number Session Title Type Day Time
116. Adrenal medulla Poster Tue  8:30 am
160. Cardiovascular regulation: central transmitters | Poster  Tue 1:00 pm

xi



227. Cardiovascular regulation: central transmitters II Slide Wed 1:00 pm
31. Cardiovascular regulation: functional aspects I Poster Mon  8:30 AM
55. Cardiovascular regulation: functional aspects II Slide Mon 1:00 pm

159. Cardiovascular regulation: hypertension and stress Poster  Tue 1:00 pM

334. Cardiovascular regulation: morphological aspects Poster Thu  1:00 pm

337. Corticotropin releasing factor Symp. Fri 8:30 am
96. Endocrine control: central pathways | Slide Tue  8:30 aM

123. Endocrine control: central pathways II Poster Tue  8:30 AM
35. Endocrine and aatonomic regulation: brain ventricular

system Poster Mon 8:30 am
34. Endocrine and autonomic regulation: neural control of
immune system Poster Mon 8:30 am

314. Hormonal control of behavior [ Poster Thu  1:00 pm

315. Hormonal control of behavior 11 Poster  Thu  1:00 pm
32. Peripheral autonomic nervous system [ Poster Mon 8:30 am

265. Peripheral autonomic nervous system Il Slide Thu  8:30 am

212. Pineal gland Poster Wed 8:30 aM
33. Regulation of autonomic function I Poster Mon 8:30 AM
181. Regulation of autonomic function II Slide Wed 8:30 am

117. Regulation of pituitary function I Poster Tue  8:30 aM
136. Regulation of pituitary function II Slide Tue  1:00 Pm

207. Regulation of pituitary function III Poster Wed 8:30 aM

208. Regulation of pituitary function IV Poster Wed 8:30 am

335. Respiratory regulation Poster Thu  1:00 pm

Theme F: Sensory Systems

Session

Number Session Title Type Day Time

279. Auditory cortex Poster  Thu  8:30 am
137. Chemical senses: olfaction and taste I Slide Tue 1:00 M

295. Chemical senses: olfaction and taste II Poster Thu  8:30 am
16. Cochlea Poster Mon  8:30 am

260. Efferent control of the organs of hearing and equilibrium Symp. Thu 8:30 am
109. Evoked potentials Poster Tue  8:30 am
110. Evoked potentials: visual Poster Tue  8:30 aM
90. Lesions of the visual system during infancy or adulthood: ef-

fects on morphology, physiology, and behavior Symp. Tue 8:30 am

231. Pain modulation: anatomy and pharmacology Poster Wed 1:00 pm
310. Pain modulation: behavioral analysis Slide Thu  1:00 pm
4. Pain modulation: bulbospinal mechanisms Slide Mon 8:30 aMm

232. Pain modulation: pharmacology Poster Wed 1:00 pm

229. Pain: afferent nociceptors Poster Wed 1:00 pm

230. Pain: central pathways Poster Wed 1:00 pm

202. Retina I Poster Wed 8:30 am

234. Retina II Poster Wed 1:00 pm

262. Retina III Slide Thu  8:30 am

235. Retina and retinal projections Poster Wed 1:00 pm
66. Sensory systems in invertebrates I Poster Mon 1:00 PM
98. Sensory systems in invertebrates II Slide Tue  8:30 am

201. Sensory transduction II Poster Wed 8:30 am

228. Skin, muscle, joint, and visceral receptors Poster Wed 1:00 pm
74. Somatosensory cortex and thalamo-cortical relationships Poster Mon 1:00 pm

270. Somatosensory system Slide Thu  8:30 am

xii



76. Spinal cord: afferent input and local circuits Poster Mon 1:00 pm
75. Spinal cord: cytochemistry and pharmacology Poster Mon 1:00 pm
140. Spinal cord: somatosensory physiology and behavior Slide Tue 1:00 pm
65. Subcortical auditory pathways I Poster Mon 1:00 pm
146. Subcortical auditory pathways Il Poster  Tue 1:00 pm
225. Subcortical auditory pathways III Slide Wed 1:00 pm
73. Subcortical somatosensory pathways Poster Mon 1:00 pm
236. Subcortical visual pathways | Poster Wed 1:00 pm
237. Subcortical visua' pathways 11 Poster Wed 1:00 pm
303. Subcortical visual pathways Il Slide Thu  1:00 pm
336. The oculomotor role of the accessory optic system and pre-
tectum: Is there a single vertebrate scheme? Symp. Fri 8:30 aM
214. Vestibular sensory organs Poster Wed 8:30 am
353. Visual cortex: cortico-cortical relationships Poster  Fri 8:30 AM
14. Visual cortex: cortico-subcortical relationships Poster Mon 8:30 am
46. Visual cortex: extrastriate visual areas [ Slide Mon  1:00 pm
280. Visual cortex: extrastriate visual areas I Poster Thu  8:30 aM
141. Visual cortex: intrinsic organization [ Slide Tue 1:00 pm
183. Visual cortex: intrinsic organization Il Slide Wed  8:30 am
238. Visual cortex: intrinsic organization I1l Poster Wed 1:00 pm
Theme G: Systems and Sensorimotor Integration
Session
Number Session Title Type Day Time
217. Applications of neuroscience to human prostheses Symp. Wed 1:00 pm
8. Basal ganglia: anatomy and physiology | Slide Mon  8:30 aM
195. Basal ganglia: anatomy and physiology 11 Poster Wed 8:30 aM
143. Basal ganglia: behavior and pharmacology I Slide Tue 1:00 pm
252. Basal ganglia: behavior and pharmacology II Poster Wed 1:00 pMm
278. Basal ganglia: physiology Poster Thu  8:30 AM
356. Basal ganglia: thalamic relationships Poster  Fri 8:30 amM
251. Cerebellum: anatomical studies Poster Wed 1:00 pm
68. Cerebellum: microelectrode recordings Poster Mon  1:00 pM
180. Cerebellum: olivocerebellar function Slide Wed  8:30 aM
318. Cerebellum: transmitters and histochemistry Poster  Thu 1:00 pm
187. Control of limb movements Poster Wed 8:30 am
21. Control of posture Poster Mon  8:30 aM
54. Control of posture and movement | Slide Mon  1:00 pm
297. Control of posture and movement I Poster Thu  8:30 aM
93. Cortex | Slide Tue  8:30 am
145. Cortex 11 Poster ~ Tue 1:00 pm
298. Disorders of the motor system: neural prostheses Poster Thu  8:30 AM
114. Invertebrate motor function Poster  Tue  8:30 aM
107. Locomotion I Poster Tue  8:30 am
188. Locomotion II Poster Wed 8:30 aM
249. Muscle afferents Poster Wed 1:00 pm
7. Muscle | Slide Mon  8:30 am
355. Muscle 1 Poster  Fri 8:30 am
317. Oculomotor brainstem mechanisms Poster  Thu  1:00 pm
220. Oculomotor system: cortico-collicular organization Slide Wed  1:00 pm
22. Oculomotor system: mechanics and psychophysics Poster Mon  8:30 am
3. Reciprocal inhibition and coactivation of antagonist muscles:
two fundamental modes of motor control Wksh. Mon  8:30 am

xiii



139. Reflex function I Slide Tue 1:00 pm
153. Reflex function II Poster Tue  1:00 M
316. Sensorimotor integration Poster Thu  1:00 pm
83. Spinal cord and brain stem [ Poster Mon  1:00 pm
108. Spinal cord and brain stem II Poster Tue  8:30 am
196. Spinal cord and brain stem III Poster Wed 8:30 am
152. Vestibular compensation and brainstem pathways Poster  Tue 1:00 pM
95. Vestibular reflexes: functional organization Slide Tue  8:30 aM
250. Vestibular, visual, and oculomotor plasticity Poster Wed 1:00 pm
Theme H: Structure and Function of the CNS
Session
Number Session Title Type Day Time
284. Brain metbolism I Poster Thu  8:30 am
339. Brain metabolism II Slide Fri 8:30 aM
311. Comparative neuroanatomy | Poster Thu  1:00 pM
338. Comparative neuroanatomy Il Slide Fri 8:30 aM
15. Cortex and cortico-subcortical relationships 1 Poster Mon 8:30 am
106. Cortex and cortico-subcortical relationships 11 Poster Tue  8:30 am
79. Diseases of the CNS Poster Mon 1:00 pm
144. Epilepsy: kindling I Poster ~ Tue 1:00 pm
224. Epilepsy: kindling II Slide Wed  1:00 pm
119. Epilepsy: mutants and toxins Poster Tue  8:30 am
186. Epilepsy: pharmacology Slide Wed 8:30 am
347. Evoked potentials and EEG Poster  Fri 8:30 am
150. Limbic system and hypothalamus Poster Tue  1:00 pM
67. Limbic system: hippocampus and amygdala Poster Mon 1:00 pm
253. Regional neuropharmacology Poster Wed 1:00 pM
351. Subcortical organization Poster  Fri 8:30 AM
Theme 1: Neural Basis of Behavior
Session
Number Session Title Type Day Time
28. Aging and behavior I Poster Mon 8:30 aM
29. Aging and behavior 11 Poster Mon 8:30 am
358. Alcohol and barbiturates: biochemistry Poster  Fri 8:30 aM
359. Alcohol: behavior Poster  Fri 8:30 aM
357. Alcohol: environmental influences and electrophysiology Poster  Fri 8:30 aM
61. Angiotensin and drinking Poster Mon 1:00 pM
185. Biological rhythms I Slide Wed 8:30 am
313. Biological rhythms I Poster Thu  1:00 pm
312. Biological rhythms: suprachiasmatic nucleus Poster Thu  1:00 pm
158. Circuitry and pattern generation I Poster Tue  1:00 pMm
221. Circuitry and pattern generation II Slide Wed 1:00 pm
299. Clocks in the test tube: toward a mechanistic analysis of cir-
cadian oscillators Symp. Thu  1:00 pm
47. Drugs of abuse: nonopiates I Slide Mon 1:00 pMm
331. Drugs of abuse: nonopiates II Poster Thu  1:00 pm
124. Effects of chronic drug administration: neurotoxicology Poster Tue  8:30 am
125. Effects of chronic drug treatment: psychotropics Poster Tue  8:30 aMm
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MONDAY AM

SYMPOSIUM AND WORKSHOP 1

SYMPOSIUM. SEXUALLY DIMORPHIC BEHAVIORS: DIFFERENTIATION IN
MAMMALS. I, 0., Fox, Children's Hosp., Harvard Med. Sch.
(Chairman); J, F. DeBold, Tufts Univ.; M. J. Baum, M.I.T.;

K. L. Olsen, SUNY, Stony Brook; F. S, vom Saal, Univ. Missouri,
Columbia.

The study of sexually dimorphic behaviors, including those
involved in reproduction, aggression, play and other activities,
has led to the elucidation of many aspects of neural sexual
differentiation. Concepts associated with the development and
maintenance of these behaviors provide much of the rationale for
studies on sexual differentiation of the brain. This symposium
addresses several advances in our understanding of sexual
behaviors and their determinants, with special attention to
generalizations which may be appropriate only within species and
consequently to emerging concepts which diverge from previously
accepted dogma.

The results of experiments to assess the effects of gonadal
steroids on behavior require control of the environmental,
social, and hormonal status of the animals and ability of
investigators to observe subtleties of behevior. Effects of
different doses of androgens and of non-hormonal influences on
aggressive behaviors by both female and male rodents will be
described (DeBold). The relative influence of androgens and
estrogens varies among species and among different endpoints
For example, males of several mammalian species lack the
capacity to display many aspects of feminine sexual behavior and
neuroendocrine: cyclicity in adulthood. This process of
defeminization occurs in male rodents in response to the action
of estradiol, formed in the developing brain from circulating
androgens. Evidence indicates that coital defeminization as
observed in rodents does not occur in males of several higher
mammalian species. This includes a carnivore, the ferret
despite the presence in males of high levels of neural estrogen
biosynthesis and receptors during the perinatal period of sexual
differentiation (Baum).

Possible involvement of androgen receptors can be examined,
and attempts can be made to distinguish these from the effects
mediated by estrogen formation, by analyzing the responses of
genetic mutants with androgen resistance. These display defects
in androgen receptors along with deficiencies of male traits.
Comparisons between mice and rats with androgen resistance are
being made for both male and female aspects of reproductive
behaviors (Olsen). Male-typical and female-typical behaviors
are expressed to variable extents in the other sex. The extent
and nature of this phenomenon is species dependent. Intra-
uterine position correlates with the extent of heterotypical
behavior displayed. Parameters of these effects on both females
and on males will be discussed. This system provides a means
for examining individuality in behavior and for asking how this
influences populations and evolution of behaviors (vom Saal).

3 WORKSHOP. RECIPROCAL INHIBITION AND COACTIVATION OF ANTAGONIST

MUSCLES: TWO FUNDAMENTAL MODES OF MOTOR CONTROL. D.R. Humphrey,
BEmory Sch. Med.; A.M. Smith, Univ. Montreal; Y. Lamarre, Univ.
Montreal; T.R. Nichols, Univ. Washington; Y. Shinoda, Tokyo Med.
Dent. Univ.; E. Bizzl, MIT.

Following the pioneering studies by Sherrington in the decere-
brate cat, researchers in motor control have viewed reciprocal
inhibition as the major pattern of activation of the antagonist
muscles which act about a particular joint. Recent studies have
emphasized, however, that many motor activities involve a coacti-
vation of antagonist muscles, either as a means of stabilizing
the course of movement of a joint during motor learning or in the
presence of unpredictable external perturbations, or of fixing
the position of a joint in one plane as a postural support for
orthogonal movements about the same joint, or movements of adja-
cent joints. This workshop focuses on the conditions under which
these fundamental pattemns of muscle activation occur, and their
central correlates. Lamarre will present evidence from studies
with normal and deafferented monkeys and humans, which indicates
that reciprocal inhibition, coactivation and triphasic patterns
of antagonist activation are centrally generated, with peripheral
input serving only to modulate these patterns. Nichols will sum-
marize evidence from studies in the cat which indicates that these
two forms of muscle activation can be evoked by stimulation of dif-
ferent brain stem sites. He will discuss also the motor control
advantages that are offered by these two different patterns of
muscle activation. Smith will sumarize data from studies of
cerebellar neuron activity in the monkey which indicates that a
suppression of Purkinje cell discharge may be necessary for swit-
ching between reciprocal inhibitory andcoactivation modes of con-
trol. Shinoda will summarize evidence from studies of branching
pattems of single axons in cerebello-thalamo-motor cortex and
corticospinal pathways, which indicates that axonal divergence
is sufficient to suggest that functional groupings of muscles
will ultimately be affected by activity in even single central
neurons. Humphrey will present evidence from studies in the mon-
key which indicates that the efferent outflow of the motor cortex
is organized not for the control of single muscles, but for entire
sets of muscles that are responsible for certain fundamental move-
ments, and their postural support; in the latter function, antago-
nist muscles are often coactivated. Bizzi will conclude the for-
mal presentations by summarizing evidence from EMG studies in man
concerning the patterns of muscle activation that are seen across
the arm, during voluntary, guided movements, in which case both
movement and postural support patterns must be generated. The
session will close with a round table discussion, in which new
avenues of research are suggested and discussed.

PAIN MODULATION: BULBOSPINAL MECHANISMS

4.1

LIGHT AND ULTRASTRUCTURAL TMMUNOCYTOCHEMICAL LOCALIZATION OF
SEROTONIN SYNAPSES ON PRIMATE SPINOTHALAMIC TRACT NEURONS.
M.A. Ruda and J. Coffield*. NAB, NIDR, NIH, Bethesda, MD 20205.
Serotonin (5-HT) neurons in the brain stem are a major source
of descending inhibition in the spinal cord. Spinothalamic tract
(STT) cells comprise a major pathway for the transmission of
nociceptive information from the dorsal horn to higher centers of
the neuraxis. Using the combined techniques of retrograde trans-
port of horseradish peroxidase (HRP) and immunocytochemistry,
synaptic interactions between these systems can be identified.
To label STT cells, HRP was injected into the thalamus of 2
rhesus monkeys. After 72-84 hrs, the animals were perfused with
4% paraformaldehyde and 0 glutaraldehyde in phosphate buffer.
The cervical and lumbar spinal cords were sectioned on a Vibratome
at 50 um and processed with CoCl, -intensified DAB to vield a
black reaction product in STT cells. To identify transmitter-
specific afferent input, the tissue was subsequently processed
for PAP immunocvtochemistry to produce a red-brown label. Tissue
used for light microscopic (LM) analysis was processed with 0.757%
Triton X-100 to facilitate penetration of the immunocytochemical
stain throughout the section. Tissue for ultrastructural (EM)
analysis was initially screened at the LM level, after clearing
in glycerin, with a 100X oil immersion objective to identify STT
cells contacted by 5-HT immunorcactive axonal endings. LM and EM
analyvses focused on the somata and proximal dendrites of STT
cells in laminae I and V. Most 53-HT contacts were located on
proximal dendrites of these STT cells rather than on the cell
somata. In lamina I, both small and large bipolar and multipolar
STT cells (10-25 :m soma short diameter) received a variable
number of 5-HT contacts. In lamina V, larger multipolar neurons
(25-35 ;m) often received more than five 5-HT contacts while
small bipolar neurons received less. More than half of the
laminae 1 and V STT cells sampled appeared to receive 5-IT con-

tacts on their somata or proximal dendrites. At the EM level,
STT cells were marked by clectron dense HRP granules while 5-HT
immunoreactive endings contained PAP reaction product. TIn

laminae [ and V, 5-HT axonal endings contacting STT cells varied
from 0.8-2.5 im in length, and contained oval agranular vesicles
and a few dense core vesicles. They formed svmmetrical or slightly
asymmetrical syvnaptic contacts. STT cells receiving 5-HT synaps
typically received svnapses from numerous other unlabeled endings.
These observations demonstrate that a subset of SIT cells in
laminae 1 and V can be postsvnaptically modulated directly by
descending 5-HT afferent input. Since STT neurons receiving 5-HT
input are contacted by numerous other axonal endings, a major

site of modulation of the transmittal of noxicus information
appears to occur directly on the proximal portion of STT cells.

*Indicates Nonmember of Society

4.) [LONTOPHORETIC STUDY OF BIOGENIC AMINE AND PEPTIDE EFFECTS ON PRI-

MATE SPINOTHALAMIC TRACT CELLS. Wm.S.Willcockson¥*, J.M.Chung,
Y.Hori*, K.H.Lee*, and W.D.Willis (SPON: J.P.Gallagher). Marine
Biomed. Inst. & Depts. of Physiol. & Biophysics and Anatomy, Univ.
TX Med. Branch, Galveston, TX 77550.

A full understanding of the role of the spinothalamic tract
(STT) in the transmission of pain requires investigation of the
neurochemicals mediating synaptic events in this pathway. Proposel
mediators include the biogenic amines serotonin (5HT) and norepi-
nephrine (NE), the amino acids glutamate (Glu), y-aminobutyrate
(GABA) and glycine (Glv) and the endogenous peptides enkephalin
(ENK) and substance P (SP). SHT, NE, GABA and Gly have had predom-
inantly inhibitory effects when iontophoresed onto dorsal horn
interneurons. Glu and SP usually excite dorsal horn cells.

The compounds studied include Glu, GABA, Gly, S5HT, NE, dopamine
(DA), acetylcholine (ACh), methiconine-enkephalin (M-ENK), leucine-
enkephalin (L-ENK), substance P (SP) and cholecystokinin (CCK). The
drugs were applied iontophoretically from 7-barreled glass micro-
electrodes. Experiments were performed on anesthetized monkeys
(Macaca fascicularis). STT cells in the lumbosacral spinal cord
were identified antidromically by stimulation in the contralateral
thalamus. Drugs were tested for effects on background activity,
Glu-induced firing, and activity evoked by pinching the skin.

While Glu excited STT cells and was thus used for tests of the
other compounds, the amino acids GABA and Gly inhibited Glu- and
pinch-induced activity in all STT cells tested. STT cells were
also inhibited by 5HT, NE and DA. No cases of excitation were
obscrved. ACh inhibited the Glu response of most STT cells, al-
though 3 of 21 cells exhibited a slight enhancement of activiry.

M-ENK and 1-ENK produced strong inhibition of background, Glu-
induced, and pinch-evoked activities. Intravenous naloxone reduced
these inhibitory effects. SP had complex effects on STT cells. In
addition to excitation or inhibition, biphasic effects such as in-
hibition followed by excitation and excitation followed by inhibi-
tion were observed. Commonly, single cells had multiple responses
te SP, including any combination of single or biphasic effects
depending upon changes in dose or electrode position relative to
the cell. CCK was strongly inhibitory on all STT cells tested and
when applied simultaneously with L-ENK, inhibition was additive.

Although most of the effects of amines, amino acids and pep-
tides were anticipated from previous work on unidentified inter-
neurons, we did not predict the complex actions of substance P,
which suggested more than one type of substance P receptor. Fur-
thermore, we thought CCK would have an action opposite to that of
ENK. (Supported by NIH grants NS 09743 aud NS 11255 and a grant
from The Moody Foundation.)
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POSTSYNAPTIC EFFECTS IN SPINAL LAMINA I AND II NEURONS PRODUCED 4.4
BY STIMULATING MIDLINE MEDULLA AND PONS. A.R. Light Dept. of
Physiology, UNC-Chapel Hill, Chapel Hill, NC 27514

Stimulation of midline, medullary-pontine regions has been
shown by others to inhibit nociceptive reactivity in animals and
to inhibit the responses of neurons to noxious stimuli. The
present study used intracellular recordings to examine post-
synaptic potentials and conductance changes in marginal zone
(lamina I) and substantia gelatinosa (lamina II) neurons
following small, single stimuli delivered to the midline medulla
and pons. Tungsten monopolar microelectrodes (10 meg-ohm) were
used to deliver test volleys (1-10 p amp, 0.2 msec) to the
medulla, and horseradish peroxidase (HRP)-containing micro-
pipettes were used to record neurons intracellularly and to label
some neurons for correlative morphological studies. Small
hyperpolarizing pulses were delivered through the micropipette to
measure the conductance changes. Nociceptive neurons were either
inhibited by stimulation of midline medulla or showed no effect.
Of those inhibited, all but one demonstrated an IPSP following
single stimuli to the medulla. The average latency of the IPSP
was 31 msec (range 9.6 - 114 msec; conduction distance v 300 mm)
indicating that elements with conduction velocities of ~ 10 m/sec
elicited the effects if produced monosynaptically. The average
duration of the IPSP was 206 msec (range of 40 - 450 msec),
indicating either very long-lasting synaptic effects or
heterogenous conduction velocities of activated descending
fibers. These IPSPs all occurred with a small conductance
increase, which indicates postsynaptic inhibition, but the small
size indicates either additional inhibitory mechanisms or remote
placing of inhibitory synapses from the recording site. Half the
multireceptive (receiving both innocuous and noxious inputs) and
innocuous mechanoreceptive neurons were also inhibited by
stimulation of midline medulla. For both classes the IPSP had an
average latency of 30 msec and a long duration (average around
250 msec). The IPSPs again occurred with a conductance increase.
The other half of the neurons in these 2 classes were excited by
stimulation of midline medulla. This excitation was evident as
an EPSP which led to an action potential, which in some neurons
was followed by a long-lasting IPSP. The EPSP's latency was
around 30 msec (300 mm conduction distance) although the duration
was much shorter than for the IPSPs (around 12 msec). These
findings suggest heterogenous pathways from midline medulla and
pons which can selectively postsynaptically inhibit nociceptive
neurons and some multireceptive and innocuous mechanoreceptive
neurons in laminae I and II, and selectively excite some
nmultireceptive and innocuous mechanoreceptive neurons in these
same laminae. Supported by NINCDS grants NS-16433 and NS-00534.

INHIBITORY TASK-RELATED RESPONSES OF MONKEY MEDULLARY DORSAL HORN 4.6
NEURONS. G.H. Duncan*, M.C. Bushnell, R. Bates* and R. Dubner.
Neurobiology & Anesthesiology Br., NIDR, NIH, Bethesda, MD 20205.

In previous studies we described mechano- and thermosensitive
medullary dorsal horn neurons which, in the behaving monkey, had
additional responses associated with significant events within
the task. Excitatory task-related responses were studied in
detail and were shown to be independent of stimulus intensity or
modality. The present study investigated in detail the occur-
rence of inhibitory task-related responses.

Data were collected from 4 Rhesus monkeys trained to perform
detection tasks involving thermal and visual stimuli. Monkeys
initiated a trial by detecting the onset of a light cue and de-
pressing a button. They were trained to continue depressing the
button for a variable period of 3-8 sec. The monkeys terminated
the trial by releasing the button after detecting one of the
following events: (1) termination of a warming stimulus (370-
43OC); (2) onset of a noxious thermal stimulus (ASO-AQOC); or (3)
onset of a second light cue. Single unit activity was recorded
in the medullary dorsal horn during performance of the behavioral
tasks. Projection neurons were identified by antidromic responses
to stimulation of the thalamic ventroposterior medial nucleus.

A medullary dorsal horn necuron was defined as having a task-
related response if the averaged activity associated with a be-
havioral event was significantly different from the averaged
neuronal activity occurring between trials (p < .05).

Thirty-three medullary dorsal horn neurons were encountered
which exhibited task-related responses. Twenty of these 33
neurons contained inhibitory task-related responses. Both the
excitatory and inhibitory responses shared many general charac-
teristics: (1) occurrence in neurons whose response properties
were otherwise classified as trigeminal mechanoreceptive, tri-
geminal thermoreccptive or nonspecific reticular; (2) occurrence
in trigeminothalamic neurons; (3) association with behavioral
events related to trial initiation, trial continuation or trial
termination; and (4) independence of modality or intensity of
the relevant stimulus. The most common patterns of task-related
response involved either exclusive excitation (13/33) or combi-
nations of inhibition and excitation (16/33). Only 4 neurons
demonstrated exclusively inhibitory task-related responses.

We have postulated previously that task-related responses may
provide signals for altering the gain-control of somatosensory
information or for facilitating appropriate goal-directed motor
behaviors (button press, button release, or drinking). The
presence of inhibitory task-related responses may serve as an
enhancing mechanism for these signals.

SIGNAL DETECTION ANALYSIS OF THE RESPONSE PROPERTIES OF DORSAL
HORN NEURONS TO NOXIOUS THERMAL STIMULI. K.C. Kajander*, D.C.
Tam, T.J. Ebner and J.R. Bloedel. (Spon: G.W. King). Depts. of
Neurosurgery and Physiology, Univ. of Minn., Mpls., MN 55455.
Experiments were designed to evaluate the use of signal detec-
tion theory for analyzing the capability of lumbar dorsal horn
neurons to distinguish between thermal stimuli of different in-
tensities with and without brainstem stimulation. In decere-
brate cats, the unitary responses of 113 neurons toenoxious ther-
mal stimuli were evaluated with and without electrical stimula-
tion of either the periaqueductal gray (PAG) or the nucleus rap-
he magnus (NRM). The thermal stimuli consisted of 10° and 12°C
temperature pulses with a 2 second rise time beginning from ei-
ther a 42° or 45°C baseline. The neurons selected for study in-
creased their spcntaneous activity in response to the baseline
temperature maintained on the hindpaw and responded to the tem-
perature pulse with an increased discharge rate. Each neuron
was studied under four conditions: conditions 1 and 2 were the
10°C temperature step (S1) with and without brainstem stimula-
tion, conditions 3 and 4 were the 12°C temperature step (S2) with
and without brainstem stimulation. The time of response onset
(latency), the duration of the response, and the mean and stan-
dard deviation of the discharge rate were determined for each
stimulus presentation. Discriminability (d') based on the mean
firing frequencies of the responses evoked by S1 and S2 was cal-
culated for appropriate neurons. Electrical stimulation prod-
uced increases (13 of 25 cases) or decreases (11 of 25 cases) in
d' for different neurons. In only one case was d' unaffected by
the brainstem stimuli. These changes in d' did not always paral-
lel changes in mean firing rate, since the latter decreased in
all but one case. Two different estimates of criterion, L(x)
were calculated. Using estimates based on mean firing frequency
of the response in the four different conditions, L(x) was found
to always shift to higher values during electrical stimulation.
However, when using estimates of L(x) based on the first stan-
dard deviation of the firing frequency in the four different con-
ditions, L(x) was calculated to be larger for the S2 conditions
than for the S1 conditions when the d' value was greater than 2.2.
This relationship was reversed when d' was less than 2.2. These
data indicate that changes in neuronal responses reflected in
changes of d' and L(x) can occur in the spinal cord as a result
of activating descending projections from the brainstem known to
be important in altering pain perception. This research was sup-
ported by NIH Grants RO1-NS 18338 and RO1-NS 09447.

RAPHE MAGNUS INHIBITION OF UPPER THORACIC SPINOTHALAMIC CELL
RESPONSES TO INTRACARDIAC INJECTIONS OF BRADYKININ. W. Steve
Ammons, Robert W. Blair, and Robert D. Foreman. University of
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.

Stimulation of the nucleus raphe magnus (RM) inhibits
responses of lumbosacral spinothalamic neurons of the monkey
(Willis et al, J. Neurophysiol, 40:968, 1977). Our laboratory
has observed a similar inhibitory effect of RM stimulation on
upper thoracic spinoreticular neurons in the cat (Chapman et al,
Neurosci. Abst, 1982). The goal of the present study was to
demonstrate effects of RM stimulation on upper thoracic spino-
thalamic neurons. Experiments were performed on 10 monkeys
(Macaca fascicularis) which were tranquilized with ketamine and
anesthetized with ®-chloralose. The gray matter of the Ty to Ty
segments of the spinal cord was searched for cells which were
antidromically activated by stimuli applied to the ventral
posterior lateral nucleus of the thalamus. Each cell was thus
documented to be a spinothalamic tract neuron. The somatic
receptive field of each spinothalamic neuron was mapped and its
response to electrical stimulation of cardiopulmonary
sympathetic afferent fibers was determined. Each of the 19
neurons studied received viscerosomatic convergent inputs. RM
stimulation (100 Hz, 200 psec duration, 50-500u A) inhibited the
background activity as well as responses to somatic stimuli of
all neurons tested. However, particular attention was devoted
to RM effects on spinothalamic cell responses to a noxious
cardiac stimulus, intracardiac injection of the algesic chemical
bradykinin (2 u g/kg). Bradykinin injection resulted in an
increase in cell activity of 13 of 19 neurons from 12 + 2 to 25
+ 3 impulses per second (p<.001). Stimulation of RM (average
current 3004 A) near the peak of the response to bradykinin
reduced the cell discharge rate to an average of 3+1 impulses
per second (p<.001). All 13 bradykinin responsive cells were
inhibited by RM stimulation. Six of the 13 responsive neurons
exhibited a bursting pattern of activity synchronous with the
arterial pressure wave. RM stimulation either eliminated the
patterned activity or resulted in more random activity in each
case. RM inhibition of spinothalamic responses to a noxious
cardiac stimulus suggests that the descending systems linked to
analgesia may be effective against cardiac pain as well as
somatic pain. Supported by National Heart, Lung, and Blood
Institute Grants HL22732, HLO7430, and HL0O557.
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ACTIVITY OF RAPHE-SPINAL(DLF) NEURONS IN RELATION TO NOCIFENSIVE

BEHAVIOR Horacio Vanegas, Nicholas M. Barbaro* and Howard L.
Fields. Departments of Neurology, Neurosurgery and Physiology,

University of California, San Francisco, CA 94143.

The nucleus raphe magnus and adjoining regions of the rostral
ventromedial medulla (RVM) project via the spinal dorsolateral
funiculus (DLF) to inhibit nociceptive transmission and nocifensive
reflexes. We have shown (Fieldsetal., Soc. Neurosci. Abstr. 8:806;
1982) that, just before heat-elicited tail-flick (TF), the activity
of some RVM neurons suddenly increases (on-cells) or abruptly
decreases (off-cells). We have now studied whether such neurons
project to the spinal cord via the DLF.

Rats were initially anesthetized with pentobarbital (60 mg/kg IP)
and later maintained in a lightly anesthetized state by a constant
infusion of methohexital (15-30 mg/kg.hr IV). The cervical spinal
cord was exposed and bathed in mineral oil. TF was elicited by
controlled heating of the ventral surface of the tail to 54°C for a
maximum of 10 sec. A stainless steel Pt-Au tip-plated
microelectrode was stereotaxically driven into an RVM region where TF
could be inhibited by stimulating with continuous trains of 50 Hz
cathodal pulses (400 usec, < 10uA). The same microelectrode was
then connected for single unit recording. The cord surface over the
DLF was stimulated through bipolar, 0.5 mm diameter silver ball
electrodes.’

Of 48 cells that were antidromically driven from DLF, as proven by
collision tests, 9 (19%) increased their firing rate just prior to TF
(on-cells), 9 (19%) abruptly ceased firing just before TF (off-
cells), and 30 (62%) showeG no change in activity related to TF
(neutral cells). Other on-cells (N=6) and off-cells (N=10) could
not be driven antidromically from DLF. Calculated conduction
velocities (m/sec) were 17.6 (10.9-27.8) for on-cells, 10.3 (5.2-
18.8) for off-cells and 12.9 (6.6-28.8) for neutral cells.
Histological verification showed that all units were located within
RVM at the level of the rostral portion of the VII nucleus. Cells
that were antidromically driven from DLF were consistently more
caudal than cells that were not driven.

These results show that RVM cells having activity changes that
directly precede nocifensive reflexes project to the spinal cord via
the DLF. On-cells have a higher mean conduction velocity than off-
cells (p<0.02, two-tailed t-test), and both values are within the
range for myelinated fibers. On- and off-cells which project to the
DLF are more caudally located within RVM than those which do not.
These results suggest that either the on- or the off-cells, or both,
are the output cells for RVM modulation of nociceptive transmission
and nocifensive reflexes at the level of the spinal cord.

Suppor ted by PHS Grant DA 01949, HV ison leave from the Instituto
Venezolano de Investigaciones Cientificas.

CHOLINERGIC INTERACTIONS BETWEEN THE NUCLEUS
CUNEIFORMIS AND NUCLEUS RAPHE MAGNUS IN THE RAT. Michael
M. Behbehani, Deborah Haggard*.  Dept. of Physiology, Univ. of
Cincinnati Coll. of Medicine, Cincinnati, OH 45267.

It is now well established that activation of the cells in the nucleus
raphe magnus (NRM) and its adjacent area, the nucleus magno cellularis
(NMC) produces analgesia by inhibiting dorsal horn neurons that respond
to noxious stimulation. Anatomical studies have shown that a major
source of afferents to the NRM is from the periaqueductal gray and the
nucleus cuneiformis (NC). In this study we examined the response of the
NRM neurons to NC stimulation and tested the possibility that
acetyleholine (ACh) may be involved in the interaction between NC and
NRM and that it may produce its effect through inhibition of GABA
release,

Male Sprague-Dawley rats were anesthetized with 1.2g/kg of urethane
and prepared for single unit recording. Two stimulating electrodes
separated by 1mm, were placed into the NC area. (AP -5.8, D 5.5, L 1.5.)
A five barrel electrode consisting of ACh (0.5M), scopolamine (0.5M),
either glutamic acid (200mM), or picrotoxin (5mM) NaCl (2M) and a
recording electrode was placed in NRM at coordinate of 12-12.5mm
caudal to bregma, 0.0 to 0.1mm lateral and 8.9mm below the surface with
the electrode inserted at 20 degrees with respect to the vertical plane.

The activity of 50 cells in the NRM was examined. Thirty percent of
the cells responded to NC stimulation by excitation. The response latency
ranged between 7 to 35 msec., with a mean of 12 msec. Sixteen percent
of the cells were inhibited by NC stimulation and the others did not
respond. When the response of the NRM cells to ACh was examined, 50%
of the cells that responded to NC stimulation were excited by
iontophoretically applied ACh, and their response to NC stimulation and
to ACh could be totally or partially blocked by scopolamine. In 20% of
the cells ACh and stimulation of NC produced excitation that could not be
blocked by scopolamine. In 6% of the cells the response to ACh was
blocked, but the response to NC stimulation was not affected and in 14%,
the response to NC was blocked but the response to ACh was only
partially blocked by scopolamine. In the majority of the cells,
scopolamine caused a reduction in the baseline firing of the cells without
any effect on the height of the action potentials. Scopolamine, at a dose
that blocked the response to ACh, also reduced the response to glutamic
acid. lontophoretically applied picrotoxin caused an increase in the
baseline firing of the cells and blocked the response of the NRM neurons
to ACh. The results of this study indicate that the major projection from
NC to NRM is excitatory and that ACh plays an important role in the
interaction between these sites. Since the effect of ACh could be blocked
by scopolamine it is concluded that its action is mediated through
muscarinic receptors. The action of picrotoxin indicates that the ACh
effect may be due to inhibition of GABA release by a presynaptic
mechanism.

4.8

4.10

EVIDENCE THAT MORPHINE PRODUCES
DISINHIBITING BRAINSTEM NEURONS

Greg Zorman*, Horacio Vanegas, Ian Hentall and Howard Fields
(SPON: D. Greenberg). Departments of Neurology, Physiology and
Neurosurgery, University of California, San Francisco 94143.

The rostroventral medulla (RVM) contains a class of descending
neurons which show an abrupt pause in firing prior to tail flick
(TF) elicited by a noxious thermal stimulus (Fields et al,
Neurosci. Abstr. 8:806, 1982) . To study the contribution of these
"off-cells" to the modulation of pain we have recorded their TF
related activity after administration of morphine and naloxone.

Male Sprague-Dawley rats (325~-375 gm) were initially
anesthetized with 70 mg/kg pentobarbital (i.p.) and maintained by
constant infusion of methohexital (15-30 mg/kg/hr i.v.) which
assured a stable baseline TF latency. A stainless steel Pt-Au
tip-plated microelectrode was stereotaxically placed in the RVM at
sites where TF could be inhibited by continuous trainsof <10 uA,
50 Hz, 400 usec monopolar, cathodal pulses. The same electrode
was then used for recording the activity of "off-cells" during tail
heating. Peristimulus histograms were plotted as a function of
either TF or tail temperature: a) before morphine; b) after
administration of morphine (2.5 mg/kg i.v.); and c) after
administration of naloxone (0.25 mg/kg i.v.). One off-cell was
studied per rat.

All off-cells were spontaneously active. Most cells increased
their background activity following morphine administration,
while one clearly decreased. After morphine the TF was blocked
and the pause in off-cell discharge was abolished in all cells. In
rats where longterm stable recordings were possible, naloxone
restored the TF and, concurrently, the pause in firing. All cells
recorded were shown histologically to be in the RVM.

These results suggest that systemically administered opiates
produce analgesia by disinhibiting brainstem neurons that control
nociceptive transmission at the level of the spinal cord.

ANALGESIA BY

Supported by PHS Grant DA01949. HV is on leave from the Instituto
Venezolano de Investigaciones Cientificas.

PREFRONTAL INFLUENCES UPON PERIAQUEDUCTAL GRAY AND ADJACENT
REGIONS. S.G.P. Hardy and H.J. Haigler. Dept. of Anatomy, Univ.
of Mississippi Medical Center, Jackson, MS 39216.

In anatomical studies, it has been demonstrated that the pre-
frontal cortex (PFC) sends numerous projections to the periaque-
ductal gray (PAG) and adjacent regions. Furthermore, it has been
speculated that the PFC may modulate analgesic functions ascribed
to these regions. Neurons in these regions, which alter their
firing rates in response to PFC stimulation, are identified in
this study. These neurons are also characterized as to whether
they alter their firing rates in response to noxious stimulation
and the microiontophoresis of various neurotransmitter substances.

In urethane anesthetized rats, bipolar stimulating electrodes
were placed in the medial PFC. The electrical stimulus admini-
stered to this site was a 12 sec train of 500 usec square waves,
delivered at the rate of 10/sec, and having a peak-to-peak inten-
sity of 300-800 pA. Extracellular recordings were made from
spontaneously firing neurons in the region of the PAG, using a
5-barrel micropipette. The recording and balance barrels were
filled with 2M and 4M NaCl, respectively, and the remaining
barrels were filled with methionine-enkephalin (ME;0.01M), nor-
epinephrine (NE;0.2M) and acetylcholine (ACh;0.02M). Noxious
stimulus (foot pinch) was administered to the left hind paw,
using an analgesy meter (Stoelting).

Most of the 73 neurons recorded responded to PFC stimulation
with a response latency of 15-20 msec. Forty-nine neurons alter-
ed their firing rates (717% decreased; 297 increased) following
the PFC stimulus. Furthermore, 77% of these neurons also respond-
ed to the presence of a noxious stimulus. Of these, 64% in-
creased their firing rates in response to noxious stimulation.

The influence of concomitantly-administered PFC and noxious
stimuli was studied in 4 neurons, in which PFC stimulation was
inhibitory and noxious stimulation was facilitory. In each case
the neuronal response to noxious stimulation was completely
blocked by the presence of PFC stimulation.

When the previously mentioned neurotransmitter substances: were
ejected into the recording sites, it was observed that each would
occasionally cause the neuron to alter its firing rate in a
manner which mimicked the response to PFC stimulation. This
mimicry was elicited in 100%, 52% and 29% of the neurons studied
with ME, NE and ACh respectively.

The results of this study demonstrate that one of the functions
of the PFC is to inhibit nociresponsive neurons of the PAG region.
Furthermore, the results of this study suggest two putative neuro-
transmitters which may mediate this PFC effect, i.e. ME and NE.
This project was supported in part by NIDA Grant 1-RO1-DA-
01344-06 to HJH and NIH Grant 5-S07-RR05386.
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THE PERIAQUEDUCTAL GRAY PROJECTIONS TO THE RODENT SPINAL TRI1-
CEMINAL, RAPHE MAGNUS, GIGANTOCELLULAR PARS ALPHA AND PARA-
GIGANTOCELLULAR NUCLEI ARISE FROM SEPARATE NEURONS. A.J. Beitz,
M.A. Mullett* and L.L. Weiner*. Dept. of Vet. Biology, Univ. of
Minnesota, St. Paul, MN 55108.

Possible collateral branches of midbrain periaqueductal gray
(PAG) axons which distribute to the nucleus raphe magnus,
nucleus reticularis gigantocellularis pars alpha, nucleus reti-
cularis paragigantocellularis and the spinal trigeminal nucleus
were analyzed with the double fluorescent retrograde tracer
technique, developed by Kuypers and co-workers (1980). Twenty-
five adult Sprague-Dawley Rats received injections of the
tracers fast blue (FB) and nuclear yellow (NY) into various
combinations of the above four nuclear groups. Fast blue
(3-5%) was typically injected 48-84 h prior to killing the
animal while NY (1-2%) was injected 24-36 h prior to perfusion.
The animals were subsequently perfused with 125 ml of hyper-
tonic saline (1.5%) followed by 1000 ml ¢  10% formalin in
citrate buffer (pH 7.18). Thirty-five micron frozen sections
were subsequently cut, air dried and viewed with an Olympus
BH-2 fluorescent microscope. The location of NY-labeled, FB-
labeled and double labeled neurons within the PAG were then
plotted for each case. Double labeled neurons were identified
by the presence of a light blue fluorescence in the cytoplasm
of the cell body and dendrites and an intensely yellow or white
fluorescent nucleus. With the exception of a small number of
double labeled neurons observed in the PAG following injections
of fluorescent dyes into the nuclei reticularis paragiganto-
cellularis and gigantocellularis pars alpha, no double labeled
cells were found in this midbrain region following injections
of tracers into various combinations of the above four nuclear
groups. Injection of the retrograde tracers into these nuclei
resulted in labeling predominantly within the ventrolateral,
lateral and dorsal portions of the PAG. No double labeled
neurons were observed in the majority of our cases despite the
fact that the location of FB- and NY-labeled cells within the
PAG overlapped extensively. The results of this investigation
indicate that the nucleus raphe magnus, the nuclei reticularis
gigantocellularis pars o and paragigantocellularis and the
spinal trigeminal nucleus are innervated by seperate neuronal
populations within the PAG.

Supported by NSF grant BNS-8214873.

4.12

PYRAMIDAL TRACT MEDIATION OF CORTICOSPINAL INHIBITION.
E. Carstens, M.J. Guinan*, S. Pretel & S.N. Suberg. Dept. Animal
Physiol., Univ. of Calif., Davis, CA 95616.

Electrical stimulation in the medial posterior sigmoid gyrus
(hindlimb region of somatosensory cortex) inhibited the responses
of contralateral spinal dorsal horn neurons to noxious skin heat-
ing in the cat (Pretel et al., Soc. Neurosci. Abs. 8:767, 1982).
We have investigated the role of the pyramidal tract in mediating
this corticospinal inhibition by determining if (1) medullary
pyramidal stimulation inhibits dorsal horn neurons in a similar
manner, and (2) corticospinal inhibition is blocked by lesion of
the medullary pyramid.

The responses of single lumbar dorsal horn units to noxious
heating of glabrous footpad skin, or to other stimuli, were re-
corded in cats anesthetized with sodium pentobarbital and venti-
lated with 70% NZO' Electrical stimuli (single 0.1 msec pulses,
or 100 msec pulse trains at 100 Hz, 3/s, up to 300 pA) were deliv-
ered through bipolar electrodes positioned in the posterior sig-
moid gyrus, medullary pyramid, and in some experiments in the
cerebral peduncle or internal capsule (IC).

Single-pulse stimulation in the medullary pyramid (contralater-
al to the spinal unit and rostral to the pyramidal decussation)
orthodromically excited 18 of 19 tested units in laminae IV-VI.
Pyramidal stimulation using pulse trains inhibited the responses
of each of 24 units evoked by noxious skin heating. Thresholds
for inhibition were lower than those for excitation. The respons-
es of dorsal horn units to a series of graded heat stimuli in-
creased linearly from threshold (AO-AAOC) to 52°C. When the
series was repeated during pyramidal train stimulation (15-70 uA),
the slope of the linear temperature-response line was reduced with
little change in threshold in 8 units, as was the case with cor-
tical stimulation. Stimulation in the IC or cerebral peduncle bi-
laterally also had a similar effect in 9 units. Inhibition pro-
duced by pyramidal or IC stimulation was unaffected following sys-
temic administration of the serotonin antagonist methysergide (1
mg/kg) in 4 units, similar to the lack of effect of methysergide
on corticospinal inhibition.

Inhibition of dorsal horn unit heat-evoked responses produced
by cortical stimulation was reduced or abolished following elec-
trolytic lesion of the medullary pyramid contralateral to the
spinal unit in 3 cases. Corticospinal inhibition was not affected
by a similar lesion below the level of the pyramidal decussation
in a fourth unit.

The results indicate that corticospinal inhibition may be
mediated by axons descending in the medullary pyramid.

CELL AND TISSUE CULTURE: NEURONS, GLIA, AND NEURONAL MODELS

5.1

DISSOCIATED CHICK SUPERIOR CERVICAL GANGLION NEURONS IN CULTURE.
A.D. Zurn* and F.L. Mudry* (SPON: B. Fulpius). Dept. of Biochem-
istry, University of Geneva, Switzerland.

Superior cervical ganglia from 8-day chick embryos are disso-
ciated with trypsin and cultured on polyornithine-coated culture
dishes conditioned with medium from chick heart cells. The cells
survive for 3-4 weeks when grown in Eagle's minimum essential
medium (MEM) supplemented with heat-inactivated horse serum (1.5%)
fetal calf serum (1.5%), glucose (0.3%), glutamine (2mM), KCl
(35mM) , choline chloride (15CuM), MEM amino acid mix and vitamin
mix, penicillin-streptomycin and lpg/ml nerve growth factor (NGF).
The cultures contain 5-10% non-neuronal cells as determined either
by morphological criteria or by fluorescence microscopy using
tetanus toxin and anti-tetanus toxin antibodies. 95-100% of the
neurons survive up to 10-12 days in culture. Their number then
gradually decreases to 50-60% of the initial amount after three
weeks. The size and shape of the neurons (phase-bright, neurite-
bearing, tetanus-toxin-positive cells) is heterogeneous. They all
take up norepinephrig; (N§) as detected by autoradiography after
incubation with 6x10 M ("H)-NE. Incubation_,of three-week-ol
cultures with the radiolabeled precursors ( H)-choline and ("H)-
tyrosine reveals that the sympathetic neurons synthesize up to
30 times more catecholamines (CA) than acetylcholine (Ach). Both
Ach and CA synthesis increases with time in culture, CA synthesis
increasing at a two-fold higher rate than Ach. In the absence of
NGF, only little CA is synthesized but the amount of Ach is
approximately the same as in the presence of NGF. Thus there seem
to be two subpopulations of sympathetic neurons in the chick
superior cervical ganglion, a cholinergic one surviving in the
presence or absence of NGF and an adrenergic one surviving only
in its presence. (Supported by the Swiss National Science Foun-
dation grant 3.685.0.80).

5.2 THE INFLUENCE OF SERUM ON THE DEVELOPMENT OF SYMPATHETIC NEURONS

IN CULTURE E. Wolinsky*, P.H. Patterson, S.C. Landis, and A. Wil-
lard, Dept. Neurobiology, Harvard Medical School, Boston MA 02115
Culturing neurons under serum-free conditions offers greater

control of the extracellular environment than the usual serum-
supplemented conditions. Iacovitti et. al. (Neurosci. 7:2225,
1982) have reported that neuronal survival and tyrosine hydroxy-
lase activity are comparable between serum-containing and hormone
supplemented cultures of sympathetic neurons, but that unlike
conventional cultures, serum-free cultures do not produce acetyl-
choline or store significant amounts of norepinephrine, and con-
tain few varicosities and vesicles. We have modified the N2 serum-
free recipe of Bottenstein and Sato (PNAS USA 76:514, 1979) by
replacing the basal medium mixture of F12 and DME with L15. Under
these conditons, varicosities and vesicles are abundant and of
normal appearance, and metabolic labelling studies indicate that
norepinephrine synthesis and storage in these serum-free cultures
is similar to that in serum-containing cultures. Survival and
tyrosine hydroxylase levels are also normal, and serum-free cul-
tures resemble conventional cultures in their binding of a panel
of monoclonal antibodies, response to heart cell conditioned med-
ium by induction of acetylcholine synthesis (Patterson and Chun,
Devel. Biol. 56:263, 1977), and response to chronic depolariza-
tion by increased tyrosine hydrosylase activity (Walicke, Campe-
not, and Patterson, PNAS USA 74:5767, 1977).

The neurons grown in the L15-based N2 medium do not produce
detectable acetylcholine. We attribute this to the absence of a
cholinergic inducing factor normally presented to the cultured
cells at low levels in adult rat serum. Serum dose-response ex-
periments support this view. Interstingly, serum from neonatal
rats does not induce acetylcholine synthesis. This could reflect
a schedule of cholinergic factor production consistent with the
appearance of cholinergic properties in the sympathetic innerva-
tion of the rat sweat gland (Landis and Keefe, Devel. Biol., in
press, 1983).

Neurons grown in the modified N2 medium display a high fre-
quency of electrical coupling, as was observed by Higgins and
Burton (Neurosci. 7:2241, 1982) using the original N2 formulation.
We are exploring the effects of serum, heart cell conditioned
medium, and the individual N2 hormone supplements on coupling.
The utility of serum-free conditions is exploited in this system-
atic testing of individual hormones and nutrients at known
concentrations.

(supported by the NINCDS, the NIGMS, and the Rita Allen and
McKnight Foundations.)
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EFFECT OF EXTRACELLULAR MATRIX (ECM) ON DOPAMINE RELEASE FROM
PHEOCHROMOCYTOMA (PC 12) CELLS. S.L. Kozak* and C.L. Bethea.
Division of Reproductive Biology and Behavior, Oregon Regional
Primate Center, Beaverton, OR 97006.

Substrates of various origins can affect morphology, growth
and functional properties of many cell types. PC 12 cells (a
clonal line of rat pheochromocytoma) synthesize, store and
secrete dopamine as well as other transmitters. These cells are
rounded and loosely attached when cultured on plastic, but
become flattened and exhibit significant neurite extension when
cultured on ECM secreted by bovine corneal endothelial cells
(Fugi et al., J. Neurosci. 2:1157, 1982). To determine if func-
tional properties could be altered along with the morphological
changes induced by this substrate, we examined dopamine release
from PC 12 cells cultured on ECM vs. plastic. Cells were seeded
on ECM and plastic (25 and 50 x 10 cells/17mm well). After over-
night attachment, the medium was replaced -nd aliquots were har-
vested and acidified at 1,2,3,6 and 18 h. Medium dopamine was (1)
detectable by radioenzymatic assay after 3 h; (2) reflected cell
number; (3) increased with time; and (4) was higher from cells
on ECM than plastic at both cell concenErations.

Dopamine release from 25 and 50 x 10 cells was then examined
at 12,24 and 72 h and was higher from cells on ECM than plastic.
The cells were harvested into 0.1N PCA at 72 h for dopamine and
DNA content determinations. There was no difference in the dopa-
mine content or DNA content of cells on ECM or plastic therefore
dopamine content/ug DNA was not different, whereas medium dopa-
mine/ug DNA was 1.7 fold higher from cells on ECM than plastic
(ECM = 98 ng/ug DNA vs. plastic = 55 ng/ug DNA). Dopamine content
of cells on ECM and plastic averaged 5.6% of medium dopamine.

In several experiments dopamine release, dopamine content and
DNA content were examined in cells on ECM and plastic at 3,6,12,
24,48 and 72 h. Medium dopamine levels from ECM cultures showed
an increase over plastic cultures of 49% (3 h, n=5); 62% (6 h,
n=4); 457 (12 h, n=4); 88% (24 h, n=4); 53% (48 h, n=3); and 52%
(72 h, n=3) with a mean increase of 58% for all time points.
Both medium and cellular dopamine and DNA content increased with
time indicating growth contributed to the rising levels of
medium dopamine. However no difference was observed in dopamine
or DNA content between cells on ECM vs. plastic. Higher medium
dopamine/ug DNA in ECM cultures confirmed the stimulatory effect
of ECM on dopamine release. In summary, the maintenance of PC 12
cells on ECM promotes neurite extension and enhances the release
of dopamine. Although the mechanism by which ECM enhances dopa-
mine release is unresolved, these data provide further evidence
of substrate influence on cellular function.

Supported by HD-17269 and RR-00163.

MORPHOLOGICAL AND BIOCHEMICAL EFFECTS OF NGF OR APPLIED ELECTRIC
FIELDS IN THE PRESENCE OR ABSENCE OF NON-NEURONAL CELLS OF CHICK
DORSAL ROOT GANGLIA. B, F. Sisken, S. Estes*, E., Barr*, and R.
Kryscio*. Wenner-Gren Res. Lab, Dept. of Anatomy, and Dept. of
Statistics, Univ. of Kentucky, Lexington, KY 40506.

Eight day chick embryo dorsal root ganglia (DRG) were cultured
in complete medium containing 10% dialyzed fetal bovine serum and
600 mg% glucose, or in complete medium with 8 ug/ml cytosine ara-
binoside (ara C). This drug specifically inhibits DNA synthesis
and is commonly used to reduce the mitotically-active non-neuronal
cells without affecting the neuronal cell population. It was
used, therefore, to allow a reasonable assessment of neuronal re-
generation at both the morphological and bjochemical levels.

Neurite outgrowth, protein content and “H-proline incorporation
into TCA-precipitable proteins were determined in four treatment
groups: control, 2.5s NGF (10 nM), single pulse electromagnetic
fields (PEMF) and 10nA direct current (DC). All parameters were
assayed for each group at 3 and 6 days in vitro (DIV). Confirm-
atory evidence was obtained by grain localization on radioauto-
grams after incorporation of the labeled amino acid precursor.

In normal media, both electrical treatments stimulated neurite
outgrowth at 3 DIV. The values were intermediate to that pro-
duced by NGF. All group values decreased by 6 DIV. Conversely,
protein content increased with time due to the growth of the non-
neuronal cells. In the ara C cultures at 3 DIV, neurite outgrowth
increased in control cultures approximating the values of both
PEMF and DC cultures; NGF cultues were unaffected at this time
and remained significantly higher than any of the other groups.

In ara C cultures at 6 DIV, dramatic differences were noted.
Neurite outgrowth in control, PEMF and DC groups increased while
the NGF group decreased significantly. The protein content in
the NGF cultures did not change with time.

Protein synthesis was comparable in all four groups at 3 DIV
and 6 DIV, but decreased at 6 DIV in ara C medium. Radioautograms
of such cultures revealed heavy label in neurons and neurite es-
pecially in the ara C series. At 6 DIV, these labeled neurites
extend out radially in all groups but those treated with NGF; in
these ganglia, the labeled neurites form dense circular rings
around the centrally-placed neurons. Our conclusions are that ara
C addition promotes neurite production by decreasing non-neuronal
overgrowth demonstrating the independent ability of neurons to
grow neurite processes.

Supported by:
ONR N0O0014-82-K-0105
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SPONTANEOUSLY RELEASED PROTEINS FROM CULTURES OF SENSORY GANGLIA
INCLUDE PLASMINOGEN ACTIVATOR AND A CALCIUM DEPENDENT PROTEASE.
Randall N, Pittman, Dept. of Neurobiology, Harvard Medical School,
Boston, MA 02115 .

Two dimensional gel electrophoresis and fluorography were per-
formed on proteins spontaneously released into culture medium from
dorsal root, nodose and trigeminal ganglion neurons. Each popula-
tion of sensory neurons released a limited number of pgoteins in
the pH (4.6-7.5) and MW ranges (10-280K) studied. DRG neurons
released about 6-7 major proteins into the medium, two of which
were not released by sympathetic neurons and one that did not
appear to be released by neurons from nodose or trigeminal ganglia,
Neurons from nodose ganglia released 6-8 proteins of which at
least one was not released by sympathetic, DRG, or trigeminal
ganglion neurons. Proteins released by sensory neurons were dis-
tinctly different from those released by nonneuronal cells.

A number of possible functions may be associated with proteins
released by neurons including process outgrowth, recognition and
synapse formation. It has been suggested that migrating granule
cells release plasminogen activator, a highly specific serine pro-
teinase (PNAS 78:7810; Nature 298:753), and it has been shown that
growth cones of neuroblastoma cells release plasminogen activator
(Sci. 213:1532). The proteins released by sensory neurons were
analyzed for plasminogen activator activity as well as for other
specific proteinases. Because serum contains protease inhibitors,
techniques were developed for growing DRG and trigeminal neurons
chronically in serum-free medium. Under these conditions cultures
can be obtained which contain only neurons or neurons plus satel-
lite cells. In cultures of DRG neurons grown for 4 weeks in serum
free medium, a typical urokinase-like plasminogen-dependent pro-
tease activity was released into the culture medium which had a
MW of 51K. A protein with similar properties was also found asso-
ciated with membrane fractions from these cultures. Larger quan-
tities of plasminogen activator were released from co-cultures of
DRG or trigeminal neurons and satellite cells, suggesting that
satellite cells either induce neurons to release more activator or
are also releasing plasminogen activator. In addition to the
plasminogen activator, a calcium-dependent protease activity was
also released into the medium by cultures containing neurons and
satellite cells but not from neuron-alone cultures. This ncut§§l
protease had a MW of 60K, and required mM concentrations of Ca
for activity. Assay conditions which should have revealed release
of lysosomal proteases were negative; therefore, the proteases
characterized here are probably not resulting from cell lysis but
rather appear to be spontaneously released. Total cell homoge-
nates, however, did contain a protease with characteristics simi-
lar to cathepsin D (the major lysosomal protease in brain).

DIFFERENTIATED SCHWANN CELLS CULTURED FROM ADULT SCIATIC NERVES
CONTAIN ASTROCYTE_TYPE INTERMEDIATE FILAMENTS, K.L. Fields*.
(SPON. R. Katzman). Depts. of Neurology and Neuroscience,
Albert Einstein College of Medicine, Bronx, N.Y, 10461.

In work done on tissue sections, we found that antisera raised
to the 49,000 MW protein of CNS 10nm astrocyte filaments
stain long,thin elements in rat sciatic nerve. This same pattern
is seen with all anti-GFAP antisera, and the staining is ab-
sorbed by purified GFA protein. The pattern is different from
that found with anti-vimentin or anti-neurofilament antisera
(Yen and Fields, J. Cell Biol. 88:115, 1981).

In teased nerves, the staining is associated with non-myelin-
ated nerve fibers, or the cells associated with them, not
with myelinated nerve fibers or collagen. The staining network
looks just like the classical osmium-fixed , teased nerve fibers
described by Tuckett in ox splenic nerve (J. Physiol.£2:267,1896)
(Gould and Fields, Trans. AE:SOC.NeurochemT-13:59,1982).

In dissociated cell cultures from adult rat sciatic nerve,
cells staining with anti-49K serum are present. They are
round or elongated bipolar cells, and are stained by anti-
vimentin or anti-49K sera only after alcohol fixation, demonstra-
ting that the antigen is cytoplasmic, rather than extracellular.
Flat fibroblastic cells do not stain with anti-49K sera, nor do
Schwann cells from neonatal rats. All the d49K-antigen positive
cells have the Schwann cell surface antigen Ran-1, whereas
none of them have a fibroblast surface antigen, Thy-1.

Cytoskeletal preparations from adult nerve cultures, kut not
from neonatal nerve cell cultures, contain a protein band
at 50,000 MW, which binds anti-49K antibody in immunoblotting
experiments.

These results incdicate that all Schwann cells in nerves do
not have the same type intermediate filaments, but that some
of them, apparently those associated with C-type fibers, have the
same protein subunit as astrocytes.

This work was supported by PHS grant NS 14580.
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MYELIN-DEFICIENT MOUSE MUTATION: COMPARISON WITH ALLELIC SHIVERER
MUTATION IN SITU AND IN VITRO. X.-Y. Shen*, A. L. Hall*, M. K.
Wolf and S. Billings-Gagliardi. Department of Anatomy, University
of Massachusetts Medical School, Worcester, MA 01605.
Myelin-deficient (shimld), a mouse mutation producing CNS
hypomyelination, is allelic with shiverer (shi) and closely
resembles shi except that the deficiency of myelin basic protein
(MBP) is not as complete. We are outcrossing shi™ld to a B6C3H
hybrid stock for accurate comparison with shi and all other hypo-
myelinated mutants. Affected shi®ld/shimld mice were examined at
N4 and subsequent outcrosses (more than 907 comparability).
Blocks of cerebellum and optic nerve were taken from P-18 to P-24
mice, and primary explants from P-O affected cerebellum were
maintained in vitro for 18-24 days, for examination by light and
transmission electron microscopy. Both in situ and in vitro,
shiMld resembles shi in almost all ultrastructural features,
Both mutants are deficient in CNS myelin; however, our B6C3H
affected animals appear to make more myel . than others studying
these mutations have reported. In both mutants, oligodendrocytes
produce bundles of redundant microprocesses and myelinate
inappropriate targets, manv myelin sheaths are incorrectly
wrapped, and most sheaths are incompletely compacted. The major
feature distinguishing shimld from shi is the presence of a
true major dense line (MDL) in some shimld myelin sheaths. The
region of MDL usually forms one or two complete lamellae, or a
patch containing small parts of several adjacent lamellae.
Rarely, an entire myelin profile shows the MDL throughout all its
lamellae (as many as 7). Injected normal optic nerve oligoden-
drocytes produce normal myelin around the shi™d axons in the
immediate vicinity of the optic nerve fragment, just as they do
in ip, ip™9, gk, and shi. We conclude: 1. Both shi and
shimld appear to make more myelin on the B6C3H background than
on other backgrounds. The remainder of the genome influences
the quantity of myelin formed. 2. The amount of MDL in B6C3H
mutants appears to be in keeping with the amount of MRBP.
Affected shi CNS has no MBP and no MDL, while affected shimld
CNS has some MBP and some MDL. 3. Other cvtological abnormal-
ities seen in these two mutants do not seem to be influenced by
the small amount of MBP in shi™id, “ye speculate that the shi
locus does not concern the message for MBP, but rather a -
regulatory factor. Abnormality of this factor causes both the
deficiency of MBP and MDL and the other cvtological abnormal-
ities, but by different mechanisms.
Supported bv NIH Grant #NS-11425 to MKW and SB-G.
X-YS is a visiting scholar from the Shanghai First Medical
College, People's Republic of China, supported in the U.S. by
an award from the Norton Companv of Worcester, MA.

IDENTIFICATION AND CHARACTERIZATION OF CELL TYPES IN CULTURES OF
RAT RETINA USING MONOCLONAL ANTIBODIES. K. Akagawa* and C. J.
Barnstable. (SPON: D. L. Edwards). Department of Neurobiology,
Harvard Medical School, Boston MA and The Rockefeller University,
1230 York Avenue, New York.

To identify and characterise the cell types of rat retina in
vitro, we have studied the expression of cell-type specific an-
tigens using monoclonal antibodies both in monolayer and aggrega-
tion cultures.

Photoreceptors which are labelled by antibody RET-P1 are small
and round cells which have no or one small process. Though they
do not develop outer segments in monolayer cultures, they form
characteristic rosette structures in aggregation cultures, in
which outer segment markers appear to develop.

Amacrine cells can be labelled by HPC-1, raised against rat
hippocampus, using either immunofluorescence or PAP staining.
Most of the labelled cells are bipolar and have long processes.

Bipolar cells and photoreceptors are labelled by an antibody,
RET-B2. In monolayer cultures of 2 day old retina the antigen
only appears after 7 days in vitro. The bipolar cells extend
long processes and have many different morphologies, some of
which are very similar to those of the amacrine cells. Thus
without antibody markers it would have been impossible to distin-
guish amacrine and bipolar cells in these cultures.

Ganglion cells are the only cells that are labelled by anti
Thy-1 antibody in vivo. In monolayer cultures from 2 day old rats
Thy-1 +ve cells were found in cell clumps but not in the
dispersed cell monolayer. This suggests that the triggering of
Thy-1 expression is dependent upon some cell interactions. Such
interactions are not necessary for the maintainence of expression
of the antigen since in cultures of retinas from older animals
that are already expressing Thy-1, solitary ganglion cells can be
found that are Thy-1 +ve,

We have also studied the uptake of various transmitter candi-
date amino acids using autoradiography. Cells which take up GABA
in monolayer culture have long processes whereas those taking up
glycine have small short processes. Many of the GABA cells ap-
pear to be amacrine cells. Aspartate is taken up into many types
of cells including small round cells that have the morphology of
the RET-P1 + ve photoreceptor precursors. In aggregation cul-
tures, cells labelled by GABA and glycine uptake were located on
the surface of the aggregates.

(Supported by grants EY03735 and NS17309.)

5.8 SHIVERER OLIGODENDROCYTES FORM SHIVERER MYELIN AROUND NORMAL

5.10

AXONS. M. K. Wolf, G. Schwing-Stanhope*, A. L. Hall*, and
S. Billings-Gagliardi. Department of Anatomy, University of
Massachusetts Medical School, Worcester, MA (1605.

Normal oligodendrocytes in severed fragments of immature optic
nerve, explanted onto cultures of cerebellum deficient in myelin,
colonize the cerebellar tissue and myelinate its axons. They are
equally successful whether the culture is from a mutant mouse
with CNS hypomyelination or from a normal mouse stripfed of its
own mature oligodendrocytes and mvelin by treatment with cytosine
arabinoside (Ara-C). We now find that oligodendrocytes from
B6C3H hybrid shiverer (shi) mutant optic nerve, colonizing normal
cerebellum demyelinated by Ara-C, form myelin with defects iden-
tical to those of shi myelin in situ or in cultures of shi
cerebellum. Four cultures were produced from each P-0 B6C3H
hybrid normal cerebellum. Two were left untreated to test in
vitro myvelination of that cerebellum; two were grown in medium
without embryo extract and with added Ara-C, 4.5 pg/ml, for 7
days in vitro, then washed free of Ara-C and fed medium with
embryo extract. One such Ara-C treated culture tested the com-
pleteness of mvelin suppressicn in that cerebellum; the other
received an explant of optic nerve from a known homozygous P-8
to P-10 shi/shi mouse. All cultures were processed for trans-
mission electron microscopv at 17 to 20 davs in vitro. Ara-C
treated cultures lacked mature oligodendrocytes and myelin, but
contained abundant astrocytes. Ara-C treated cultures with shi
optic nerve contained numerous myelinated axons mnear the optic
nerve fragment. All this myelin had the ultrastructural features
of shi mvelin: sheaths often incorrectly wrapped and usually not
compacted; absence of a true major dense line; bundles of redun-
dant oligodendrocyte microprocesses; inappropriate mvelination
of these bundles and of oligodendrocvte cell bodies. Ultra-
structurallv normal myvelin was not seen. We conclude: 1. The
added optic nerve fragments are the source of mvelinating glia
in these cultures: if immature normal glia survive the Ara-C
treatment, thev do not produce myelin. Therefore, these cultures
can be used to study the response of mutant oligodendrocytes to
normal axons. 2. Oligodendrocytes of shi express every major
feature of the shi disease in the presence of normal axons and
astrocvtes. This is further evidence that all these defects are
intrinsic to oligodendrocvtes. 3. Since the disease is ex-—
pressed in the presence of geneticallv normal astrocvtes, it
seems unlikely that shi astrocytes have any direct role in the
disease.

Supported by NTH Grant #NS-11425.

A MONOCLONAL ANTIBODY TO THY-1 ENHANCES PROCESS REGENERATION BY
DIFFERENTIATED RAT RETINAL GANGLION CELLS IN CULTURE. Dana
Leifer*(1), Stuart A. Lipton*(1,2) and Colin J. Barnstable(1,3)
(SPON: T.N. Wiesel). Depts. of Neurobiology(1) and Neurology(2),
Harvard Medical School, Boston, MA 02115; Dept. of Neurobiolo-
gy(3), The Rockefeller University, New York, NY 10021

Solitary retinal ganglion cells can be identified in culture
with fluorescent markers. Ganglion cells are labelled by the re-
trograde transport of fluorescent dyes injected into the projec-
tion sites of the optic nerve two days prior to retinal dissocia-
tion., In culture, the identity of ganglion cells is verified by
a second label, 2G12, a monoclonal antibody against Thy-1, that
in retina is specific for ganglion cells.

As previously reported (Suppl Invest Ophthal 24, 138, 1983), a
significantly greater proportion of ganglion cells regenerate
processes when plated on anti-Thy-1-coated glass coverslips than
on plain glass, or on glass coated with collagen.

In this study we tested the specificity of this effect and its
relationship to adhesion. The action of anti-Thy-1 was not a
non-specific property of immunoglobulin bound to the glass
coverslip since: (i) IV2G10, an antibody against a cytoplasmic
antigen, did not enhance process outgrowth of ganglion cells, and
(ii) anti-Thy-1 had no effect on process outgrowth of amacrine
cells, identified autoradiographically by uptake of tritiated
glycine and GABA.

There appeared to be a requirement for the Thy-1 antibody to
be bound to the coverslip since adding antibody at varying con-
centrations 3-4 hours after plating on plain glass caused no
enhancement of process growth.

We tested whether the effect of anti-Thy-1 was related to
adhesion of cells to the substrate. Antibody RET-N2 reacts with
an antigen on the surface of all retinal cells, including gan-
glion cells. Although approximately the same number of ganglion
cells adhered to both substrates, RET-N2 did not enhance process
regeneration like anti-Thy-1. Fibronectin was also ineffective
in promoting regeneration. On the other hand, poly-L-lysine
coated coverslips stimulated ganglion cell process outgrowth.
From these results, it is not yet clear whether the effect of
anti-Thy-1 is a consequence of the strength of adhesion or of a
more specific surface modulation involving Thy-1, or both.

The ability to identify and grow retinal ganglion cells in
culture has also enabled us to study their membrane properties
using intracellular and patch-clamp pipettes.

Supported by NIH grants EY03735, EY00606 and NS17309, and the
Hartford Foundation.
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FLUORESCENCE-ACTIVATED CELL SORTING. P.A. St.John and J.L. Barker,
Lab. of Neurophysiology, NINCDS, NIH, Bethesda, MD. 20205

Experiments with cell cultures of neurons and myotubes have pro-
vided important insights into mechanisms of synaptogenesis at this
peripheral synapse. Cell cultures may provide similar insights
into synaptogenesis in the central nervous system. The spinal
cord, where the cellular neurobiology in vivo has been particular-
ly well studied, is a good subject for studies in vitro. However,
previous work on spinal cord cultures has shown that they contain
a variable mixture of cell types. 1In an effort to gain control
over the types of neurons present in cultures, we have begun to
use a fluorescence-activated cell sorter to separate different
subpopulations of cells from the embryonic mouse spinal cord ang
dorsal root ganglia.

All experiments were performed on dissociated spinal cord and
dorsal root ganglion cells from 13-day embryonic mice, cells of
the age used for cell cultures. In the i.rst series of experi-
ments, individual cells, not reacted with fluorescent probes, were
examined in the cell sorter for amount of forward-angle light
scatter, a measurement influenced by cell size and makeup. For-
ward-angle light scatter was sufficient to distinguish live cells
from dead cells and debris in the absence of staining, and sorting
based on thig¢ criterion produced a population of live cells with
over 95% purity (based on trypan blue exclusion). The purified,
sorted cells could be grown in culture, and neurons survived in
these cultures for at least 3 weeks.

In initial studies to determine the feasibility of sorting sub-
populations of cells using fluorescent probes, we have labeled
fixed, permeable cells with antibodies to intracellular antigens.
Cells in suspension were fixed and reacted with antibodies against
several neuropeptides and transmitter-related enzymes. Although
immunoreactivity for the antibodies tested could not be detected
unambiguously in a fluorescence light microscope, the greater sen-
sitivity of the cell sorter showed that the cells did contain
specific immunoreactivity for antibodies to the following: glu-
tamic acid decarboxylase (up to 50% of cells), glutaminase (30%),
vasoactive intestinal peptide (10-20%), substance P (up to 10%),
somatostatin (up to 30%), and neuron-specific enolase (15-25%).

In future experiments, fixed and labeled cells will be purified
with the cell sorter for use in producing cell type-specific, sur-
face-directed antibodies.

In other experiments, live, unfixed cells were analyzed or
sorted following labeling of motor neurons by retrograde transport
from muscle injections (Schaffner, St. John, and Barker, this
volume), or labeling by a neuronal surface-directed monoclonal
antibody (the A2B5 clone) or lectins. Experiments are in progress
to grow these specifically labeled and sorted cells in culture.

THE DEVELOPMENT OF GLUTAMIC ACID DECARBOXYLASE IMMUNOREACTIVITY IN
MOUSE SPINAL CORD CULTURES. M.T. Caserta and J.L. Barker,
Laboratory of Neurophysiology, NINCDS, NIH, Bethesda, MD. 20205

Spinal cord (SC) neurons grown in tissue culture have been shown
to be an excellent system for studying the electrophysiological
responses of neurons to gamma aminobutyric acid (GABA), a major
inhibitory transmitter in the vertebrate central nervous system.
It has been shown that most mature cultured SC neurons respond to
GABA and that these neurons are invested with terminals that react
with antibodies to glutamic acid decarboxylase (GAD), the bio-
synthetic enzyme for GABA. We have examined developing SC neurons
in culture by immunohistochemical localizaton of GAD at the light
and electron microscopic (EM) levels with a well-characterized
sheep antibody to rat brain GAD (Oertel, et al. Neuroscience 6:
2689).

SC cultures were prepared from dissociated SC and dorsal root
ganglion (DRG) cells of 12-13 day mouse embryos and were grown for
up to 4 weeks. In mature cultures (2 weeks or older), GAD immuno-
reactivity was confined to terminals which could be seen envelop-
ing neurons of varying size and morphology. However when cultures
were pretreated with colchicine, GAD containing cell bodies were
visualized. These GAD-positive neurons were small to intermediate
in size (<20 diameter) and were usually found within clusters.
Large neurons resembling motoneurons or DRG cells were not la-
belled. EM immunocytochemistry demonstrated numerous GAD-positive
terminals synapsing on dendritic and axonal processes as well as
cell bodies. The vesicles in these terminals were either round or
pleomorphic. No terminals with solely flattened vesicles were
ever observed. GAD-positive cell bodies could be demonstrated as
early as 4 days in culture without colchicine pretreatment. Most
of the immunoreactivity was localized to the Golgi region of the
soma with a few labelled terminals visible. EM analysis showed
that many synapses had already been formed in these young cultures
and that a few axodendritic profiles were immunoreactive at this
stage.

The development of another neuronal enzyme, neuron specific eno-
lase (NSE), was compared to GAD and found to develop much later in
cultured SC neurons (2 to 3 weeks). This late development of NSE
is consistent with previous in vivo developmental studies. These
results suggest that the early maturation of GAD-containing neu-
rons is not a generalized phenomenon of cells in tissue culture
but specific to this subpopulation. Work is now in progress to
compare the development of SC GABAgeric neurons in vivo to their
development in vitro. What role this inhibitory transmitter, GABA
is playing in the developing SC is an important question that can
best be addressed in tissue culture which allows ready access for
biochemical, morphological and electrophysiological analysis.

5.12

PURIFICATION OF EMBRYONIC MOUSE MOTONEURONS 3Y FLOW CYTOMETRY.
A.E. Schaffner, P.A. St.John and J.L. Barker, Laboratory of
Neurophysiology, NINCDS, NIH, Bethesda, MD. 20205

One approach to a better understanding of how the nervous sys-
tem works might involve the purification of nomogeneous popula-
tions of nerve cells. This would simplify the morphological and
electropharmacological characterization of the cells as well as
their interactions with presynaptic and postsynaptic neurons and
targets. Two laboratories have reported successful durification
of embryonic chick motoneurons by employing the techniques of
retrograde transport of a fluorescently labeled lectin with sub-
sequent sorting of specifically labeled cells in a flurorescence-
activated cell sorter (FACS) (Okun and McPheeters, Soc. Neurosci.
6: 733; 0'Brien et al., Soc. Neurosci. 8: 129). We have isolated
motoneurons from mammalian embryos using similar techniques.
Limbs of 13 day mouse embryos were injected with 10mg/ml of fluo-
resceinated horseradish peroxidase or wheat germ agglutinin,
After 4-8 hours of retrograde transport at 370C, spinal cords
and dorsal root ganglia were mechanically dissociated and the
cells analyzed and/or sorted on a FACS. An initial analysis
indicated that 22% of the cells were specifically labeled. When
cells were sorted into specifically labeled and unlabeled popula-
tions and assayed for choline acetyltransferase (ChAT) activity
there was a 3.8-fold enrichment in ChAT activity (cpm/cell) in the
specifically labeled population compared with unlabeled cells. To
test whether labeled dorsal root ganglion (DRG) neurons might be
contributing to the high yield of labeled cells, DRGs were removed
from the cords and DRGs and cords analyzed separately. In this
experiment, approximately 9% of spinal corc cells were specifical-
ly labeled while 36% of cells from the DRG were specifically la-
beled (presumably from sensory connections). Thereafter all DRGs
and meninges were routinely stripped from the cords. We have used
two approaches to determine the location of labeled cells in
situ. Several embryos were injected and processed for cryostat
sectioning. Fluorescent cells in the spinal cord were confined to
the anterior horn. 1In one embryo fluorescence was also seen in a
DRG. In another experiment, cords were dissected into "dorsal"
and "ventral" halves and analyzed separately using flow
cytometry. There was no specific fluorescence (< 0.1%) in cells
from the dorsal cord. However, >5% of cells from the ventral cord
were specifically labeled. We are presently working on conditions
that will allow the survival of sorted motoneurons in culture. In
other experiments, purified motoneurons will be used as antigens
to generate antibodies against surface determinants on motoneurons
or cholinergic neurons in general. Such antibodies should provide
a powerful tool for identifying these cell types both in vivo and
in vitro and elucidating their involvement in neuropathologies.
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EFFECTS OF ACTIVITY DEPENDENT NEURAL FACTORS ON MUSCLE GROWTH AND
MAINTENANCE IN THE YOUNG CHICK EMBRYO. J.W.Bloom*, E. Cosmos and
J. Butler*. (Spon: R. Butler). Neurosciences Dept. McMaster
University Health Sciences Centre, Hamilton, Ontario L8S 3Z5.

Although brachial muscles of the chick embryo do form in the
complete absence of innervation, both their growth rate and,
eventually, their survival are dramatically reduced (Butler, J.
et al., J.Exp.Z2001.224:65,1982). These observations stress an
important role for activity-dependent and/or neurotrophic factors
on early muscle growth and maintenance. To differentiate between
these possibilities, activity-dependent neural influences were
manipulated independent of neurotrophic influences by pharmaco-
logical neuromuscular blockade(reduced activity)and by electrical
stimulation(increased activity)of intact chick embryos. Elec-
trical stimulation was repeated in embryos in which the brachial
musculature had been rendered aneurogenic by neural tube removal.
Anterior(ALD)and posterior(PLD)latissimus dorsi muscles were
analyzed histochemically and quantitatively.

In intact embryos treated with d-tubocurarine, chronic reduc-
tion of activity by 40-60% was noted from 4-11 days in ovo;
however, only a modest decrease in the growth of the ALD and PLD
muscles was observed. Further, chronic augmentation of activity
from day 6-10 via spinal indirect stimulation did not increase,
and in some cases reduced, the growth of normally innervated ALD
and PLD muscles. These experiments indicate that in the intact
embryo rather large perturbations, both upward and downward, of
the amount of activity reaching the musculature have little
effect on muscle growth or maintenance during the first half of
embryonic development. We are attempting to achieve 1007 acti-
vity reduction by z~bungarotoxin treatment since very great
reductions in activity markedly reduced growth of leg muscles in
intact embryos (Laing, N., J.E.E.M. 72:269, 1982).

To test the role of activity in the absence of trophic factors,
aneurogenic muscles were chronically electrically stimulated for
2-4 days beginning on day 6 or 7. When activity alone was added
back to the aneurogenic ALD muscle, its growth was increased by
100% compared to unstimulated aneurogenic controls. In addition,
the aneurogenic PLD muscle, which usually degenerates by day 7.5,
was rescued by direct stimulation and continued to grow through-
out the experimental period.

Thus, activity plays an important role in early muscle devel-
opment as demonstrated by the marked enhancement of the growth
(ALD,PLD) and survival(PLD)of aneurogenic muscles when activity
alone is experimentally imposed upon them.

(Supported by grants from MDAC and MDA).

TROPHIC INTERACTION IN HIPPOCAMPAL CELL CULTURE
MEDIATED BY NTF.

W.Seifert, S.Beckh* and H.W.Miller*.

Max-Planck-Inst., Dep. Neurobiology, 34 Gottingen,BRD.

A dissociated cell culture system of the developing
hippocampus in serum-free medium has been established
in our laboratory in recent years. By using a cover-
slip technique we demonstrated that primary glialcells
produce a soluble trophic factor which promotes sur-
vival and outgrowth of hippocampal neurons (W.Seifert
et al. 1981, 1983).

This neurotrophic factor has been further charac-
terized by a rapid and gquantitative bioassay based on
this coverslip technique (H.W.Miller and W.Seifert,
1982, W.Seifert and H.W.Miiller, 1983).

Studies in our laboratory have demonstrated that
NTF is a relatively heat-stable and protease-resistant
molecule of low molecular weight. It seems to be spe-
cific for central neurons and did not exhibit trophic
activity for peripheral neurons in cell culture (H.W.
Miller, S.Beckh and W.Seifert, 1983).

NTF is produced by primary cultures of astrocytes
and secreted into serum-free medium in a time-depen-
dent manner. Experiments will be discussed concerning
(i) the survival activity and the neurite-promoting

activity of NTF, and
(ii) the problem of short-term versus long-term sur-
vival of neurons in this serum-free culture.

Screening of tissue extracts with our bioassay has
revealed rather high NTF-activity in adult rat brain
and even higher activity in embryonic brain. This fact
might suggest a biological significance for NTF in de-
velopment and maintenance of CNS neurons. Experiments
on the developmental appearance of NTF will be dis-
cussed.

References:

1) W.Seifert et al., Abstr.Soc.Neurosci., p.768, 1981.

2) W.Seifert et al., in "Neurobiology of the Hippocam-
pus", p.109-135, Ac.Press, 1983.

3) H.W.Mlller and W.Seifert, J.Neurosci.Res.§,1951595,

4) W.Seifert and H.W.Miiller, in "Methods in Mol. and
Cell Biology", 1983, in press.
5) H.W.Miller, S.Beckh and W.Seifert, Man. submitted.

NEUROTROPHIC SUPPORT OF SPINAL CORD NEURONS 1IN COUL-
TORE. H. Popiela, R. Beach, and B. Fe
Medical Center, Kansas City, MO 64128.
Guided by the hypothesis that peripherally-produced
neurotrophic factor (NTF), retrogradely transported to
central neurons, 1is extractable from nerve fibers
while in transit, we extracted adult chicken perigpher-
al nerves (NE) wusing a similar procedute as for
extraction of muscle-directed NE (Popiela, 1978, Exp.
Neurol. 62: 405-416; Popiela et al., 1982, J.
Neurosci. Res. 8:547-567). NE was added to serum-,
hormone-, and factor-supplemented medium and assayed
on dissociated spinal cord neurons from 8 day old
chick embryos. 1In the presence of NE, neurons are
well maintained and respond by prolific outgrowth of

neurites (fig.,NE). If the medium is not supplemented
with extract but

bovine serum NE
albumin is sub- 12,000 N

stituted instead,
neurons show poor 10,000
neuritic outgowth

and they die z 8000 NE —BSA
within 10 days =

(fig.,BSA) . If | 6000

NE is withdrawn &

at 10 days from _ 4000

NE-treated cul- &

tures neurites = 000

diminich, concom- 3 BSA
itant with death = o

of somata. o 5 7 10 12 14 7
Control tissues, DAYS IN CULTURE
such as skeletal muscle or brain, contains a fraction
of the neurotrophic activity found in nerves when
added at similar protein concentrations. NE 1is not
replaceable with a muscle-directed factor previously
purified from NE (NTF) nor with transferrin including
several chicken transferrins. These studies show that
adult chicken peripheral nerves contain a factor sup-
porting spinal cord neuron maintenance and neurite
outgrowth that is not replaceable by transferrins.
Supported by NIH (RO1INS17197), ALSSOA, Medical
Research Service of the VA, and the University of Kan-
sas Regional ALS Research Center.

Substance P and Somatostatin Regulate Sympathetic Noradrenergic
Function. J.A. Kessler, J.E. Adler, I.B. Black. Division of
Developmental Neurology, Cornell University Medical College, New
York, New York 10021

Peptidergic-noradrenergic interactions were examined in the rat
sympathetic superior cervical ganglion (SCG) in explant and dis-
sociated cell culture. The putative peptide transmitters, sub-
stance P and somatostatin each increased activity of the catechol-
amine-synthesizing enzyme, tyrosine hydroxylase (TOH), after _one
week exposure in culture. Maximal increases occurred at 107/M
for each peptide, and either increasing or decreasing the concen-
tration reduced effects. By contrast, the peptide had no effect
on TOH activity in ganglion homogenates, excluding a direct effect
on the TOH enzyme or the radiochemical catalytic assay. Conse-
quently, substance P and somatostatin increased TOH activity
through processes that transpired in culture and not through
direct interaction with the apo- or holo-enzyme. Similar in-
creases in TOH were produced by the metabolically stable substance
P agonist, [pGlu>, MePhe8, Sarg]—substance P(5-11). Moreover,
the substance P antagonist, D—proz, D—phe7, D-trpg—substance P,
prevented the effects of the agonist, suggesting that the eleva-
tion of TOH activity was mediated by peptide interaction with
specific substance P receptors. Our observations suggest that
peptides may modulate sympathetic catecholaminergic function.
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EFFECTS OF CONDITIONED MEDIA ON NEURITE OUTGROWTH AND SURVIVAL
OF PURIFIED MOTONEURONS. A.L. Calof and L.F. Reichardt. Div.
Neurosci., Dept. Physio., Univ. Calif., San Francisco, CA 94143

We are interested in the role of target tissue in guiding the
growth and synaptic differentiation of spinal motoneurons, and
have used a modification of the retrograde transport/fluor-
escence-activated cell sorting technique of McPheeters and Okun
(Soc. Neurosci. Abstr. 6: 733) to purify motoneurons. Lucifer
Yellow VS is coupled to wheat germ agglutinin, the conjugate is
purified by gel filtration, and it is injected into all limbs
of stage 28-29 chick embryos. After 24 hrs. in organ culture,
examination of fixed sections of these embryos reveals label in
the spinal cord confined to the ventral horn. Single-cell sus-
pensions show 5-7% of cells labeled with small, brightly-
fluorescent cytoplasmic granules.

For sorting, spinal cords are dissociated to single cells
and then sedimented through BSA to remove debris. Cells are
sorted using a Becton-Dickenson FACS IV eyuipped with loga-
rithmic amplification (LA). Emitted fluorescence passes through
a 475nm long pass filter prior to analysis and sorting. LA re-
veals a peak of fluorescent events with intensities well above
background (autofluorescence), and comprising 4-7% of scatter
events. This peak is sorted, yielding purities of about 80%.

Purified motoneurons display rapid neurite outgrowth when
plated onto polylysine (PLYS)-coated dishes preincubated with
serum-free medium conditioned by cultures of chick myotubes
(MCMgp). They respond similarly to substrata treated with
bovine corneal endothelial cell conditoned medium (BCE-CMgf).
We have sought to establish the identity of the MCMgp factor
with the BCE-CMgp factor, which has been partially purified
in our laboratory (Lander et al., J. Cell Biol. 94: 574-585).
Rat sympathetic neurons respond to MCMgp as well as BCE-CMgp.
Thus, media conditioned from both cell types can promote
neurite outgrowth from cells with axons in the periphery. The
MCMgr factor is sensitive to trypsin, but not to collagenase,
neuraminidase, or chondroitinase ABC; and it has a buoyant
density in CsCl similar to that of the BCE-CMgp factor.

Like BCE-CMgp, the neurite-outgrowth promoting effects of
MCMgr can be mimicked by conditioned media from other cell
types (chick fibroblasts, chick embryonic spinal cord).

When plated at adequate density, motoneurons extend neurites
and survive on MCMgp-treated substrata for ~1d in serum-free
medium. This response is not seen on PLYS alone, or on laminin-
treated PLYS. MCMgp added to the culture medium enables moto-
neurons to survive for >7d in culture, but this survival effect
so far does not appear to be specific to medium conditioned
by myotubes. Supported by grants from NSF and MDA to LFR.

RETINOIC ACID EFFECTS ON THE NERVE GROWTH FACTOR RECEPTOR. B. E.
Haskell*, R. W. Stach, K. Werrbach-Perez* and J. R. Perez-Polo.
Department of Human Biological Chemistry and Genetics, The Univer-
sity of Texas Medical Branch, Galveston, Texas 77550.

Retinoic acid (RA) mimics some of the effects of nerve growth
factor (NGF) on explanted chick embryo dorsal root ganglia (DRG)
and on human neuroblastoma cell lines. Specifically, NGF stimu-
lates profuse neurite outgrowth from these targets, an event often
used to assay for NGF activity. DRG exhibit neurite development
in vitro in response to retinoic acid both in serum-supplemenced
medium and in the chemically-defined, hormone supplemented N-2
medium of Bottenstein and Sato. Maximal response to RA occurs in
N-2 medium after 3 days in the presence of 5 x 1077 M retinoic
acid. In LAN-1 neuroblastoma cells, increased neurite outgrowth
is associated with a dramatic increase in NGF binding to neurites
and cell bodies as determined by immunofluorescence using affinity
purified rabbit antibodies directed to mouse 8-NGF. At concentra-
tions of RA and treatment times deemed optimal for these responses
there is an inhibition in cellular proliferation of LAN-1 cells.
Also, RA has been reported to increase the apparent number of
receptors for insulin and epidermal growth factor and to modify
cell surface glycoproteins in vitro. Since the nerve growth
factor protein (NGF) is a well characterized neuronotrophic factor
acting on vertebrate embryonic sensory and sympathetic neurons and
human neuroblastoma lines, it was of interest to determine if
receptors to NGF were affected by RA and to correlate these
changes with morphological aspects of differentiation directed by
NGF in vitro. NGF acts on responsive cells by binding to two
different cell surface membrane receptors. These two receptors
have equilibrium dissociation constants of approximately 107 M
for the high affinity receptor (type I) and approximately 10-° M
for the low affinity receptor (type II). Kinetic analysis of NGF
receptors can be carried out on whole cell preparations or solubi-
lized receptors with no detectable change in ligand binding kine-
tic properties or structural properties of the receptor molecules.
Also, quantitative determination of the presence of solubilized
NGF receptor by Rosenthal and kinetic analysis demonstrated a
five-fold increase in the number of receptors present after 3
days in RA but no detectable change in receptor number after one
day. These results are in agreement with the hypothesis that
retinoic acid may increase the number of demonstrable NGF surface
receptors on LAN-1 cells.

Supported in part by grant NS18708 from the National Institutes
of Health and a grant from The Moody Foundation.

6.6 SPECIFICITY OF NEURONOTROPHIC INFLUENCE ON TARGET-DEPRIVED NEUR-

6.8

ONS IN THE DEVELOPING RAT VISUAL SYSTEM. F. Haun and T. J.
Cunningham. Dept. of Anatomy, The Med. Coll. of Pennsylvania,
Phila., PA 19129.

Neurons in the developing CNS are particularly vulnerable to
separation from their target tissue. This sensitivity may be due
to removal of target-derived neuronotrophic influences operative
during normal development. We have been investigating this possi-
bility in the developing visual system of the rat. Large unilater-
al lesions of the visual cortex are made in newborn Long-Evans
rats; these lesions destroy all cortical targets of the dorsal
lateral geniculate nucleus (dLGN). Immediately following the
lesion, we transplant cell suspensions of El4-15 fetal posterior
cortical neurons into the lesion cavity to determine if these
transplanted cells affect the otherwise rapid degeneration of the
ipsilateral dLGN. In a previous report (Anat. Rec. 205:77A) we
showed a temporary saving of at least twice the volume of the
affected dLGN, compared to control animals with lesions but with-
out transplants. In the present study we compared the effective-
ness of transplants of El4-15 posterior cortex with transplants
of El4-15 cerebellar plate (plus subadjacent brainstem) to deter-
mine whether this temporary delay of dLGN degemeration is specific
to the type of CNS tissue transplanted. We also compared the num-
bers of 3H-thymidine labeled neurons in the dLGN of El4 versus El6
labeled host rats to determine whether the effect is specific to
particular neuronal populations of the host nucleus. Five days
after the lesion, the dLGN of animals without transplants shows a
severe depletion of both El4 and El6 labeled neurons (with 4% and
20% respectively of those on the unoperated side remaining). Rats
with cerebellar transplants gave similar results. In animals with
posterior cortical transplants we find not only a significant
saving of dLGN volume but specificity of the neuronal populations
which contribute to this volume. The percentage of remaining El4
labeled neurons is comparable to animals without transplants. The
survival of later-generated El6 neurons however is increased by
more than two-fold. We conclude that: a) fetal cortex transplants
exert at least a temporary survival-promoting influence on target-
deprived or axotomized neurons of the developing dLGN, an effect
that is relatively specific to the appropriate target; and b) the
particular dLGN neurons protected by the transplant are less ma-
ture. Notably, these two kinds of specificity have been shown
using an in vivo assay, which suggests the possibility of studying
trophic relationships among visual system neurons developing in
situ.

Supported by grant NS16487 from NINCDS and the Office of Mental
Health of the Commonwealth of Pennsylvania.

CELLULAR INTERACTIONS [N DEVELOPMENT OF THE PRIMARY OLFACTORY
PATHWAY. A. |. Farbman and M. |. Chuah®*, Department of Neuro-
biology and Physiology, Northwestern University, Evanston, IL
60201

It has been shown in an earlier study from this laboratory that
the olfactory bulb, the target organ of olfactory receptors,
exerts an effect on development of the receptors. The effect is
expressed as an approximate doubling of the amount of a specific
olfactory marker protein (OMP) in organ cultures, i.e., when
olfactory mucosa taken from fetal rats (day E15) is explanted in
combination with presumptive olfactory bulb (POB) and grown for
7 days, about twice as much OMP is found than in cultures of
olfactory mucosa alone. OMP was estimated in cultures by two
methods: 1) a solid phase radioimmunoassay using 3H-labeled OMP,
2) a quantitative immunohistochemical procedure in which posi-
tively stained receptor cells were counted and compared in cultures
of mucosa with and without POB. The cell counts indicated that
the increased amount of OMP in explants with the POB was due to
an approximate doubling of OMP-positive receptor neurons. In
order to determine whether the increased OMP in cultures including
POB came about as a specific influence of the bulb, mucosa was
cultured in combination with other tissues including cerebrum,
cerebellum, cervical spinal cord and heart, all taken from E15
embryos. Radioimmunoassays of these cultures showed they con-
tained the same amounts of OMP as in explants of mucosa alone,
i.e., no enhancement was produced by these tissues. Therefore,
the facilitating or enhancing effect of the bulb seems to be
specific. It was of interest to determine whether a diffusible
factor from the bulb could be identified. We made ''sandwich'
cultures in which olfactory mucosa and POB were co-cultured on
opposite sides of a thin (25 um) Millipore filter, 0.45 um pore
size; in addition thin (12.5 um) Nucleopore filters, pore sizes,
3 and 8 um, were used in these sandwich cultures. Diffusible
factors, if they existed could pass through these pores. The
radioimmunoassay results indicated there was no enhancement of OMP
in these cultures even when the amount of POB tissue was increased
3X. Light and electron microscopic examination of these sandwich
cultures showed that the growing olfactory axons did not pass
through the filter pores to contact the bulb. The results indicate
that the presumptive olfactory bulb specifically increases OMP
level by a mechanism that requires direct contact between receptors
and bulb.
We are grateful to Dr. Frank Margolis, Roche Institute of Molecu-
lar Biology, Nutley, N.J. for his generous gift of OMP, 3H-0MP
and antibody to OMP. This research was supported by USPHS grants
#NS-06181 and NS-18490.




DEVELOPMENT AND PLASTICITY: TROPHIC INTERACTIONS

MONDAY AM

6.9 ENHANCEMENT OF DOPAMINE NEURON SURVIVAL AND AXONAL

6.1

PROLIFERATION BY MEMBRANES FROM STRIATAL TARGET
CELLS. A, Heller, P.C. Hoffmann and B. Wainer. Depts. of
Pharmacological and Physiological Sciences and Pediatrics, Univ. of
Chicago, Chicago, 1l. 60637

Embryonic mouse dopamine (DA) neurons of the rostral
mesencephalic tegmentum (RMT) when dissociated into single cells can
be cultured either alone or in combination with dissociated cells from
target areas such as the corpus striatum (CS). In rotatory cultures the
cells reassociate to form aggregates. Only in the presence of target
cells do the neurons develop and maintain axonal patterns similar to
those seen in vivo (Hemmendinger et al., PNAS 78:1264,1981). In RMT-
CS coaggregates there is a 4-fold enhancement of DA neuron survival
compared to cocultures with cells from non-target areas (Hoffmann et
al., Brain Res. In press). Since the aggregates are formed from single
cells, the information necessary for these interactions appears to be
intrinsic to the neurons, themselves. In order to identify factors
responsible for these phenomena, membrane preparations from areas
containing target and non-target cells were added to single cell
suspensions of the RMT along with single cells from a non-target area,
the tectum (T), the latter being added to maintain equal numbers of
dissociated cells in the various combinations. Membranes were obtained
by high speed centrifugation (106,000 x g) following tissue
homogenization in distilled water. The following combinations were
examined: 1) RMT-CS, 2) RMT-T-CS, 3) RMT-T with T-membranes and
4) RMT-T with CS-membranes, The resulting aggregates were cultured
for 8 days, exposed to I0'6M DA for 10 min and processed for
histofluorescence.  The aggregates were sectioned at 10 um and
examined under the fluorescence microscope. For each combination
sections were randomly selected and the number of DA neurons counted,
yielding the following values: RMT-CS, 94; RMT-T-CS, 93; RMT-T with
T-membranes, 24; RMT-T with CS-membranes, 65. To assess the
presence of axons 3 observers independently judged whether or not each
of the sections contained DA axons by observing randomized color
photomicrographs.  The results expressed as numbers positive/total
number of sections observed were: RMT-CS, 21/26; RMT-T-CS, 23/25;
RMT-T with T-membranes, 2/27; RMT-T with CS-membranes, 18/28.
The supernatant fractions from the membrane preparations did not
affect either cell survival or axonal development. These results suggest
that macromolecules associated with the membranes of embryonic CS
cells are responsible for the ability of such target cells to enhance the
survival of central DA neurons and the proliferation and maintenance of
their axons in the 3 dimensional coaggregate system in culture. (Grant
No. MH 28942).

PRIMARY CULTURE OF DISSOCIATED FETAL MESENCEPHALIC RAPHE:
DIFFERENTTAL STIMULATION OF SEROTONERGIC GROWTH BY TARGET TISSUE.
Efrain Azmitia, Patricia M. Whitaker, Jean Lauder, and Alain

Privat. Dept. of Anatomy, Mount Sinai Sch. Med., N.Y.,N.Y.
Fetal mesencephalic dopaminergic neurons show enhanced maturation
when co-cultured with striatal target cells (Prochiantz et al,
1979). Mesencephalic 5-HT neurons have multiple forebrain but
not hindbrain targets (Azmitia and Segal, 1978). A tissue
culture system was developed using micro-titration plates to
study the effects of fetal cells from hippocampus (HIP), spinal
cord (SC), olfactory bulb (OB), striatum (ST), and cortex (CTX).
Tissue from rat fetuses (E 14-16) were dissected and dissociated
in Versene 1:5000 (GIBCO). The cells were centrifuged (500 X g,
10 min), resuspended in complete medium (Eagle's minimum
essential medium, Hank's buffer, non-essential aminoacids, 1%
glucose, and 10% fetal calf serum-GIBCO), and 200 ul final volume
plgted in Linbro tissue culture 96 multi-well plate (area=0.28
cm®) on collagen. The cultures (3-6 wells per condition)

were incubated at 37°C in a water—saturated 95% 0,/5%

CO, atmosphere. Initial plating density (IPD) wa§ determined
wi%h a Levy Hemacytometer Chamber. Serotonergic cells were
immunocytochemically stained in the wells using}an antibody
raised against 5-HT conjugated to hemocyanin. ~“H-5zHT uptake
was measured in gach well (NEN, 24 Ci/mmole,5 X 10~ M,20 min
incubation at 37°C in Hanks buffer with 1% g,lucosg,

non-specific uptake determined in presence of 10 ° M
fluoxetine). Protein detemigation were made in each well using
a modified Lowry. Upfeke of “H-5-HT was linear within an IPD
of 0.5-2 10° cells/cm®. The number of 5-HT

immunoreactive cells was also linear within this range (0.5% of
total cells). Each 5-HT cell concentra.ged approximately 1
femtomo%e of serotonin yithin 20 min. ~“H-5-HT uptake

(IgD=1O rapge cells/cm®) was stimulated by IPD of

10° cells/cem® from HIP (11 fold), SC (9.7 fold), OB (10.7
fold), CTX (6.4 fold), and ST (5.3 fold) after 5 days in
co-culture. The stimulation appears less if the uptake is
expressed per ugm of final protein in each well rather than as a
function of IPD: HIP (4.6 fold), SC (4.3 fold), OB (3.2 fold),
CTX (3.4 fold), and ST (2.8 fold). The target stimulation on an
IPD of 0.5 X 10" raphe cells was 36,2.8,1.6,5.9, and 0.7 fold
without protein and 5.7,5.3,3%.4,1.8, and 5.3 fold with protein
correction (respectively). The results suggest that a wide
variety of target tissues can stimulate mesencephalic
serotonergic neurons. The effects of pharmacological
manipulations of serotonergic function on ex vivo maturation is
currently under investigation. Research supported by NSF grant
79-06474.

6.10 AGE-DEPENDENT REQUIREMENTS FOR HETEROLOGOUS NEURITE EXTENSION

FACTOR AND NERVE GROWTH FACTOR IN CULTURED SYMPATHETIC NEURONS.
M. D. Coughlin. Dept. of Neurosciences, McMaster University,
Hamilton, Ontario, Canada L8N 3Z5.

The superior cervical ganglion (SCG) of the 14 gestational
day (E14) mouse embryo extends neurites and differentiates bio-
chemically when cultured in the absence of added nerve growth
factor (NGF). In contrast, ganglia from newborn (NB) mice re-
quire added NGF for survival in culture. Moreover, neurite
outgrowth in culture requires a neurite extension factor derived
from conditioned medium (CMF) or an antigenically similar factor
produced by neurons themselves (Coughlin and Kessler, J. Neurosc.
Res. 8: 289, 1982).

Whereas maximum survival and neurite extension of dissociated
sympathetic neurons in culture is obtained in the presence of
both added NGF and added CMF, the relative requirements for these
factors change during development. Maximum survival of E14
neurons requires added CHMF and is not significantly altered by
the presence of antiserum to NGF (anti-NGF). Although NGF pro-
motes survival of E14 neurons over control levels, survival is
approximately half of that obtained with CMF alone. In contrast,
survival and neurite outgrowth of NB SCG neurons absolutely re-
quires NGF. Although CMF alone enhances survival of NB neurons,
this effect is reversed by addition of anti-NGF, suggesting that
such survival depends on endogenous NGF carried into culture.

In the presence of antiserum to CMF (anti-CMF), neurons survive
in the presence of NGF but fail to extend neurites.

These results suggest that at early embryonic stages, sympa-
thetic neurons do not require added NGF for survival but do re-
quire exogencus sources of a neurite extension or axonal guidance
factor. At later stages, SCG neurons develop both a requirement
for NGF and the capacity to respond to NGF with production of
an autologous neurite extension factor antigenically similar to
CMF.

6.12 STIMULATION OF NEURITE OUTGROWTH BY ADULT AMPHIBIAN HEART-CONDI-

TIONED MEDIUM. H.T. Whelan, P.C. Letourneau*, M.H. Tuszynski¥*,
and K.F. Swaiman*. Div. of Pediatric Neurology, and Dept. of
Anatomy, University of Minnesota Medical School, Minneapolis, MN
55455.

Conditioned culture medium has been used for characterizing
many neurotrophic substances. Much of the work thus far has con-
centrated on medium conditioned by embryonic heart cells in cul-
ture. '

Central nervous system regeneration, even through adulthood,
occurs in urodele amphibians, such as Ambystoma tigrinum (the
tiger salamander). Large scale organ-by-organ screening for
possible neurotrophic factors was thus undertaken using adult
tiger salamanders with spinal cord lesions in hopes of finding
neurotrophic mediators effective in adults.

The ability to stimulate neurite outgrowth was assayed in dis-—
sociated neuron cultures from ll-day-old chick embryo dorsal root
ganglion. The ability to increase choline acetyl transferase
(CAT) activity was assayed in dissociated neuron cultures from
16-day-old fetal mouse cortex. Two to four weeks after spinal
cord transection, organ homogenates from brain, spinal cord,
heart, kidney, liver, skeletal muscle, gonads, spleen, pancreas,
blood, and regenerating tail-bud at the site of cord transection
were individually prepared and aliquots added to the culture
medium.

The results were compared with those achieved by adding B-nerve
growth factor (B-NGF), chick embryo heart cell-conditioned medium
(HCM), or both to similar neuron cultures. Control cultures con-
tained medium with no additives.

Although several tissue types (i.e. heart, brain, cord, spleen)
appeared promising initially, only heart homogenate repeatedly
produced extensive neurite outgrowth and produced an increase in
CAT activity (10%). These changes paralleled the effects of
B-NGF and HCM.

Further characterization of the neurotrophic effects of the
salamander heart homogenate was achieved by fractionation of cell
components by ultracentrifugation. Effects on neurons in culture
were enhanced in the nuclear and microsomal fractions, especially
after disrupting the organelles and centrifuging away the debris.

This activity is eliminated by heating or excessive freeze-
thawing, suggesting a protein neurotrophic factor. Further char-
acterization is under way.
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7.1 A LATE AND LONG-LASTING POST-ACTIVITY POTENTIATION IN THE 7.2 MUSCLE AFTERDISCHARGE MASKS NEUROMUSCULAR BLOCKADE TN MODERATE
SKELETAL MUSCLE OF THE RAT. J. Garcia Ramos. Department of HYPOCALCEMIA.  B.W. Alle G.G. Somjen, & D.B. Sanders.  Dept
Physiology and Biophysics, Centro de Investigacién y de Estu- Phiysiology & Div. Neurel., Duke Univ., Durham, NC 27710.
dios Avanzados del Instituto Politécnico Nacional, México, We recorded [Ca?*] with a calcium-selective electrode (Ione-
D.F. and CEUNICYT, Universidad de Colima, Colima, Col., México. tics, Inc.) in a flow cell in an extracorporeal loop connected to
After a brief period of relatively high frequency activity a carotid artery in cats. EMG and contractions evoked by stimu-
not producing fatigue of the gastrocnemius-soleus muscle of lating the peroneal nerve were recorded from EDL muscle. We al-
the anesthetized rat, a late or delayed potentiation lasting ready reported (Allen et al., Fed. Proc. 41:1734, 1982) neuro-
for more than 60 min was observed. The improved responses to muscular blockade and slowed relaxation of the contraction,
test shocks appear well separated from the postetanic potentia- caused by lowering arterial [CaZ] by i.v. citrate. We now find
tion. that contractile force initially increased as arterial [Ca2t] was
This delayed potentiation was induced with indirect stimula- lowered, even as the amplitude of the transmitted EMG action po-
tion through the sciatic nerve as well as with direct stimula- tentials was depressed. Enhanced contractions and slowed relax-
tion applied to the previously denervated (5 days) or to the ation were accompanied by EMG afterdischarges in the wake of
curarized muscle. The late potentiation was transiently blocked stimulus-evoked action potentials. Multiple firing of the muscle
by the protein-synthesis blocking agents (cycloheximide and membrane explains the apparently enhanced strength of contrac-
chloramphenicol) and not present at low te—peratures (below tion. The EMG afterdischarges,and the spontaneous discharges ap-
35 degrees, centigrade). During this potentiation neither the pearing in profound hypocalcemia, had the character of single
electromyograms nor the impedance changes of the whole muscle muscle fiber potentials, not of motor unit discharges. (Ve have
showed any correlated variation. Several brief periods of rela- recently seen similar EMG signs in a patient with severe hypocal-
tively high frequency stimulation applied at intervals from 1 cemia.) In profound hypocalcemia,and during recovery from it
to 60 min showed additive effects. In opposition, the lack of contractions evoked by trains of stimuli (but not by single
that stimulation may result in reduction of the responses to shocks) were more depressed than the corresponding EMG action po-
test shocks. tentials. This suggests failure of excitation-transmission cou-
These observations suggest that relatively rapid activity pling, possibly due to loss of calcium from sarcoplasmic reticu-
of a muscle causes certain biochemical changes of transient Tum.
duration which may constitute the basis for the muscle hyper-
trophy and for its better performance during training. The .
reversion of these biochemical reactions at rest could be i
responsible of the fall in muscle efficiency and the atrophy |
of disuse. i
|
I
I
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3 1: Amplitudes of contractions and EMG action potentials
‘evoked by motor nerve stimulation as functions of arterial [Caz+]
during hypocalcemia and recovery. Note hysteresis. A: stimula-
tion by trains of shocks; B: single shocks.
(In part supported by NTH Grants NS 18670 and NS 18949).
7.3 ADAPTATION IN FUNCTION OF THE PHARYNGEAL CONSTRICTOR MUSCLES OF 7.4 RANDOM REINNERVATION OF LG AND SOL MUSCLES BY THEIR COMMON NERVE?

THE RHESUS MONKEY. A.J. Miller, L. Rowe*, G. Chierici*, and D.
Clendenning*. Craniofacial Center, Department of Growth and
Development and Department of Otolaryngology, University of
California, San Francisco, CA 94143

The palatopharyngeus muscle and pharyngeal constrictor muscles
were studied to determine their function with changes in head
posture, upper airway obstruction, swallowing and inducement of
laryngospasm. Pairs of fine wires were placed in an array along
a rostro-caudal axis of the pharyngeal wall, 2-4 mm lateral of
the midline to record the electromyography activity (EMG). A
flexible fiberoptic scope was used to monitor pharyngeal move-
ments. EMG activity was synchronized with the view of the
pharyngolaryngeal movements on a split-screen and re-
corded on videotape.

Tonically discharging motor units were recruited in certain
regions of the pharynx including the caudal superior pharyngeal
constrictor (SPC) and the rostral middle pharyngeal constrictor
(MPC). This tonic activity could remain even during phasic
contractions of these muscles during swallowing. Not all fibers
of the pharyngeal constrictors were recruited during the
peristaltic-1ike contractions of the pharynx during swallowing.
Rhythmic respiratory discharge could be induced within the
pharyngeal constrictor muscles with nasal obstruction, flexion
of the head, or a change from the supine to erect position.
Fibers of the SPC discharged during inspiration while the
inferior pharyngeal constrictor fibers (IPC) were active during
expiration. These findings suggest that certain fiber groups
of the pharyngeal constrictors are important to postural
maintenance of the pharynx, hyoid bone, and thyroid cartilage.
Supported by U.C.S.F. Academic Senate Research Grant.

M.J. Gillespie, T. Gordon and P.R. Murphy. Depts. of Physiology &
Pharmacolegy, University of Alberta, Edmonton, Alberta, T6G 2H7.

In order to determine whether nerve fibers show a preference
for their former muscles we have examined the contractile and
histochemical characteristics of two muscles in the rat hindlimb,
fast lateral gastrocnemius (LG) and slow soleus (SOI.) after rein-
nervation by their common nerve. ‘The LGS nerve was cut before its
entry into the LG and sutured to the surface of the muscle thus
presenting that muscle with fast and slow nerve fibers. The nerve
fibers must course through LG as they normally do to reinnervate
SOL muscles. After 3-14 months reinnervated LG and SOL weighed 687
and 597 of control muscles respectively, while twitch and tetanic
forces were similarly reduced. For reinnervated SOL muscles con-
traction time (CT) was considerably faster than control values
(42.5 vs 72 msec), while half relaxation time (1/2RT) was similar.
Though CT in reinnervated LC muscles was almost normal (35 vs 32
msec) 1/2RT was longer than control (37 vs 30 msec).

This data might be explained if the LG became reinnervated by
more slow nerve fibers than normal leading to a longer relaxation
phase with the fast muscle fibers determining the normal CT.
Similarly, reinnervation of soleus by more fast nerves than normal
could account for the decreased CT and normal 1/2RT. This predic-
tion was born out when the proportion of fast and slow motor units
in the reinnervated muscles were determined physiologically (Table
1). Results show a considerable increase in the proportion of S
units with a concomitant decrease in FR units in reinnervated LG.
SOl muscles were composed of 70% fast contracting units and 30% S
units. The CT and 1/2RT of fF, FI, FR and S motor units in the
reinnervated muscles were normal so that the data supported the
above interpretation of the whole muscle contractions.

Thus the nerve-muscle specificity that dictates connectivity
in the embryo does not appear to operate in adult reinnervation.
Rather the very similar proportions of slow and fast motor units
in both reinnervated muscles resembled the proportions of fast
and slow fibers in the common LGS nerve. This is consistent with
the idea that slow and fast muscles show no preference for their
former nerves and indeed suggests that reinnervation may occur in
a random fashion.

Percentage of motor unit types

Muscle Control Reinnervated
FF FI FR S 1 FF FI FR S
LG 33 14 43 10 45 12 13 30

Soleus - - 20 80 6 38 25 31
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7.5 INCREASED GROWTH FACTOR-LIKE ACTIVITY FROM HYPERTROPHIED SKELETAL 7.6 NEUROMUSCULAR FUNCTION IN A HEALTHY AGED POPULATION. A.A.
MUSCLE. M.G. Bissell and S. Kaufman* Lab. of Neurochemistry, NIMH Vandervoort” and A.J. McComas. Departments of Neurosciences and
Bethesda, MD 20205 Medicine, McMaster University Medical Centre, Hamilton,
Passive mechanical stretching of skeletal muscle leads to hy- Ontario, Canada, L8N 3Z5.
pertrophy of the tissue in response. Using a technique developed In view of the importance of maintaining normal mobility in
in this laboratory for stretching monolayers of chick embryo myo- the ageing population we have studied function in two opposing
tubes in vitro, it has been shown previously that skeletal myo- groups of leg muscles, the ankle dorsiflexors (DF) and plantar-
tubes respond to passive stretch by increased amino acid uptake flexors (PF), in a large group of elderly subjects. Attempts
(as measured by uptake of aminoisobutyric acid, AIB), increased have been made to answer three major questions. First, to what
incorporation of amino acids into, and accumulation of total cell- extent does muscle strength decline with age? Second, can
ular protein. These increases have been shown to be inhibited by descending motor pathways be effectively utilized in activating
ouabain, after a 30 minute lag period, and by tetrodotoxin. motoneurones? Third, other than in maximal force generation,
Stretch has also been shown to be associated with an early in- are there changes in the contractile properties of aged muscles?
crease in the Vmax of the membrane Na/K-dependent ATPase, as meas- The findings in 70 healthy men and women, aged 60-100 years,
ured by rubidium-86 uptake. These stretch effects take place in were compared with those in 28 young adults aged 20-32 years;
serum free medium and have been shown to be mimicked by the addi- all subjects were volunteers and the study was approved by the
tion of serum to unstretched cultures. local ethics committee. The results of the study disclosed:
More recently, we have carried out additional studies on a (i) relatively small (15-20%) decreases in maximum voluntary
whole animal model of skeletal muscle hypertrophy. This in vivo DF and PF torques in 60-69 year old men and women compared with
tenotomy model involves the surgical section of the Achilles tendon controls, (ii) normal activation of DF and PF motoneurones
of the gastrocnemius muscle of one limb while a 'sham" operation is during maximal effort, even in the oldest subjects, (iii)
carried out on the other limb. Following the operation, the weight— slowing of the isometric twitch between the third and seventh
bearing loadsis redistributed from the gastrocnemius to the two decades, and (iv) reduction in the maximum voluntary: twitch
smaller synergist muscles, the soleus and plantaris, which rapidly torque ratio for aged PF muscles. Ultrasonic imaging of calf
hypertrophy. Using this system, we have seen significant increases musculature indicated that the reductions in PF voluntary and
in wet weight of the soleus and plantaris, as early as four to six twitch torques were greater than the loss of muscle cross-
hours post-tenotomy. We have made aqueous extracts of hypertroph- sectional area. We conclude that the PF and DF muscles of
ied soleus and plantaris muscles from rats 48 hours after cutting elderly subjects remain effective for daily activities despite
the tendon. These extracts, like serum, cause dose-dependent in- the loss of functional muscle mass.
creases in AIB uptake and amino acid incorporation when added to
unstretched chick myotube cultures. Similar extracts from the Supported by the Muscular Dystrophy Association of Canada.
corresponding nonhypertrophied muscles on the unoperated contralat-
eral hindlimbs of the same animals show a significantly smaller
effect when added to the cultures. The substance (or substances)
responsible for this effect, like the similarly active serum com-
ponent, is heat labile and retained by a dialysis bag. The active
factor (s) from rat hindlimbs is degraded by treatment with a-chy-
motrypsin. Its effect on AIB uptake is not additive with 10%
stretch. Like the effect of serum, its effect on AIB uptake is
sensitive to actinomycin D and ouabain, but unlike stretch it is
effective within 5 minutes of application. Further characteriza-
tion of the substance or substances responsible for these effects
are currently underway.
7.7 ELECTRICAL STIMULATION EXERCISE CONDITIONING PROTOCOL FOR PARA- 7.8 MUSCLE GAIN CHANGES INDUCED BY INTERMITTENT SUBMAXIMAL ISOMETRIC

LYZED MUSCLE. J.A. Gruner, R.M. Glaser*, S.R. Collins*, S.D.
Feinberg®. Dept. of Physiology, Wright State Univ. School of
Medicine, Dayton, OH 45435.

Electrical stimulation has been shown capable of restoring
function to paralyzed muscle in individuals where there is no
lower -motoneuron involvement. Few studies, though, have carefully
examined the relationships between various exercise parameters,
such as work load, repetition rate, and duration on the rate of
increase and final levels of strength and endurance obtained in
electrically stimulated muscle. Moreover, such studies have
rarely been concerned with developing exercise protocols which may
safely be prescribed for paraplegic individuals whose physical
condition, including cardiopulmonary fitness and skeletal integ-
rity, may vary greatly and are difficult to accurately assess.

An electrical stimulation exercise system was designed which
could be safely applied to most paraplegic individuals. The exer-
cise system consists of a platform, backboard, and ramp which the
individual is wheeled up onto. A system of weights and pulleys is
built into the platform so that when the knee is extended, a cable
attached to the subject’s ankle will raise a weight behind the
subject. Knee extension is produced by stimulating the quadriceps
muscle using 0.2 ms pulses at 30 hz delivered via surface elec-
trodes (3M). An Apple II+ computer controls the stimulus ampli-
tude via feedback so that the weight can be lifted a preset dis-
tance (for a constant work load). A typical exercise session
consists of 2 bouts of 20 leg lifts with each leg extending alter-
nately once every 30 seconds. Bouts are 10 minutes apart. The
work load for a given exercise session is adjusted according to
the individual's past achievement using the following algorithm.
If the first 20 lifts are not successfully completed, the weight
for that leg is decreased by 1.25 1bs. If both bouts are com-
pleted successfully in two successive sessions, the weight is
increased by 1.25 lbs on the next session.

Six subjects have been exercised 3 sessions per wk, starting
at 2.5 lbs. Three subjects increased in load at the maximum rate
until reaching about 15 lbs after 23 sessions (1 subject) and 23
1bs at the end of 36 sessions (2 subjects). Two other subjects
initially dropped to 1.25 lbs where they were held for 10 to 14
sessions, after which they began to steadily increase in load. In
these subjects, the rate of increase of the muscle’s work capacity
should be reflected by the rate of increase in weight lifted. Some
spasticity was often present in antagonist muscles so that the
amount of work measured externally may have underestimated the
actual work performed. Also, it was noted that some individuals
who could not voluntarily extend their knees or produce measurable
quadriceps EMG activity could "voluntarily" extend the duration of
the stimulation-induced contraction.

EXERCISE. T.M. Banas* and P.E. Crago, Department of Biomedical
Engineering, Case Western Reserve University, Cleveland, OH 44106.

Muscle fatigue, when viewed as an internal disturbance to
neuromuscular regulation, can potentially be used in the study of
stretch reflex function if the exercise does not compromise the
interpretation of the electromyogram (EMG) as a measure of motor
neuron pool output. We found that intermittent submaximal exercise
can substantially reduce muscle force generation without reducing
muscle action potential conduction velocity. This is in contrast
to sustained maximal voluntary contractions where conduction
velocity has been shown to decrease, thus limiting the reliability
of the EMG in reflex assessment.

Torque was measured at the interphalangeal joint of the thumb
of adult normal subjects during isometric contractions of the
Flexor pollicus longus (FPL). The joint was held at 10 degrees of
flexion. EMG was measured from surface electrodes over the FPL or
from intramuscular wire electrodes. Muscle gain was calculated as
the slope of the linear regression of torque on EMG . Steady state
values of torque and smoothed, rectified EMG were measured as the
average values during the last half of two second contractions at
torque values chosen randomly between three and fifteen N-Cm. The
subjects rested for five seconds between contractions. The power
spectral density of the raw EMG was calculated from ten similar
contractions at an intermediate torque level.

The torque-EMG relationship and the power spectral density were
measured before, a few minutes after, and at intervals of 30-45
minutes after a period of exercise. The exercise consisted of
30-60 isometric contractions at 15 N-Cm torque for 11 seconds,
with 10-20 seconds rest between each contraction. The slope of the
torque-EMG relationship was only slightly reduced a few minutes
after the exercise, but was reduced by 1/3 to 1/2 after 30-45
minutes. The slow decrease in gain that took place after the
exercise may have been due to a gradual decrease of an exercise
induced potentiation, but this hypothesis was not tested directly.
Typically the slope remained low for the next 30-45 minutes and
then began to increase.

The power spectral density was measured at the same EMG level
both before and after the exercise. The torque was typically 10
N-Cm before the exercise and was recalculated on the basis of the
new torque-EMG relationships after the exercise. The shape of the
spectrum was changed very little by the exercise, except for a
possible slight shift to higher frequencies. Thus it appears
unlikely that there were any changes in muscle fiber conduction
velocity accompanying the reduction in muscle gain.

Funded by NSF (PCM 79-15319) and by NIH (NS-19135).
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7.9 ELECTROPHYSIOLOGIC DIFFERENCES BETWEEN MAMMALIAN FAST AND SLOW

7.11

7.10

MYOFIBERS. J.A. Florendo,* J.F. Reger,* and P.K. Law (SPON:

R. Caldwell). Depts. of Anatomy, Neurology, and Physiology
Biophysics, Univ. of Tennessee Ctr. Hlth. Sci., Memphis, TN.
38163.

Miniature end-plate potentials (mepps) and indirectly

elicited action potentials were recorded in vivo at 37°C from
surface fibers of the fast-twitch extensor digitorum longus
(EDL) and the slow-twitch soleus (SOL) muscles of 3 to 4-month-
old Bar Harbor 129 mice.

Mepps of the EDL exhibited a significantly higher frequency,
smaller amplitude, and shorter duration than the mepps of the
SOL. Histograms demonstrated that EDL and SOL fibers had over-
lapping but skewed distributions in all three parameters.

EDL SOL
Frequency (hz) 8.79 + 4.50 2.40 + 1.36
Amplitude (mv) 0.75 ¥ 0.15 1.02 ¥ 0.21
Duration (msec) 1.29 + 0.31 2.92 + 0.89

Mean + SD from 52 EDL and 56 SOL fibers. All differences
significant at P < 0.005 by Student's t-test.

Action potentials of EDL fibers exhibited a significantly
greater amplitude and shorter duration than SOL fibers. A
single stimulus elicited several action potentials from an EDL
fiber but only one action potential from a SOL fiber. Histo-
grams demonstrated that EDL and SOL fibers had overlapping
but skewed distributions of amplitude and duration.

EDL SOL
Amplitude (mv) 96.30 + 3.55 79.75 + 8.17
Duration (msec) 0.99 + 0.06 1.28 + 0.10

Mean + SD from 86 EDL and 77 SOL fibers. All differences

significant at P < 0.005 by Student's t-test.

Fast- and slow-twitch muscle fibers can thus be identified
and distinguished on the basis of these electrophysiologic
parameters.

(Supported by MDA, NSF PCM79-21008 and USPHS RR-03166 to PKL)

OCULOMOTOR NUCLEUS INNERVATION OF THE LATERAL RECTUS MUSCLE IN
THE CAT. J.R. McClung*, S.J. Goldberg, J.S. Nelson* and

C.H. Fowlkes*. Dept. of Anat., Med. Coll. of Va.-VCU,
Richmond, VA 23298.

Most motoneuron pools are organized such that all of the
cells are localized in a specific nucleus and innervate a
single muscle. There are examples, however, in both the skeletal
and extraocular systems where unusual innervation patterns
exist. The motoneuron pool innervating the cat retractor bulbi
muscle, for example, is divided and contained in both the princi-
pal and accessory abducens nuclei and the oculomotor nucleus.
Some of the VIth Nerve retractor bulbi axons also branch and
innervate the lateral rectus muscle. Anomalous innervation of
the lateral rectus muscle by the oculomotor nerve has been
observed in human congenital abnormalities of the abducens
nucleus (Duane's Syndrome), and some IlIrd Nerve innervation of
the lateral rectus muscle has recently been suggested to occur
normally in the cat.

The present studies document that, in the cat, the motoneurons
which innervate the lateral rectus muscle are found in the
ipsilateral principal abducens nucleus in expected numbers and
are present in small numbers in the accessory abducens and
oculomotor nuclei.

The lateral rectus muscle nerve was dissected from the
muscle and the cut proximal end was sealed in plastic tubing and
exposed to a 50% solution of HRP. This carefully isolated
preparation allowed the use of TMB histochemistry for local-
ization of the retrogradely labeled motoneurons without evidence
of HRP leakage or spreading to other orbital structures. In
addition, stimulation of the abducens nucleus elicited expected
twitch contractions of 12 to 15 grams and simultaneous stimula-
tion of the oculomotor nucleus added 300 to 500 milligrams in
twitch tension. Oculomotor nucleus stimulation alone elicited
consistent responses in the lateral rectus muscle both before
and after total bilateral extirpation of the abducens nuclei.
These procedures eliminated any participation by either principal
or accessory abducens motoneurons in the response.

These findings show the lateral rectus, a primary ocular
rotatory muscle in the cat, to have a diverse innervation
derived from three brainstem nuclei and this emphasizes problems
both in defining a motoneuron pool and in understanding the
manner in which motoneurons are recruited at widely separated
sites.

(Supported by Jeffress Research Grant J-4 and USPHS Grant
EY03973).

GPI-1B AND GPI-1C AS GENOTYPE MARKERS IN NORMAL/DYSTROPHIC MYO-
BLAST TRANSPLANT STUDY OF IMMUNOCOMPATIBLE MICE. P.K. Law. De-
partments of Neurology and Physiology/Biophysics, Univ. of Tenn-
essee Ctr. Hlth. Sci., Memphis, Tennessee 38163.

We have shown that surgically transplanted mesenchymal cells
from the limb-buds of normal mouse embryos improved the structure
and function of dystrophic mouse muscles (Muscle & Nerve 5:619-
627, 1982). 1In order to study the mechanisms responsible for
such improvement, we seek immunocompatible host and donor mice
that exibit distinct genotype markers and the trait of dystrophy.
These conditions are satisfied with mice of C57BL/6 +/+ gpi-1¢/€

strain écourtesglof Dr. A. C. Peterson, Montreal) and C57BL/6
d ZJ/d J gpi-1 b strain (Bar Harbor). The survival and develop-

ment of donor myoblasts in host muscles will be analyzed with
electrophoresis of muscle isozymes of GPI. We report here a re-
liable and convenient GPI electrophoresis method using 1% agarose
gel films (Corning 470100).

The mouse soleus, weighing about 7 mg, was thoroughly homogen-
ized in 0.12 ml of ice-chilled double-distilled water. The sam~
ple was centrifuged at 600g for 10 min. and then at 1300g for 10
min. at room temperature. 0.5 pl of the supernatant was applied to
each well of the agarose film. Electrophoresis was conducted at
pH 8.6 in a LKB 2117 Multiphor, anode to cathode, for 3.5 hours at
5 mA per channel or 2.5 V/cm field strength. The gel bed was
cooled by running water at 4°C. The staining solution used was
specific for GPI. It was modified from Eicher and Washburn (Proc.
Natl. Acad. Sci. USA 75:946-950, 1978), and consisted of 8 ml of
0.2 M Tris-HC1, pH 8.0; 20 pl of G6PD (0.3 IU/ul); 0.4 ml of Mg
acetate (53.6 mg/ml); 0.6 ml of fructose-6-phosphate (100 mg/ml);
0.4 ml of phenazine methosulfate (2.5 mg/ml); 0.4 ml of MTT tetra-
zolium (10 mg/ml); 0.4 ml. of NADP (10 mg/ml). Staining time was
4 min. at 37°C. Densitometric tracings of the gel bands were ana-
lyzed and the gels photographed.

Donor muscles exhibit GPI-1C and host muscles exhibit GPI-1B.

The test muscle receiving myoblast transplant may exhibit a
variety of electrophoretic patterns which can be interpreted as
follows: (1) GPI-1B, GPI-1C. A mosaic muscle with donor and host
cells. Mosaic fibers are not present. (2) GPI-1B, GPI-1C, GPI-
1BC. A mosaic muscle with host fibers, donor fibers and mosaic
fibers. (3) GPI-1C, GPI-1BC. A mosaic muscle with donor fibers
and mosaic fibers. Host fibers have degenerated. (4) GPI-1B,
GPI-1BC. A mosaic muscle with host fibers and mosaic fibers.

(5) GPI-1BC. A mosaic muscle with only mosaic fibers. (6) GPI-1C.
Host cells are replaced by donor cells. Fusion between donor

and host cells does not occur. (7) GPI-1B. Donor cells do not
survive in the host muscle. (Supported by MDA)
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TWO CLASSES OF GABAERGIC NEURONS REPRESENT THE MAJORITY OF NEO-
STRIATAL NEURONS IN THE RAT. W.H.Oertel and E.Mugnaini.
Neurological Clinic,Technical University,Munich,FRG and Department
of Biobehavioral Sciences,U.Conn.,Storrs,CT 06268,USA.

The rat neostriatum contains evenly distributed medium size neu-
rons with scattered large neurons inbetween in a ratio of appro-
ximately 50:1.Retrograde transport studies have demonstrated that
the majority of the medium size neurons project to the globus pal-
lidus, the entopeduncular nucleus and supstantia nigra pars reti-
culata.Physiological,biochemical and cytochemical reports indicate
that the neostriatal neurons include GABAergic,cholinergic and
peptidergic cell populations.In the present study on the rat neo-
striatum we have reinvestigated the immunocytochemical localiza-
tion of glutamic acid decarboxylase (GAD) ,the enzyme which synthe-
sizes GABA,with a sheep antiserum to rat brain GAD.

Untreated rats and rats that had received a stereotaxic injec-
tion of colchicine(10-20ug) into the neostriatum 12-50 hr prior to
sacrifice were used.The animals were perfused with a zinc-formalde-
hyde fixative.Floating brain sections were processed for GAD-like
immunocytochemistry with the PAP method of Sternberger.

The neostriatum of untreated rats contained scattered distinct-
ly GAD-immunoreactive pleomorphic medium size to large neurons.The
majority of medium size neurons were not immunoreactive.After col-
chicine injection,however,the majority of medium size neurons
throughout the neostriatum exhibited distinct GAD-immunoreactivity.
Thus,the rodent neostriatum contains two classes of GABAergic neu-

rons: a minor cell class which can be demonstrated immunocytochemi -

cally with the employed GAD-antiserum in untreated animals,and a

major cell class that is stained only following topic injection of
colchicine.Cells belonging to the first category vary considerably

in shape and size,whereas cells of the second category are more
homogenous and appear to correspond to the principal neostriatal
nerve cell, commonly referred to as medium size neurons.

Previous investigations have indicated that neostriato-pallidal

and neostriato-nigral terminals are numerous and,at least to a

large extent,use GABA as their transmitter.Such GABAergic neostri-

atal projections may originate from the major population of GAD-
positive neurons.Apparently,only by blocking axoplasmic transport
with colchicine, the concentration of GAD in these nerve cell
bodies reaches levels detectable by our technique.The minor popu-~

lation of GAD-positive neurons stainable without colchicine treat-

ment may have particular functional and anatomical features.

The data indicate that two categories of GABAergic neurons re-
present the majority of rat neostriatal neurons. Localization of
neurons synthesizing acetylcholine or neuropeptides and their
relation to GABARergic neurons is presently under investigation.

Supported by DFG Oe 95/2-1(WHO) and US-PHS 09904 (EM).

DEPLETION OF STRIATAL SOMATOSTATIN BY LOCAL CYSTEAMINE INJECTION.
M. F. Beal and J.B. Martin, Department of Neurology, Harvard
Medical School, Boston, MA 02114,

The presence of somatostatin in the striatum is of particular
interest since alterations in concentrations of this peptide have
been found in degenerative neurologic illnesses. It has been
recently demonstrated that sytemic cysteamine results in
reduction of somatostatin-like immunoreactivity (SLI) in rat
brain including the striatum. In the present study we examined
the effects of local cysteamine injections in the rat striatum.
Injections were made in a volume of 1.0 or 2.0 ul at the
coordinates 8.4 mm anterior, 2.7 mm lateral and 4.5 mm ventral to
the dural surface. Animals were subsequently decapitated and the
brains sectioned at 2 mm intervals with dissection of the
striatum, cortex and hippocampus. SLI was measured by radio-
immunoassay. In an initial experiment 7.5 Mg, 15.0 ug, 30.0 ug,
50.0 g and 100.0 yg of cysteamine were injected into 6 animals
in each group and 30 ug of ethanolamine was injected into
controls. Animals were sacrificed at 2 hours. A dose response
was demonstrated with a maximal depletion of approximately 50% of
the total striatal SLI seen at the 30 ug and higher doses. The
cortex and hippocampus were unaffected. A time course experiment
was done using a dose of 30 ug of cysteamine in 1 ul and 30 ug of
ethanolamine in controls. A significant depletion of striatal
SLI to approximately 50% of controls (1.09 + .06 to .57 + .03
ng/mg protein at 1 hour) was found at the time intervals 1,3,6,24
and 72 hours. In addition at the 3rd hour and at subsequent time
intervals there was an approximately 20% depletion of SLI in the
contralateral striatum. Initial results showed a decrease in
striatal dopamine turnover. Histologic examination of the two
highest doses of cysteamine (50 and 100 Ug) using Nissl stained
serial sections showed that glial scarring was localized to the
needle tract and directly adjacent neurons appeared normal.

These studies show that local injections of cysteamine result in
depletion of SLI and may be useful in studying the interactions
of somatostatin with other known striatal neurotransmitters.

8.2 IMMUNOHISTOCHEMICAL LOCALIZATIOK OF LEU-ENKEPHALIN AND GLUTA-

8.4

MIC-ACID-DECARBOXYLASE IN THE NUCLEUS CAUDATUS OF THE RAT.
M. Morelli, . Del Fiacco*, J.-Y. Wu and G. Di Chiara. Insti-
tutes of Exp.Pharmacology and Toxicology, and Aratomy, Univer-
sity of Cagliari, Italy. Baylor College of Medicine, Houston
U.5.A.

CABA-ergic and Inkephalinergic neurons have been described
as projecting from the nucleus caudatus to the substantia ni-
Lra of the rat. These neurons are considered to play u very im—

portant role in modulating striatal motor responses such as ca-
talepsy, turning behaviour and stereotypy. In order te study

the precise localization of these neurons we applied the immu-
nocytochemical technique to consecutive (8,um) sections of the
nucleus caudatus of the rat.

le rats were injected with 30
sz of Colchicine in the caudal part of the caudate head in or-
der to block the axonal flow. The dilution of the specific Leu-
-Erkephalin (L-Erk) ard GAD (glutamic-acid-decarboxylase) anti-
bodies was 1:600 and incubation was carried out at 4°C over-
night. The sections were processed using the PAP immunore-
action technique. Several sections incubated with ron immuni-
zed rabbit serum showed no reaction products. In the normal
caudate nucleus, a dense network of GAD and L-Enk immunoreacti-

ve fibers could be observed throughout the entire area. In
these animals immunoreactivity in neuronal perikarya was not
observed. Irn the caudate nucleus injected with Colchicine,

Znk and GAD contairning perikarya could be demonstrated
throughout the entire extent of the nucleus. L-Enk Iimmunoreac—
tive cells were clustered in the ventral and lateral part of
the posterior half of the head of the nucleus caudatus, while
ouly few positive cells were found in the medial and dorsal
part of it. In the body of the rucleus caudatus L-Enk contai-
perikarya were concentrated in

nin its ventralmost part. GAD

immunoreactive cells in the nucleus caudatus were more evenly
Gistributed. The major concentration of CAD positive somata
found in the external part of the caudatus, both dorsally
and ventrally; only relatively few somata were stained in the
medial part of the nucleus. Thus the toposraphy of Leu-Enkepha-

w

lirer,ic somata ir the nucleus caudatus is in part superimposa-
ble to that of GAD positive somata. Both GAD and L-Enk positi-
ve somata were of medium size. The possibility thut GABA and
L-Enk coexist in striatal n2urons will be discussed.

THE RELATION OF STRIOSOMES IN THE CAUDATE NUCLEUS OF THE CAT TO
THE ORGANIZATION OF EARLY-DEVELOPING DOPAMINERGIC FIBERS, GAD-
POSITIVE NEUROPIL, AND CAT-POSITIVE NEURONS. A.M. Graybiel,
M.-F. Chesselet, J.-Y. Wu, F. Eckenstein, and T.E. Joh, Dept. of
Psychol. and Brain Sci., Mass.Inst.Tech., Cambridge, MA 02139

In the caudate nucleus of the_cat, histochemically distinct
tissue compartments called striosomes have been identified in
cross sections as 0.3-0.5mm-wide regions in which the neuropil is
low in acetylcholinesterase (AChE) activity and high in met-
enkephalin-like immunoreactivity. These zones, in turn, have been
correlated in serial-section analyses with patches or gaps in cor-
tical and thalamic afferent-fiber distributions, with zones of
weak efferent-cell labeling and with clusters of 3H-thymidine (38~
thy) labeled cells in cats exposed to the 3H—thy as E23-E30 fetus-
es. We report here immunohistochemical experiments designed to de-
termine the relation of this macroscopic ordering to the distribu-
tions of three key neurotransmitter systems in the striatum: the
cholinergic, as marked by antibodies to choline acetyltransferase
(CAT); the GABAergic, as marked by antibodies to glutamic acid de-
carboxylase (GAD); and the early forming "islandic" dopaminergic,
as marked by antibodies to tyrosine hydroxylase (TOH).

For the TOH experiments, we studied late fetal and neonatal
kittens, in which early forming dopaminergic fibers form discrete
patches visible in TOH preparations. We pre-exposed the animals at
E25-E27 to 3H- -thy and used autoradiography to identify the strio-
somes as clusters of 3H-thy-labeled neurons. Serial-section com-
parisons showed that these 3H—thy clusters (the striosomes) were in
register with the TOH patches (the dopamine "islands").

For the GAD experiments, serial sections through the caudate
nucleus of adult cats were processed alternately for AChE and for
GAD-like immunoreactivity by Sternberger's PAP method. GAD-positive
cell bodies were rarely seen but the striatal neuropil was GAD-
positive and there were patches of very intense GAD-like immunore-
activity. These GAD-positive patches were strictly aligned with
(and often somewhat smaller than) the AChE-poor striosomes.

For the CAT experiments, we visualized both the AChE-poor strio-
somes and AChE-positive cell bodies by using adult cats pretreated
with DFP. With a serial immunofluorescence (FITC)-AChE method, we
found virtually every CAT-positive neuron in the caudate nucleus
to be AChE-positive. We plotted 1892 of these neurons (mean surface
areas: 300- 320pm and 420~ 440pm ) and found that 1486 (78.5%) lay
outside the striosomes, 282 (14.9%) alongside them and 124 (6.6%)
inside them. The striosomes comprised 14.3% of the& area charted.

These findings demonstrate that the striosomes correspond to the
islandic dopamine system and contain GAD-positive neuropil. A cor-
respondence with cholinergic cell-body distributions seems unlikely
unless the striosomal borders are rich in these cells.Funded by the
Wills Foundation and Fogarty Fellowship No. 1505TW03204-01 to MFC.
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THE DISTRIBUTION OF MUSCARINIC BINDING SITES IN THE FELINE STRIA-
TUM AND ITS RELATIONSHIP TO OTHER HISTOCHEMICAL STAINING PATTERNS.
M.A. Nastuk and A.M. Graybiel. Dept. of Psychology and Brain Sci.,
Mass. Institute of Technology, Cambridge, MA 02139

The distribution of muscarinic binding sites in the feline stri-
atum was examined by applying the autoradiographic method of
Rotter et al. '79 to tissue from 9 fetuses (estimated E45-ES9), 14
kittens (5 hr-5 wk) and 1 adult cat. The ligand used was [3H])-
propylbenzilylcholine mustard (PrBCM), a specific irreversible
muscarinic antagonist. Adjacent sections were stained for acetyl-
cholinesterase (AChE) or Nissl substance, or processed by de la
Torre's glyoxylic acid method for catecholamine (CA) fluorescence.
Atropine controls for each case were negative.

The PrBCM autoradiograms show patchy non-uniform patterns of
binding in fetuses and kittens. Typical late fetal binding dis-
tributions include ca. 200-300pm wide zones of high binding den-
sity (heavy labeling) as well as zones of low binding density
(sparse labeling) at all levels of the cauc.te nucleus (CN) and
putamen. There are also inhomogeneities in the nucleus accumbens.
In the CN there is a mediolateral density gradient in the back-
ground matrix with more binding laterally than medially. The
patches are also much more prominent laterally. Postnatal animals
show a different characteristic binding pattern, though ventrally
in the CN the prenatal pattern can persist for at least 5 weeks.
Dorsolaterally the binding becomes nearly uniform except for small
patches that are partly or totally surrounded by unlabeled cap-
sules. The grain density within these patches is not much greater
than that of the background matrix. In the adult, PrBCM binding is
dense throughout the striatum and shows no mediolateral gradient.
The binding is not fully homogeneous, however, because there
occasionally are patches of labeling in the CN that are denser
than the background.

In the fetuses and kittens there are striking correspondences
between the PrBCM patch-patterns and those visible in serially ad-
joining AChE, CA fluorescence, and Nissl sections. AChE-rich, CA-
rich patches (the "dopamine islands") are aligned with patches of
dense PrBCM binding, and zones of low AChE and low CA fluorescence
are aligned with zones of weak PrBCM binding. By contrast, the
PrBCM and Nissl patterns are complementary, with PrBCM-dense
patches matching cell-sparse zones, and PrBCM-weak zones matching
cell-rich zones. In the adult cat, each of the rare PrBCM-dense
patches was found to be in register with an AChE-poor striosome.

We conclude (a) that regions of high muscarinic receptor density
develop in relation to zones containing early forming dopamine
fibers, and (b) that this physical correspondence likely has a
functional corollary.

(Supported by the Wills Foundation, NIH 2732 GM07484-06 and
NASA NAG2-124).

MULTIPLE PATTERNS OF CORTICOSTRIATAL PROJECTIONS AND THEIR RE-
LATIONSHIP TO OPIATE RECEPTOR PATCHES IN RATS J.P. Donoghue and
M. Herkenham Laboratory of Neurophysiology, NIMH, Bethesda, MD
20205

Although the general arrangement of corticostriatal projections
is known in the rat, the precise projection pattern from major
cortical fields and their relationship to other features of stri-
atal organization have not been clearly established. We have
examined corticostriatal projections from: (i) primary motor
cortex (MI), (ii) primary somatic sensory cortex (SI), (iii)
visual cortex, and (iv) the prelimbic cortex plus adjacent
cortical fields (medial frontal cortex) using axonally trans-
ported [3H]aminc acids or lectin-peroxidase conjugates. In some
cases mu opiate receptors were marked in adjacent sections
with [3H]naloxone or [1251]DAG0—enkephalin to compare the loca-
tion of corticostriatal projections with opiate receptor-rich
patches.

Striatal projections from these four cortical regions differ
from each other with respect to both terminal location and pat-
tern. (i) MI corticostriatal fibers are distributed bilaterally
and nearly uniformly in the lateral one-third of the striatum.
These projections overlap both opiate receptor dense and sparse
regions. (ii) SI projections are mainly ipsilateral and form
patches that generally lie posterior to the MI projection zone,
but may overlap in some regions. The patches of SI projections
may abut, but do not overlap opiate receptor patches. (iii)
Visual cortical projections are distributed ipsilaterally in a
continuous band between the dorsal edge of the striatum and an
inner, discontinuous strip of opiate patches. (iv) Medial frontal
projections are distributed bilaterally over a large portion of
the rostral striatum and form distinct patches that coincide
with the opiate receptor patches. In the nucleus accumbens the
patches also overlie cell clusters visible in Nissl-stained
sections.

Thus, visual and somatic sensory areas of cortex project to
striatal regions that are low in opiate receptors. In contrast,
medial frontal cortex projects into receptor-dense regions, and
motor cortex has a broad projection that overlaps both regions.
These data suggest that certain cortical inputs to the striatum
are rigidly segregated from each other and are functionally
related to other aspects of striatal compartmentalization, such
that shown by the opiate receptor patches. The data also suggest
that dopamine may act indirectly on the opiate receptor-rich
regions of the striatum through the prelimbic cortex because
this area is the main cortical target of brainstem dopaminergic
fibers.

8.6 BUTYRYLCHOLINESTERASE IN THE DORSAL AND VENTRAL STRIATUM: OBSER-
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VATIONS ON HISTOCHEMICAL DISTRIBUTIONS IN ADULT, FETAL AND
NEONATAL CATS. C.W. Ragsdale, Jr. and A.M. Graybiel, Dept. of
Psychol. & Brain Science, Mass. Inst. Tech., Cambridge, MA 02139

The striatum of the adult cat contains both acetylcholinester-—
ase (AChE) and butyrylcholinesterase (BuChE) activity demonstrable
by thiocholinesterase histochemistry. AChE activity in the caudate
nucleus (CN) is characterized by 0.3-0.6mm wide enzyme-poor strio-
somes. Prolonged incubation of striatal tissue in BuChE solutions
(with AChE inhibition) also results in patterned staining of
striatal neuropil and staining of fiber bundles. In 5 of 6 cats
studied, BuChE-positive areas in the CN largely fell outside of
the AChE-poor striosomes, as though avoiding them, and there were
sometimes BuChE rims around the striosomes. In a sixth cat, there
were BuChE-rich patches which were found to coincide with the
striosomes. In all animals there was a progressive decrease in
BuChE staining from dorsal to ventral in the CN, but much of the
ventral striatum had high levels of BuChE. In particular, a broad
curved band of high BuChE activity extended ventrally from the
medial n. accumbens and stretched over the olfactory tubercle to
the ventral putamen. This band contained complexly arranged
enzyme-poor and enzyme-rich zones which often coincided with, but
were more prominent than, inhomogeneities seen in AChE staining.
Striking lOO-ZOOPm wide BuChE-pale patches were distributed in an
arc running through this BuChE-rich region. In the olfactory
tubercle there were wedges of very dense BuChE activity (ca. 200pm
across) which reached the surface of the brain and formed anterior-
posterior strips in flattened tangentially sectioned material.
These enzyme-rich zones lay in the hollows of, and at least partly
overlapped, the cell-dense islands of Calleja. Traced serially,
they seemed to merge with the ventral pallidum.

In the fetal material (E34-E61) there was a striking arrange-
ment of BuChE activity in the ganglionic eminence (GE). Save for
a dorsal BuChE-negative part, the GE had layers of staining
parallel to the ventricular surface, large regions of heavy stain-
ing, and stained radial strands running from the ventricular face
to the CN. This staining underwent reorganization and reduction
during gestation. In the CN, BuChE-positive patches were visible
at least by E43, replacing a previously more homogeneous distribu-
tion and remaining prominent in the perinatal period. These BuChE
patches were aligned with the AChE-positive patches visible in the
same brains, and also with circumscribed patches of cytochrome
oxidase observed in a newborn kitten. In this neonate, the cyto-
chrome oxidase patches were crisper and less interconnected than
either the BuChE or the AChE patches. Finally, there were corres-
pondences between all three sets of enzyme patches and patterns
in adjoining Nissl sections.

Supported by the Wills Foundation and NIH EY02866-05.

PEPTIDE IMMUNOHISTOCHEMISTRY AND ACETYLCHOLINESTERASE STAINING
DEFINE NUCLEAR BOUNDARIES OF, THEIRAT AND HUMAN BASAL FOREBRAIN.
S.N. Haber and W.J.H. Nauta ilman Research Center, McLean

Hospital, Belmont, MA 02178, and “Dept. of Psychology and Brain
Science, Mass. Inst. of Technology, Cambridge, MA 02139.

Recently, we have shown that enkephalin-like immunoreactivity
(ELI), Substance P-like immunoreactivity (SPLI), and dynorphin-
like immunoreactivity (DLI) appear in striatal efferent fibers
projecting to the globus pallidus in a unique pattern called woolly
fibers. These fibers have been shown in the rat and in human to
extend the assumed boundaries of the pallidum to include: a massive
ventral pallidum extending into the olfactory tubercle, regions of
the amygdaloid complex, and parts of the bed nucleus of the stria
terminalis (BNST). Acetylcholinesterase (ACHE) staining of both
fibers and cell bodies, frequently used as a marker for the basal
nucleus of Meynert, is also found in these regions. The purpose of
this study was to describe the differential distribution of
peptide immunoreactivity and ACHE staining on adjacent sections in
both the rat and human basal forebrain area in an attempt to define
the nuclear boundaries of this region.

After fixation, tissue was sectioned serially at 50 micra and
processed for Met-enkephalin, Substance P (antibodies donated by
Drs. Robert Elde and Ray Ho, respectively), dynorphin (antibodies
donated by Dr. S.J. Watson), and ACHE. Peptide immunohisto-
chemistry employed the PAP technique, and ACHE staining the
Jensen-Blackstad technique. Some animals were treated with DFP to
accentuate the ACHE-cell visibility, and then processed for both
peptide and ACHE staining. Additional sections served as
absorbtion controls or were stained with cresylviolet.

ACHE fiber staining does not take the unique form of woolly
fibers and therefore can easily be distinguished from peptide-
positive intrapallidal fibers. The results sharply contrast the
distribution of ACHE-positive and woolly fibers. Both occupy
large regions of the basal forebrain, but they overlap very little,
and appear to avoid each other. While dense concentrations of
ACHE-positive cell bodies also appear outside the boundaries of
woolly fibers, scattered ACHE cell bodies do invade peptide-rich
areas, particularly in the ventral pallidal - olfactory tubercle
region. These cell bodies appear to constitute a group separate
from the more densely packed ACHE-positive cells in woolly fiber-
free regions. It is possible that the scattered ACHE-positive
cells located within the peptide-rich areas, and thus lying in the
path of striatal efferents, have a circuitry different from the
densely packed ACHE-positive cells in peptide-poor regions of the
basal forebrain. Supported by the Scottish Rite Foundation and NIH
grant NS19170-01.
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SUBDIVISTIONS OF THE PALLIDUM AND THE SUBSTANTIA NIGRA DEMONSTRATED
BY IMMUNOHISTOCHEMISTRY. M.-F. Chesselet and A.M. Graybiel, Dept.
of Psychol. and Brain Sci., Mass. Inst. Tech., Cambridge,MA 02139

Using the Sternberger _PAP method to characterize immunohisto-
chemical patterns in the pallidum and the substantia nigra (SN),we
have plotted the distribution of fibers containing somatostatin-
like (SOM), substance P-like (SP), and enkephalin-like (ENK) immu-
noreactivity (antisera from R. Elde); dynorphin-like immuno-
reactivity (DYN) (antiserum from S.Watson); and glutamic acid
decarboxylase immunoreactivity (GAD) (antiserum from J. Wu).

In the SN, there are discrete SOM-positive zones in rat, cat
and monkey. In rat, SOM fibers lie in the pars compacta (defined
by numerous tvrosine-hydroxylase imaunoreactive cell bodies,TH-CB,
detected with an antiserum from T. Joh), but in monkey, SOM fibers
are mainly concentrated in a characteristic network in the pars
lateralis. A similar distribution was found in the cat and so,
other neurochemical markers in the pars latr-~ralis were studied in
this species. At rostral levels, the pars lateralis is separated
from the pars compacta and reticulata by a fiber bundle and con-
tains ENK, GAD, SP as well as SOM fibers but no TH-CB. It is heavi-
1y stained in butyrylcholinesterase (BuChE) sections and thus is
distinct from the pars reticulata which contains no SOM, little
ENK and BuChE,*but dense DYN as well as GAD and SP fibers. Caudal-
ly, SOM fibers remain confined to the pars lateralis which con-
tains TH-CB and dense DYN, CAD and SP fibers. To determine the ori-
gin of SOM fibers in the cat SN, we combined fluorescence immuno-
histochemistry and fast blue(FB) retrograde tracing after FB injec-
tions in SN. No neurons containing both FB and SOM were found in
the caudate-putamen, amygdala, raphe or caudal midbrain tegmentum.
However, doubly labeled cells appeared ventrally in the subthalam-
ic region. Though en passage uptake of FB must be considered,
these cells could constitute a source of SOM afferents to the SN.

Heterogenous peptide distribution have also been found in the
pallidum and studied in detail in the cat. Rostrally, the globus
pallidus (GP) contains dense ENK and GAD and moderate DYN, but SP
fibers are present only in its external rim. Caudally, the GP con-
tains SP and SOM fibers (and cells heavily stained for acetylcho-
loinesterase) in addition to ENK, GAD and DYN. In the entopedun-
cular nucleus (EN), GAD, DYM and SP fibers are dense throughout,
whereas ENK is weaker and mainly confined to a curved lateral part
including the rostral and caudal poles.Nov SOM fibers but a few SOM
neurons were also present.

These results demonstrate neurochemical compartments within the
EN, GP (rostral and caudal) and SN (the pars lateralis beeing one).
This suggests that fiber projections arising from these intranucle-
ar subdivisions are influenced by different neurotransmitters.

We thank Drs Elde,Watson,Wu and Joh for antisera. Funded by the
Wills Foundation and a Forgarty Fellowship No.IF05TW03204-01 to MC

NON-TOPOGRAPHIC ORDER IN THE BASAL GANGLIA: EVIDENCE
FOR A SECOND LEVEL OF ORGANIZATION SUPERIMPOSED UPON
THE TOPOGRAPHICALLY ORDERED STRIATO-NIGRAL PROJECTION
SYSTEM. C.R. Gerfen, The Salk Institute, La Jolla, CA 92037.

It is commonly believed that the topographic relationships that
characterize cortical afferents to the striatum are maintained in the
efferent projections of the striatum to the pallidum and substantia nigra.
However, Yetterian and Van Hoesen (Brain Res., 139:43-63, 1978) have
proposed that a second order organization may be seen in cortico-striatal
projections. Thus, in addition to projecting heavily to a restricted
topographically related portion of the caudate nucleus, a given cortical
area also projects secondarily to regions within the rostral part of the
caudate that also receive inputs from cortical areas with which it is
reciprocally linked via associational connections. Evidence is presented
in the present study to suggest that a similar kind of organization exists
in the projection of the striatum onto the substantia nigra in the rat.

Discrete, nonoverlapping injections of the fluorescent retrograde
tracers diamidino yellow (DY) and fast blue (FB) were placed into the
medial or lateral parts of the pars reticulata of the substantia nigra
(SNr) in the same animal. A large number of DY labeled striatal neurons
was found in the medial part of the striatum, as is to be expected from
the known topography of the striato-nigral projection. However, within
the same region there were distinct areas which were devoid of DY
labeled neurons but contained instead many FB labeled neurons.
Conversely, within the lateral portion of the striatum clusters of DY
labeled neurons were interspersed in a dense matrix of FB labeled
neurons. Clusters of striatal neurons giving rise to non-topographic
projections were distributed across the mediolateral and dorsoventral
extent of the striatum such that there were no obvious discontinuities in
the distribution of striatal neurons projecting to the SN as a whole. The
numbers of striatal neurons projecting to non-topographically related
regions of the SN was substantial, though clearly less than those
projecting topographically. Interestingly, less than 10% of the striatal
neurons that projected non-topographically were labeled with both dyes.

lontophoretic injections of the anterogradely transported lectin
PHA-L into various parts of the caudate-putamen (using the method
detailed elsewhere - Soc. Neurosci. Abstr., 8:786, 1982) gave rise to
labeled fibers with terminal-like swellings within the SNr that were
concentrated in the topographically related zone of the SNr. For
example medial striatal injections labeled terminals in the medial SNr.
In addition, foci of labeled fibers and terminals were seen in non-
topographically related parts of the SNr, and in many cases, areas devoid
of terminal labeling separated the primary and secondary terminal zones.
These results, indicate that the projection of the striatum upon the SNr
is only partly topographically organized, and that there is a second level
of organization superimposed upon the topographic striato-nigral system.

8.10
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DIFFERENTIAL PROJECTIONS FROM ACHE-POSITIVE AND ACHE-NEGATIVE
VENTRAL-PALLIDUM CELLS IN THE RAT. E.A. Grove,* S.N. Haber, V.B.
Domesick and W.J.H. Nauta. Dept. of Psychology and Brain Science,
Mass. Inst. of Technology, Cambridge, MA 02139 and Mailman
Research Center, McLean Hospital, Belmont, MA 02178.

The term ventral pallidum (VP) originally denoted a dorsal part
of the subcommissural forebrain region called substantia innomi-
nata, but later was expanded to include many of the large neurons
of the olfactory tubercle (Heimer, L. in: Limbic Mechanisms,1978).
The identification of this complex region as an extension of the
globus pallidus (external segment) is based not only on cyto-
morphological likeness but also on histochemical similarities with
the main body of the globus pallidus (dorsal pallidum, DP), e.g.:
1. high iron content, and 2. the dense plexus of enkephalin-
positive striatal efferents pervading VP and DP alike. VP is, how
ever, distinguished from DP by a second, substance P-positive
striatal-fiber plexus that densely fills VP but abruptly dwindles
at the VP-DP junction (Haber and Nauta, Soc. Neurosci. Abst. 7).
Anterograde evidence indicates that VP receives its striatal inner-
vation from a large antero-ventromedial striatal sector that in-
cludes the nucleus accumbens and is in turn innervated by several
fiber systems originating from within limbic circuitry. Further
autoradiographic findings suggest that VP, unlike DP, projects not
only to the subthalamic nucleus but also to the nuclei basalis
lateralis amygdalae (ABL), medialis dorsalis thalami (MD), and lat-
eralis habenulae (HL) (Haber et al., Soc. Neurosci. Abst. 8).

The interpretation of VP efferents is complicated by the fact
that VP contains among its majority of AChe-negative neurons
scattered AChe-positive cells that could be non-pallidal elements
of the AChe-positive basal magnocellular complex. To determine
from which of the two cell types the various VP projections origi-
nate, experiments with the combined HRP-AChe procedure of Mesulzm
were undertaken. Preliminary experiments had shown cell labelling
in VP by HRP placed in medial cerebral cortex (CC), ABL, MD, HL,
ventral tegmental area (VTA) or dorsomedial midbrain tegmentum.
Combination of the TMB procedure with the Jensen-Blackstad stain
for AChe revealed that nearly all VP neurons labelled from either
CC or ABL were AChe-positive, those labelled from MD, HL or VTA
almost all AChe-negative. Findings concerning the apparent VP
projection to (or through) the dorsomedial tegmentum thus far
have been inconclusive.

These observations indicate that the two categories of VP cells
have largely different projection targets. Further studies are in
progress to determine whether both categories should be classified
as sub-types of pallidal neurons, or as fundamentally different
cell types.

Supported by the Scottish Rite Program for Schizophrenia
Research, USPHS grant 5 POl MH 31154, and NSF grant BNS80-07905.

MOTOR RESPONSES TO MICROSTIMULATION OF THE PUTAMEN IN THE AWAKE
MONKEY. G.E. Alexander and M.R. Delong, Johns Hopkins Univ. Sch.
of Med., Dept. of Neurology, Baltimore, Maryland 21205.

Microstimulation of the motor cortex has contributed impor-
tantly to our understanding of how this region influences the
somatic musculature. This technique was therefore applied to the
putamen, which receives a strong, topographically organized pro-
jection from motor cortex.

Three rhesus monkeys were trained to permit repeated examina-
tion of somatic musculature, joints, and skin surfaces. Neuronal
activity was sampled at 250-500 um intervals and studied in rela-
tion to both the animals' active movements and the responses to
passive manipulation of body parts. Once the response properties
of each neuron had been characterized, microstimulation was
delivered to the recording site through the microelectrode, and
the threshold for evoking movements was determined. Currents
were restricted to a maximum of 40 uamps (300 usec pulses, 400
pps, 100 msec trains). For comparison, microstimulation was also
carried out in the motor cortex and in the capsular portion of
the corticospinal tract.

A total of 814 neurons and corresponding microstimulation
sites in the putamen were examined in 63 tracks from 4 hemi-
spheres. The functional characterization of the neurons con-
firmed the somatotopic organization of the putamen described
recently. Effective microstimulation sites also were grouped
somatotopically with respect to the anatomic distributions of the
evoked movements. Discrete movements of the contralateral arm,
leg and orofacial structures were observed. Close correspondence
between neuronal response properties and microstimulation effects
was evident. Thresholds of effective microstimulation in the
putamen were as low as 10 uamps, but the majority were in the
range 15-25 uamps, while most values obtained in motor cortex
were within the range 5-15 uamps. Chronaxie measurements within
the putamen and motor cortex were in the range 250-350 usec, com-
pared to a range of 125-225 usec for the capsular corticospinal
fibers.

These results indicate that microstimulation of the putamen in
the awake monkey produces motor responses comparable to those
elicited from the motor cortex. We cannot dismiss the possibil-
ity that the responses arise from activation of motor cortex by
antidromic conduction along corticostriatal axons. This possi-
bility is diminished, however, not only by the results of the
chronaxie measurements, but also by the observation that micros—
timulation of the corticostriatal fibers at the external border
of the putamen did not elicit motor responses. Based on the
available evidence it would appear that activation of output neu-
rons of the putamen may result in discrete movements.
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HETEROGENEITY IN SECRETORY RESPONSE TO GnRH WITHIN THE RAT
PITUITARY GONADOTROPE POPULATION: QUANTITATIVE ANALYSIS AT THE
SINGLE CELL LEVEL. P.F. Smith* and J.D. Neill*. Department of
Physiology & Biophysics, University of Alabama in Birmingham,
Birmingham, AL 35294 (SPON:E. Geisert)

Heterogeneity in the amount of hormone secreted by
pituitary cells of the same class in response to hypothalamic
hormones has been reported, but its extent and functional
significance remain unexplored. The recent development of a
reverse hemolytic plaque assay (Neill and Frawley,
Endocrinology 112:1135, 1983) has permitted us to analyze this
heterogeneity at a single cell level. In the plaque assay,
cells are cultured in the presence of protein A-coupled RBC,
hormone antiserum, and complement, producing a =zone of
hemolysis (a plaque) surrounding individual hormone-secreting
cells. 1In the present study, we have shown that the extent of
hemolysis (size of the plaque in um?) is linearly related to
the amount of hormone (expressed as pg) se ceted by a cell.

Pituitary glands from adult female Holtzmann rats killed on
the morning of proestrus or diestrus 1 were mono-dispersed
with trypsin. The cells were incubated in Petri dishes for
measurement of LH secretion by radioimmunoassay
(NIADDK-rLH-RPI) or in Cunningham slide chambers for
measurement of the fraction of cells forming plaques and the
size of plaques formed. A wide range of secretory responses
(>50 fold) was obtained by incubating 10 different batches of
cells from the same dispersion in the presence of GnRH (0-100
M) for varying lengths of time. For each batch, we derived
mean plaque size vs. mean amount of hormone secreted per
plaque-forming cell, and constructed a standard curve relating
um? of plaque area to pg of hormone secreted. Variations in
secretory response among gonadotropes within a given treatment
group was determined by measuring individual plaque areas and
reading each from the standard curve as pg of hormone. Among
pituitary gonadotropes derived from proestrus rats exposed to a
maximally effective dose of GoRH (100 nM), the mean LH
release/cell was 450 pg with a range of 10-2000 pg. Mean LH
release by GnRH-treated (100 nM) cells from diestrus rats was
200 pg of LH per plaque-forming cell with a range of 2-2500 pg;
however approximately half of the gonadotropes (as detected by
PAP-ICC for LH) did not release detectable (<2 pg) amounts of
hormone.

These results reveal surprisingly large differences (~1000
fold) in secretory activity among cells of one type from the
same organ. Investigations of the morphologic and melecular
basis of these differences will be required to understand
regulation of the secretory process.

TRH AND EXPERIMENTAL SPINAL INJURY: EFFECTS OF TREATMENT DOSE
AND TREATMENT TIME, A. I. Faden and T. P. Jacobs*. Neurobiology
Research Unit, Uniformed Services University of the Health
Sciences, Bethesda, MD 20814,

We have previously demonstrated that early treatment post-
trauma with thyrotropin-releasing hormone (TRH) significantly
improves neurological recovery following experimental spinal
injury in the cat (N. Eng. J. Med., 305: 1063, 1981). At high
doses (2 mg/kg, i.v. bolus: 2 mg/kg/hr x 4 hr), TRH proved
superior to treatment with either naloxone or high douse cortico-
steroids (Neurolggz, 1983). 1In the present studies we compared
effects of early (beginning 1 hr post-trauma) high-dese TRH
treatment against two lower doses of TRH (0.2 mg/kg and 0.02
mg/kg). Each dose was given as i.v. bolus followed by i.v.
infusion over 4 hr (total doses: 10 mg/kg, 1 mg/kg and 0.1
mg/kg, respectively). Another group of cats received high dose
TRH beginning 24 hr post-injury. Control animals were
administered equal volume infusion of physiological saline.
Neurological injury was produced by the Allgn method in which a
30 gm weight was dropped 20 cm onto a 10 mm~ impact plate
resting on the dura mater. Animals were followed for 6 weeks
post-trauma before sacrifice for histopathological examination.
Neurological scores were graded by a neurologist unaware of
treatment group utilizing a 5-point ordinal scale for forelimb
and hindlimb function; summation of forelimb and hindlimb
scores yielded a total functional neurological score ranging
from 0 to 10. TRH treatment proved statistically superior to
that of saline treatment with regard to neurological recovery
at all three TRH doses, with the beneficial effects being
dose-related. Median neurological scores were: saline = 5.0;
TRH (0.02) = 7.0; TRH (0.2) = 8.5; TRH (2.0) = 9.0. Moreover,
late treatment with high dose TRH proved nearly as effective as
early treatment (median score = 8.0). These findings confirm
the beneficial effects of TRH in experimental traumatic spinal
injury and show that it has therapeutic effectiveness at 17 the
dose previously demonstrated to he efficacious. Moreover, TRH
improves neurological recovery even when given 24 hr post-injury.
These findings provide further experimental support for human
clinical trials and indicate that the classic hypotheses
regarding the pathophvsiology of spinal cerd injury may need to
be revised.

9.2 GASTRIN RELEASING PEPTIDE STIMULATES INSULIN SECRETION AND
REDUCES D INTAKE IN THE P
Figlewicz , Daniel Porte, Jr. , and Stephen C. Woods. Dept.
of Psychology and the Northwest Regional Primate Center,
University of Washington, Seattle, WA 98195.

Intravenous (iv) administration of the frog skin-derived
peptide bombesin reduces meal size and stimulates insulin
secretion in the baboon. Gastrin releasing peptide (GRP), a
mammalian peptide, is structurally similar to bombesin and
mimics many of bombesin's physiological effects in mammalian
systems, including the ability to reduce meal size in rats. In
the present series of experiments, we evaluated the ability of
GRP to affect food intake and insulin secretion in the baboon.

Four overnight-fasted baboons received a S5-minute iv
infusion of either saline or GRP (1-8 ug/kg) and were then
allowed to eat for 30 minutes. Blood samples were obtained

before the beginning of the infusion (basal, t= -6 min); at the

end of the infusion, immmediately prior to the presentation of
food (t= 0 min); and at the end of the 30-minute meal (t= +30
min). Mean food intake following saline infusion was 366 + 116

(SEM) kcal. Infusion of GRP at 1, 2, and 4 yg/kg suppressed 30—

minute meal size slightly; food intake following infusion of 8
ng/kg GRP was reduced to 64 + 27 kcal. Fasting immunoreactive

insulin (IRI) concentrations “were elevated by all doses of GRP,

After the 30-minute meal, IRI was suppressed following 8 ug/kg

GRP, presumably as a result of the large reduction of meal size

observed after administration of this dose. The data are
summarized in the following table.

IRI CONCENTRATIONS (pU/ml) FOLLOWING IV SALINE OR GRP

Time Saline 1 2 4 8 ug/kg
-6 53+16  56+12  56+22 51+9 64+28
0 57+13 133+25 157+46 140433 159+58

30 359¥36  397+192  564¥216  341¥161 99+29

Fasting glucose levels were not affected by GRP infusion. After

the meal, plasma glucose was suppressed compared to the saline
control condition following infusion of 8 ng/kg.
These data indicate that GRP, like bombesin, is a potent

stimulant of insulin secretion in the baboon. Additionally, GRP
can reduce meal size in this species. It is not yet possible to

compare the efficacy of GRP with that of bombesin because the
doses of the peptides that have been tested thus far are not
equivalent on a molar basis.

9.4 SUBSTANCE K: A NOVEL TACHYKININ IN MAMMALIAN CNS
J. E. Maggio*, J. C. Hunter*, B. E. B. Sandberg*, L. L. Iversen*
MRC Neurochemical Pharmaco-

and M. R. Hanley (SPON: C.-M. Lee).
logy Unit, MRC Centrc, Hills Road, Cambridge CB2 2QH, UK.

The tachvkinins are a family of naturallv-occurring bioactive
peptides sharing the carboxyl-terminal sequence -Phe-X-Gly-Leu-

Met-NH,, where X is an aromatic or a branched aliphatic amino
acid (Erspamer, V., Tren Neurosci., 4:267, 1981).
vear, Substance P was the only member of this group found in
mammalian tissue; nevertheless, other (amphikian) tachykinins

are more potent than Substance P in several peripheral biocassays

and central behavioural effects in mammals (Erspamer, V., op.
cit.; Sandbera, B. E. B. and L. L. Iversen, J. Med. Chem., 25:
1009, 1982).

ther endogenous tachyvkinin peptide with such activities.

Recently we reported the discovery of a novel endogenous mam-
malian tachykinin (Maggio, J. E., B. E. B. Sandberg, C. V. Brad-

lev, L. L. Iversen, S. Santikarn, D. H. Williams, J. C. Hunter

and M. R, Hanley, Irish J. Medical Sci. 152(Suppl. 1):45, 1983;

Maggio, J. E. e
Dublin, 1983, ir

al in Sukstance P - Dublin 1983, Boole Press,

crossreacts negligibly with Substance P.
ties of Substance ¥ are noticeably

ligand for mammalian receptors of the "SP tyoe (Lee, C.-M.,
L. L. Iversen, M. R. Hanlev and B. E. B. Sandbera, Naunyn

Some S

in mammals.

N. Leslie J. Stein , Dianne P.

Until this

This could imply the existence in mammals of ano-

. This new neurggeotidc, named "Substance
K" to reflect its kinship with both Substance P and the amphikian
tachykinin kassinin, was isolated usino a radicimmunoassay which
The biological activi-
f£ferent from those of Sub-
stance P, and it scems possible that Substance K is an endogencus

Schmie-

stance P research should be re-evaluated in light of
the fact that Substance P is not the only tachvkinin neuropeptide
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SUBSTANCE P INTRATHECALLY AT SPINAL T, LEVEL INCREASES ADRENAL
MEDULLARY OUTPUT OF FREE ADRENALINE NORADRENALINE IN THE RAT.
Kiran Yashpal*, S.G. Gauthier and J.L. Henry, Depts. of Neurology
and Neurosurgery, and of Psychiatry, McGill Univ., Montreal, Que.

Injection of neuroanatomical tracers into the adrenal medulla
of the rat has demonstrated labelled cells in the intermedio-
lateral nucleus (ILN) of segments T, -T.,, with T, containing the
largest number, and substance P-immunoreactive fibres can be ob-
served surrounding both labelled and unlabelled neurones in the
ILN. Substance P is found in cell bodies of brain stem structures
projecting directly to sympathetic preganglionic neurones in the
ILN of the thoracolumbar spinal cord and it may therefore be in-
volved in supraspinal control of sympathetic output to the adren-
als. In an attempt to identify the physiological role of substance
P in spinal pathways controlling adrenal medullary output, the
present experiments were done to determine the effects of the in-
trathecal administration of substance ¥ on the release of cat-
echolamines from the adrenal medullae.

Male Sprague-Dawley rats (approx. 500 g) were anaesthetized
with urethane (800 ug) and implanted acutely with an intrathecal
PE-10 catheter which was passed via the atlanto-occipital junction
in the subarachnoid space to the T, level. A PE-60 catheter was
inserted vfa the femoral vein so tgat the tip laid between the
renal veins and the heart. After a stabilization period of 30 min,
1.5 ml of blood was withdrawn and replaced with warm (37 C) sal-
ine. After 5 min, substance P (10 ug in 10 pl of artificial cere-
brospinal fluid) was injected intrathecally followed by 10 pl CSF
to flush the catheter, and blood samples of 1.5 ml were taken at
1, 10 and 30 min later, each sample being replaced by an equal
volume of saline. Plasma levels of free adrenaline and noradrena-
line were measured by the method of Hallman (1978).

Substance P produced an increase in plasma concentrations of
both catecholamines. Adrenaline levels increased by an average of
145.57% above baseline (n=6), and noradrenaline levels increased by
an average of 181.57 (n=6). The effects were greatest at 1 min
after administration and were almost completely reversed at 30
min. When vehicle solution alone replaced the substance P solution
the rapid increase in catecholamine levels was not seen. In five
additional cases, the analogue (D—Proz—D—Phe7—D-Trp9)-substance P
(10 pg in 10 pl) was given intrathecally 15 min before substance P
and the increases in catecholamine levels were effectively
blocked.

These results demonstrate that intrathecal administration of
substance P increases adrenal output of adrenaline and noradrena-
line and suggests that this peptide may be an excitatory chemical
mediator of synaptic transmission in brain stem-spinal pathways
controlling adrenal medullary output.

(Supported by the Canadian Medical Research Council)

LONG TERM ENHANCEMENT OF EXCITATORY AMINO ACID TRANSMISSION BY
ARGININES-VASOPRESSIN (AVP): A FUNCTION OF AVP IN LATERAL SEPTUM
OF RATS? I.J.A.Urban and M.Joels. Spons: European Neuroscience
Association. Rudolf Magnus Institute for Pharmacology. Medical
School, University of Utrecht, The Netherlands.

The lateral septum complex (LSC) of rats is richom immunoreac-
tive arginine®-vasopressin (AVP). A great deal of neurons in dor-
sal part of the LSC are the neurons which are strongly orthodro-
mically excited (SOE) by stimuli administered to fimbria-fornix
(fi-fx). According to evidence obtained with selective agonists
and antagonists, presumably glutamate or other closely related
amino acid is the neurotransmitter mediating the synaptic excita-
tions elicited in LSC neurons by fi-fx stimuli. AVP ejected micro-
iontophoretically on SOE setal cells with currents at which it did
not alter the spontaneous activity of these neurons, markedly in-
creased the excitations elicited in SOE neurons with Glu, aspartate
but also with quiscalate and N-methyl-D-aspartate, selective ago-
nists for two kinds of excitatory amino acid receptors. In nearly
507 of these neurons, the AVP-elicited increase in responses to a-
mino acids lasted for more than 10 min after termination of the
AVP application. The inhibitory responses induced in SOE cells
with GABA were not affected during the iontophoretic administra-
tion of AVP. In many SOE cells in which AVP enhanced the amino a-
cid response, the number of times that they fired an action poten-
tial to a fixed series of fi-fx stimuli markedly increased during
and after iontophoretical administration of AVP. This AVP-elicited
increase in responsiveness of SOE cells to the trans-synaptic sti-
muli frequently persisted for more than 10 min after termination
of the AVP administration. The synchronized excitation of the SOE
septal neurons by fi-fx stimuli elicit a negative field potential
(NFP)in LSC. Following topical administration of 10 ul 10-10 M avp
dissolved in artificial cerebrospinal fluid (ACF), ‘amplitude of the
NFP increased and remained increased after wash-out of the prepara-
tion with the control ACF. In more than 507 of the experiments the
peptide-induced increase in magnitude of NFP lasted for
more thao 120 min after the wash-out of the peptide. Des-glycinami-
de AVP, and[pGluA,Cys 4-9 AVP, behaviorally acting fragments of
AVP, also increased NFP in LSC. However, 1077 M concentrations of
the peptides were needed to obtain the effect. These experiments
demonstrate for the first time that in LSC, one of the extra hypo-
thalamic target structure for AVP, the exogenous peptide hormone
can elicit a long-term enhancement of the excitatory amino acid
neurotransmission and suggest that this presumably postsynaptic
action of AVP may be one of the functions of this peptide in LSC.
In addition, evidence accumulated so far suggests that for a full
expression of these actions presumably the whole molecule of AVP
is needed.

9.6

9.8

ELECTROPHYSIOLOGIC STUDIES OF NOCICEPTIVE CHOLECYSTOKININ-
CONTAINING NEURONS IN THE MIDBRAIN CENTRAL GRAY. R.B. Innis
and G.K. Aghajanian. Depts. Psychiatry and Pharmacology, Yale
University School of Medicine, New Haven, CT 06508.

Cholecystokinin (CCK) is a neuropeptide which has fulfilled
almost all criteria for a neurotransmitter. The purpose of
this study was to characterize the electrophysiologic
properties of the anatomically well defined, densely packed
neuronal cluster located in the midline periaqueductal gray of
rat anterior midbrain (see Innis, et al., PNAS, 76:521, 1979).
We recorded extracellularly in the chloral hydrate anesthetized
rat.

A distinctive firing pattern was found in the region of this
CCK neuronal cluster. The spike was typically biphasic with an
initial positive deflection followed by a smaller negative
deflection. The spontaneous firing rate was erratic. The
cells sometimes fired in bursts and at other times fairly
regularly (1-7 Hz) for up to an hour. Noxious stimuli such as
toe pinch caused an increase in firing rate and a decrease in
spike amplitude and duration. Continued painful stimuli led to
a cessation of firing due to depolarization blockade.

Several lines of evidence indicate that these cells are CCK
containing neurons. First, dye spots deposited at the end of a
recording session have always been histologically located in
the narrow region of the CCK neuronal group. Second,
co-localization experiments have shown the electrode tip
(marked by a small area of tissue damage) surrounded by a dense
cluster of immunohistochemically stained CCK containing
neurons.

Recent reports show that CCK blocks the analgesic effect of
opiates. Thus, the increased firing rate induced by toe pinch
is consistent with this anti-analgesic action. Furthermore, we
found that intravenously administered morphine (0.1 mg/kg)
potently inhibits the spontaneous and pain stimulated firing of
these cells. This morphine induced inhibitioin can itself be
reversed with the specific opiate receptor antagonist,
naloxone. Preliminary exeriments with microiontophoretically
applied morphine and naloxone suggest that each has the same
effect as the systemically administered drug. Since these
locally applied opiate agents are active, we examined the area
carefully for endogenous opiate peptides. Immunohistochemical
staining with antiserum to met-enkephalin shows a moderately
dense distribution of apparent terminal fibers in the neuropil
of this CCK neuronal cluster.

In summary, we have successfully recorded from
CCK-containing neurons in the midbrain central gray. These
neurons may be involved in pain perception and opiate
analgesia.

BOMBESIN DIRECTLY STIMULATES INSULIN SECRETTON FROM A CLONAL LINE
OF HAMSTER BETA CELLS. S. Swope* and A. Schonbrunn® (SPON: L.
Levine). Dept. of Pharm., Harvard Med. School and Lab. of Toxi-
col., Harvard Sch. of Pub. Health, Boston, MA 02115.

Bombesin (BBS), a tetradecapeptide originally isolated from
frog skin, stimulates insulin secretion both in vivo and in organ
cultures. Furthermore, pancreatic neurones contain bombesin-like
immunoreactivity. To determine whether BBS acts directly on pan-
creatic Beta cells, we have characterized its effects on insulin
secretion by HIT cells, a clonal line derived by SV40 transforma-
tion of hamster islets (Santerre et al., 1981, PNAS, 78:4339).
The addition of 100 nM BBS to HIT cells stimulated insulin re-
lease 20 fold by 30 seconds. The secretory rate returned to
basal levels within 90 minutes. Treatment of HIT cells with 100
nM BBS elicited the secretion of only 1.04 * .07 %Z (n = 2) of the
total intracellular insulin during a one hour incubation, indi-
cating that intracellular insulin stores were not depleted. The
effect of BBS was dose-dependent with an EDsg of 0.54 % .10 nM
(n = 4). Structurally unrelated neuropeptides including secretin,
VIP, TRH, substance P, neurotensin, CCK-octapeptide, and CGRF did
not alter insulin release, nor did they modulate the stimulatory
effect of BBS. 1In contrast, maximal concentrations (100 nM) of
5 BBS analogs tested, including Gastrin Releasing Peptide, a
mammalian BBS-like peptide, were as powerful as BBS in stimulat-
ing insulin secretion. The relative potencies of these analogs
indicated that the C-terminal octapeptide sequence in BBS is suf-
ficient for potent stimulation of insulin secretion. Maximal
doses of glucagon (1 uM) stimulated insulin secretion 5.0 * .8
fold (n = 3) in one hour and the effect of glucagon plus BBS was
greater than the additive effect of the 2 peptides alone. Somato-
statin, a recognized inhibitor of insulin secretion both in vitro

and in vivo, blocked BBS stimulated release by 72 * 2% (n = 3)
with an IDsg of 2.6 nM. In conclusion, these data show that
physiological concentrations of BBS rapidly and directly stimu-
late insulin release by a clonal line of hamster Beta cells.
This system promises to be useful for investigating the mechan-

ism by which Bombesin elicits insulin secretion.
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INTRACELLULAR STIMULATION EVOKES PEPTIDE RELEASE FROM A SINGLE,
IDENTTFIABLE PEPTIDERGIC NEURON IN AN INSECT. Nathan Tublitz and
James W. Truman. Department of Zoology, University of Washinézsh.
Seattle, WA 98195.

We have been investigating two cardioacceleratory peptides
(CAPs) isolated from the ventral nerve cord(VNC) of the tobacco
hawkmoth, Manduca sexta. The two CAPs are co-released into the
haemolymph during adult wing-spreading behavior, causing an
increase in heart rate that facilitates wing inflation. We report
on the identification of the CAP-containing neurons utilizing a
variety of methods, most directly by evoking release of CAP-like
bicactivity via intracellular stimulation of a single, identified
neurosecretory cell.

The two CAPs are stored and released from the perivisceral
organs, the classic VNC neurohaemal release site in insects,
located on the segmentally arranged transverse nerve(TN). Previous
work has established that each TN contains -~xons from two,
morphologically distinct group of cells: four lateral cells with
a single axon projecting to the ipsilateral TN, and five pairs of
midline neurons, each with a bifurcating axon that terminates in
both ipsilateral and contralateral branches of the TN. Based on
microsurgical and electrophysiological experiments, the lateral
cells, previously shown to contain another peptide hormone,
bursicon(Taghert, P.H., J. Exptl. Biol., 98:305), do not contain
the CAPs.

Several lines of evidence suggest that the CAP-containing
neurons are restricted to three pairs of midline cells that
differentiate post-embryonically during adult development.

Neither CAP can be detected in the larval ventral nerve cord
prior to the differentiation of these cells. Also, CAP accumula-
tion in the ventral nerve cord closely parallels midline cell
enlargement during adult development. Finally, intracellular
stimulation of a single, identifiable midline neuron results in
the release of detectable levels of protease-sensitive, CAP-like
bioactivity. These data suggest that three pair of midline cells,
which arise during adult development, contain and release the
CAPs .

(Supported by a NSF predoctoral fellowship and a National
Research Service Award(GM-07108) to N.T. and NSF(PCM 7724878)
and NIH(ROINS-13079) research grants to J.W.T.)

ACUTE REGULATION OF GANGLIONIC TYROSINE HYDROXYLASE ACTIVITY BY
SECRETIN, VASOACTIVE INTESTINAL PEPTIDE AND PHI. N.Y. Ip and
R.E. Zigmond. Dept. of Pharmacology, Harvard Medical School,
Boston, MA 02115.

We have previously shown that stimulation of the preganglionic
cervical sympathetic trunk leads to an acute increase in tyrosine
hydroxylase (TH) activity in the rat superior cervical ganglion
(SCG). This increase in enzyme activity is mediated in part by a
nicotinic and in part by a non-cholinergic mechanism (Ip et al.,
Proc. Natl. Acad. Sci. 80:2081, 1983). As a first step in an
attempt to identify the transmitter responsible for this non-
cholinergic effect, we screened thirteen neuropeptides at a
concentration of 10 uM for their ability to increase TH activity.
Of these, secretin and VIP were effective, while angiotensin IT,
bombesin, bradykinin, cholecystokinin octapeptide, insulin,
luteinizing hormone-releasing hormone, [D-Ala2, Met5] enkephalin-
amide, motilin, neurotensin, somatostatin and substance P produced
no effects.

Secretin produced a significant increase in TH activity at 1 nM
and a maximal elevation (3-fold) at 0.1 M. VIP produced a
significant increase at 0.1 uM and a near maximal effect (4-fold)
at 10 uM. The effects of these peptides were not altered by
prior decentralization of the ganglia, by addition of hexamethon-
ium (3 mM) and atropine (6 uM), or by lowering the concentration
of calcium in the medium to 0.1 mM.

Several peptides with structural similarities to secretin and
VIP were also examined for their ability to increase TH activity.
Glucagon, gastric inhibitory peptide and human pancreatic tumor
growth hormone-releasing factor produced no effect at a concen-
tration of 10 uM, while PHI increased TH activity. A significant
increase was obtained at 1 pM, and a near maximal effect (3-fold)
was produced at 30 uM PHI.

Carbachol, a cholinergic agonist, also increases TH activity
acutely (Ip et al., J. Pharmacol. Exp. Ther. 223:280, 1982). To
investigate whether there is any interaction between the cholin-
ergic and peptidergic regulation of TH, we examined the ability
of secretin to increase enzyme activity in the presence of a low
concentration of carbachol (3 uM). At this concentration,
carbachol produced no significant effect on TH activity by itself;
however, it potentiated the response to secretin at all doses of
secretin tested (1 nM to 1 uM). The effect of VIP, examined only
at 1 uM, was also enhanced by the addition of carbachol.

These data indicate that ganglionic tyrosine hydroxylase
activity can be regulated by secretin and the closely related
peptides, VIP and PHI. We are currently examining whether any of
these peptides mediate the non-cholinergic increase in TH activity
following nerve stimulation. (USPHS Grants NS12651 and MHO0162)

9.10 A SUBSTANCE P-LIKE PEPTIDE MODULATES SENSORY AND CARDIAC ACTIVITY

9.12

IN LIMULUS. Jorge R. Mancillas and A.I. Selverston.
of Neurosciences and Biology, Univ. of Calif,
Jolla, CA 92093.

The central nervous system of the horseshoe crab (Limulus p.)
contains substance P-like immunoreactive cells arranged in pairs
of bilaterally-symmetrical clusters distributed regularly
throughout all ganglia posterior to the protocerebrum. Their
distribution was studied using indirect immunocytochemical
techniques and a monoclonal antibody. Six
bilaterally-symmetrical pairs of clusters are located in the
circumesophageal connectives (CEC's) and the subesophageal mass
(SEM) , were some individual scattered cells can also be seen.
Each of the first 5 abdominal ganglia contains an
anterio-lateral, a medial longitudinal and a medial posterior
pair of cell clusters. Substance P-like immunoreactive fibers
leave through virtually all the ventral and dorsal nerves to
innervate peripheral targets. An abundance of stained terminals
can be seen in the CEC, SEM and abdominal ganglia.

Two of the substance P-like immunoreactive pairs of clusters
in the CEC's seem to give rise to efferent fiber projections that
leave through the 3rd and 4th dorsal nerves, enter the lateral
optic nerve halfway between the brain and the lateral eye, and
innervate several components gf the ompatidia.

Synthetic substance P (1077 to 10”7 'm) injected subcorneally
into the lateral eyes induces increases in the photoreceptors'
sensitivity that are reversible, dose-dependent and mimic those
that occur spontaneously in a circadian fashion (Barlow, J.
Neurosci. 3:856). Substance P also alters the endogenous
circadian rhythm in photosensitivity by increasing the. amplituQe
of theg nocturnal plateau, while injection of D-pro“, D-phe’,
D-Trp~ substance P in the afternoon retards the rise in
sensitivity and reduces the nighttime levels. If the antagonist
is applied after the nocturnal plateau has been reached, a
short-term, reversible drop to diurnal levels is observed. Our
data is consistent with an involvement of a substance P-like
peptide in efferent-controlled circadian rhythms of
photosensitivity. The 6 clusters in the CEC's and SEM may
constitute a generalized, level-setting system with multiple
targets, which can be driven by a circadian clock as well as by
other systems responsible for integrated organismic responses.

A substance P-like peptide may have additional functions in
Limulus, since: 1) Substance P-1i fibers innervate arterial
walls, where they may be involved in the regulation of blood
flow, and 2) Substance P-1i fibers, that may originate in the
anterio-lateral clusters of the abdominal ganglia, innervate the
heart, which is sensitive to the application of synthetic
substance P.

Depts.
at San Diego, La

EVIDENCE FOR THE INVOLVEMENT OF CYCLIC AMP IN THE ACUTE STIMULA-
TION OF GANGLIONIC TYROSINE HYDROXYLASE ACTIVITY PRODUCED BY
CERTAIN NEUROPEPTIDES. R.E. Zigmond, C. Baldwin* and N.Y. Ip.
Dept. of Pharmacology, Harvard Medical School, Boston, MA 02115.

Tyrosine hydroxylase (TH) activity can be increased acutely in
adrenergic neurons by a variety of stimuli. One of the mechanisms
which may account for these increases in enzyme activity is the
stimulation of a cyclic AMP dependent protein kinase resulting in
the phosphorylation and the consequent activation of TH. We have
previously reported that 8-bromo-cyclic AMP can increase TH
activity in adult rat superior cervical ganglion (Ip et al.,
Proc. Natl. Acad. Sci. USA 80: 2081, 1983). TH activity can also
be increased by three neuropeptides--secretin, vasoactive intes-
tinal peptide (VIP), and PHI. We have now further examined the
involvement of cyclic AMP in regulating ganglionic TH activity
and have investigated the possible role of this second messenger
in mediating the effects of these neuropeptides.

8~Bromo-cyclic AMP produced a dose-dependent increase in TH
activity in intact ganglia in vitro. A significant effect was
found at 1 mM and a near maximal effect (4-fold) was found at 30
mM. Forskolin, a compound which stimulates adenylate cyclase ac-
tivity, also increased TH activity. A significant increase was
detected at 1 ¢M and a maximal effect (2.4-fold) was found at
30 uM. TIsobutyl methylxanthine (0.5 mM), a phosphodiesterase
inhibitor, increased TH activity by about 2-fold.

Volle and Patterson (J. Neurochem. 39:1195, 1982) recently
reported that VIP can increase cyclic AMP levels in the rat
superior cervical ganglion. We have investigated the ability of
a number of peptides to alter cAMP levels in this tissue. The
effect of each peptide was examined at a concentration of 10 ;M
during a 10 min incubation, and cyclic AMP in the tissue and
medium was measured by a protein binding assay. VIP, secretin
and PHI increased cAMP levels while glucagon, human pancreatic
tumor growth hormone-releasing hormone, substance P, angiotensin
II, bradykinin and neurotensin produced no significant effects.
The latter group of peptides had no effect on TH activity.

The data indicate that ganglionic TH can be regulated by
intracellular cyclic AMP levels and raise the possibility that
secretin, VIP and PHI increase TH activity by elevating cyclic
AMP levels in this ganglion.

Supported by USPHS grants NS 12651 and MH 00162.
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Monoclonal antibodies against sodium channel.

H. Meiri, I. Zeitoun®, H.H. Grgnhagen*, V. Lev-Ram*, Y. Cohen®,
Z. Eshhar™ and J. Schlessinger .

Dept. Physiol. Pharmacol. The Sackler Faculty of Medicine, Tel-
Aviv Univ.69978 Israel, Univ. Saarland Homborg, Germany and the
Weizmann Inst. of Sci. Rehovot. 76100 Israel.

The voltage dependent Nat channel plays an important role in
the conduction of electrical impulses in various neurones.

In order to investigate the Tocation, dynamic properties and
chemical nature of Nat channel we have generated monoclonal
antibodies against it.

Micewere immunized with electroplax eel membrane fragments
which are rich with sodium channels.
mice were fused with NS 1 myeloma cells according to published
procedures. The resulting hybridoma cells were cloned and
screened for the properties of their sec,eted antibodies.

Several hybridomas secreting antibodies with binding properties

associated with the sodium channel were selected and subsequently
grown for further characterization.

One clone denoted SC¥2-14 binds membrane from eel electroplax
and from rat brain synaptosomes which are enriched with sodium
channel. The binding of these antibodies is inhibited by Veratri-
dine doubled by scorpion toxin but not effected by Tetrodotoxin.
Moreover, these antibodies stain specifically nodes of Ranvier
of single fibers in rat sciatic nerve when examined with
Rhodamine labeled goat antimouse. Finally the antibodies block
the action potential recorded from rat sciatic nerve and optic
nerve. Preliminary voltage clamp studies imply that the antibo-
dies block exclusively the inward sodium current of single axons
wit?out effecting pot asium or leakage current or membrane poten-
tial.

The second clone denoted SC-72-23 binds to the same enriched
preparation of the sodium channel and its binding is blocked by
either Tetrodotoxin, Veratridine or Scorpion toxin. These anti-
bodies stain nodes of Ranvier of rat sciatic nerve and block
the action potential of rat optic and sciatic nerve.

The binding capacity of the third clone SC-79-17 is signifi-
cantly decreased upon the addition of either Tetrodotoxin and
veratridine to these samples.
in rat sciatic nerve. It enlargal and prolonged the action
potential of rat optic nerve.

These clones and new ones are further analysed. However, it is
already clear that we have generated arepertoire of antibodies
against different parts of the sodium channel. These reagents
will be used to visualize the distribution and dynamic properties
of the channel molecules on viable cells using the methods of
image intensification microscopy and fluorescence photobleaching

THE NATURE OF THE PEPTIDE WHICH FORMS THE TETRODOTOXIN-BINDING
SITE OF THE SODIUM CHANNEL FROM ELECTROPHORUS ELECTRICUS. J.A.
Miller* and W.S. Agnew* (SPON: W.C. WalTace).  Department of
Physiology, Yale University School of Medicine, New Haven, CT
06510.

Tetrodotoxin (TTX) has been used as a biochemical marker for
following the solubilization and purification of the voltage-
regulated sodium channel protein from the electric organ of
Electrophorus electricus, The native protein has been purified
in the non-ionic detergent Lubrol-PX and in the bile salt
detergent sodium cholate. In the 1latter detergent the
extracted TTX binding site is intrinsically less stable than in
comparable extracts in non-ionic detergents; however, by care-
fully maintaining low temperatures throughout, by providing
adquate ratios of stabilizing phospholipid and by saturating
the binding site with TTX, it is possible to isolate an active
protein with a high degree of purity., The protein isolated
contains only a large (>260,000 daltons) peptide; no smaller
peptides, either covalently or non-covalently linked, have been

detected. This large peptide displays a variable degree of
glycosylation as evidenced by marked electrophoretic
microheterogeneity. Enzymatic digestion with endoglycosidases

results in a 1limit digest which electrophoreses as a single
well-defined band of 30% lower apparent molecular weight. This
observation is consistent with an earlier analysis which deter-

mined that the peptide was 29% by weight carbohydrate (Miller,
Agnew and Levinson, Biochemistry 22:462, 1983). Precise deter-
minations of the true molecular weight of either the complete

molecule or the 1imit digest are not possible by sodium dodecy)
sulfate (SDS) gel electrophoresis, as direct measurements
reported here reveal binding of atypically high amounts of SDS.

Aside from producing a greater yield of product of high pur-
ity, the use of cholate as the solubilizing agent for the pro-
tein permits a choice of methods for reconstitution into vesi-
cles., This has allowed us to reconstitute the molecule into
well-defined, unilameliar vesicles. These vesicles are suit-
able for future analysis of the functional properties of this
purified protein.

The spleens of the immunized

It also stains the nodes of Ranvier

10.2

10.4

MOLECULAR MORPHOLOGY OF THE TETRODOTOXIN BINDING SODIUM CHANNEL
PROTEIN FROM ELECTROPHORUS ELECTRICUS IN SOLUBILIZED AND RECON-
STITUTED VESICLE PREPARATIONS. M.H. Ellisman, J.A. Miller*,
W.S. Agnew*, T.J. Deerinck*, D.B. Teong*, R.L. Rosenberg*, S.A.

Tomiko*. Department of Neurosciences, Laboratory for Neuro-
cytoTogy, UCSD, La Jolla, CA 92093 and Department of Physiol-

ogy, Yale University, New Haven, CT 06510,

Tetrodotoxin (TTX) has been used as a biochemical marker for
following the purification of Na channel protein solubilized
from eel electric organ in Lubrol-PX and sodium cholate. The
purified macromolecules were examined by electron microscopy
both after reconstitution into liposomes, and solubilized form
in the two detergents. Vesicles were visualized either by
negative staining or by the replication techniques of freeze-
fracture and freeze-etching. In the fractured membranes
derived from either reconstitution system, incorporated pro-
teins appeared as ~100 A diameter particles. Exposure of the
vesicle true surfaces by freeze-etching and replication by
rotary-shadowing revealed particulate protrusions when examined
in stereo-electron micrographs. Thus, the freeze-fracture
analysis reveals a relatively large and symmetrical intramem-
branous particle projecting slightly beyond the bilayer. These
structures, which we estimate to be roughly cylindrical of ~100
A diameter x 80 A length (min.) were difficult to correiate
with the distinctive and regular rod-shaped (40 A x 170 A) par-
ticles delineated by negative staining of purified Lubrol-PX
solubilized protein (Ellisman et al., PNAS 79, 1982). In an
effort to reconcile this discrepancy we examined material solu-
bilized in both cholate and Lubrol using a battery of negative
staining techniques at various pH's. Examination of the cho-
late solubilized protein at pH 5 with uranyl acetate revealed
numerous "doughnut-shaped" structures. No rods of the sort
seen earlier in the Lubrol preparations stained at lower pH
were seen. Rather, the irregularly sized doughnuts appeared
similar to solubilized acetylcholine receptor when it is spread
on carbon-filmed grids. Lower pH staining of the cholate
preparations resulted in aggregation of material into grape-
like clusters with doughnut structures still apparent. After
longer exposure to Jlowered pH staining, rod-like structures
were apparent in the same aggregates but fewer doughnut-like
structures were seen. The rod-like structures in the cholate
preparation were less uniform in width and length than those we
observe in Lubrol. The highly ordered ribbon-like arrays seen
in the Lubrol solubilized protein were not encountered in the
cholate solubilized preparations. (Supported by NIH grants
NS17928 to W.S.A. and NS14718 to M.H.E.; NMSS grants to W.S.A.
and M.H.E.; MDA grant to M.H.E.; MDA Fellowship to J.A.M.)

EFFECTS OF BATRACHOTOXIN, VERATRIDINE AND SCORPION TOXIN ON Na
CHANNELS IN LIPID BILAYERS. B. Rudy* (SPON: J. Jacoby). Dept.
Physiol., New York Univ. Med. Ctr., New York, NY 10016.

Sodium channels were incorporated into black 1lipid membranes
(BLM) from whole brain membrane vesicles placed in one of the
solutions bathing the membrane (CIS side). The membrane
vesicles were obtained from a sucrose gradient fraction of rat
brain homogenates enriched in Saxitoxin (3H-STX) binding,
i.e. 8-10 pmols/mg protein. The protein is incorporated into
the BLM probably by fusion of the membrane vesicles with the
bilayer. Single Na channels were recorded in this membrane in
the presence of batrachotoxin (BTX), or Veratridine, with or
without scorpion toxin. In the presence of BTX, the channels
are similar to those described by Krueger, Worley & French
(Biophys. J. 41: 142a, 1983) in PE:PS membranes except that the
single channel conductance is slightly smaller (20 pS vs. 30
pS). This is probably the result of differences in membrane
composition; negatively charged membranes will result in higher
local Na concentrations. The channels are inserted always with
the TTX binding site exposed to the CIS side. 1In the presence
of veratridine the single channel conductance seems to be half
that with BTX. The average open time for the channel 1is also
smaller and its kinetics is slower than with BTX. These re-
sults give an insight of why veratridine is much less effective
than BTX in increasing the permeability of Na channel contain-
ing cells or reconstituted vesicles. Addition of scorpion
toxin to the solution induces a novel voltage and time depen-—
dent response. A much faster opening and closing of the
channels appears minutes after the addition of the toxin but
only when the membrane potential is positive on the CIS side.
If the membrane potential is changed from +50 to =50 mV, the
fast gating subsides after a short time to that observed in the
absence of scorpion toxin. Returning the membrane potential to
+50 mV allows the fast gating to reappear after a short delay.
The time course of the appearance and vanishment of the gating
induced by scorpion toxin are of the order of tens of seconds
depending on the membrane potential. The sign and the time
course of the voltage dependent effect suggest that it is re-

lated to the binding and unbinding of scorpion toxin to
specific binding sites (Catterall, J. Biol. Chem. 252: 8660,
1977). Because the fast gating may reflect the opening and

closing of the inactivation gate, the inactivation gate be-
comes accessible to study at the single channel level in mem-
branes where molecular studies are possible. Supported by NIH
Grant GM26976 and BSRG SO7RR05-399-21.
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MODULATION OF PHARMACOLOGICALLX INDUCED DEPOLARIZATION IN FROG
NERVE. T.A. Rando , G.K. Wang and G.R. Strichartz. Anesthesia
Res. Labs., Brigham and Women's Hosp. and Harvard Medical School,
Boston, MA 02132

The depolarizing actions of the sodium channel activators
veratridine (VTD) and batrachotoxin (BTX) were measured in frog
sciatic nerve by the sucrose-gap method. DC potentials were
recorded in Ringer with 12mM TEA at pH 7.2, 20-22°C. VTD pro-
duced a rapid depolarization which was readily reversible upon
washing with Ringer. The BTX-induced depolarization had a much
slower onset and was irreversible. The extent of the depolariza-
tion was concentration-dependent for both drugs with a maximal
depolarization being obtained at about 50 uM VID or 5 uM BTX.

To test whether the actions of these activators were affected
by the state of the sodium channel, their effects were studied in
nerves treated with Leiurus scorpion toxin (LQ) or chloramine-T
(CT). Both reagents inhibit Na channel inactivation. LQ
increased the rate and extent of depolarization by both activa-
tors. In contrast, CT had mixed effects. While CT did not
increase the extent of depolarization by either activator, it did
greatly increase the rate of BTX-induced depolarization. Little
effect was seen on the rate of onset by VID, but the reversal
rate on washing was markedly decreased. A similar effect was
seen when the nerve was stimulated at 1-10 Hz during activator
treatment; the onset rates were increased, the extent of depolar-
ization was unchanged, and the washout rate of VID was decreased.

The interactions between local anesthetics and Na channel
activators were studied using lidocaine (LID). LID was a compet-—
itive inhibitor of VID, reducing the potency of VID in depolariz-
ing the nerve. LID had no effect on the extent of the depolar-
ization when present during BTX treatment or when applied to a
nerve already depolarized by BTX. However, the presence of LID
greatly slowed the rate of BTX-induced depolarization. We com-
pared the potency of another local anesthetic, RAC 109I, to its
stereoisomer, RAC 109II, in their ability to repolarize a nerve
depolarized by VID; RAC 109I was about 3 times as potent as RAC
10911 (which was comparable to their relative potencies in reduc-
ing the compound action potential amplitude in this system).

These results are consistent with a scheme wherein activators
react most rapidly with "open" channels to stabilize that channel
configuration. Thus, treatment that increase the probability of
the open channel configuration (e.g. LQ, CT, stimulation) speed
activator action, whereas local anesthetics may inhibit activator
action by decreasing the fraction of channels in the open config-
uration and/or (as previously suggested by Huang et al., Biophys.
J., 23:219, 1978) by competing directly with activators -at a
common binding site. The prevention of inactivation per se does
not potentiate activator-induced depolarization.

EVIDENCE FOR  IMCREADED Gy, IN THE SYNAPTI
RAT SKELETAL MUSCLE. $5.0. Kinnamon™, J.1
v.J. Betz.
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2 Dept. of Physiology, Univ. of Coloradc

u Jehool, & Dept. of Molec. % Cell. Biology,
Nat'l. Jewish ilosp., Denver, CC.

Action potentinls recorded near the synapse in

sgeletal muscle have 2 higher maximum rate of rise

(Vignx) thun thoss recorded in extrajuanctional regions

(Mastux & Alexander, Fed. Proc. 52:3%%, 1973,
Tnesleff et al. Actu. PhRysiol. oScand. ©1:196, 1974),
Bused pzrtly on this observation, Thesleff et al.
suggested that  vol<age gated Na chuannels are

relntively concentrated at the end plate region.
Hovever, the results could  alterna~ively be
interpreted us  reflecting nonuniform passive cable

properties of the membrana. In fact, receunt studies
in our laboraztory suggest that Cl  coanduct:nce (Ggy)
is reduced in thes end plate region, which nlone could
incrcase action potential Vp.x 2t thet site.

We  therefore repeated measurements of Vpay in
s nd compuared them to measurements  in
11, solution (Cl replaced by iscthionate; all
expcrimegts oa  rat  lumbrical musele). In normal
saline, Vp,x was 477 greater near the end plate than
in extrajunctional regions. In low [C1] "solution,
Viax increased at both sites, =and the dirference wns
reduccd to 28%. Thus, 2 reduced Ggy at the ead plate
can accont for some, but not 211 of the difference in
norm:l saline.

In addizion, we¢ used a vibrating, extracellular
microelectrode (Jaffe & Nuccitelli, J. Cell. Biol.
63: 614, 1974) to reccord 2 steady membrane currcat
generated by bath  application of veratridine (plus

alph: bungarotoxin). This treatment cuused a large
inward current at the synaptic region, which was
abolished by tetrodotoxin. The inward current

persisted in Cl-frec solutions, consistent with the
suggestvion that HNa channels are more concentrated at
the end plate region. Finnlly, we measured the length
of fiber over which an  increased Vpox could b2
recorded; the results suggest that the increase is
restricted to & regioa within 150-200 um of tnc end
plate.

10.6 PHARMACOLOGIC EVIDENCE FOR SALTATORY CONDUCTION ALONG THE GOLD-
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FISH MAUTHNER AXON. Paul G, Funch and Donald S, Faber. Div.
Neurobiology; Dept. Physiology; SUNY at Buffalo; Buffalo, NY
14214,

The Mauthner (M-) axon of the goldfish apparently lacks the
typical node of Ranvier structures which are found along other
vertebrate myelinated axons. Nevertheless, active sites spaced
about 2.4 mm apart were discovered using electrophysiological
techniques (Funch & Faber, J. Neurophysiol., 47:1214-1231,
1982), and our morphological studies of the oligodendrocytic
sheath (Wood, Funch & Faber, Soc. Neurosci. Abstr., 9, 1983)
have demonstrated that single sheath segments span the inter-
nodal region between the active sites. The experiments des-
cribed here were designed to test the hypothesis that the
active sites are the only regions of the M-axon which produce
the inward sodium current necessary for action potential propa-
gation.

Localized extracellular pressure ejections of tetrodotoxin
(TTX; 100 pg/ml) from a microelectrode were made immediately
adjacent to the M-axon sheath; this position was determined
electrophysiologically on the basis of the voltage produced
across the myelin sheath by the M-axon action potential. The
size and spread of the TTX ejection was monitored visually by
using Fast Green in the TTX solution as a marker. The duration
of the ejection was limited so that the initial droplet of TTX
was roughly 100 pm in diameter. The TIX ejections were effec-
tive in rapidly blocking components of the M-axon's action
potential only when they were made at the nodal regions (2.4
mm, 4.9 mm, and 7.0 mm caudal to the axon hillock-initial
segment (AH-IS)). Beginning at the first active site caudal to
the AH-IS, successive active sites were blocked with local TTX
ejections and the effects on amplitude, maximal rate of rise
(dv/dt), and spike duration (time from maximal dV/dt to minimal
dV/dt) of the antidromic and orthodromic action potentials were
assessed. The all-or-none changes in these parameters were
consistent with the active site spacing, the space constant of
the M-axon (5 mm), a safety factor of 6-7, and asymmetrical
coupling of the M-axon to the soma-dendritic region (Funch &
Faber, vide supra).

Thus, although the M-axon apparently lacks morphologically
distinguishable nodes of Ranvier, it has clearly defined and
functionally distinct nodes and internodes which support the
saltatory conduction of impulses. (Supported by NIH Grant NS
17063.)

Ca-ACTIVATED K CHANNELS IN RAT BRAIN SYNAPTOSOMES. D.K. Bartschat™
and M.P. Blaustein. Dept. Physiol., Univ. Maryland Sch. Med.,
Baltimore, MD 21201

Modulation of potassium channel function has been implicated
in the regulation of ncurotransmitter release from nerve terminals
in vivo, but the small size of mammalian presynaptic nerve
terminals has precluded use of e1eCLruphysiulogicalggechniquch
to assess K channel activity. Accordingly, we used Rb efflux
(cf. Neurosci.Abstr.,6:572, 1980) as a probe for K permeability,
PK (Hille, J.Gen.Phys.,61:669, 1973) in rat forebrainsgynaplnsnwnx
(cf. J.Membr.Biol.,50:287, 1979). After loading with ~'Rb at 30°¢
for 30 min. in physiological salt solution (PSS) containing 5K
and 145Na, 50 pl aliquots were placed on pre-washed glass fiber
Eélters (Schleicher and Schuell #25), and extrasynaptosomal

Rb was removed with five 2 ml washes of PSS. Efflux was initiat-
ed with 2 ml of '"reaction medium'", frequently containing elevate¢d
K, decreased Na and/or drugs. Efflux was terminated after 1-20 sc:
by rapid addition of 2 ml "stopping solution" containina 145 mM
TEA® and 1 mM BA‘, agents known to block K channels. Suction was
applied, and Rb released intg the filtrate was assayed by
liquid scintillation me& ods. Rb remaining in the synaptosomes
¥as also measured, and Rb release was expressed as 7 total

released for each time point.

“"Pb efflux into 5K PSS was slow (0.1-0.2%/sec); increasing
X markedly stimulated efflux. Two components of K-stimulated
efflux were seen: a rapid component apparently inactivating
in less than 1 sec (C.), and a slower component that remained
linear for 5 sec (C_ ). Both were graded with increasing K , bu!
C. was much more dependent on external Ca (Ca ) than was C .
Tgis suggested the presence of Ca-activated Kchannels in the
terminals.

Three lines of evidencgésupported this view; a) More than
50% of the K-stimulated Rb efflux at short tiTes was dependent
on Ca_in a concenLraLigg-dcpenden! manner. La abolished the
stimufation by Ca . b) Rb efflux could be stimulated in 5K hv
addition of Ca + 823187. Neither agent alone was effective ;g SK.
Ca + A23187 produced larger, more prolonged stimulation of = Rb
efflux in 75K than Ca alone. A23187 alone was without effect in
75K. c¢) Membrane potential changes measured with the voltage
sensitive dye CC. revealed that Ca + A23187 decreased fluorescent
intensity (FI) in 5K, suggesting membrane hyperpolarization; this
is expected if P, is increased. Ca or A23187 alone produced
little change of FI in 5K or 100K. Ca + A23187 produced little
change of FI in 100K. The data are consistent with the presence
of Ca-activated K channels in mammalian presynaptic nerve termin-
als. Tracer flux measurements may yield insights into physio-
logical and pharmacological properties of these channels in vitro.
Supported by NS-16106.
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PATCH-CLAMP STUDY OF CALCIUM-ACTIVATED POTASSIUM CONDUCTANCE IN
PANCREATIC ISLET CELLS. D.L. Cook} M. Ikeuchi*and W.Y Fujimoto*
(SPON: J. Miller). Dept. of Medicine and Physiology and Bio-
physics, University of Washington and Seattle VA Med. Ctr.,
Seattle, WA 98108.

Glucose, the major physiological stimulus for insulin release,
triggers a bursting pattern of membrane electrical activity in
pancreatic islet cells similar to the pattern seen in molluscan
pacemaker neurons. In islets, voltage-dependent catt spiking is
superimposed on a "plateau" depolarization due to a slower,
voltage-dependent current (also likely to be a ca*tt current)
which triggers the spikes. Pacemaker-like depolarization (during
the silent phase) and repolarization (during the plateau phase)
trigger the onset and offset of the plateaus. Increasing glucose
changes the pacemaker to prolong plateaus and shorten silent
phases so that a larger fraction of time is spent Catt spiking
(the electrical correlate of glucose-dependent Catt uptake). A
candidate pacemaker mechanism for which there is indirect
evidence in islets is the Ca™ activated K* conductance. To test
this, we have voltage-clamped excised membrane patches of
identified, cultured rat beta cells bathed symmetrically with
KC1 (140 mM), MgCl, (2 mM), HEPES (10 mM), EGTA (1 mM) and
varying levels of %ree Catt. We have identified a channel with
a large uni# conductance (216-235 pS at temp = 20-22C, n = 4)
which is activated as Catt level on the cytoplasmic surface is
raised from 1 uM to 100 uM. The response to ca™ occurs
immediately (within 100 msec) and does not accommodate. The
channel conductance is linear (over a t/- 80 mY range), and is
not, itself, affected by Ca**. The channel is not activated by
external Ca*t, but is activated by depolarization to positive
potentials at low Catt and is less steeply voltage sensitive at
high Catt levels where the channel is active even at negative
potentials. CONCLUSION: Rat pancreatic beta cells possess Kkt
channels which are activated by depolarization and by intra-
cellular free Ca'™ as have been recently described in rat
muscle and salivary gland. These channels may serve as pace-
makers for glucose-dependent, bursting electrical activity in
pancreatic islet cells.

ACTIVATION OF A K+ PERMEABILITY IN THE GH3 ANTERIOR PITUITARY
CELL LINE BY THYROTROPIN RELEASING HORMONE. A.K. Ritchie*.
(SPON: J.E. Blankenship). Department of Physiology and
Biophysics, University of Texas Medical Branch, Galveston, TX
77550.

Multinucleated cells (up to 50 um in diameter) have been
produced by fusion of cells from the GH3 anterior pituitary
cell line with polyethylene glycol. These cells were used to
study the electrophysiological response of this cell line to
50 nM thyrotropin-releasing hormone (TRH). One of the
responses to TRH is a pronounced hyperpolarization accompanied
by an increase in membrane conductance (Ozawa and Kimura,
1979, Proc. natn. Acad. Sci 76: 6017, 1979). The reversal
potential of this response is -68mV and varies by 59 mV/decade
change in external K concentration, indicating that an
increase in K ion permeability is largely responsible for the
hyperpolarization. The response is inhibited by 0.5 mM
quinine, 0.1 uM apamin and 20mM TEA-HCI1.

Single electrode voltage clamp studies of GH3 cells
(< 20 ym in diameter) show that the TRH induced current flow
is enhanced as the membrane potential is clamped to more
positive levels. This voltage dependence and the observation
that the hyperpolarization is sensitive to agents which are
known inhibitors of the calcium-activated K channel suggests
that the TRH response may be mediated by activation of such
channels. Voltage clamp experiments show that the Ca
activated K current (I ) in these cells is partially inhibited
by 10mM TEA-HC1 and completely inhibited by 20mM TEA-HC1,
however, the effects of quinine and apamin on I in these
cells is still under investigation.

If the TRH induced hyperpolarization is due to Ic then
the source of calcium 39ns must be intracellular since the
response persists in Ca free solu:&pns and under conditions
in which the voltage dependent Ca channel 1is completely
inhibited by 0.5 mM CdC1,, Consistent with this hypothesis is
the gbs$¥vatlon by others that TRH causes a dramatic increase

efflux (but not lnflqy) suggestive of a mobilization
of 1nternal stores of Ca . Supported by NSF Grant
BNS-7924466.

10.10 IN VITRO INNERVATION MODULATES A Ca-ACTIVATED K-CONDUCTANCE IN
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RAT MYOTUBES. B.A. Suarez-Isla and S.I. Rapoport. Laboratory of
Neurosciences, Gerontology Research Center, National Institute on
Aging, NIH, Baltimore City Hospitals, Balto., Maryland 21010 USA

We have shown (Suarez-Isla et al., Neurosci. Abstr., 8: 125,
that the incidence of slow hyperpolarizing after-potentials
(slow HAPs) decreases significantly in rat myotubes which are
innervated in vitro by chick spinal cord neurons that form stable
neuromuscular synapses but not after innervation with chick re-
tinal neurons, which form transient synapses. The slow HAP is
associated with an increased Ca-dependent K-conductance (Barrett
et al., Dev. Biol. 82:258, 1981) and probably maintains spon-
taneous contractile activity before innervation in vivo, being
suppressed during maturation.

To investigate whether the decreased incidence of the slow HAP
following innervation is due to modulation of a Ca-dependent K-
conductance, we used an extracellular patch clamp technique to
examine gating and kinetic properties of single Ca-activated K-
channels (I channels) in intact membrane patches of control
myotubes ang(m§gtubes cocultured with spinal cord neurons.

The I channels were active in control and cocultured myo-
tubes, evén n the absence of slow HAPs. They were in 80% of the
patches tested. The single channel conductance equaled 110 pS.
In a few cases, channels appeared in bursts followed by silent
periods of seconds to minutes. Action potentials, evoked by a
second intracellular electrode, transiently increased the prob-
ability of opening of the I channel. The fraction of time
that a channel spent in the épeg state (f(V)) increased e-fold
with 20 mV of depolarization for low levels of activity in control
and cocultured myotubes. Shifts of about 30 mV along the voltage
axis were observed in both cases. The voltage dependence of open
and closed time-constants was similar in both types of cells.
However, the current-voltage relation depended on innervation.

channels were blocked at lower holding potentials in
coéuigured myotubes and the I/V relation "rolled over' at about
+40 mV, showing a clear negative conductance region. In control
myotubes, '"roll over" became apparent only beyond +75 mV of
holding potential. A model of voltage dependent ion block of the
channel (Woodhull, J. Gen. Physiol. 61, 687 1973) indicates that
the voltage sensitivity of the block is significantly increased
in cocultured cells. These results indicate that neurons that
form stable neuromuscular synapses in vitro exert a neurotropic
influence that is rapidly expressed as a change in the conductance
properties of Ca-activated K-channels of muscle cells in culture.
Further experiments with excised membrane patches are needed to
test whether the neurotrophic effect has also affected the Ca

sensitivity of the IK(Ca) conductances.

PURIFIED CATALYTIC SUBUNIT OF CYCLIC AMP-DEPENDENT PRO-
TEIN KINASE CLOSES THE SEROTONIN-SENSITIVE POTASSIUM
CHANNEL OF APLYSIA SENSORY NEURONS IN CELL-FREE MEM-
BRANE PATCHES. J.S.Camardo*, M. Shuster*, S. A. Siegelbaum*,
C. M. Eppler* and E. R. Kandel (SPON: L. Rowland). Center for Neuro-
biology & Behavior, Dept. of Pharmacology, Columbia Univ., College of
P & S, and N. Y. State Psychiatric Institute, New York, NY 10032.

Serotonm mduces a slow EPSP in the sensory neurons of Aplysia by
closing a specific K* channel, which has been previously identified by
single channel recording techniques (Siegelbaum et all Nature, 229:413).
The serotonin-sensitive (S) channel is selective for K™ ions, open at the
resting potential, voltage-independent and independent of intracellular
calcium. Evidence from biochemical and electrophysiological experi-
ments indicates that serotonin acts via cAMP-dependent protein kinase,
but the molecular site of kinase action remains unknown. We now report
preliminary experiments indicating that purified catalytic subunit of
cAMP-dependent protein kinase (PKC) decreases the opening of the
S channel in cell-free membrane patches.

Single channel currents were recorded from inside-out membrane
patches with the cytoplasmic surface of the membrane exposed to a
360 mM KCl, low Ca. ~ bath solution. Two types of K* channel currents
with similar but not identical single channel conductances were recorded
in these patches. a Ca’ -dependent, voltage-dependent K* channel
(1.), and the Ca.”  -independent, voltage-independent S channel. Puri-
fi€d catalytic subunit of protein kinase (kindly provided by E. G. Krebs,
C. S. Rubin, and D. A. Walsh) was added to cell-free patches after pre-
cautions were taken to assure that the enzyme had ready access to the
patch. In three out of three experiments under these optimal conditions
with patches that contained only S channels, the kinase (1-7.5 uM), in the
presence of MgATP, caused a rapid (within 2-10 sec.) and pronounced
decrease in S channel activity. After addition of PKC, the
time-averaged patch current, <I>, was reduced to 10 + & % of its control
value. The effects of PKC were reversed after addition of calf alkaline
phosphatase (293 units/ml) to the patch: <I>increased to 74 + 8 % of its
control (pre PKC) level. In all three experiments subsequent application
of PKC again reduced channel activity significantly.

PKC shows some specificity for the S channel In two experiments on
patches containing only the Ca. A -dependent K* channel, PKC had no
eifect on channel activity, measured during exposure to elther 100 uM

* (where the channels were largely open) or 300-400 nM Ca ** (where
the channels were largely closed).

Our results 1nd|cate that the activity of the S channel, a sero-
tonin-sensitive K* channel, can be regulated by a cAMP-dependent
protein kinase. The ability of this enzyme to modulate channel activity
in a cell-free system suggests that the substrate for kinase action is
either the S channel or a regulatory molecule which remains attached to
the membrane patch when it is withdrawn from the cell.
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VOLTAGE=DEPE " SODTUM CONDUCTANCE IN AN INVERTEBRATE STRIATED
MUSCLE. W. Stiihme and I..M. Schwa . Dept. of Physiology and
Biophysics, Univ. of Washington, Seattle, WA 98195

Many neurons, from both vertebrates and invertebrates, have
been shown to use an influx of sodium to generate action poten-
tials. This is also a featurc of vertebrate skeletal muscles.
1n contrast, all invertebrate muscles examined to datce use pre-
dominantly an influx of calcium to generate action potentials.
At some point during evolution, there must have been selective
pressures which favored the expression of sodium channels in
straited muscles. We report here that in planktonic arrow worm
(Sagitta elegans, phylum: Cheatognatha) that sodium constitutes
the predominant charge carrier during depolarization. Using the
loose-patch voltage clamp (Stiihmer & Almers, PNAS 79, 946-950,
1982) we characterized the inward current flowing in response to
membrane depolarization. While technical constraints prevented
us from performing ion substitution experim its, scveral lines
of evidence suggested that this current flows through sodium
channels. (1) These channels were voltage-dependent with peak
transient currents flowing in response to depolarizations of 90

mV from a resting potential of approximatelv =70 mV. (2) The
channels opened rapidly with maximal current flow occurring with-
in 0.4 ms at 4°C. (3) This channel showed voltage-dependent

inactivation with 50% of the channels being inactivated at +25 mV
from rest. (4) This inward current was abolished by 500 nM TTX.
These data suggest that Sagitta muscles use voltage-dependent
sodium channels to generate action potentials. Thus sodium
spikes in striated muscle can no longer be considered a purely
chordate trait.

Supported by USPHS grant #AMI7803 to Prof. Wolfhard Almers and

an American Heart Assoc. of Washington fellowship to L.M.S.
Present address for W.S. is Max-Planck-Tnstitut fiir Biophvsi-
kalische Chemie, Cottingen, FRG.
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DEVELOPMENT OF THE VISUAL SYSTEM: RETINOTHALAMIC PROJECTIONS

111

TOPOGRAPHY OF GANGLION CELL PRODUCTION IN THE CAT RETINA.

C. Walsh, E.H. Polley, and T.L. Hickey. Comm. on Neurobiology,

U. of Chicago, Chicago, IL 60637, Depts. of Anatomy, Ophthalmology
and Neurosurgery, U. of Illinois School of Medicine, Chicago,

IL 60680, and School of Optometry/The Medical Center, U. of
Alabama, Birmingham, AL 35294.

Ganglion cells in the cat's retina are formed as several rough,
central-peripheral waves which overlap one another as cells arc
produced first for central retina and then for peripheral retina.
Medium-sized cells are produced before large cells, and the
smallest cells seem to be produced throughout the period of gang-
lion cell addition (Walsh et al, Nature, 302: 611, 1983). The
present report is based on further analysis of retinae from 24
cats which received *H-thymidine between the 21st and 36th days
of gestation (E21-E36), and then were killed 2-10 months after
birth. Our earlier work contains procedural details

While each cell class shows the same general pattern of addi-
tion, it is best illustrated for alpha cells. The oldest alpha
cells, labelled after *H-thymidine injections on E25, lie mainly
above the optic disc, scattered over a wide area extending nasally
and superiorly from area centralis (a.c.). After injections at
later ages (E26,27,29), the area covered by heavily labelled alpha
cells expands superiorly, nasally, and inferiorly, while spreading
only slowly temporally across the a.c. itself. In superior retina
the region containing heavily labelled alpha cells is bounded
temporally by a line running superiorly and temporally from a.c.
This corresponds roughly to the raphe line, which separates gang-
lion cells whose axons run inferior to a.c. from those with axons
that run superior to a.c., towards the optic disc (Murakami et al,
Br. Beh. Evol. 21: 67-113, 1982). Later injections (E31) labelled
alpha cells near or below the temporal horizontal meridian (i.e.,
inferior and temporal to the raphe line) but no alpha cells nasal
to the raphe line, or anywhere in the nasal retina except in the
far periphery. Hence, retinal regions containing the oldest alpha
cells are also the first regions to complete alpha cell produc-
tion. Injections at later ages (E35, 36) did not label any alpha
cells.

In the cat then, production of those ganglion cells which sur-
vive in the adult is in no way symmetrical about either the optic
disc or area centralis. Nasal retina leads temporal retina, and
superior leads inferior, in the production of each ganglion cell
type. Cells in the area centralis are produced over an extended
time period. Moreover, cells in the region near and below the ho-
rizontal meridian of temporal retina are produced quite late.
(Supported by NIH grants EY-01338, GM-07281, and EY-02374).

11.2 GENESIS OF MORPHOLOGICALLY IDENTIFIED NEURONS IN THE DORSAL LAT-

ERAL GENICULATE NUCLEUS OF THE CAT. Peter F. Hitchcock*!’2 and
T. L. Hickey!. School of Optometry/The Medical Center, Univ. of
Alabama in Birmingham, Birmingham, AL 35294! and The Division of
Biological Sciences, Univ. of Michigan, Ann Arbor, MI 481092.

Neurons in the dorsal lateral geniculate nucleus (dLGN) of the
cat can be placed into five morphological classes (1-5) and three
physiological classes (X,Y,W), based on a variety of structural
and functional characteristics. Recently, Friedlander, Lin,
Stanford, and Sherman (J. Neurophysiol., 46: 80-129, 1981) and
Stanford, Friedlander, and Sherman (J. Neurosci., 1: 578-584,
1981) have shown how the three physiological classes of neurons
distribute among the five morphological classes.

Utilizing 3H-thymidine autoradiographic techniques, we earlier
demonstrated the period of time during prenatal development when
cat dLGN neurons, classified according to adult soma size and
location, undergo their final cell division. Dorsal lateral
geniculate nucleus neurons undergo their final cell division be-
tween gestational days 22 (E22) and E32. Neurons generated early
in this period are ultimately distributed throughout the dLGN and
exhibit a full range of soma sizes.

The purpose of the present work was to directly demonstrate
the relationship between the time a dLGN neuron undergoes its
final cell division and its adult morphology. This task was
accomplished by combining 3H-thymidine 1labelling of dividing
neurons with Golgi impregnation procedures, using a technique
developed in our laboratory.

In this study, 2138 Golgi impregnated neurons were classified
in the dLGNs of seven cats, each of which had received a single
injection of 3H-thymidine on one of the following gestational
days, E24-E28 or E30. Of the 2138 neurons classified, 1517 were
successfully resectioned and recovered. Of these, 385 (25.4%)
were found to contain the 3H label. 1In animals that had received
an injection of S3H-thymidine between E24-E28, dLGN neurons from
each of the five morphological classes were found to contain 3H
label. In a cat that had been injected with 3H-thymidine on E30,
only class 3 and class 5 neurons were found to contain 3H label.
These findings demonstrate that neurons from each of the five
morphological classes undergo their final cell division between
E24-28 and, when combined with the structure/function relation-
ships described above, suggest that X, Y, and W cells in the
cat's dLGN undergo their final cell division simultaneously, at
least between E24 and E28. The morphological and physiological
properties of dLGN neurons that do not undergo their final cell
division until E30 may be more restricted.

Supported by EY01338, EY03039 (CORE), RR05807, and EY07033.
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DEVELOPMENT OF THE CORTICOGENICULATE PATHWAY IN THE CAT: AN ELEC-
TRON MICROSCOPIC AUTORADIOGRAPHIC STUDY. A. J. Weber and R. E.
Kalil, Neurosciences Training Program and Dept. of Ophthalmology,
Univ. of Wisconsin, Madison, WI, 53706.

Previous anatomical research has demonstrated a topographical-
ly organized projection from the visual cortex to the lateral
geniculate nucleus (LGN) in the cat. Combined degeneration and
electron microscopic studies suggest that corticogeniculate axon
terminals are a specific morphological class. In brief, these
synaptic endings are characterized by their 1) round synaptic
vesicles, 2) small size and 3) dark mitochondria, and therefore
these profiles have been classified as RSD terminals (Guillery,
Z. Zellforsch., 96, 1969).

At present, it is not known whether all corticogeniculate
axons terminate as RSD profiles since degeneration methods usu-
ally do not preserve the normal ultrastructure of terminals. In
addition, our knowledge of the synaptic c-ganization of the cor-
ticogeniculate system is 1imited to adult cats since this pathway
has not been studied in younger animals with the electron micro-
scope. In the present study, electron microscopic autoradio-
graphy (EMAR) has been used to investigate the corticogeniculate
pathway in adult cats and to study its development.

Thirty-five cats, ranging in age from newborn to adult, re-
ceived large injections of 3H-proline into visual cortex near the
representation of the intersection of the zero vertical and hori-
zontal meridians. Following survival periods of 24 to 36 hours,
the cats were perfused with paraformaldehyde and glutaraldehyde,
the lateral geniculate nuclei were removed in lmm parasagittal or
coronal blocks, and embedded in epon-araldite. Five micron sec-
tions from each block, processed for light microscopic autoradio-
graphy, were used to localize the area of the LGN that was
labeled anterogradely from visual cortex. Thin sections for EMAR
were then cut from the most densely labeled region of lamina A.

At each age studied, labeled corticogeniculate terminals con-
form to the RSD classification. Furthermore, corticogeniculate
endings make synaptic contacts at birth that do not appear to
differ from those seen in older kittens or adults. Thus, at all
ages corticogeniculate axons terminate exclusively on dendritic
processes and are always presynaptic. This suggests that the es-
sential pattern of corticogeniculate synapses does not change
during development.

The number of labeled terminals increases steadily during the
first postnatal month and rapidly during the second. In all ani-
mals, however, many unlabeled RSD profiles are seen in the im-
mediate vicinity of labeled terminals. This result suggests that
not all RSD profiles are cortical in origin.

Supported by N.I.H. Training Grant 07507 (A.J.W.) and N.I.H.
Grant EY01331 (R.E.K.)

PHYSIOLOGICAL SEGREGATION OF GENICULATE AFFERENTS IN THE VISUAL
CORTEX OF DARK REARED CATS. N.V.Swindale* and M.S.Cynader

(SPON:A.Frohlich). Dept. of Psychol.,Dalhousie Univ.,Halifax,N.S.
B3H 4J1, Canada

In cats dark reared from birth, normal
geniculate afferents to layer IV of area 17, as revealed by
trans-neuronal autoradiography, fails to occur (Swindale,
Nature,290,332,1981). In area 18 on the other hand, segregation
appears normal (Swindale,Soc.Neurosci.Abstr.,8,297,1982). We took
advantage of the relative unresponsiveness of cortical neurones
in the visual cortex of dark reared cats to record from the
population of geniculate axons in layer IV of area 17 and 18
with the intention of comparing the anatomical distribution of
geniculate inputs with their physiological activity

In area 18 and parts of area 17, ocular dominance was measured
by making numerous vertical penetrations and sampling at depths
between 500 and 800 um; in area 17 tangential penetrations were
also made down the medial bank of the marginal gyrus, and histo-
logical reconstructions used to verify that the recordings were
from layer IV.

Identification of activity evoked by moving or flashed spots
of light as being from geniculate afferents was based on several
criteria: 1) the responses followed flashes without habituation
up to several Hz; 2) there was no selectivity for orientation or
direction and 3) responses appeared first at at depth of about
500 um below the cortical surface and, in vertical penetrations,
grew less strong below about 800 um. The evoked activity (mea-
sured by listening to an audio-monitor) was probably multi-unit
since 1) individual units could rarely be resolved either aural-
ly, or by looking at the oscilloscope trace; 2) the measured
ocular dominance remained the same when the electrode advanced
vertically through layer IV. We used this method to record the
ocular dominance distribution in area 17 and 18 of dark reared
cats ranging in age from 4 months to 3 years

In area 18, most responses were strongly dominated by one or
the other eye, implying that the anatomical distribution of
geniculate afferents is a good predictor of their physiological
activity. In area 17 there were more binocular responses, but
there were still many regions where responses could only be
obtained from one eye. This has to be reconciled with the results
of trans-neuronal autoradiography which show that inputs from
both eyes are present in all regions of layer IV. A tentative
explanation would be that in some regions, geniculate afferents
are physiologically silent i.e. some axonal branches fail to
conduct impulses. In normal segregation conduction failure might
precede the physical removal of axons: development in dark reared
cats may perhaps be arrested between these two stages.

segregation of

11.4

11.6

EFFECTS OF RETINAL GANGLION CELL BLOCKADE ON THE MORPHOLOGICAL
DEVELOPMENT OF RETINOGENICULATE SYNAPSES IN THE CAT. R. E.
Kalil, M. W. Dubin, G. L. Scott* and L. A. Stark*. Dept. of
Ophthalmology, Univ. of Wisconsin, Madison, WI, 53706, and Dept.
of Molecular, Cellular and Developmental Biology, Univ. of Colo-
rado, Boulder, CO, 80309.

Synapses between retinal ganglion cells and neurons in the
dorsal lateral geniculate nucleus (LGN) of the cat develop in an
orderly sequence dur1ng the first two postnatal months (Kalil and
Scott, Soc. Neurosci. Abstr., 1979), and this sequence is largely
unaffected by partial or complete visual deprivation (Kalil and
Scott, Soc. Neurosci. Abstr., 1981) Recently, it has been de-
monstrated that impulse blockade in the retinogeniculate pathway
during development leads to severe physiological abnormalities in
the LGN (Archer et al., Science, 217, 1982). In the present ex-
periments we investigated whether blocking retinal ganglion cell
activity also affects the morphological development of retinogen-
iculate synapses.

Intraocular injections of tetrodotoxin (TTX), at a concentra-
tion known to block ganglion cell activity (Archer et al., op.
cit.), were administered unilaterally to three cats. The injec-
tions were begun shortly after birth, and continued on alternate
days for the next 7 to 8 weeks. The cats were then perfused with
mixed aldehydes, and blocks of tissue from the A laminae of the
LGN ipsilateral and contralateral to the injected eye were pre-
pared for electron microscopy. Control tissue from two cats that
received intraocular injections of citrate buffer only was also
available

In comparison with retinogeniculate (RLP) terminals from con-
trol cats or from the normal eye of experimental animals, RLP
terminals from the TTX treated eye display several abnormalities.
First, terminal cross-sectional area and perimeter are reduced in
size by about 50%. Second, these terminals make approximately
30% fewer contacts than normal, however the length of individual
contacts is increased on average by 60%. Third, RLP terminals
from the TTX treated eye make simple axodendritic contacts almost
exclusively, and are found only rarely in complex encapsulated
zones. By contrast, about 33% of all contacts made by normal RLP
terminals are with vesicle filled profiles (F profiles) and one-
third of normal RLP terminals are encapsulated.

Taken together, these structural abnormalities show that reti-
nogeniculate synapses in cats reared for two months with retinal
ganglion cells silenced by TTX share many features in common with
synapses in neonatal kittens. This result suggests that elec-
trical activity plays an important role in the morphological de-
velopment of synaptic patterns.

Supported by N.I.H. grant EY01331 (R.E.K.) and grants from the
N.S.F. and March of Dimes (M.W.D.)

PRENATAL DEVELOPMENT OF RETINOGENICULATE AXONAL ARBORIZATIONS IN
THE CAT. D.W. Sretavan and C.J. Shatz. Department of Neurobiology,
Stanford University School of Medicine, Stanford, CA 94305.

In the development of the cat's retinogeniculate pathway,
afferents from both eyes initially overlap and then segregate into
distinct contralateral and ipsilateral regions within the lateral
geniculate nucleus (LGN). Segregation begins by embryonic day 47
(E47) and is complete at birth 3 weeks later. Here, we examine
the morphology of individual retinogeniculate arborizations (LGN)
during this period.

Nine fetuses (E47-E64) and a 2-day-old kitten have been examined.
The diencephalon was removed from the cranium and small crystals
of HRP were inserted into the exposed optic tract. The tissue was
bathed in oxygenated Ringer's solution in a slice chamber for six
hours at 37° C. The tissue was fixed, sectioned in the horizontal
plane at 100 um intervals, and reacted for HRP histochemistry. A
total of 45 fibers have been reconstructed.

In the younger fetuses (E47-E53), most axons, upon entering the
LGN, turn sharply (>90°) and course anteromedially in straight
trajectories. The simplest fibers are unbranched and end in
growth cones. Slightly more complex fibers have many fine, short
processes (10-30 pm) arising from all portions of the axon. How-
ever, the distal (furthest from the optic tract) portion of some
axons is smooth and unbranched. Often fibers of different degrees
of complexity are found next to each other. This arrangement may
reflect the differential arrival and maturation of axons from ret-
inal ganglion cells born at different times.

In older fetuses (E53-E55), significant arborizations are first
seen. Fibers end in fan-shaped arbors consisting of radially
directed branches roughly equal in length (100 um); proximally
the axon is smooth and unbranched. More complex fibers have elabo-
rate, elongated arborizations (500 um) but are restricted inwidth
to less than 100 um. Close to birth (E63, E64), arbors are even
more highly branched and have a columnar shape similar to that
seen in the adult (Bowling, D.B. and Michael, C.R., J. Neurosci.,
in press.). Most occupy the full thickness of an LGN layer while
others arborize chiefly in the top or bottom half. However,
unlike the adult, clusters of boutons are not seen and the width
of arborizations remains less than 100 pm.

These findings demonstrate that during the period of segregation,
retinogeniculate axons are relatively simple in morphology and
only begin to acquire complex, highly focused branching patterns
towards the end of the period, shortly before birth. Furthermore,
the absence of widespread branching throughout this period
suggests that the retinogeniculate projection already possesses a
significant degree of topography.

EY02858 and the McKnight Foundation.)

(Supported by NIH Grant
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11.7 PHYSIOLOGICAL AND MORPHOLOGICAL DEVELOPMENT OF RETINOGENICULATE 11.8 VISUAL RESPONSE LATENCIES AND CONTRAST SENSITIVITY FUNCTIONS IN

AXONS IN KITTENS. M. Sur, R.E, Weller and S.M. Sherman, Dept. of PRIMATE LGN AFTER MONOCULAR DEPRIVATION. G. E. Irvin*, M. A
Neurobiology & Behavior, SUNY at Stony Brook, NY 11794, Sesma, T. K. Kuyk*, T. T. Norton and V. A. Casagrande. Dept. of

We have studied the postnatal development of physiological and Physiol. Optics, School of Optometry/The Medical Center, Univ. of
morphological properties of single retinal axons innervating the Alabama in Birmingham, Birmingham, AL 35294; Depts. of Anatomy
lateral geniculate nucleus (LGN) in kittens by using the intra- and Psychology, Vanderbilt Univ. Nashville, TN 37232.
cellular HRP technique. At 3~4 weeks of age, most optic tract We previously reported (Sesma et al., Soc. Neurosci. Abstr
axons can be classified as either X or Y. Latencies to optic '82) that Y-like and X-like cells in the LGN of galago appear to
chiasm stimulation are shorter for Y-cell than for X-cell axons. be unaffected by monocular deprivation as judged by measurements
However, nonlinear responses from Y-cells are often immature. Both of encounter rate, latency to chiasm and cortical stimulation,
X- and Y-cell receptive fields are large (often 4-5 times adult receptive-field size, response to targets of appropriate standing
sizes) and lack antagonistic surrounds. Both X- and Y-cell ter- contrast and phasic-tonic index. We have now extended these
minal fields are morphologically different from their adult coun- investigations to include visual response latencies and contrast
terparts. The X-cell terminal fields in lamina A or Al are sensitivity functions (CSFs) of single cells in the LGN of 5
slightly wider in 3-4 week old kittens than in adults (kitten: adult greater galagos which received monocular 1id suture for
N=6, mean=167um, range=120-240um; adult: N=16, mean=140um, range= more than 14 mos. Response latencies were measured for small
100-175um; p=0.05). 1In contrast, the Y-cell terminal fields in visual stimuli (1.0 log unit above threshold) centered in the
the kittens are narrower than in adults (kittea: N=9, mean=188pm, receptive field. The results are comparable to those in normal
range=160-260um; adult: N=12, mean=293um, range=220-410um; p< galagos in that response latencies to both light onset and peak
0.001). Most terminal boutons of both X- and Y-cell axons are response were shortest for Y-like (mean, 51 msec onset; 91 msec
small (<2pm), although some are medium-sized (2-5um). Many boutons peak), intermediate for X-like (mean, 65 msec onset; 120 msec
have filopodial extensions with growth cone-like appendages. By peak) and longest for W-like cells (mean, 85 msec onset; 144
8 weeks of age, receptive field sizes are comparable to adult X- msec peak). Monocular deprivation did not affect the response
and Y-cell fields, surrounds have developed, and Y~cell nonlinear latencies. There were no significant differences either between
responses are stronger and more stable. Four recovered X-cell the latencies of deprived and non-deprived cells in the deprived
axons have terminal widths of 120-180um with a mean of 145um. Two animals or between cells in deprived and normal animals. Thus,
recovered Y-cell axons have widths of 160 and 330pm. Terminal following monocular deprivation, information carried by deprived
boutons appear adult-like, with many small and medium-sized swell- W-, X- and Y-like cells is capable of reaching the visual cortex
ings. There are still a few boutons with filopodial extensions, at the same time as information carried by their non-deprived
and relatively few of the large, crenulated boutons that are com- counterparts
mon in adult axons. At 12 weeks, receptive field properties of X- Limited CSF data showed that deprived Y-like and X-like cells
and Y-cell axons are indistinguishable from adult axons. Two re- responded similarly to non-deprived Y-1ike and X-1like cells. For
covered X-cell axons have widths of 100 and 115um, while 3 reco- Y-Tike cells, the mean high spatial frequency cut-off (deprived
vered Y-cell axons have widths of 180, 185 and 310um. Terminal vs. non-deprived) was 0.8 c/deg vs. 0.9 c/deg and the peak sensi-
boutons appear adult-like in size and form. tivity occurred at a mean spatial frequency of 0.2 c/deg for both

Our conclusions must be qualified because of the possibility the deprived and non-deprived cells. Ffor X-Tike cells, the mean
that we have sampled the most mature axons. Nonetheless, recep- high spatial frequency cut-off was 0.9 c/deg (D) vs. 1.2 c/deg
tive field properties, terminal arbors, and individual boutons of (ND) and the peak sensitivity occurred at a mean spatial fre-
X- and Y-cells appear to develop rapidly in kittens between 3 and quency of 0.3 c/deg (D) and 0.4 c/deg (ND). When differences in
8 weeks of age. However, some X-cell axons at 3-4 wecks have ter- the eccentricity of the sampled cells were considered, the aver-
minal arbors that are broader than those seen in adults, whereas aged CSF values for the deprived animals were not significantly
most Y-cell arbors are smaller at 3-4 weeks than in adults. This different from those found in normal galagos (Kuyk et al.,
suggests that, during the critical period, a process of enlarge- Invest. Ophthalmol. Vis. Sci. (Suppl.), '83). These data provide
ment of Y-cell arbors is concomitant with the pruning of exuberant additional evidence that monocular deprivation has very little
connections made by immature X-cell arbors. effect on either Y-1ike or X-like cells in primate LGN

Supported by USPHS Crants EY04712 and EY03038. Supported by RO1 EY02909, ROl EY01778, K04 EY00223, EY03039

(CORE), F32 EY05473 and F32 EY05680.
11.9 THE RELATIONSHIP BETWEEN AFFERENT LAMINAR DEVELOPMENT AND CELL 11.10 NEONATAL DEVELOPMENT OF GAD IMMUNOREACTIVITY AND GAD+ SYNAPSES IN

LAYER FORMATION IN THE LATERAL GENICULATE NUCLEUS (LGN). V. A.
Casagrande and J. K. Brunso-Bechtold. Depts. of Anatomy and
PsychoTogy, Vanderbilt University, Nashville, TN 37232.

Our previous work in tree skrew has shown that early eye
removal prevents the formation of interlaminar spaces (ILSs)
between the six LGN cell layers indicating that retinal input
plays a key role in cell layer formation. Yet, some species
exhibit more Tayers of retinal input than cell layers suggesting
that other factors such as the development of extraretinal input
may be important. In order to investigate this further we
studied the development of lamination of retinal input in
relation to LGN ontogeny by injecting both eyes of 15 tree
shrews with several combinations of tracers at different
developmental stages.

In the adult, spacing between retinal input to all six layers
is not equivalent. Uncrossed and crossed input to layers 1 and
2, respectively, extends into the ILS leaving only a small
label-free gap. In contrast, crossed and uncrossed input to
cell layers 4 and 5 is confined to the cell layers as is the
crossed input to layers 3 and 6. Unlike retinal input,
extraretinal input in adults is concentrated within all ILSs
except that collicular fibers avoid layers 1 and 2 and the ILS
in between. At birth (P 0) when no cell layers are present
retinal input reveals a similar but less distinct pattern than
in adult. For example, retinal input to future layers 1 and 2
shows 1ittle, if any, space between them while input to the
remaining future layers is separated by zones of lighter Tabel.
At that time, cortical input has not yet entered the LGN and
collicular input is present but unlaminated. By P 5 retinal
input exhibits a more distinct laminar pattern. At that stage,
ILSs between cell layers have begun to form and
corticogeniculate fibers show evidence of concentration within
these forming ILSs. Finally, at P 16 when all cell layers are
apparent, label from the retina shows a pattern
indistinguishable from that of the adult.

The timing of the above events suggests several conclusions:
First, retinogeniculate input is clearly laminated prior to the
formation of the ILSs and thus is in a position to influence
their development. Second, cortical input begins concentrating
in the ILSs at the time these are forming and thus may further
this development. Finally, it is of interest that the unequal
spacing of retinal input is weakest in the region (layers 1 and
2) Tacking collicular input in the adult. (Supported by EY03881
and 1K04-EY00223).

THE DORSAL LATERAL GENICULATE OF THE MONKEY: A LIGHT AND ELECTRON
MICROSCOPIC ANALYSIS. M.P.Ogren, A.E.lendrickson,& J-Y. Wu, Dept.
Psych., MIT,Cambridge MA 02139; Dept. Ophth., Univ.Wash., Seattle
WA 98195; Dept. Cell Biol., Baylor Sch. Med., Houston TX 77030

Our previous study of the dorsal lateral geniculate (dLG) in the
adult monkey (Ogren et al '82, Hendrickson et al '83) described
the morphology and distribution of neurons and synapses that con-
tain gamma-aminobutyric acid (GABA) by immunohistochemical stain-
ing of an antiserum to the GABA-synthesizing enzyme, glutamic acid
decarboxylase (GAD). We now report on the development of GAD
reactivity and GAD+ synapses in the dIG during the first postnatal
month. The dLG of 3 normal macaque monkeys at 3 postnatal ages; 2
da, 2 wk, & 4 wk were prepared for light (IM) and electron (EM)
microscopy. The synaptic development of the dLG was also examined
with conventional EM in 3 other normal animals at similar ages.

GAD reactivity in the LM is remarkably pale in the dLG at 2 da,
and gradually increases in intensity at 2 and 4 wk. The number of
GAD+ structures does not appear to change with age. Rather, the
labeling is more faint so that higher magnification is required to
visualize it at 2 da, and to a lesser extent at 2 wk. This impres-
sion is supported by EM analysis in these animals in which the
tull adult-like complement of GAD+ neurons, dendrites and synaptic
terminals is casily detected at all ages. Dendritic labeling, how-
ever, is relatively more pervasive in the youngest animals. This
suggests that the pale LM appearance of GAD in the dLG may be due
to its more diffuse distribution within the reactive ncurons at
early ages, although the concentration of the GAD enzyme may also
increase with age. By 4 wk GAD reactivity in the IM is crisp and
robust and is visable at low magnifications as in the adult. High-
er concentrations of GAD+ labeling in the laminar, particularly
the magnocellular zones is apparent at all ages

EM analysis shows another age related difference in frequency of
synapses made by GAD+ synaptic terminals within the glomeruli
These are likely to be presynaptic dendrites because of their in-
termediate position between retinal terminals and dI.G dendrites in
serial and triadic synapses. At 2 da the GAD+ terminals in glomer-
uli are postsynaptic to retinal terminals, but are rarely presyn-
aptic to dIG dendrites, so that serial and triadic synapses are
correspondingly rare. Outside the glomeruli, GAD+ terminals engage
in numerous simple synaptic contacts of all types veported for the
adult. At 2 and 4 wk the frequency of GAD+ synapses within the
glomeruli increcases dramatically. This corresponds to our quantita-
tive findings trom conventional EM and a previcus finding by
Hamori et al '75. This result indicates that retinally driven
GABA-crgic transmission of presynaptic dendrites in monkey dLG is
immature at birth. Supported by Grants EY-01208, NS-12116 and the
Dolly Green Scholar fund of RPB, Tnc.
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DEVELOPMENT OF RETINAL PROJECTIONS TO THE AUDITORY AND SOMATO-
SENSORY SYSTEMS. D.O. Frost, Sect. of Neuroanatomy, Yale Med.
Sch., New Haven, CT. 06511

When the superior colliculus (SC) and dorsal nucleus of the
lateral geniculate body (LGd) are ablated in newborn hamsters and
alternative terminal space is made available in the ventrobasal
(VB) or medial geniculate (MG) nuclei by ablation of their asc-
ending afferents, optic tract (ot) fibers form permanent, orderly
connections to VB or MG. Here we report that during normal dev-
elopment retinofugal axons project transiently beyond the borders
of the visual system, and that the abnormal adult projections to
VB, but not MG, result from the stabilization of some of these
exuberant juvenile connections.

On the day of birth (day 0) and postnatal days 1,2,3,4,6 & 8,
normal hamster pups received intraocular injections (ca 1 ul) of
40% horseradish peroxidase or 2% HRP/wheatgerm agglutinin conju-
gate. 14%1 h after injection the pups were perfused and sections
of their brains were reacted by the TML procedure to visualize
anterogradely labeled ot axons. Additional pups operated on day
0 so as to induce permanent retinal projections to MG and VB
received, at corresponding ages, similar injections contralateral
to the operated side of the brain; they were processed as above.

The retinal projections of normal day O hamsters are more ma-
ture than previously reported. Large numbers of terminating
crossed retinofugal axons extend into LGd, the ventral nucleus of
the lateral geniculate body (LGv), the pretectum, SC and the
accessory optic nuclei. Some ot axons pass across LGd to form an
unequivocal projection to the neighboring dorsolateral region of
VB, where ectopic projections are found in operated, but not in
normal adults. The normal projections to VB persist on day 4,
but not on day 8. In normal hamsters, no retinal projections to
MG were seen at any age, although ot fibers pass over its
surface. In operated hamsters, the normally transient retinal
projection to VB persists indefinitely. In these animals, by day
2 the retina projects ectopicly to MG. Collectively, these
results suggest that permanent retinal projections to VB are
formed by the stabilization of a normally transient projec-
tion, whereas projections to MG are rapidly induced de novo, as a
result of neonatal surgery. Thus, different mechanisms operate
in the formation of abnormal retinal projections to VB and MG.

Additional new observations on normal day QO pups include:

1) Uncrossed projections to LGd, LGv and the midbrain have al-
ready begun to form. 2) The stratum opticum and the stratum gris-
eum superficiale of SC have not yet differentiated. 3) Fascicles
of retinofugal fibers pass caudally superficially in SC; they
descend into the subjacent tissue across the entire extent of SC.
4) The inferior colliculus receives a transient retinal projec-
tion which is present on day O but disappears by day 4.

LEARNING AND

11.12 DENDRITIC REACTIONS TO EARLY POSTNATAL LESIONS IN THE

CAT RETINA. U.Th. Eysel, L. Peichl* and H. Wdssle*.
Institute of Physiology, University of Essen and Max-
Planck-Institut flr Hirnforschung, Frankfurt, F.R.G.

In the normal cat retina the a-ganglion cell dendri-
tic fields respect each others territories (Wédssle et
al., Nature, 292:344, 1981). We investigated whether
these territories remain fixed when the neighboring
cells are destroyed by retrograde degeneration follow-
ing retinal lesions. In adult cats neither a- nor 8-
cells change their dendritic territory after retinal le-
sions. This is shown in retinal whole mounts after re-
trograde filling with HRP. Following lesions in early
postnatal life (3rd postnatal day) and several months
survival a- and B-ganglion cells with asymmetric dendri-
tic fields are found. They extend their dendrites into
the parts of retina which are free of ganglion cells
due to retrograde degeneration. Similar results were re-
ported after retinal lesions on the day of birth in rats
(Perry & Linden, Nature, 297:683, 1982). A quantitative
evaluation of acell changes was done in retinae stained
with a neurofibrillar method where dendritic staining
is superior to HRP material. Cells at the border of the
region lacking ganglion cells have dendritic fields of
normal size and ellipticity but they show conspicious
morphological changes: dendrite diameters as well as
dendritic density (number of dendrites per unit area)
are larger in the part of the dendritic tree which lies
in the ganglion cell-free region; many cells show skewed
fields with dendrites pointing preferentially towards
that region.

In contrast to the lesions in adulthood the early
lesions are made during a period of ocular growth.
Asymmetric dendritic fields could therefore result from
active dendritic growth or from distortions due to in-
homogeneous growth of the retina. The denervated parts
of retina expand less than adjacent normal parts during
growth. This is revealed by area measurements and an
increased density of horizontal cells which are also
stained by the neurofibrillar method. Thus passive
stretch of dendrites into the denervated area is very
unlikely. An active shift of dendritic volume to that
part of the dendritic field not competing with other
dendritic territories seems to be the most probable ex-
planation. This may be an effective way to contact more
of the abundantly available presynaptic sites there
without enlarging the dendritic territory as such.

Supported by the Deutsche Forschungsgemeinschaft.
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FORMATION OF VISUAL DISCRIMINATION HABITS IN RHESUS MONKEYS AFTER
INFERIOR TEMPORAL NEOCORTICAL LESIONS DURING INFANCY AND
ADULTHOOD. J. Bachevalier*, B. L, Malamut* and M. Mishkin (SPON:
C. Duncan-Johnson), Lab. Neuropsychol., NIMH, Bethesda, MD 20205.

The storage and retention of experience depends on at least
two qualftarively different processes served by two separate
neural mechanisms: a memory system and a habit system (Mishkin et
al, in The Neurobiology of Memory:1983). With regard to vision,
the memory system appears to include both the anterior part of
inferior temporal cortex (area TE) and limbhic structures
(Mishkin, Phil. Trans. R. Soc. Lond., B298:1982). In contrast,
the habit system in vision does not depend on limbic structures,
though it may involve area TE (Malamut et al, unpublished data).
To examine this latter possibility, we assessed the effects of
area TE lesions on a test thought to be selectively dependent on
the habit system. In addition, since this system is functional
early in infancy, we compared the effects of TE ahlations made in
infancy with those made in adulthood.

Area TE was removed bilaterallv in four newhorn monkeys and
four adult animals. A two-stage surgical procedure was performed
in all infants at 1 week and 3 weeks of age and in one adult
animal; the remaining 3 adults sustained a one-stage procedure.
Seven unoperated infants, matched for age, and ten unoperated
adults served as control animals. Effects of surgery on the
concurrent discrimination learning were assessed postoperatively
at the age of 3 months in infant monkeys and after a 15 day
recovery period in adults. 1In this task, a set of 20 pairs of
easily discriminable objects (Set A) was presented once every 24
hours. The positive and negative objects within each pair, as
well as the order of the pairs, remained constant across
sessions. When the monkeys reached a criterion of 90 correct
responses in 100 trials, they were trained on a second set of 20
new object pairs (Set B) in the same manner as before. In adult
animals, unoperated monkeys learned each of the sets in an
average of 10 sessions, whereas the operated animals required an
average of 27 and 33 sessions to learn set A and set B,
respectively. No difference was found hetween one- and two-stage
operated adult animals. Like normal adults, the normal infants
learned the two sets in an average of 16 and 7 sessions
respectively. By contrast, unlike operated adults, the infants
with TE lesions were only slightly impaired in the acquisition of
set A and, furthermore, were unimpaired in learning set B,
performing as well as normal infants and adults.

The findings support earlier data showing that hahit formation
proceeds at adult rates in early infancy and suggest that,
although area TE is involved in the bhahit system in adults,
neonatal ablation of this cortical area leads to significant
functional sparing of the system.

RESPONSES OF NEURONS IN THE INFERIOR TEMPORAL VISUAL CORTEX IN
SHORT AND LONG TERM MEMORY TASKS. G.C.Baylis* and E.T.Rolls
(SPON: M.Calford). Dept. Exptl. Psychol., Oxford Univ., Oxford,
Fngland.

There is evidence that some neurons in the inferior temporal
visual cortex (ITC) have activity related to the performance of a
delayed matching to sample task. In this task the monkey must re-
member whether he has seen a particular stimulus in the preceding
few seconds. To investigate the role of the ITC in memory, we
have compared the activity of ITC neurons in the rhesus monkey in
this relatively short term memory task with their activity in a
task requiring memory over longer periods in which different, in-
terfering, stimuli are seen. In the delayed matching to sample
task, the stimuli were geometric shapes of one of four colors
presented on a TV screen for is, separated by a delay of 2-5s. If
the second stimulus matched the first, the monkey could lick to
obtain fruit juice, and if not the monkey had to withold his lick
to avoid obtaining saline. The longer term memory task was a
serial recognition task in which 0-8 other stimuli intervened
between the novel and familiar presentations of a stimulus, with
each stimulus being shown only twice per day (Rolls et al, 1982).
The monkey indicated which stimuli he recognized by licking on
the familiar trials to obtain fruit juice.

ITC neurons did not respond differentially to novel and fami-
liar visual stimuli if more than 1-2 stimuli intervened between
the novel and familiar presentations of a given stimulus. Typi-
cally the neurons which responded to the novel and not the
familiar stimuli in the recognition task only did so if there
were no intervening stimuli. A number of these neurons had cor-
responding responses, on non-match trials, in the DMS task. Some
other neurons responded to the familiar stimuli in the recogni-
tion task (and had corresponding responses on match trials in the
DMS task), but only responded in this way if the familiar pre-
sentation of a given stimulus immediately followed 1its novel
presentation. Thus it was found that the responses of ITC neurons
which are related to the memory aspects of these tasks (26 neu-
rons in the present sample of 421 neurons) occur in relation to
relatively short term memory aspects of these tasks, so that the
longer term aspects of the memory required for this type of re-
cognition appear to be processed in structures beyond the ITC
(see Rolls et al, 1982).

Of the total of 141 visually responsive neurons, including
those with memory-related responses, 49 or 34.8% had activity
which occurred selectively to some of the stimuli, often on the
basis of color, shape or orientation but in some cases selecti-
vely to faces, and the remainder had responses which occurred to
a broad range of the stimuli used in the tasks.

Rolls ET, Perrett DI, Caan AW, Wilson FAW (1982) Brain 105: 611.
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12.3 A FURTHER EXAMINATION OF THE MEDIAL TEMPORAL-LOBE STRUCTURES

12.5

INVOLVED IN RECOGNITION MEMORY IN THE MONKEY, E. A. Murray and
M. Mishkin. Lab. of Neuropsychologv, NIMH, Bethesda, MD 20205,

Monkeys with combined but not separate removal of the
amygdaloid complex (A) and hippocampal formation (H) are
severely impaired in visual recognition memory (Mishkin, Nature,
273: 279, 1978). Since neither the A nor H lesion alone
included substantial portions of the entorhinal cortex (Fnt),
whereas the combined lesion included all of it, the results are
also consistent with the possibility that either H+Ent or A+Ent
lesions are sufficient to produce the severe memorv deficit.

To test these possibilities 9 cynomolgus monkeys were trained
on visual delayed nonmatching-to-sample (DNMS) with trial-unique
objects. In this task, the monkey is trained to displace a
baited sample overlying the central well of a three-well testing
board and then, 10s later, to avoid this sz ple in favor of a
completely novel object, both objects now overlying the lateral
wells. On attaining the criterion of 90 correct responses in
100 trials, three animals each were given either H+Ent lesions
or A+Ent lesions or kept as unoperated controls. After a two
week rest period, the monkeys were retrained on DNMS to the same
criterion as before or for a maximum of 2000 trials. They were
then given a performance test in which: i) delays of 30s, 60s,
and 120s were interposed hetween the sample presentation and
test, in blocks of 100 trials each, and ii) lists of 3, 5, or 10
sample objects were presented successively prior to the choice
tests, in blocks of 150 trials each.

The control monkeys showed perfect retention of the hasic
task and averaged 93% correct responses on the performance
test. Monkeys with H+Ent lesions were mildly impaired,
requiring a mean of 317 trials to relearn the task and averaging
847 correct responses on the performance test. Monkevs with
A+Ent lesions, by contrast, failed to reattain criterion; they
achieved 817%, 82%, and 837 correct responses, respectively, in
the last 100 trials of the 2000-trial training period. On the
performance test, the animals averaged 60.5% correct responses,
or about the same as that obtained by the A+H lesion group
(rhesus) in the original study (Avg.=59.57).

Since addition of the Ent lesion did not augment the
recognition deficits produced by hippocampectomy alone, but
greatly exacerbated those of amygdalectomy alone, the Ent lesion
appears to be equivalent to a hippocampectomy in this situation,
presumably because it disconnects the hippocampus from the
inferior temporal visual cortex. The results support the
earlier conclusion that combined damage to the amygdaloid and
hippocampal systems is necessary to produce a profound memorv
impairment in monkeys.

AMNESIC MONKEYS WITH CONJOINT HIPPOCAMPUS-PMYGDALA LESIONS
DEMONSTRATE PRESERVED LEARNING AND RETENTION OF SKILLS. S. Zola-
Morgan,* and L.R. Squire. V.A. Medical Center, San Diego, CA
42161 and Dupt. of Psychiatry, UCSD Sch. of Med., La Jolla, CA.

The traditional view of the human amnesic syndrome has been
that despite their impairments these patients can under some cir-
cumstances exhibkit good learning and retention across long inter-
vals. The best known examples of this observation come from the
learninc of perceptual-motor skills. During the last ten years,
investigators have compiled a considerable group of tasks that
are less clearly perceptual-motor, but that can clicit signs of
retention in patients who by other indications are profoundly
amnesic. A particularly good example is the demonstration that
amnesic patients improved their skill at learning to read mirror-
reversed words over a threc-dav period and then retained the skill
at a normal level three months later. These findings, among
othcrs, have suggested a distinction between skills, which are
spared in human amnesia, and information based on facts, or the
outcomes of engaging in skills, which is impaired.

As part of cfforts to develop an animal model of human amnesia,
we have attempted to parallel the findings from human amnesia of
preserved skill learning. Groups of monkeys with demonstrated
amncesia were administered a series of tasks that appear to depend
substantially on skill-learning.

We utilized two motor-skill tasks as well as twoe visual pat-
tern discrimination tasks. The first motor-skill task requireé
monkeys to learn to manipulate a fragile breadstick around a
series of barriers without dropping or breaking it. The second
required monkeys to learn to retrieve a candy lifesaver threaded
onto a thin metal tuba by moving the lifesaver around a right
ancle bend to the cnd of the tube. Monkeys with conjoint lesicns
of the hippocampus and the amygdala (HA=3) acquireé cach of the
two motor skills over a period of several days at the same rate
as normal control monkeys (N=3). Retention of the lifesaver
motor-skill, after a one month interval, was the same for the HA
and N groups. On acquisition and reterntion of the pattern dis-
crimination task, HA monkeys were impaired only mildly if at all.
Moreover, monkeys with lesions of the medial thalamus, an area
that has been implicated in human amnesia also performed pattern
discrimination tasks successfully., The relationship of pattern
discrimination learning to skill learning will be discussed.

This demonstration of preserved learning and retention of
skills in monkeys, who by other measures are amnesic, brings into
correspondence the behavioral data from human amnesic patients
and operated monkeys, and sets the stage for identifying
precisely what brain structures must be damaged to produce
amnesia.

12.4 EFFECTS OF LIMBIC LESIONS ON PICTURE RECOGNITION VS. PICTURE DIS-

12.6

CRIMINATION LEARNING IN MONKEYS. W. H. Overman, G. E. Ormsby* and
M. Mishkin. Psychology Dept., Univ. N. C. at Wilmington,
Wilmington, N. C. 28406.

Following combined ablation of amygdala and hippocampus, mon-
keys show abnormally rapid forgetting on one-trial tests of both
object recognition and object-reward association (Mishkin, Phil.
Trans. R. , London, B-298, 1982) although they show normal
rates of learning two-choice object discriminations even when suc-
cessive trials are separated by 24 hours (Malamut, et al.,
Neurosci. Abstr. 6:191, 1980). 1In the present study we sought to
determine whether the same findings would be obtained in a semi-
automatic version of the task utilizing photographs of objects
instead of the objects themselves.

Six rhesus monkeys with combined ablations of the amygdala and
hippocampus (Group A+H) and unoperated controls (Group N) had
been matched for performance on trial-unique delaved nonmatching-
to-sample (DNMS). Postoperatively, Group A+ required signifi-
cantly more trials than Group N to relearn up to a 10 sec DNMS.
At longer delays of 30, 90, and 180 seconds Group A+H performed
at 76%, 62% and 64% correct while Group N performed significantly
better at 897, 887 and 80% correct. A second experiment in which
delay intervals of various lengths were intermixed in daily test
sessions revealed the same results as Experiment I. In Experiment
IIT the animals were trained on three consecutive two-choice pic-
ture discriminations for 35 trials/day with 20 sec intertrial in-
tervals. Group A+H learned all discriminations as rapidly as
Group N, both learning to criterion in 3-4 sessions. In Experi-
ment IV, both groups were trained on a concurrent visual discri-
mination in which a set of 20 pairs of slides were presented only
once every 24 hours. The positive and negative slide in each
pair, as well as the order of the pairs remained constant across
sessions. Groups A+H learned in an average of 14 sessions (92
errors) which was not statistically different from Group N which
learned in an average of 18 sessions (94 errors). The last two
experiments demonstrate that the impairments previously seen in
Group A+l were not due to either perceptual or general learning
deficits. These results provide additional support for the view
that the limbic system is necessary for one-trial visual recogni-
tion memory but not for visual discrimination habits acquired
through repetition (Mishkin, et al., Conf. Neurobiocl. Learn.
Memory, McCGaugh, et al., (Eds.), Guilford Press, N.Y., in press.)

DISSOCTIATIONS BETWEEN SKILL LEARNING AND VERBAL RECOGNITION IN AM-
NESTA AND DEMENTIA. M. Martone*, J.T. Becker, M. Pavne* and N.
Butters. Psychology Service, Boston VA Medical Center. Boston,
MA. 02130.

Several previous studies (e.g., Cohen & Squire, Science, 210:
207, 1980) have shown that amnesic patients with hippocampal ordi-
encephalic lesions are impaired on tests of recognition memory (i.
e.declarative knowledge) while retaining the capacity to acquire
general skills (i.e. procedural knowledge). The purpose of the
present study was to evaluate this separation of skill and recog-
nition memory in a group of demented patients (Huntington's Disease
patients) with known memory deficits due to basal ganglia lesions

Ten patients with Huntington's Disease (HD), 8 amnesic patients
with alcoholic Korsakoff's syndrome (AK) and 10 normal control sub-
jects (NC) were trained to read word triads which appeared as mir-
ror images of themselves cover 3 censecutive test days. Sixty tri-
ads, arranged in 3 blocks of 20 triads, were presented on each day.
Half of the triads in each block occurred only once during the 3
test days (unique words) and half were repeated from block to block
(repeated words). The time needed to read each triad was recorded.
Following the third day of testing, a recognition test consisting
of 15 unique words, 15 repeated words and 30 distractor items was
administered to each subject. Skill learning was assessed by an-
alyzing the time needed to read the unique words. Verbal recogni-
tion was assessed in two ways: 1)by determining the difference in
reading time between the unique and repeated words and 2)by per-
formance on the recognition test.

Consistent with the previous results, both the NC and AK groups
readily acquired the mirror reading skill, showing a steadyv de-
crease in the time needed to read the unique words both within and
between test days. However, unlike the NC subjects, AK patients
were impaired on recognition; that is, they did not read the re-
peated words significantly faster than the unique words nor were
they able to identify the repeated words on the recognition test.

In contrast to the AK patients, HD patients were impaired on the
acquisition of the mirror reading skill: they did not show a steady
decrease in reading time of the unique words over the 3 days and
showed less improvement on the unique words from day 1 to day 3
than did the NC subjects. However their performance on both mea-
sures of recognition memory was equivalent to that of the NC sub-
jects.

This finding of a double dissociation between skill learning and
recognition memorv in HD and AK patients suggests that these two
abilities are separable and may depend upon the integrity of the
basal ganglia and limbic systems respectively. Supported by the VA
Medical Research Service and NIAAA grant AA00187
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12.7 MEMORY FOR REMOTE PERSONAL AND PUBLIC EVENTS AFTER BILATERAL 12.8 ACQUISITION OF  SEMANTIC AND LEXICAL KNOWLEDGE IN AMNESIA.
MEDIAL TEMPORAL LOBECTOMY.  Suzanne Corkin, Neal J. Cohen,* and John D. E. Gabrieli,* Neal J. Cohen,* and Suzanne Corkin (SPON:
Harvey J. Sagar,* Dept. Psychol., MIT, Cambridge, MA 02139. MichaeT Kuperstein). Dept. Psychol., M.I.T., Cambridge, MA 02139
In characterizing differences between amnesias of different The noted patient H.M. has exhibited global amnesia since
etiologies, one tack is to compare the duration of remote memory undergoing bilateral resection of medial temporal-Tobe structures
impairment. H.M., who underwent bilateral medial temporal in 1953. The present series of experiments demonstrates the role
lobectomy in 1953 for intractable seizures, is of particular of these structures in the acquisition of new semantic and lexical
interest because his retrograde amnesia appears to be temporally knowledge. Several tests assessed H.M.'s knowledge of 184 words
limited; it has been distinguished from the less restricted remote added to the Merriam-Webster Dictionary in dictionary supplements
memory  dysfunction  documented in patients with Korsakoff's published every five years since 1954, First, H.M. was asked to
syndrome. Previous studies indicated that H.M.'s retrograde loss, judge whether a string of letters constituted legitimate English
though difficult to delineate precisely, was restricted to the 2 words. Then, he was asked to recall or recognize from among four
to 3 years immediately preceding the operation. New attempts to choices the definitions of the new words. H.M.'s recall (74 pts.;
test the 1imits of his recall and recognition of both personal and max=368) and recognition (51%) for the meanings of new words were
public remote  information suggest that the remote memory far below normal, but still above chance. He performed especially
impairment, though still temporally limited, may be more poorly on words added to the dictionary since 1966. H.M.
extensive than had previously been reported. The results confirm correctly judged 67% of the new words to be legitimate English
a marked disorder from around the t me of operation, and in words, which was inferior to his near-perfect judgement of old
addition reveal a milder deficit dating back to the time of onset words, but in marked contrast to his low (10%) rate of false
of generalized convulsions in 1942. judgements of nonwords as words. Lexical decision performance was
In tests of knowledge of public events, H.M.'s performance was at chance for items missed on the recognition test, suggesting
within the normal range for events from the 1940s and 1950s but that he does not have an autonomous lexical representation of new
inferior for the 1960s and 1970s. He was also normal in his words whose meaning he does not know, despite his continued
ability to produce specific episodic memories, but the median age exposure to these words over many years.
of these episodes (44 years ago) was greater than that of any We also demonstrated H.M.'s inability to learn new vocabulary
healthy age-matched control subject and derived exclusively from words in a controlled Taboratory setting. Subjects were presented
the period before his 17th year of life. When constrained to the with uncommon words whose definitions they could not produce.
period after his 16th year, he performed poorly and was Each word was presented with a one-line definition for study,
inconsistent in dating his memories. In 1982, H.M. could still followed immediately by a test in which each word was to be
draw an accurate floor plan of the house in which he had lived for matched with the appropriate definition. The test was
many years after his operation until 1974, He also recognized administered repeatedly until subjects reached a criterion of
someone else's drawing of that floor plan when it was presented correct matches for all words within a trial. Each word was then
with foils. His recognition of photographs of relatives and presented with a common synonym for study, followed immediately by
family friends was generally good, except that he did not a matching test; this procedure was repeated until subjects
recognize a photograph of his grandfather as an old man, of reached criterion. A final test required each word to be matched
himself and his mother on his 50th birthday in 1976, or of the with incomplete sentence frames, until criterion was met. Twelve
woman who took care of him for several years in the late 1970s. college students tested with 20 to-be-learned words required only
H.M.'s memory for old tunes that had been hits during the period 2.0, 1.1, and 1.2 trials to reach criterion on the definition,
from 1920 to 1967 was poor. The few that he could name had been synonym, and sentence-completion tests, respectively. H.M. was
popular before 1955, except the "Children's Marching Song," which tested with only 8 to-be-learned words. Still, he never reached
was a hit in 1959. Not only does H.M. have no recollection of his criterion on any test despite 15 trials for each test on each of 4
high  school graduation in 1947, he did not recognize his consecutive days. The number of words matched correctly on 60
classmates when reunited with them at their 35th reunion. A trials per test revealed no savings across tests; H.M. averaged
number of them, however, recognized H.M. and recalled that he had 3.8/8, 3.8/8, and 4.4/8 words correct on the definition, synonym,
had epilepsy. and sentence-completion tests, respectively.
Supported by grants MH 24433, RR 00088, MH 08280, and a grant from Supported by grants MH 24433, RR 00088, MH 08280, and NIGMS
the Oxford Regional Health Authority, Great Britain. 2T326GM07484 .
12.9 IMPAIRMENT IN RECOGNITION MEMORY AFTER MAMMILLARY 12.10 RECOGNITION MEMORY DEFICIT IN MONKFYS EXACERBATED BY ADDITION OF A

BODY LESIONS IN MONKEYS. R.C. Saunders* (SPON: C. Leonard),
Dept. Exp. Psych., Univ. Of Oxford, Oxford, England.

Despite a long history of clinico-neuropathological studies of patients
with Korsakoff's syndrome, the critical lesion responsible for the amnesia
has remained uncertain. Mammillary body (MB) pathology has been a
consistent finding; however, it occurs usually in conjunction with
pathology in the medial thalamus. The present study investigates whether
lesions restricted to the MB produce a severe memory impairment in
monkeys analogous to that described in amnesic patients.

Amnesic patients are impaired in yes-no recognition and forced-choice
recognition memory tasks. The present study tested cynomologus monkeys
in two analogous visual recognition memory tasks. First, they were
trained pre-operatively on a running recognition memory paradigm, in
which a series of complex pictures were presented in succession. The
monkey had to make an instrumental response (yes) when a picture
appeared for the second time or withhold the response (no) during its first
presentation. The task was made more difficult by increasing the number
of intervening stimuli between the first and second presentation of a
picture. Pre-operatively monkeys reached a high level of performance at
the most difficult stage, with up to 14 intervening stimuli. They were
then given a bilateral MB lesion; bilateral fornix (Fx) transection or a
combined bilateral MB lesion plus Fx transection or remained as
unoperated control subjects (NC). The MB lesions and/or Fx transections
had a substantial effect on the monkeys' performance in this task. They
took significantly longer to relearn the task and in the final stage their
performance was significantly worse than control animals. There were no
differences in performance between lesions groups. Average performance
scores for each group were: NC=91%; MB=76%; Fx=75%; MB+Fx=77%.

The same monkeys were then trained on a delayed non-matching to
sample task similar to forced-choice recognition memory tests used with
patients. All monkeys obtained a 90% criterion level of performance with
a 15 sec delay between sample presentation and the retention test. The
list of objects was then increased in two stages, to a list of 3 and next to
10. In stage 1, with a list of 3 objects, the retention tests of an object
were presented in the reverse order to their initial presentation.
Therefore, the retention interval varied systematically from 0 to 2 to 4
intervening items. In stage 2, with the list of 10 objects, the retention
tests appeared in the same order as originally presented. The retention
interval remained a constant 9 items. The performance of monkeys with
MB lesions or Fx transections or both was again significantly worse than
control animals at_the longer retention intervals. Performance in stage 2
of monkeys with: MB lesions alone was 69% correct; Fx transection 83%;
MB lesion+Fx transection 75% and NC 86%.

The results indicate that lesions restricted to the MB can produce a
severe recoghition memory impairment in monkeys and suggests further
that MB pathology in man may be sufficient to produce the severe
amnesia seen in Korsakoff patients.

MEDIAL THALAMIC LESION TO A PRE-EXISTING HIPPOCAMPAL LESION.
H. Mahut, L. Rehbein* and M.Moss. Dept. of Psvchol., Northeastern
Univer., and Boston Univer. Sch. of Med., Boston, MA.

Clinical evidence associates amnesia with damage to either lim-
bic or diencephalic structures. In monkevs, hippocampal ablations
impair memory assessed with a trial-unique delayed non-matching
to sample (DNMS) recognition task (Mahut et al., J. Neurosci., 2:
1214, 1982). However, combined amygdalo-hippocampal ablations re-
sult in a more severe deficit (Mishkin, Nature, 273:297, 1978;
Mahut et al., op. cit.). One way to account for the synergistic
effect of the combined lesion is to consider that 1. Amypgdala pro-
ject to medial dorsal and midline thalamic nuclei in the monkey
(Porrino et al., J. comp. Neurol., 198:121, 1981) and 2. Damage to
medial thalamus is implicated in clinical cases of amnesia (Teuber
et al., Neuropsychologia, 6:267, 1968; McEntee et al., J. Neurol.
Neurosurg. Psychiat., 39:436, 1976). The present experiment was
designed to see whether the addition of a thalamic lesion to a
pre-existing hippocampal lesion would result in as severe a memory
loss as that which follows an amygdalo-hippocampal lesion.

Four rhesus macaques that had served as a normal control group
from 3 mos to 6 yrs of age were trained on the DNMS recognition
task 1 yr before surgery and re-tested pre-operatively. Three re-
ceived bilateral hippocampectomies and Hl and H2, but not H3, had
also moderate bilateral damage of inferotemporal cortex. Their
post-operative performance declined from 90% to 62%-80% correct
responses with 130 sec delays and to 61%-787 with 10-item lists,
with H3 the least impaired of the three monkeys. The fourth monk-
ey (MD) received a thalamic lesion which included near-total dam-
age of mid and posterior parts of nMD, bilateral interruption of
the fornix with degeneration of MMB, and unilateral damage of cin-
gulate bundle, stria medullaris, midline and anterior nuclei: This
monkey made 697 correct responses with 130 sec delays and 61% with
10-item lists. A similar decline in post-operative performance
after an equivalent lesion was reported by Aggleton and Mishkin
(Neurosci. Abstr., 8, 1982). Hippocampectomized monkeys then re-
ceived a thalamic lesion and were re-tested with the same task. In
all three, nMD was partially spared in its anterior and mid por-
tions, with radical removals of the posterior extent. In all other
respects, the lesion resembled that sustained by monkey MD. This
time, performance declined to chance: 54%-587 correct responses
with 130 sec delays and 477-567 with 10-item lists.

These preliminary results suggest that the severe memory loss
after amygdalo-hippocampal lesions may be attributed to the com~
bined effects of direct damage to the hippocampus and a functional
disruption, as a result of amygdalar damage, of a parallel memory
system located in the medial dorsal thalamus.
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12.11 THALAMIC AMNESIA: MATERIAL SPECIFIC DEFECTS ASSOCIATED

12.13

WITH DORSOMEDIAL NUCLEUS INFARCTION. F. Morrell,

L. de Toledo-Morrell, * L.R. Squire, L. Bieliauskas, * E. Russell*
and J. Messer, * Departments of Neurological Sciences, Psychol-
ogy, Radiology and Cardiology, Rush Medical College, Chicago,
Il. 60612 and Department of Psychiatry, UCSD, La Jolla, Ca.
92093

Although there are now several definitive reports of amnesia due
to dorsomedial thalamic nucleus lesions, all previously reported
cases have been studied long after establishment of the lesion.
The present case allowed examination of the evolution of the
amnesic syndrome correlated with serial CT scan changes.

The patient is a 53 yr old right handed woman who was studied
intensively beginning 3 days after acute onset of a devastating
amnesic syndrome. Initial CT scans revealed an area of infarc-
tion in the left dorsomedial nucleus of the thalamus. Prominent
surrounding edema resulted in elevation of the frontal horn of the
lateral ventricle and compression of the right dorsomedial nucle-
us. At that time, neurological and neuropsychological examina~
tion revealed frontal "release" signs, poor performance on the
Wisconsin Card Sorting Test, decrease in word fluency, anomic
aphasia and a severe amnesia for verbal, non-verbal and spatial
material.

Six days after the infarct, all deficits for non-verbal and spa-
tial material had cleared, frontal "release" signs had disappeared
and card sorting performance was normal. A second CT scan 7
days after the infarct revealed complete resolution of the sur-
rounding edema and persistence of a discrete lucency entirely
replacing the left dorsomedial nucleus. The severe verbal mem-
ory deficit has remained. Remote memory tests also revealed
generally poor performance.

The persistent deficits in this case are similar to those des-
cribed in N.A. (Squire and Moore, Ann. Neurol., 6: 503, 1979).
Qur findings indicate that more widespread disturbance occurs if
both thalamic nuclei are disabled as was the case during the
early edematous phase. Our observations predict that a right
sided thalamic lesion would show visual-spatial rather than verbal
deficits (as recently shown by Speedie & Heilman, Arch. Neurol.,
40: 183, 1983) and emphasizes the material specific nature of
memory deficits in general.

OBJECT RECOGNITION IMPAIRED BY VENTROMEDIAL BUT NOT DORSOLATERAL
PREFRONTAL CORTICAL LESIONS IN MONKEYS. Mortimer Mishkin and
Jocelyne Bachevalier*. Lab. Neuropsychology, NIMH, Bethesda, MD
20205.

Within the prefrontal region of the monkey, least is known
functionally about the ventromedial cortex, an area to which the
magnocellular division of nucleus medialis dorsalis (MDmc) and
the anterior thalamic nuclei (AntN) project. Since MDmc and AntN
are major thalamic targets of the amygdala and hippocampus, and
since these limbo-thalamic pathways appear to be involved in
memory functions (Mishkin, Phil. Trans. R. Soc. Lond.,
B298:1982), we tested whether the prefrontal targets of these two
limbo-thalamic pathways might also be involved in memory.

Nine cynomolgus monkeys were trained preoperatively in a
trial-unique recognition task in which they were required to
distinguish a completely novel object from a sample otject
presented 10 sec previously (delayed nonmatching-to-sample).
After reaching a criterion of 90 correct responses in 100 trials,
three monkeys each underwent bilateral lesions of either
dorsolateral prefrontal cortex (DL), ventromedial prefrontal
cortex (VM), or neither. DL lesions extended from the frontal
pole to the depth of the arcuate sulcus, and from the ventral lip
of the principal sulcus to the midline. VM lesions included
middle and medial orbital cortex (targets of MDmc) as well as
subcallosal and anterjor cingulate cortex (targets of AntN).
Postoperatively, all animals were retrained on the basic
recognition task to a 90% criterion. Animals that did not
reattain the criterion in 1500 trials were given 500 additional
trials with a correction procedure.

Monkeys with DL lesions were slightly impaired, reattaining
the 90% criterion in an average of 230 trials as compared with 0
trials for the unoperated controls. In sharp contrast, the
monkeys with VM lesions were severely impaired, failing to
relearn the recognition task within the limits of testing and
achieving an average of only 75 correct responses in the last 100
trials prior to correction training. With correction training,
their performance improved to an average of 857 correct in the
final 100 trials.

Comparison of these results in recognition memory with those
obtained earlier on spatial delayed response (Pribram et al, J.
Comp. Physiol. Psychol., 45:1952) suggests that: (i) presumahly
because of its connections with the limbo-thalamic pathways,
ventromedial prefrontal cortex may be more important than
dorsolateral prefrontal cortex in general memory processes and
(ii) the classical delayed-response deficit after dorsolateral
prefrontal lesions may represent a perceptual-mnemonic impairment
in spatial functions rather than a strictly mnemonic one.

12.12 ACUTE LOSS OF AUTOBIOGRAPHICAL MEMORIES IN AN AMNESIC PATIENT

12.14

WITH ALCOHOLIC KORSAKOFF'S SYNDROME. N.Butters and L.S. Cermak.*
Psychology Service, Boston VA Medical Center, Boston, MA 02130.

Recent studies have suggested that the retrograde of amnesia
(RA) of alcoholic Korsakoff patients is related to two possible
factors: (1)The alcoholics' failure to learn new information dur-
ing their years of intoxification, and (2)An acute loss of (or
access to) remote memories with the onset of Korsakoff's syndrome.
To demonstrate that acute, extended losses of remote memories do
occur in some amnesias, a single-case study of a scientist
(Patient P.Z.) who developed alcoholic Korsakoff's syndrome three
years following the publication of his autobiographv was con-
ducted. Since P.Z. must have had intimate knowledge of the in-
formation in his autobiography prior to his illness, any failure
to recall this material could not be attributed to a deficit in
original learning. In addition, P.Z. was administered tests of
famous faces, public events and famous scientists from all decades
between 1930 and 1980.

The results showed that P.Z., like other alcoholic Korsakoff
patients, was severely impaired in his recall of public events
and famous faces, with some sparing of very remote memories. On
the test of autobiographical information, P.Z. could only recall
facts from the first 25 years of his life. A similar temporally-
graded RA was found in his recall of famous scientists, most of
whom P.Z. had known on a professional and/or personal basis.
These results suggest that P.Z.'s, and perhaps all Korsakoff
patients', RA is due primarily to an acute and extended loss of
old memories with the onset of Wernicke's encephalopathy. The
fact that P.Z.'s loss of remote memories is temporally graded may
indicate that information acquired during the past 20 years was
less stable than facts learned 40 years previously. This weak-
ness, and thus greater vulnerability, of recent memories may re-
flect the neurotoxic effects of long-term alcoholism. Supported
by the VA Medical Research Service and NIAAA grant AA-00187.

AMNESTA FOLLOWING VENTROMEDIAL FRONTAL LOBE LESIONS. A.R.
Damasio,* N.R. Graff-Radford,* P.J. Eslinger and N.
Kassell,*Depts. of Neurology (Div. Behavioral Neurology) and
Surgery (Div. Neurosurgery), University of Iowa College of
Medicine, Iowa City, IA 52242.

Although patients with rupture of anterior communicating
artery (ACoA) aneurysms have been known to develop
behavioral disturbances, the precise nature and anatomical
underpinnings of the syndrome have not been elucidated.

Here we describe a series of 5 patients with damage to the
ventromedial frontal lobe as a result of ACoA aneurysnm
rupture. On the basis of CT scan analysis and of

intraoperative reports and photographs, we localized damage
to the orbitofrontal and basal forebrain regions, i.e. the
gyrus rectus, the septal nuclei, the nucleus accumbens, the
substantia innominata and related pathways, i.e. the
precommissural fornix.

The 1initial stages of the disturbance were hallmarked by
bizarre fabrications and an inability to distinguish between
real and confabulated events (e.g. one patient thought he
was a space commander at the time of the Columbia space
shuttle; another described how she shopped in the Falklands
Islands at the time of the war). As the early phase
resolved, a circumscribed memory disorder emerged.
Impairment was especially prominent for anterograde and
retrograde contextual memory. The beneficial effect of
cuing suggested that retrieval rather than encoding was the
major defect. The amnesia was accompanied by personality
changes in the form of social disinhibition and mild
elevation of mood. The syndrome was markedly worse in the
bilateral cases but in both wunilateral and bilateral
varieties, the characteristics and magnitude of the syndrome

more

make it distinguishable from that seen in patients HM, NA,
DRB (herpes encephalitis) as well as in the alcoholic
patients.

We hypothesize that damage to basal forebrain (a)
disrupts function in the hippocampus, a structure with which
it is reciprocally connected, and (b) blocks cholinergic
innervation of widespread cortical regions. (Supported by a
University of Iowa Faculty Scholar Award to ARD and Grant NS
06720-02 to PJE).
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12.15 EFFECTS OF FOCAL BRAIN LESIONS ON SENSITIVITY TO FREQUENCY OF

OCCURRENCE. M.L. Smith* and B. Milner. Dept. of Psychology and
the Montreal Neurological Institute, McGill University, Montreal,
Quebec, Canada, H3A 2B4.

Automatic, as opposed to effortful, memory processes are
those that draw minimal attentional capacity, occur without
intention to remember and do not interfere with other ongoing
activity (Hasher & Zacks, 1979). Studies with normal subjects
have identified three types of information that are automatically
encoded: spatial location, temporal order and frequency of
occurrence. Smith and Milner (1981) have demonstrated an
impairment in recall of spatial location after right temporal
lobectomy that invaded the hippocampal region. Patients with
right frontal lesions performed normally on this task but have
marked deficits in the temporal ordering of recent events
(MiTner, 1982). The finding of different critical areas within
the right hemisphere for the recall of these two types of
automatically encoded information led us to explore the effect
of such lesions on the recall of frequency of occurrence.

The study included patients with excisions of the left
temporal (LT), right temporal (RT) or right frontal lobe (RF),
and normal control subjects (NC). Lists of words or abstract
designs, with the stimuli occurring 1,3,5,7 or 9 times, were
presented. Each list was followed immediately by a frequency-
estimation test comprising one example of each stimulus from
the original Tist interspersed with four new stimuli. The
subject was required to estimate the number of times each item
had appeared in the first list.

There were no differences between the groups on the verbal
task. With the designs, all patient groups were impaired at
frequency 9; however, the impairment appeared first and was most
pronounced in the RF patients, who not only underestimated the
number of times they had seen the designs, but also did not
distinguish between the frequencies 5, 7 and 9. Although few
RT patients had extensive hippocampal lesions, it was evident
that such patients did not differ from those with 1ittle or no
hippocampal removal. Thus, the right frontal lobe appears to
be involved in the automatic encoding of frequency of occurrence
as well as in recency discrimination. The negative findings
for the right hippocampal region on these two tasks contrast
with the demonstrated role of this region in the automatic
processing of spatial location.

CATECHOLAMINES: DOPAMINE RECEPTORS 1

13.1

PARTIAL PURIFICATION OF Dy DOPAMINE RECEPTORS BY AFFINITY CHROMA-
TOGRAPHY. B. Chan* and B.K. Madras. (SPON: R.H. Ackerman),Psycho-
pharmacology Section, Clarke Institute of Psychiatry, 250 College
Street, Toronto, Ontario, canada M5T 1R8, and Department of
Pharmacology, University of Toronto.

Partial purification of the Dy dopamine receptor has been
achieved with isoelectric focussing (Davis et al, Lilly et al,
Madras et al, Soc. Neurosci. Abstr. 7, 10, 1981).

To further advance dopamine receptor purification, affinity
chromatography of the receptor was performed using a derivative
of haloperidol, dehydroxyamino-haloperidol (P. Sceman, H. Pieper,
H. Machleidt) linked to a Sephareose gel. The compound has a lower
affinity for the receptor than haloperidol.

Canine striatum membranes were solubilized with digitonin and
incubated with either butyrophenone-linked or unlinked gel. With
prolonged exposure to either gel preparation, (16h at 4°C) the
soluble material was depleted (95%) of receptor sites. After
washing with buffer to remove non-specifically adsorbed proteins,
the receptor was desorbed with a NaCl-spiperone solution. The
supernatant of the centrifuged gel was dialyzed overnight and
assayed for receptor binding. Specific binding to the receptor
was detected using “H-spiperone, 4 nM, and (+)-butaclamol, 1 uM.
Under optimal conditions 50-60% of the receptor and 10% or less
of the protein was recovered from the gel. Unlinked gel, treated
in an identical manner, yielded about 10% of the receptor after
desorption. Preliminary data indicate that higher purification
can be attained if the partially purified receptor is recycled
through the gel. Affinity chromatography may prove to be a use-
ful method for dopamine receptor purification.

Supported by grants from the Ontario Mental Health Foundation
and the Bickell foundation.

13.2 Dy DOPAMINE RECEPTOR PURIFICATION USING 3H-NCA: IDENTIFICATION
OF A 40,000 DALTON BINDING PROTEIN. L.B. Lilly*& P. Seeman
(Spon: Y. Israel). Dept. Pharmacol., Univ. of Toronto, Toronto.

Since SH-NCA (N-chlorethylnorapomorphine; Dr. C. Filer, NEN,
Boston) binds to more than one site, we have here used the iso-
electric point of the Dy receptor (5.06; Lilly et al., Soc.
Neurosci. Abstr. 7: 10, 1981) to isolate a single protein which
binds 3H-NCA.

. . . 2+ . s

Canine striatal membranes prepared in Mg~ -containing Tris-ion
buffers were labelled with 50 nM 3H-NCA for 30 min at 30°C. The
membranes were washed 3-5x until all free ligand had been removed,
and solubilized with 1% digitonin; about 15% of the counts
appeared in the soluble fraction. This material was introduced
into a vertical iscelectric focusing column containing a pH 3-10
gradient. Two binding peaks resulted from focusing, at pH 5 and
pH 7.5. To determine if a single protein has been focused at pH
5, sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed. Crude soluble fraction and the pH 5
fraction were each incubated in 50 mM Tris, 2% SDS and 5% mer—
captoethanol prior to their application to a 10% gel. The gel
was subsequently sliced and counted. In the soluble fraction and
under denaturing conditions, 3H-NCA labelled several proteins,
including a prominent peak with a molecular weight of 40,000
daltons (see Fig.). 1In contrast, the column fraction appears to
contain only a single 40,000 dalton peak. This peak may be the
D2 receptor; however, recent experiments using radiation inacti-
vation have shown the intact receptor to have a molecular size
of 123,000 daltons (Lilly et al., Mol. Pharm., in press, 1983);
thus, the 40,000 dalton protein may be only a ligand-binding
subunit of the receptor
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DOPAMINE RECEPTOR TURNOVER RATES IN RAT STRIATUM ARE AGE-
DEPENDENT. S.E. Leff, R. Gariano* and lan Creese. Department
of Neurosciences, University of California, san Diego, School
of Medicine, La Jolla, CA 92093

Aging in rodents and primates is accompanied by non-uniform
alterations in CNS structure and biochemical function which
affect behavioral and neurochemical responses to pharmacologi-
cal treatment. We now report that after irreversible blockade
with a dopamine receptor alkylating agent, N-ethoxycarbonyl-2-
ethoxy-1,2-dihydroquinoline (EEDQ), CNS D-2 dopamine receptor
turnover/recovery rates show an age-dependent decline. Male
Sprague-Dawley rats (22-30 days or 9-12 months old) were
injected with 8 mg/kg i.p3 EEDQ eliciting 80-90% inhibition of
D-2 receptor specific [“H]spiperone binding in membrane homo-
ggnates of striatum 4-6 hours postinjection. The recovery of
[“Hlspiperone binding activity after EEDQ blockade was dramati-

cally faster for young rats (30 days old; t,, =2.5 days) com-
pared to mid-life/mature rats (9-12 month &{6; t.,,=4.5 days).
Receptor levels were determined by saturation a%é?yses which

indicated that the changes in binding produced by alkylation
and during recovery were the results of alterations in Bmax
values. Prolonged intracerebral treatment (11 hours) with the
protein synthesis inhibitor, cycloheximide, indicates that
receptor recovery rates are dependent upon protein synthesis.
Radioreceptor assays of EEDQ activity from sera of injected
rats indicate that EEDQ is rapidly catabolized in vivo. There-
fore different rates of EEDQ metabolism could not ~account for
the age-differences in receptor recovery rates. The slower
recovery rate we have observed in older rats may be consistent
with a reported aging-related deficit in dopamine receptor up-
regulation after chronic dopamine antagonist treatment in mice
(Severson et al., Soc. Neurosci. Abstr. 5:11, 1979). These
findings are consistent with clinical observations that older
patients generally require lower doses of antipsychotic drugs
for therapeutic effect and present a higher risk for the
development of parkinsonian-like extrapyramidal side-effects to
antipsychotic drugs. In preliminary, related experiments we
find that chronic reserpine which leads to a dopamine receptor
up-regulation markedly accelerates receptor recovery. In sum-
mary we suggest that theories of CNS neurotransmitter receptor
changes produced by pharmacological treatments, or in aging or
diseased brains should now take receptor turnover rates into
consideration and not rely solely on absolute level determina-
tion for functional correlations. Supported by PHS MH32990
(I.C.) , and NIMH Predoctoral Fellowship MH08918 (S.L.).

SODIUM IONS CONVERT BRAIN Dy DOPAMINE RECEPTORS FROM HIGH TO LOW
AFFINITY FOR DOPAMINE ACONISTS. D. Grigoriadis* & P. Seeman
(Spon: N. Wiener). Pharmacol. Dept., Univ. of Toronto, Toronto.
Although it is known that guanine nucleotides lower the affin-
ity of brain dopamine receptors for dopamine, it has not yet been
possible to obtain a single homogeneous population of low-affinity
dopamine receptors. Huff & Molinoff, as well as Wreggett et al.,
for example, found that even in Ehe presence of 300 uM GTP there
still remained about 23% of the ~“H-spiperone binding sites which
had high affinity for dopamine. We now report that 300 uM Gpp(NH)p
in the presence of Nat converts the high-affinity receptors
(Dglgh) into a single population of sites with low affinity for
dopamine agonists when done in the presence of ketanserin to pre-
clude 3H—Spiperone from binding to serotonergic sites.
Rat brain striata were homogenized in sodium-free buffer (50
mM Tris-HCl, 5 mM KCl, 1.5 mM CaCly, 4 mM MgCly, 1 mM EDTA, 0.1%
ascorbic acid, 12 uM nialamide). The tissue was pre-incubated
for 10 min at 37°C, chilled, and added to incubation tubes con-
taining 80 pM “H-spiperone and 50 nM ketanserin (final conc.); the
contents were filtered after 45 min at 37°C. Specific binding was
that inhibited by 1 uM (+)-butaclamol. The Fig. illustrates that
in the absence of Na¥ the population of dopamine receptors con-
sisted of 54% in the high-affinity state (KD=20 nM) and 467 in
the low affinity form (KD=2 uM) for the aminotetralin ADTN. How-
ever, in the presence of 120 mM NaCl 75% of the receptors were

D%OW. With high sodium (240 mM) 887 of the receptors were D%OW,

and in the pre- UBLRALLL e  a aa PR o

sence of 300 uM 810 oM Na 02 i D2 ‘
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Gpp(NH)p and

120 mM NaCl,

all the sites
were completely
converted to a
single popula-
tion of D%OW
receptors. (We
thank Dr. Susan
George & Dr. J.
Wells for ad-
vice).

1) Huff & Moli-
noff, P.N.A.S.,
79: 7561 (1982).
2) K. Wreggett,
S. George & P.
Seeman, Soc. 0
Neurosci.Abstr. 107 107 1o’ 107 107 107
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ELEVATION OF Dy DOPAMINE RECEPTORS IN SCHIZOPHRENIA BRAIN.
P. Seeman, C. Ulpian® and W.W. Tourtellotte*. Pharmacology Dept.,

Univ. of Toronto, Canada; Wadsworth Hospital, Los Angeles.
Although it had been originally shown that the binding of
3H—neuroleptics to dopamine receptors in schizophrenic brain was
elevated by 30% to 1007 (Refs. 1-3), we have recently found that
both the Ky and the density (Bpay) of binding sites for JH-spiper-
one depend on the final concentration of tissue protein (Ref. 4).
Thus, we re-studied the Kp and density of D) receptors in schizo-
phrenic putamen (P), caudate nucleus (C) and nucleus accumbens
(A), using a final tissue concentration of less than 1 mg of
original tissue per final ml of incubate. For all schizophrenic
tissues (medicated and non-medicated patients), the density of
Dy dopamine receptors was approximately double the control value.
The Fig. shows data for tissues from Toronto (squares) and Los
Angeles (circles). It is now essential to examine a larger
series of post-mortem tissues, particularly from patients who had
been actively schizophrenic but who had not been medicated with
neuroleptic drugs.

(We thank Mr. Jim Kelly for his CONTROL SCHIZOPHRENIA
assistance. Supported by the .
Friends of Schizophrenics, the
Ontario Mental Health Fdn., and
The Medical Research Council.) 40 .
1. T. Lee & P. Seeman, Soc.
Neurosci. Abstr. 3: 443,
1977. . .
2. T. Lee & P. Seeman, Amer. J

137: 191-197, 1980

Psychiat. .
3. P. Seeman & T. Lee, in Psy- 30
chobiology of Schizophrenia s %
ed. by M. Namba & H. Kaiya, ¢ . .
Pergamon, 1982, 241-247. — e e
4. P. Seeman, C. Ulpian & J. . H
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THE BRAIN D DOPAMINE RECEPTOR DIFFERS FROM THE PITUITARY Dy
RECEPTOR, AS DETECTED BY (-)3PPP.

Susan R. George, Masayuki Watanabe* & Philip Seeman. Dept. of
Pharmacology, Univ. of Toronto, Toronto, Canada, M5S 1A8.

Although D) dopamine receptors in brain and pituitary have
hitherto been considered identical, we now report that it is pos-—
sible to differentiate them by means of (-)N,n-propyl,3-(3-hydroxy
-phenyl)-piperidine or (-)3PPP.

In the complete absence of Nat, (-)3PPP inhibited the binding
of 200 pM 3H-spiperone to porcine anterior pituitary in two phases,
30% with high affinity (DH180), and 70% with low affinity (DLOW)
as is typical of dopamine agonists. In the presence of 100 mi Na+,
(-)3PPP detected only a single population of DLO¥ sites, indicat-
ing conversion of DH18N to DLOW by Nat; guaniné nucleotides (GN)
also did the same. In calf caudate, using excess ketanserin to
occlude 3H-spiperone binding to serotonergic receptors, (-)3PPP
detected only a single population of D, sites, whether in the abs-
ence or presence of Nat. The affinity of (-)3PPP for the Dy sites
was increased by Nat, but unaffected by GN, both effects, we
found, being typical of antagonists. Data for (+)3PPP in brain and
pituitary were similar to that described for (-)3PPP in pituitary.
Thus, as shown in the fig., the addition of Nat to pituitary
results in the conversion of Dgigh sites detected by (-)3PPP into
D%OW sites, and an enhancement of the affinity of (-)3PPP for D2
sites in brain, suggesting that both enantiomers of 3PPP are agon-
ists in pituitary, while in caudate, (+)3PPP is an agonist and
(-)3PPP an antagonist. The opposite effects of Nat and GN on
(-)3PPP provide the first evidence that the molecular properties
of brain and pituitary receptors may differ.
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NEUROLEPTICS EXHIBIT NONCOMPETITIVE EFFECTS AT DOPAMINE
RECEPTORS. Jonathan E. Freedmanl, Robert J. Gould2 and
Solomon H. Snyder?. IDepts. of Psychiatry and Pharmacology,

Yale Univ. Sch. of Med., New Haven, CT 06508, and 2Depts. of
Neuroscience, Pharmacology and Psychiatry, Johns Hopkins Univ.
Sch. of Med., Baltimore, MD 21205.

We have studied the kinetics of radioligand binding to various
classes of dopamine receptor binding sites in rat corpus
striatum membrane homogenates. Dj receptor sites were labeled
with the novel ligand H:f]uphenazine, which binds about
80" /° to Dy sites and 20 /° to Dp sites, with a
pharmacologic profile resembling that of 3H-cis-f]upenthixo1,
but with an improved signal-to-noise ratio (2000 cpm specific
binding, specific binding 80°/° of total binding).

H-Spiperone was used for Dy receptor sites, while D3 and
Dgq high affinity agonist sites were labeled with
H-apomorphine.

The rate of dissociation of 3H-ligands was accelerated in
the presence of certain nonradioactive drugs, suggesting more
than one class of binding sites. The dissociation of
3H-apomorphine was markedly enhanced by butyrophenones, while

H-spiperone dissociated faster in the presence of dopamine.
This indicates the existence of two distinct sites on dopamine
receptors: a butyrophenone site and a dopamine recognition site
which interact allosterically. Phenothiazines also accelerated
3H-apomorphine dissociation, but dopamine did not accelerate
3H-fluphenazine dissociation. Butyrophenones accelerated
3H-fluphenazine dissociation, but required concentrations (100
nM) consistent with D1 and not D receptor-mediated effects,
suggesting different mechanisms for phenothiazines and
butyrophenones at D; receptors. Preliminary evidence suggests
similar effects with ergots and sulpiride.

In contrast to the long-standing assumption that neuroleptics
inhibit dopamine receptors competitively, our results indicate
that butyrophenone neuroleptics do not interact with the
dopamine recognition site. Phenothiazine neuroleptics also show
some allosteric effects relative to dopamine, at least at Dp
receptors. Since D; and D3 binding sites display a 1:1
stoichiometry, as do Dy and Dg sites, our results raise the
possibility that D3 sites may actually be the dopamine
recognition sites of D] receptor molecules, while Dg sites
may be the dopamine recognition sites of Dy receptor molecules.

THE D-2 DOPAMINE RECEPTOR IN THE INTERMEDIATE LOBE OF THE RAT
PITUITARY GLAND REGULATES THE SYNTHESIS OF PROOPIOMELANOCORTIN
AND MELANOTROPHIC HORMONES. M. Beaulieu, M.E. Goldman, T.E.
Cote* K. Miyazaki* and J.W. Kebabian*. Experimental Therapeutics
Branch, NINCDS, NIH, Bethesda, MD 20205.

The intermediate lobe of the rat pituitary gland is innervated
by dopaminergic neurons originating in the brain. A post-
Junctional D-2 dopamine receptor occurs upon the melanotrophs,
the cells synthesizing the prohormone, proopiomelanocortin (POMC)
and processing it into several molecules ressembling a-melanocyte
stimulating hormone (a-MSH). This D-2 receptor is stimulated by
bromocriptine (CB 154) and blocked by spiroperidol (SPIRO).

In vivo treatment of male Sprague Dawley rats with CB 154 (10
mg/kg/d; 2 d) lowers the content of messenger RNA (mRNA)
directing the synthesis of POMC by 60%, diminishes the capacity
of the IL to synthesize POMC by 60%, decreases the capacity of the
IL to synthesize «@-MSH-like molecules by 65%, and blocks the
secretion of o-MSH-like peptides from the IL. Furthermore,
prolonged treatment with CB 154 causes the IL to atrophy and
diminishes the IL content of a-MSH-like molecules by T70%.
Because a similar number of IL cells are retrieved from enzymatic
dispersions of vehicle- and CB 154-treated animals, it seems
probable that the CB 154 treatment is decreasing the capacity of
each melanotroph to synthesize a-MSH-like molecules.

In vivo treatment of male Sprague Dawley rats with SPIRO (10
mg/kg b.i.d; 1 d) increases the IL content of mRNA directing POMC
synthesis by 75%, increases the capacity of the IL to synthesize
both POMC and «a-MSH-like peptides by 250% and enhances the
release of a-MSH-like molecules from the IL. Furthermore, treat-
ment with SPIRO prevents the inhibitory effects of CB 154 upon
POMC and a-MSH synthesis.

The present data demonstrate that the capacity of the IL to
synthesize POMC and a-MSH-like peptides is variable and is
regulated by the D-2 dopamine receptor. Dopamine released from
nerve terminals in the IL stimulates the D-2 receptor and thereby
keeps the synthetic capacity of the IL submaximal. CB 154
stimulates the D-2 receptor and further decreases the synthetic
capacity of the IL. SPIRO blocks the D-2 receptor, thereby
removing this inhibitory constraint; this accounts for the
observed stimulatory effects of SPIRO, as well as the ability of
SPIRO to block the effects of CB 154.

13.9 NEUROLEPTIC §ECEPTOR LABELING IN VIVO WITH [IIC]SPIROPERIDOL.

13.11

C. D. Arnett , J. S. Fowler , A. P. Wolf", J. Logan and
R. R. MacGregor (SPON: L. Giron). Department of Chemistry,
Brookhaven National Laboratory, Upton, NY 11973.

A model was developed and evaluated for the external detection
of specific neuroleptic receptors in living brain using positron
emission transaxial tomography (PETT) and the neuroleptic
spiroperidol radiolabeled with the positron-emitting nuclide
carbon-11l. Pretreatment with nonradioactive butaclamol was used
to differentiate the specifically bound pool of radiocactivity
from nonspecifically bound and free pools. The time course of
each of these three pools over 60 min was determined in rats by
an ex vivo experiment requiring killing of the animals at various
times after injection and homogenization and rapid filtration of
brain regions to separate bound pools from the free pool (Arnett,
C. D., et al,. J. Neurochem. 40: 455-459, 1983). The proper
choice of dose and timidghfbr in vivo PETT studies was made on
the basis of the results of this s_tu—dy.

Taking advantage of the short half-life of carbon-11 (20 min),
this model was applied to PETT studies in baboons by using a
double injection paradigm of [llc]spiroperidol with an inter-
vening injection of a high dose of a nonradioactive neuroleptic
to block specific receptors. Pretreatment with the pharmaco-
logically inactive (-)-butaclamol served as an injection control
and allowed the normal distribution of [1lc]spiroperidol among
the three brain pools. A high dose of (+)-butaclamol given after
the decay of most of the radioactivity from the first
[11C]spiroperidol injection effectively blocked the specific
receptors and allowed the subsequently administered second dose
of [ 1C]spiroperidol to distribute only to the nonspecifically
bound and free pools. PETT scans taken after the second dose
were subtracted from those taken after the first dose
(normalizing for dose differences) to produce an accurate map of
neuroleptic receptors in vivo.

These results demonstrate the successful application of this
approach to the PETT mapping of neuroleptic receptors in live
baboons. The proper choice of a highly selective drug for the
intervening blocking dose can allow differentiation of [llC]—
spiroperidol binding to D-2 dopamine receptors, serotonin
receptors, etc. Using different radioligands, this paradigm
should be applicable to PETT studies of other types of receptors
as well. This model demonstrates the potential utility of [1101—
spiroperidol and PETT for mapping neuroleptic receptors in the
human brain.

This research was supported by the U. S. Department of Energy,
Office of Health and Environmental Research and by NIH Grant No.
NS-15638.

COMPARISON OF ESTROGEN AND HALOPERIDOL ON THE ELEVATION OF
PROLACTIN SERUM LEVELS AND THE INCREASE IN DENSITY OF THE STRIATAL
DOPAMINE RECEPTORS. Robert E. Hruska. Dept. of Biochemical
Pharmacology, State University of New York, Buffalo, NY 14260.

Prolactin (PRL) serum levels are elevated by the administration
of either estrogen or haloperidol (HAL). Several groups have also
reported that either estrogen or HAL administration will increase
the density of the striatal dopamine (DA) receptors. This
suggested a 1ink between the two treatments. Interestingly, it
appears that each of these treatments has diminished effects on
striatal DA receptor density in rats which are hypophysectomized
(Hypox), and hence have no PRL available. This led to the
postulation that a pituitary factor, namely PRL, was involved in
the regulation of striatal DA receptors. When PRL was chronically
administered to intact and Hypox male rats, it was able to
increase the density of the striatal DA receptors in both cases,
although Hypox rats required a larger dose of PRL. Importantly,
the pituitary does not appear to be necessary for the maintenance
of the striatal DA receptors, since Hypox rats have a normal
density and affinity of these receptors.

Further studies have indicated that the regulation of striatal
DA receptors by PRL is complex. Male, adult rats were injected
s.c. with 17B-estradiol valerate at doses from 15-500 pg/rat. At
various times afterward the rats were decapitated, trunk blood
collected for PRL measurements, and the striatal tissue prepared
for DA receptor measurements. There was a time-dependent
relationship between the elevation in serum PRL levels and the
elevation in the striatal DA receptor density. While PRL serum
levels were maximally elevated at two days, the receptors were
maximally elevated at four to six days. By ten days the elevated
density of receptors had subsided to non-significant levels, while
the serum levels remained significantly elevated above control
levels. Therefore, the increase in striatal DA receptor density
produced by estrogen administration may depend on the novelty of
the increase in PRL levels or on the rise of serum PRL levels.
These observations also suggest that the regulation of striatal DA
receptors appears to be different after chronic HAL treatment
compared to chronic estrogen treatment. After estrogen, PRL
levels remain elevated while the receptor density returns to
control levels. After HAL the levels of PRL return to control
levels while the receptor density remains elevated. HAL also acts
directly on striatal DA receptors and therefore may act via more
than one mechanism. The elevation in serum PRL levels and
striatal DA receptor density also appeared to be related to the
dose of estrogen used. Maximal effects on both parameters, at six
days after injection, were obtained by the 60 pg/rat dose of
estrogen. Therefore, the modification of striatal DA receptors by
PRL is multifaceted. (Supported by PMAF Res. Starter Grant.)
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13.12 THE POSSIBLE ROLE OF 2-HYDROXYESTRADIOL

13.PO

IN THE DEVELOP-
MENT OF ESTROGEN-INDUCED STRIATAL DOPAMINE RECEPTOR
HYPERSENSITIVITY. J.K. Clopton* and J.H. Gordon. Dept Pharmacology,
Univ Hith Scis/The Chicago Med Sch, N. Chicago, IL 60064.

Several reports have indicated that the administration of estrogen will
result in the development of a striatal dopamine receptor hypersensitivity.
However, all of these reports use non-physiologic (i.e. pharmacologic) doses
and/or paradigms, thus posing the question of the physiologic relevance of
these observations. In the first experiment we confirmed our previous
observations of a biphasic response in dopamine receptor sensitivity
following estradiol benzoate (EB) in doses of 10, 30 and 100 ug/kg. The first
phase, seen at 24 hrs after the last dose of EB, was a dose related
suppression of dopamine receptor sensitivity. The second phase was the
development of a dopamine receptor hypersensitivity which was quantit-
ated 72 hrs after the last dose of EB, and was only seen following the two
higher doses of EB. These data thus confirm our previous work and support
the hypothesis that the development of a dopamine receptor hypersensitiv-
ity following EB may be a pharmacologic phenomenon.

In the second experiment 2-hydroxyestradiol (2-0HE) was administered to
ovariectomized rats in doses of 0.3, 1.0, 3.0, 10.0, 30.0 and 100.0 pg/kg for
3 days and apomorphine-induced stereotypy was quantitated at 24 and 72
hrs after the last dose. Doses of 2-OHE of 1.0 pg/kg or greater produced a
striatal dopamine receptor hypersensitivity at both 24 and 72 hrs after the
last injection. The threshold dose for 2-0 HE was between 0.3 and 1.0 pg/kg,
while the threshold dose for EB was between 10 and 30 pg/kg. Thus only
3% or less of the injected EB would need to be converted to 2-0 HE for this
metabolite to mediate the develop ment of the hypersensitivity.

Some reports have suggested that the enzyme responsible for the
conversion of estrogen to catecholestrogen is a microsomal enzyme. In the
third experiment we administered piperonyl butoxide (PB0) a microsomal
enzyme inhibitor in an attempt to block the development of the estrogen-
induced dopamine receptor hypersensitivity. PBO, 400 mg/kg, was
administered 4 hrs prior to the administration of a single dose of estradiol
(3, 10, 30 and 100 pg/kg). Animals were then tested for apomorphine-
induced stereotypy at 24 and 72 hrs after the injection of the estradiol.
The administration of PBO shifted the dose response curve to the right,
with the PBO treated animals showing about a 100 fold decrease in
sensitivity to estradiol. Studies of the in vitro metabolism of ~H-estradiol
indicated a significant reduction in radioactivity in the catechol fraction
following the ad ministration of PBO.

These studies indicate that the two responses seen in striatal dopamine
receptor sensitivity following estrogen maybe mediated by seperate
molecular mechanisms. The association of the hypersensitive phase with
pharmacological doses or paradigms, the development of a similar
hypersensitiviy following the administration of the 2-0 HE metabolite and
the attenuation of the estradiol-induced response in PBO treated animals
all suggest that the estrogen-induced striatal dopamine receptor hypersen-
sitivity may be mediated by the catechol metabolites.

ROLE OF AMBIENT ANIONS IN RELIEVING SEROTONERGIC
ANXIETY IN A NONCATIONIZED ENVIRONMENT. A.J.
Giannini, R.L. Gilliland, R.H. Loiselle* and
M:C. Giannini.* Psychiatry Dept., Northeastern
Ohio Universities College of Medicine, Rootstown,
OH 44222.

Twelve male students were placed in a highly
stressed learning situation. During this sixty-
minute period heart rate rose from 70.5/min. to
80.1/min. No differences were seen in platelet
serotonin levels measured before and after the
learning situation. Repetition of this paradigm
with the same students in a highly anionized
environment resulted in a change in heart rate from
71.6/min. to 74.2/min. Again no differences were
seen in platelet serotonin levels measured before
and after one hour of ionization.

These findings are different than those reported
by Kreuger (19) who found stress to be associated
with a rise in serotonin. Olivier's (19) work
also noted that atmospheric anions would lower
serotonin levels and that these levels would be
inversely related to physiological parameters of
anxiety. The above results would suggest, there-
fore, that the role of anions in relieving anxiety
may be independent of serotonin.

13.PO
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POSSIBLE ROLE OF THE DA-2 RECEPTOR IN PHENCYCLIDINE
PSYCHOSIS. A.J. Giannini, S§.M. Kalavsky, R.H.
Loiselle,* M.C. Giannini,* and W.A. Price.*
Psychiatry Dept., Northeastern Ohio Universities
College of Medicine, Rootstown, OH 44222.

Previous treatment of phencyclidine (PCP)
psychosis in our department has demonstrated the
greater efficacy of dopaminergic blockers relative
to opiates, benzodiazepenes, physostigmine and
hydroxyzine (Castellani & Giannini a,b; Giannini &
Castellani; Giannini & Price). The role of DA-1
and DA-2 receptors in this type of psychosis was
tested as described below.

Twelve patients were seen in acute PCP psychosis.
On a random basis six were treated with chlorpro-
mazine (CPZ), a predominantly DA-1 blocker, and
the remainder with haloperidol, a predominantly
DA-2 blocker. Two equivalent dosages of either
CPZ or haloperidol were injected at 20-minute
intervals. Patients were then rated on a BPRS
by a blind observer. All twelve responded equally
well on anxiety, excitement and tension scales.
Haloperidol-treated patients responded in a
significantly better fashion on conceptual dis-
organization (p >.05) and hallucination scales
(p >.05). These preliminary results suggest a
role for the DA-2 receptor in PCP psychosis.

DIFFERENTIAL CHANGES IN RAT BRAIN DOPAMINE AND SEROTONIN
RECEPTORS AFTER CHRONIC TREATMENT WITH TYPICAL AND ATYPICAL ANTI-
PSYCHOTIC DRUGS. Tyrone Lee and Siu Wa Tang. Psychopharmacology
Unit, Clarke Institute of Psyciatry, Toronto, Canada M5T 1RS8.

The blockade of central dopamine receptors has been proposed
to be the major action of antipsychotic drugs such as haloperidol
or chlorpromazine in controlling psychotic symptoms. Chronic
administration of typical antipsychotic drugs is known to induce
dopamine receptor supersensitivity in the central nervous system.
In order to demonstrate if the atypical antipsychotic drugs share
this same action, brain dopamine receptor numbers were measured
in rats chronically treated with haloperidol, loxapine, clozapine
or sulpiride. Serotonin receptor numbers were also measured for
comparison.

Adult male Wistar rats (175-200 gm) were treated with once
daily i.p. with haloperidol (5 mg/kg), loxapine (5 mg/kg), clozu-
pine (30 mg/kg) or sulpiride (100 mg/kg) for 28 days. Control
rats received equivalent volume of vehicle. Forty-eight hours
after the last injection animals were sacrificed and striatal and
frontal cortigal homogenates were prepared for receptor binding
assays using “H-spiperone. Dopamine receptor (D,) was defined by
10 uM sulpiride and serotonin receptor (S,) was %efined by 50 nM
mianserin. Receptor density (B, in femtomoles/mg protein) and
affinity (K_, in nM) were determined by Scatchard analysis. The
results are as follows:

DOPAMINE (D.) RECEPTOR SEROTONIN (S.) RECEPTOR
DRUG 2

B %control N %control N

max max
Control 460449 100 4 412433 100 3
Haloperidol | 657431 3 464512 113 3
Loxapine 484443 6 167+15 417 5
Clozapine 476438 104 4 218+64 53 3
Sulpiride | 547+16 119 6 | 346531 84 5
*Mean + S.E.; PL0.02, €0.01, Student's t-test.

Chronic exposure to haloperidol in the rat increased the densiy
of dopamine (D,) receptors (43%) but caused no significant change
in the number Gf serotonin (Sz) receptors. Loxapine, clozapine
and sulpiride did not cause any significant change in dopamine
receptors but loxapine alone induced a significant reduction in
serotonin receptor number (59%). No significant difference was
observed in receptor affinities among the different drug groups.

Our present data suggest that not all neuroleptics induce an
increase in dopamine receptor number on chronic administration.
Loxapine, on the other hand, appeared to potently affect the
serotonin system and this unique property so far is known to occur
only with antidepressant drugs.

(Supported by the Research Fund of the Clarke Institute).




34 CATECHOLAMINES: DOPAMINE RECEPTORS 1

MONDAY AM

13.PO MULTIPLE 3H-SPIPERONE BINDING SITES DEFINED BY KETANSERIN IN RAT
FRONTAL CORTEX: REGULATION BY ENDOGENOUS SEROTONIN, NEUROLEPTICS
AND ANTIDEPRESSANTS. Daiga M. Helmeste and Siu Wa Tang. Psycho-
pharmacology Unit, Clarke Institute of Psychiatry, Toronto, Ont.,
CANADA M5T 1R8.

Ketanserin, a putative Spy-serotonin antagonist, has recently
been used to specifically define the Sjy-serotonin component of “H-
spiperone binding and as a specific tritiated label for Sy-seroto-
nergic sites. We have discovered that a ketanserin baseline (100
nM) defines more than one “H-spiperone site in the rat frontal
cortex [Kg; (nM)=0.3, Bp,.. (fmol/mg.protein)=300; Kdp=5, Bpaxp=
600). [Examination of 3H-ketanserin binding to rat frontal cortex
(1 uM methysergide baseline) also revealed multiple binding sites].
To determine which of the “H-spiperone labelled sites are under
serotonergic control, changes in binding sites were examined after
chronic drug treatments which enhance (d-fenfluramine; 2.5 mg/kg
i.p., twice daily for 28 days) or decrease serotonin release (PCPA
300 mg/kg, i.p. for first and last 3 c:.ys, 100 mg/kg every second
day for days 4 to 18). These were compared to other treatment
groups consisting of acute [single or double (2 days) injs., 48 hr
before] administration of the antidepressants mianserin, amoxapine
and imipramine or the neuroleptics haloperidol, thiothixene, per-
phenazine, thioridazine and loxapine.

Marked_ghanges in receptor density (Bp,y) were observed in the
0.3nM K4 “H-spiperone site, as follows (expressed as percentage
of controls): chronic d-fenfluramine (50% of control); chronic
PCPA (155%); acute mianserin, 10 mg/kg, (57%); acute loxapine, 5
mg/kg, (69%); acute amoxapine, 10 mg/kg, (78%). Other groups
showed no significant changes. This 0.3nM Kq “H-spiperone site
can also be preferentially labelled using a 50nM mianserin base-
line.

The ability of mianserin to acutely down-regulate the 0.3nM Ky
site does not seem to be dependent on intact serotonin stores
since chronic PCPA pretreatment did not prevent the mianserin in-
duced down-regulation. The ability of mianserin, loxapine and
amoxapine to acutely down-regulate the 0.3nM Kq site did not seem
ro be related to their high affinities for this site, since S)-
serotonin antagonists with similar affinities [cinanserin or ket-
anserin 10 mg/kg] had no effects on this site, either in terms of
acutely blocking the mianserin effect or in changing the numbers
of this site by themselves.

The above data suggests that the 0.3nM Kqg 3H—spiperone site is
a serotonergic recepror and that its density can be acurely alter-
ed by certain compounds used in the treatment of the major psychos
—CS.

13.PO  AGONTST INDUCED DECREASES IN AGONIST AFFINITY AT DOPAMINE
RECEPTORS. J. 1, Klein*, A. C. Andorn*, K. R. Koh#&gan* (SPON:

V. Rowland). Dept. of Psychiatry, Case Western Reserve University
Gechool of Medicine, Cleveland, Chio 4L106.

‘The TCsO of dopamine at 3H-spiroperidol receptors in rat
striatum is 2840 +/- 357.0 nM (N=5) when obta%ned in competition
studies using a 15 min incubation and 0.2 nM “H-spiroperidol,

0.01 mM ascorbate, 34.4 mM Na-liepes, and 0.20 +/- 0.05 mg protein.
However, at an incubation time of 60 min the LCS of dopamine is
shifted to the right by 2 orders of magnitued to 100,000 +/- 0.0
nM (N=5). Preincubating the tissue for 60 min in the presence
ol 10 uM dopamine aud using this tissue in a 15 min study results
in an TC., of 180,000 +/- 50,000 nM (N=2). (The contribution of
the dopam{ne in the preincubate was corrected for). Preincubation
of tissue in buffer alone dues not change the IC o at 15 min. The
addition of pargyline to the preincubation step aoes not change
the results observed at either 15 or 60 min. These findings
suggest that agonist can induce decreases in the affinity of the
receptor for agonist while sparing antagonist affinity. Such
findings are not inconsistent with physiologically relevant recep-
tors, as agonist induced desensitization is well known in other
receptor systems (Harden, T. K., Su, S. Y., Perkins, J. P., J.
Cyc. Nuc. Res.5:99, 1979).

Interestingly, the IC of dopamine at a 60 min incubation is
the same as its IC using a 15 min incubation, but having 100 uM
Gpp(NH)p present ifA the assay. Further study will determine
whether agonist induced changes in agonist affinity procede by
mechanisms similar to or distinct from guanyl nucleotide induced
decreases in 3H—spiroperidol binding in rat striatum.

13.PO

GUANYL NUCLEOTIDE INDUCED LOSSES OF ANTAGONIST BINDING AT HIGH
AFFINITY DOPAMINE RECEPTORS. A. C. Andorn¥*, K. R. Kohazan¥*,

J. L. Klein*(SPON:M.E. Maguire).Dept. of Psychiatry, Case Western

Reserve University School of Medicine, Cleveland, Ohio 44106.
Guanyl nucleotides induce a loss of high affinity 3H—spiroper-
idol binding in rat striatum as seen in rate association studies
in the presence of 100 uM Gpp(NH)p. The loss in binding is also
seen in rate dissociation studies. These are biphasic in the
absence of Gpp(NH)p (ty rapid = 0.1 min; @  =31.5 +/- 9.4 nin

N=3). In the presence of Gpp(NH)p these studies are monophasic
with tp= 0.1 min (N=3). Saturation studies show that in the
absencé of Gpp(NH)p, at least two affinity states for 3H-spiroper-

idol are present with KD =8.7+/-1.7pM, B a =45.0+4/-17.3 fmol/mg,
K ,=0.25+/~0. 1M, By, L 183.3+/-23.0 8% Ing protein (N=h).

TRe same studies in the“presence of 100 uM Gpp(NH)p indicate that
only one affinity state is present with an apparent K_ of 0.16
+/- 0.02nM and B of 223.0 +/- 62.8 fmol/mg protein (N=3),
corresponding tom%ﬁe lowest affinity state observed in the absence
of nucleotide. The effects of guanyl nucleotide are blocked by
the addition of 3.4 mM Mg**, are reversible, and are not
produced by 100 pM ATP. Some of these results are similar to

the effects of guanyl nucleotide on 3H—agonist binding in the
opiate receptor system (Blume, A. J,,Proc. Nat. Acad. Sci.T5
1713, 1978). However, the results presented here demonstrate
clear effects of guanyl nucleotides on 3H—antagonist binding.
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AFFERENT AND EFFERENT CONNECTIONS OF THE CLAUSTRUM OF TREE
SHREW AND RAT. Teresa L. Neal® and Russell G. Carey. Div. of
Neurobiol., Barrow Neurol. Inst., Phoenix, AZ 85013

In both tree shrew and cat the dorsal claustrum is recipro-
cally connected with the visual cortex and, in particular, with
area 17 (Carey et al., 1979; LeVay & Sherk, 1981). Consensus
concerning subcortical connections of the claustrum in these
species, however, has been highly elusive. Studies in the cat
have tended to doubt the existence of such projections whereas
results in the tree shrew (Carey & Bear, 1979) indicate their
existence. The purpose of the present study was two-fold:
first, to verify the existence of these projections by making
injections directly into the tree shrew thalamus as well as in
the claustrum; and second, to determine whether the pattern of
connections observed in cat or tree shrew is representative of
the pattern found in a third mammal, the Long-Evans rat.

After injections of WGA-HRP into the tree shrew claustrum,
labeled cells and terminals in the thalamus are primarily lo-
calized within the lateral intermediate nucleus (Li) and the
nuclear region embedded within the external medullary lamina
(EML). Small electrophoretic injections into the same thalamic
regions verify the existence of these reciprocal connections.
After these injections a focus of moderate terminal activity is
found in the same general area of the claustrum that projects
to area 17. However, the pattern of retrogradely labeled cells
from these injections is dissimilar. These labeled cells
predominently lie on the outside margin of the claustrum and
tend to encapsulate the nucleus for considerable distance. Thus
it appears that a separate zone exists that projects to the
thalamus that does not receive a projection from visual cortex.

The pattern observed in the rat however is distinct from
that of either the tree shrew or the cat. First, as reported
for the cat, there is only minimal evidence for subcortical
connections. More important, however, is the finding of only
limited connections with area 17. Only the cortical region
that lies medial to area 17 (area 18M) has dense reciprocal
connections with the claustrum. Cortical regions lateral to 17
do appear to receive a moderate projection from the claustrum
but do not appear to project to the claustrum. Furthermore,
after injections into the claustrum of the rat, the terminal
activity is found maximally in the infragranular layers of 18M
and not in the granular layers as is the case for tree shrew
and cat. Similar to that of the other species, the reciprocal
projection originates from cells of layer VI.

Supported by NIH Grant EY0%641(RGC) and funds from EPI-Hab
Phoenix, Inc.

COURSE AMND STRUCTURAL ORGANIZATION OF GENICULOCORTICAL AND CORTICO-
FUGAL PATHWAYS IN WHITE MATTER OF THE RAT VISUAL SYSTEM. W. R
Woodward and B. M. Coull*. Dept of Neurology, Oregon Health
Sciences Univ, Portland, OR  97201.

We previously reported that geniculocortical and corticofugal
fiber pathways are segregated within white matter of the rat visual
system (Woodward & Coull, 1982). Geniculocortical fibers are
localized in the external stratum, whereas corticofugal fibers run
in the internal sagittal stratum of the medullary substance. These
observations were extended, and the course and organizational
structure of these fiber tracts within white matter were examined.

The entire geniculocortical and corticofugal fiber tracts were
visualized by autoradiography 24 hours after focal 3H proline and
34 fucose injections into dorsal lateral geniculate nucleus (dLGN)
or into striate cortex. Subcortical white matter in rat is
approximately 300 um wide. Geniculocortical fibers coalesce into
a 100 um wide band lateral to the ventricle and project to
cortical targets in the external stratum, whereas corticofugal
fibers course diagonally across the white matter and project to
subcortical targets as a 150 ym wide band in the internal sagittal
stratum. The two fiber tracts are separated from near the visual
cortex to adjacent to the lateral ventricle. Neuronal degener-
ation studies following kainic acid lesions of dLGN or visual
cortex confirm these findings.

Geniculocortical and corticofugal fiber tracts appear quite
different in white matter in both orthograde transport and neuronal
degeneration studies. When sectioned in the coronal plane
geniculocortical fibers appear as a continuous, unbroken band,
whereas corticofugal fibers appear as a series of ellipsoid
fascicles. We considered the possibility that the fascicles repre-
sent cylindrical bundles of corticofugal fibers projecting through
the coronal plane at an oblique angle. Two consequences of this
assumption are (1) the minimum diameter of a fascicle is equal to
the cross-sectional diameter of that bundle and (2) horizontal
and vertical components of the angle that bundles form with the
coronal plane can be calculated. The bundles are estimated to be
22.5 ym in diameter, and the horizontal angle increases and the
vertical angle decreases for progressively more lateral bundles
in the white matter. The latter prediction is consistent with the
course of corticofugal fibers which initially project laterally
and downward before turning rostrad.

Geniculocortical and corticofugal fiber organization within
white matter has important implications for neurophysiology and
for neurodevelopment.

This work has been supported by the Oregon Medical Research
Foundation and the Roy L. Swank Foundation.

14,2 THE CORTICO-CLAUSTRAL LOOP IN MONOCULARLY DEPRIVED AND STRABISMIC
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CATS. David J. Perkel* and Simon LeVay, Dept. of Neurobiology,
Harvard Medical School, Boston, MA 02115.

The dorsocaudal (visual) claustrum receives a convergent input
from several visual cortical areas and projects back to them. 1In
the normal cat most claustral neurons are about equally responsive
to stimulation of either eye (Sherk & LevVay, J.Neurosci. 1:993).
We have examined the effects on the visual claustrum of two condi-
tions that are known to affect the eye preference of cortical
neurons.

In 2 monocularly deprived (MD) cats (lid-sutured at 3 weeks)
all claustral units responded only to stimulation of the expe-
rienced eye. Presumably this reflected the change in the ocular
dominance of the cortical cells projecting to the claustrum. In
one MD cat an injection of 3H-proline was made into the visual
claustrum. Autoradiography showed a normal return projection to
visual cortex, including area 17: the terminals were distributed
in an even, non-columnar fashion. This implies that cortical oc-
ular dominance columns for the deprived and experienced eyes both
receive a claustral input that is driven only by the experienced
eye. To test whether the cortico-claustral loop might be involved
in suppressing cortical responses to the deprived eye, the ocular
dominance of neurons in area 17 of an MD cat was studied before
and after ablation of the visual claustrum with an injection of
kainic acid. There was no change: both before and after the abla-
tion responses to the deprived eye were confined to small regions
in or just above layer 4. Thus the cortico-claustral loop does not
suppress deprived-eye responses, at least in long-term deprivation.

One strabismic cat was studied (both lateral recti cut at 3
weeks). When paralyzed it was cross-eyed by 17°.- In the cortex
(area 17) most cells were monocular and were grouped into sharply-
defined columns. In the claustrum most neurons were still binocu-
lar, but the proportion of cells driven strongly or exclusively by
one eye (OD groups 1,2,6 & 7) was much higher (46%) than in normal
cats (15%). Cells dominated by one or the other eye were randomly
mixed - strabismus did not cause the appearance of ocular dom-
inance columns in the claustrum. As in normal cats, binocular
claustral cells generally had a similar preferred orientation in
the 2 eyes, and cells with similar orientations were grouped to-
gether. Although there was some breakdown of binocularity in the
claustrum, no doubt reflecting that seen in the cortex, our results
suggest that binocular convergence at the claustral level is com-
paratively resistant to strabismus. The results also indicate
that the development of matching orientations in the left- and
right-eye fields of claustral neurons does not require normal
binocular vision, at least after 3 weeks of age.

(Supported by NIH EY-1960)

BRANCHING OF SINGLE AXONS FROM THE LATERAL GENICULATE
NUCLEUS AND LATERALIS POSTERIOR TO THE VISUAL CORTEX
IN THE NEONATAL RAT. L.K. Laemle and S.C. Sharma.
Dept. of Anatomy, UMDNJ-N.J. Med. Sch., Newark, N.J.
07103 and Dept. of Ophthalmology, N.Y. Md. Sch.,
Valhalla, N.Y. 10595

The advent of techniques which permit double label-
ing of individual CNS neurons has demonstrated that a
single axon may bifurcate thus innervating both halves
of the brain. This phenomenon has been demonstrated
in the visual pathway of the adult rat, where some
ganglion cells in the temporal quadrant of the retina
project to both ipsilateral and contralateral lateral
genivulpte nucleus (LGN) (Jeffrey et al, 1981).

In the present study we ask whether axonal branch-
ing is restricted to retinal ganglion cells, or wheth-
er this is a more general phenomenon in the visual
pathway. The problem was approached by the use of
double retrograde labelling with fluorescent dyes.
Twenty-seven neonatal rats, ages 3 days to 7 days were
used in this study. Injections of 5% true blue or 5%
fast blue were placed in the right visual cortex
(areas 17, 18, and 18a); 30 minutes to 72 hours later
1% nuclear yellow was injected into the homologous area
of the left hemisphere. Animals were sacrificed 8
hours to 24 hours following injection with nuclear
yellow. Total survival from the time of injection
with true blue or fast blue was 24 to 96 hours.

Retrogradely labeled. neurons were located in the
LGN and in the nuclues lateralis posterior (LP).

Small injections in area 17 resulted in restricted
apeas of Iabeled neurons in the LGN (dorsalis) and
restricted label in LP. Large injections resulted in
labeling of the entire LGN and LP. Examination of
these nuclei revealed a predominance of single-labeled
neurons which were labeled retrogradely from the ipsi-
lateral cortex. Scattered among ipsilaterally labeled
cells were occasional neurons single-labeled from the
contralateral cortex. Double labeled neurons were ob-
served in both the LGN and LP, and were more prevalent
in the latter nucleus.

The present study demonstrates that single cells in
the LGN and LP of tne neonatal rat project bilaterally
upon the visual cortex. This provides another mechan-
ism for duplication of visual information at the level
of the visual cortex. Supported by NIH grant 1 ROl
EY04107-01A1 (LKL) and EY01426 (SCS).
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CONTRALATERAL CORTICAL PROJECTIONS TO VISUAL THALAMUS IN THE CAT.
N. Berman and B. R. Payne. Depts. of Anatomy and Physiology/
Biochemistry, The Med. Coll. of Penmnsylvania, Phila., PA 19129.

Efferent pathways from visual cortical areas to subcortical
structures are mainly ipsilateral. However, in recent years a
number of studies have shown that, in the cat, there are projec-
tions from visual cortical areas to a number of contralateral sub-
cortical structures, including the claustrum, caudate-putamen,
thalamic intralaminar nuclei, pretectum, superior colliculus and
pontine nuclei. Many of these contralateral projections, such as
to the superior colliculus, are retinotopically organized. In our
continuing studies of crossed corticofugal projections, we now
describe a substantial projection from visual cortical areas to
certain nuclei of the contralateral visual thalamus.

Cortical projections to subcortical regions were traced with
tritiated amino acids injected into extrastriate visual cortical
areas of cats. After survival times of two or seven days, sec-
tions of the brain were cut and prepared for autoradiography.
Silver grains were observed, as expected, over the targets of
visual cortical projections in the ipsilateral midbrain and
thalamus. In addition, silver grains were seen overlying the tec-
tal and posterior commissures and a number of contralateral thala-
mic and midbrain structures. In the thalamus, the label was heavi-
est over the lateral-posterior nuclear complex with the greatest
density 8f silver grains over the presumed border between the
lateral and interjacent subdivisions of this complex. Less dense
label was observed over the posterior nuclear complex and rostral
pulvinar.

All regions of the thalamus, which receive projections from
contralateral visual cortical areas contain neurons which respond
to visual stimuli and express well ordered maps of visual space.
Comparison of the crossed corticothalamic terminal regions with
published maps of the thalamus suggests that the crossed cortical
projections are to parts of the thalamus representing visual
space in the vicinity of the vertical meridian. This suggests
that the contralateral cortical projections to the thalamus and
superior colliculus are both organized in a retinotopic fashion.
The presence of retinotopically organized crossed corticothalamic
projections indicates that one hemisphere influences the response
properties of cells in contralateral thalamus. This influence,
however, is likely to be confined to representations of visual
space close to the division of the two hemifields. In addition,
the crossed corticothalamic pathway may provide a non-callosal
route by which visual information can be transferred from one
hemisphere to another.

Supported by The Office of Mental Health of the Commonwealth of
Pennsylvania.

Spatial contrast sensitivity: effects of peripheral field
stimulation during monocular and dichoptic viewing. R.T.
Marrocco and M. Carpenter*. Institute of Neuroscience, Univ.
of Oregon, Eugene, OR. 97403.

We have used a radial grating as a peripheral field stimulus
surrounding a 2 deg target. The grating was seen in the same
eye or the eye opposite to that seeing the central target. A
central 2 deg. aperture assured that the radial grating did not
encroach cn the 2 deg stimulus. The task of 3 experimentally
naive subjects with normal vision was to adjust the contrast of
a foveally viewed, 2 deg, counterphasing sine wave grating
target  to threshold. In half the trials the radial grating was
rotating at 5 deg/sec, while in the other half it was stationary.
In each condition the contrast threshold change, if any, was
taken as the difference between contrast settings for the
stationary minus the moving radial grating conditions.

Our results showed that movement of the peripheral radial
grating caused a decrease in the contrast thresholds for monocular
and dichoptic viewing conditions. A shift of 0.6 to 0.8 log
units was seen for monocular conditions and a shift of 0.4 to
0.6 log units was seen for dichoptic viewing. The size of the
shift was dependent on the target grating spatial frequency. Low
spatial frequencies were affected to a greater extent for the
dichoptic paradigm than the monocular. The reverse was true for
high spatial frequencies. Thus, the curve for contrast sensi-
tivity appeared to be shifted to lower peak spatial frequencies
for the dichoptic paradigm.

The changes in contrast thresholds for monocular viewing can
be explained by lateral spatial interactions in the retina or
lateral geniculate nucleus. However, since the effective visual
stimulation of the visual pathway is equivalent for both paradigms
at or beyond the point of binocular convergence (i.e., striate
cortex), the residual effect in the dichoptic paradigm is
thought to reflect the action of a feedback pathway to subcortical
visual centers. Supported by NSF grant BNS 82-07531.
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EXCITATORY NATURE OF CORTICOFUGAL PROJECTION UPON
LATERAL GENICULATE AND THALAMIC RETICULAR NUCLEIL AS
EVIDENCED BY CRYOGENIC BLOCKADE OF RAT VISUAL CORTEX.
Yukihiko Kayama, Akira Shosaku* and Robert W. Dotyl. Institute of
Higher Nervous Activity, Osaka University Medical School, Osaka 530,
Japan.

The function of the corticofugal projection to the dorsal lateral
geniculate nucleus (LGNd) has frequently been studied using
inactivation of the visual cortex (VC) by cooling. However, the
reported effects have been complex and/or equivocal. Thus we re-
examined the question in a lissencephalic species where VC can readily
be fully and reversibly inactivated. The skull overlying visual areas
17,18 and 18a was removed in urethane-anesthetized rats, which were
immobilized and artificially ventilated. Inlet and outlet tubes in an
acrylic wall surrounding this opening permitted rapid application and
removal of chilled or body temperature saline to the intact dura mater
within this opening. Unit recording showed drastic curtailment of VC
activity within 20 sec of cooling onset, and complete recovery within
similar time upon start of rewarming. With 1-min cooling of VC,
temperature at LGNd was unaltered, but background activity was
significantly reduced in about half the neurons sampled. The effects
were somewhat less striking on activity evoked by electrical
stimulation of the optic chiasm (OX) or photic stimulation of plotted
receptive fields. Although an occasional unit might become
unresponsive to such stimuli consequent to VC cooling, only about one
third were affected in any way. On the other hand, the effects upon
units in the adjacent, visual portion of the thalamic reticular nucleus
(vTRN), identified by their characteristic discharge to single electrical
pulses applied to OX, were much more consistent and profound.
Background activity was depressed in all 32 units observed, versus 12 of
22 units comparably studied in LGNd. VC cooling diminished responses
to electrical or photic stimulation in about 80% of vTRN units. Thus,
the continuous control which the VC seems to exert upon vIRN is
significantly more powerful than that upon LGNd. In no case, for either
LGNd or vTRN, were excitatory effects obtained by inactivation of VC,
and it is therefore concluded that the normal influence of the latter
upon these nuclei is uniformly excitatory. The projection of vTRN into
the LGNd has repeatedly been demonstrated, anatomically and
physiologically, to be inhibitory. Thus, in removing a tonic excitatory
input to vTRN, inactivation of VC causes a disinhibition of LGNd which,
to some degree, may counterbalance the disfacilitation which the latter
also suffers from the loss of VC input.

IFellow of the Japan Society for the Promotion of Science.

CONNECTIONS OF THE TECTORECIPIENT ZONE OF THE CAT'S
LATERAL POSTERIOR-PULVINAR COMPLEX.

Bruce P. Abramson and Leo M. Chalupa.

DeFarfmenT of Psychology and The Phsvslology Graduate Group,
University of California, Davis, CA 95616.

The medial portion of the cat's lateral posferlor—?ulvinar
complex (LPm) recelves dense ascendln% projections from the
superior colliculus (SC). he aim of the Fresenf study was to
determine the afferent and_efferent connectlions of this thalamic
tectorecipient region. For this purpose a small IonfoPhoreﬂc
deposit whea\‘) germ aggluﬂnln con'Jugafed to horseradish per=
oxldase (WGA-HRP) was placed In the LPm.” Survival periods ranhged
from 18-24 hrs. Brain sections were reacted for the peroxidase
enzyme (Mesulam 1978) and alternate sections through the thalamus
were prepared for acetylthiocholine histochemistry. The latter
processln? revealed an oblique, dorso-ventrally oriented wedge of
stain whlch extended from the anterior third of the laferal
geniculate body to the brachium of the SC. Only WGA-HRP deposits
within the cholinesterase rich region labeled neurons in the SC
whereas deposits of peroxidase just outside this area did not
label tectal cells. hese observations confirm the findings of
Graybliel and Berson (1980) that the tectorecipient zone of the
lateral posterior-pulvinar complex can be identified by
cholinesterase histochemlistry.

Virtually all labeled neurons In the Ipsilateral SC were
restricted to the stratum griseum superficlale (99% of 879
cells). This tectp-thalamic pathway was derived from four types
of cells: 1.) 7.5fcf these neurons were multipolar, 17.013.4 Ipm
In diameter, with 4 or more radial nyexfendln dendrites; 11.)

bipolar type cells wlth small fusiform somata 6.811.9 um in
diameter made UR 19.8% of the powli?izon; jil.) 32.6% were
Martinotti-Iike, having round somas 10.0x2. in diameter, with

several processes

a Iong exfendInP process at one pole an
extending radially from the %pgosl#e surface; Iv) 40% of the
sample were pyramidal cells, 10.4*1.7 um in diameter,

e onlx other subcortical structure which contained labeled
cells following an_injection of WGA-HRP in the LPm was the
reticular nucleus. These neurons formed a heterogeneous popula~
‘rloln confined to the dorso-caudal portions of this thalamic
nucleus.

In ever?; case anterograde and retrograde label was found In
six visual cortical areas. Four of these were within the
suprasylvian sulcus, Including: the posteromedial, posterolater-
al, dorsal and ventral lateral s%raswvlan areas (PMLS, PLLS,
DLS, VLS of Palmer et al. 1978). e other two were: the poster-
Tor suprasylvian area and area 21a. In al| areas of the cortex
the anterograde label appeared to be confined to layer IV. The
majority of labeled perikarya were within layer VI. " In coronal
section these formed a continuous sheet of small p¥ramldal cells
9.3%1.8 in diameter. Fewer labeled cells were found In layer
V ( <10% of filled cortical neurons) and these were comprised of
medlum sized pgramldal cells ((17.4%4.1 pm in diameter) which
were distributed In uneven patches In each visual area.

he reciprocal connections of the LPm with at least six visual

areas and the discovery of a proJection from the
reticular nucleus emphasize the Infegrative role of this portion
of the cat's lateral posterior-pulvinar comBlex. The extensive
extra-colllcular visual Inputs to the LPm could provide an
explanation for the differences In visual response groperﬂes
which have recently been noted between SC and LPm neurons
(Chalupa et al. 1981).

Supported by NEI grant EY0-3491.
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14.9 CELLS OF ORIGIN OF THE CORTICOCOLLICULAR PROJECTION IN THE CAT. 14.10 RECEPTIVE FIELD PROPERTIES OF CORTICOTECTAL CELLS IN VISUAL
R. Hartwich-Young, B. Hutchins and J.T. Weber. Department of AREAS 1 AND 2 OF THE RABBIT. T.G. Weyand and H.A. Swadlow.
Anatomy, Tulane University Medical School, New Orleans, La. 70112. Dept. Psychology, U-20, University of Connecticut, Storrs, CT

The laminar distribution and the specific cell type(s) of the 06268 .

corticotectal projection were examined by placing injections of The receptive field properties of neurons which project to
wheat germ agglutinin-horseradish peroxidase (WGA-HRP) within the the superior colliculus (CT cells) from visual cortical areas
superior colliculus of the cat and processing the tissue for 1 and 2 (V1, V2), were studied in the awake, unparalyzed rabbit.
tetramethylbenzidine reaction product (Mesulam '78). WGA-HRP CT cells were identified by antidromic activation following
positive neurons are found primarily within visual cortical areas electrical stimulation of the superior colliculus. Antidromic
17, 18, 19, 21A, the ectosylvian visual area (EVA), the splenial latencies in V1 (median = 2.29 msec) and V2 (median = 2.14 msec)
visual area (SVA) and the suprasylvian areas (i.e., AMLS, ALLS, were quite similar. Receptive field properties of CT cells in
PMLS, PLLS, DLS and VLS). Labeled neurons are also found within V1 (27 cells) and V2 (12 cells) were classified according to the
area 7, the insular cortex and the cingulate cortex. The majority scheme of Murphy and Berman (J. Comp. Neurol., 188: 401, 1979).
of labeled neurons are located within layer V; however, a The primary feature distinguishing CT cells in V1 from those in
substantial number of labeled neurons are observed within layer V2 was receptive field size; the mean receptive field diameter
IV, with a few scattered cells located within layer VI. Labeled (major axis + minor axis/2) of CT cells was 4.6° in V1 and 25.0°
neurons restricted to layer V are found only within area 7 and the in V2 (p <.001). In other respects the receptive field properties
EVA. Within the insular and cingulate cortices, labeled neurons were remarkably similar. Twenty-four CT cells (16 in V1 and 8 in
are also present within the supragranular layers; i.e., layers II V2) were classified as complex, and 5 of these displayed end-
and III. The shape, size and number of labeled neurons vary stopping. Thirteen neurons (10 in V1 and 3 in V2) were movement
considerably among different cortical areas. For example, while neurons and 6 of these displayed end-stopping. Two neurons (1 in
the predominant labeled cell type is pyramidal within all areas V1 and 1 in V2) were obviously directional but were not orienta-
examined, labeled stellate-like cells are also seen primarily tion selective. Sharp orientation tuning was not observed among
within areas 17, 18, DLS and VLS. The lateral suprasylvian areas any complex CT cells and 9 of 13 of these cells displayed little,
contain the most heterogeneous population of labeled pyramidal if any, spatial summation. While most CT cells would respond to
cells, ranging from the smallest to the largest and exhibiting a stimuli over a broad range of velocities, some cells would
great variety of different cell shapes. The insular and cingulate respond poorly to stimuli moving € 10 /sec while other cells
cortices contain only small to medium-sized labeled pyramidal responded poorly to stimuli moving » 30 /sec.
neurons within the supragranular as well as the infragranular Ninety-three additional cells were classified in V1 (78 cells)
layers; within area 7, only medium-sized pyramidal cells are and V2 (15 cells). Although 42 simple cells were observed in VI,
labeled. These data are not in agreement with the traditional none were CT cells. On several occasions, a simple cell was found
view that the cortical projection to the superior colliculus between two CT cells in a single penetration. With the exception
originates only from pyramidal neurons located in layer V. 1In of CT cells and a special type of movement cell, neurons in V2
fact, these results clearly demonstrate that the cells of origin were very difficult to reliably drive with visual stimulation.
of the corticocollicular projection are not confined to any single These results suggest that the CT cells in each representation
cortical lamina or cell type. project information about the identical visual events; the only
Supported by NIH Grant EY03731 and NSF Graduate Fellowship difference being that the individual V2 CT cell has access to a
SPE-8264029. larger region of the visual field than each VI CT cell.

14.11 THE LATERAL SUPRASYLVIAN CORTICOTECTAL PROJECTION IN CATS. R.L. 14.12 y_CELL INPUTS TO THE LATERAL SUPRASYLVIAN AREA:

SEGAL* & R.M. BECKSTEAD (Spon: D.A. Keefer), Dept. of Anat.,
Univ. of Virginia Schl. of Med., Charlottesville, VA 22908.

The lateral suprasylvian area (LS) of the cat cortex has a
significant influence on the visual responsiveness of neurons in
the deep layers of the superior colliculus (SC) and appears to be
necessary for the normal performance of some visually guided
tasks. In an earlier abstract (Segal et al., Neurosci. Abstr.,
8:191.3, 1982), we showed by the retrograde transport of wheat
germ-HRP (WGA-HRP), that all portions of the LS project to the
deep layers of SC. To confirm and extend these findings, we used
the anterograde transport of either “H-amino acids (for autoradio-
graphy) or WGA-HRP from single zones of LS, or a combination of
these two tracers from various LS zones. Examination of terminal
distributions in SC in several such cases indicates both an areal
and a laminar organization of the LS projection to SC.

Tracer deposits within any zone of the LS (anterior and poster-
ior subdivisions of the medial and lateral banks and the dorsal
and ventral subdivisions of the caudal suprasylvian sulcus) result
in an intracollicular distribution of labeled axons that is typic-
ally most concentrated in the stratum opticum (SO) with an irregu-
lar and progressively diminishing amount of label both dorsally in
the superficial gray layer (SG) and ventrally in the intermediate
gray layer (IG). The densest concentration of terminal labeling
occurs in the dorsal SO after injections along the medial bank of
the LS and is located more ventrally in SO after injections along
the lateral bank. Similarly, the lateral bank projection tends to
be biased preferentially toward IG and the medial bank towards SG.
An outstanding exception to this general feature, is that labeled
axons from the approximate border region of the anterior and post-
erior subdivisions of the lateral bank of the LS reach IG and the
deep gray and white layers of SC as well as the lower portion of
SO.

The areal distribution within SC presents a more complex
pattern than the laminar organization. The anterior subdivision
of the medial bank projects primarily to the rostral two thirds of
the lateral SC. The posterior subdivision can be further sub-
divided into rostral and caudal portions, which project respect-
ively to the caudal and the rostral SC. The posterior subdivision
of the lateral bank can be further subdivided into rostral, inter-
mediate and caudal portions with the rostral and caudal portions
projecting to the rostral SC and the intermediate portion project-
ing to the caudal SC. In a single case involving the caudal LS
(dorsal and ventral subdivisions), the label is confined to the
rostral SC. Curiously, all regions of the LS project to the
lateral two thirds of the SC, but only the posterior subdivision
of the lateral bank appears to project to the medial SC.

Supported by NIH Grant NS 11254.

A SUBSTRATE

FOR Y-INDIRECT INFLUENCE ON THE DEEP SUPERIOR COLLICULUS.

David M. Berson* (SPON: J.T. McIlwain), Section of Neurobiology,
Div. of Biol. and Medicine, Brown University, Providence, RI 02912

Retinal Y-cells provide excitatory input to most cells of the
cat's deep collicular layers by way of a polysynaptic pathway
involving the visual cortex (Berson and McIlwain, J. Neurophysiol.
47, 1982; Berson, Soc. Neurosci. Abstr. 8, 1982). Results of
the present study indicate that the posteromedial lateral
suprasylvian area (PMLS) may relay some of this indirect Y-cell
influence.

Cats were anesthetized with ketamine, nitrous oxide and/or
barbiturates and, in some instances, also paralyzed and
artificially ventilated. Units recorded in the medial inter-
laminar nucleus (MIN) of the lateral geniculate complex could be
activated antidromically by electrical stimulation in ipsilateral
PMLS (latencies 0.4 - 1.4 ms; n=12). The same cells could also
be driven orthodromically from the optic disk (0D) and optic
chiasm (0X) at latencies comparable to those previously reported
for geniculate Y-cells (OD: 1.2 - 2.1 ms, X= 1.7 ms, n=8;
0X: 0.9 - 1.4 ms, X= 1.2 ms, n=10).

Units in PMLS could be driven by 0D and OX shocks, often at
latencies short enough to suggest monosynaptic input from
geniculate Y-cells (0D: 1.9 - 7.2 ms, X= 4.2 ms, n=42; OX: 1.6 -
6.3 ms, X= 3.8 ms, n=42). For 95% of cells (40/42), responses
following 0D and OX shock differed in latency by less than 0.9 ms,
indicating involvement of rapidly conducting (>25 m/s) Y-cell
axons. Units in PMLS could be activated antidromically from the
superior colliculus (latency 0.5 - 6.4 ms, n=32), and some of
these could also be driven orthodromically with 0D-0X latency
differences characteristic of Y-cell influence.

These results indicate that some cells in PMLS projecting to
the superior colliculus receive Y-cell input, probably via MIN.
Since deep tectal cells are activated at short latencies by
electrical stimulation in PMLS (Berson and McIlwain, submitted),
it is proposed that the prominent indirect Y-cell influence
observed previqusly in the deep tectum is mediated, in part at
least, by a pathway through MIN and PMLS.

Supported by NIH grants EY02505 and EY05425
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14.13 EXCITATORY AND INHIBITORY INFLUENCES OF STRIATE AND EXTRASTRIATE

CORTEX ON SUPERIOR COLLICULUS CELLS. K. Ogasawara*, J.G. McHaffie*
and B.E. Stein. (Spon: R. Clemo) Dept. Physiol & Biophys, Medical
College of Virginia, Richmond, VA 23298.

Visual corticotectal projections originate from areas 17-18 and
the posterior suprasylvian cortex (PSSC). The present experiments
were initiated to determine whether their influences on superior
colliculus (SC) cells were similar. Thirty adult cats were used
in these studies. Each was anesthetized with a single dose of
sodium pentobarbital (35 mg/kg), then paralyzed and artificially
respired with N,0 (75%) and 0, (25%).

Once a cell ifi the SC was i€olated, its receptive field was
mapped and its response properties were determined. The optimal
stimulus was then presented 16 times successively, and evoked dis-
charges were counted and displayed as rasters and histograms. One
of the cg;tica] areas (e.g. PSSC) was then deactivated by cooling
it to 12Cwith a cooling probe, and the same tests were repeated.
The area was then rewarmed and the tests were run once again. The
entire series was repeated with the second area (eg 17-18) cooled
and then rewarmed. The majority 8f the cells studied had recep-
tive fields within the central 30" of the visual field.

Regardless of the cortical area cooled, binocular cells (81/83)
were affected more frequently than monocular cells (2/22). The
Toss of normal cortical input to SC cells was apparent as a depres-
sion of the responsiveness of these cells during cortical cooling,
and was most dramatic on SC cells that were both binocular and di-
rectionally selective. Deactivation of area 17-18 profoundly de-
pressed all (n=41) the superficial lamina (stratum opticum and
above) cells studied. However, cooling PSSC affected only 60% of
these cells and did so by producing only a s1ight response decre-
ment. On the other hand, all deeper layer cells (n=29) were pro-
foundly depressed by cooling PSSC, but none was obviously affected
by cooling 17-18.

In a second series of experiments, area 17-18 or PSSC remained
cooled while visually responsive SC cells were sought in 62 elec-
trical penetrations. Comparatively few responsive superficial
Tayer cells were encountered when 17-18 remainted cooled (n=2) and
few deeper layer cells were found when PSSC remained cooled (n=4).
Yet the cells that were visually responsive during cortical cooling
exhibited response depression when cortex was rewarmed. This con-
firms earlier speculations that at least some SC cells normally re-
ceive suppressive corticotectal influences.

From a functional standpoint, the present study suggests that
superficial layer cells depend upon excitatory and/or inhibitory
inputs primarily from 17-18, whereas deeper layer visual cells de-
pend upon corticotectal inputs from PSSC but not from 17-18.

Supported by Grants EY04119 and BNS-8209857.

14.15

ALTERATIONS OF RESPONSE PROPERTIES IN THE CAT ACCESSORY OPTIC
SYSTEM FOLLOWING VISUAL CORTEX LESIONS. Keith L. Grasse and Max
S. Cynader. Dept of Psychology, Dalhousie University, H;TTf;;T
Nova Scotia, Canada B3H 4J1.

The response properties of cells in the lateral (LTN) and
dorsal (DTN) terminal nuclei of the accessory optic system (AOS)
were examined in 14 cats which underwent unilateral visual cortex
ablation. Following decortication, single units in the LTN and
DTN ipsilateral to the cortical lesion no longer showed the high
degree of binocular convergence characteristic of the intact ani-
mal. Instead LTN and DTN units became almost completely dominated
by the contralateral eye. In addition, responsivity of LTN and
DTN cells to high stimulus velocities was abolished by removal of
cortical input. This decrement in high velocity response was
evident in both the excitatory and the inhibitory components of
the velocity response profile. While decortication did not reduce
the incidence of direction selective units in either the LIN or
the DTN, the distribution of preferred and non-preferred direc-
tions was dramatically altered in the LTN, and to a lesser extent
in the DTN. In the LTN, this change in distribution of preferred
and non-preferred directions was expressed as a reduction in the
incidence of LTN cells which displayed maximal excitation for
upward stimulus motion. In contrast to the distribution of direc-
tion selective LTN cells observed in normal cats, where approxi-
mately equal numbers of upward and downward preferring units were
found, most LTN units recorded in the decorticate animals pre-
ferred downward-directed stimulus motion. In the DTN of the
decorticate cat, the majority of direction selective units still
preferred horizontal (temporal-nasal) stimulus motion as in the
intact preparation, but the overall distribution of preferred
directions displayed a significant downward-going vertical com-
ponent when compared to normal. Other response properties, such
as receptive field size and position in visual space, or pre-
ference for large textured stimuli, appeared unaffected by corti-
cal lesionms.

The results of these experiments, together with anatomical in-
vestigations which have demonstrated that the visual cortex pro-
vides a large and diffuse afferent projection to the cat AOS
(Berson and Graybiel Neurosci., 5:2203, 1980, Marcotte and Updyke
Brain Res., 242:205, 1982), strongly suggest that cortical input
to the cat AOS plays a highly significant role in the formation
of response properties of cells in the LTN and DTN. In particu-
lar, the visual cortex provides a major source of ipsilateral eye
input, high velocity responses, and upward direction selectivity
for the A0S nuclei examined in these experiments.
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DIFFERENCES IN THE SPATIAL ORGANIZATION OF MITRAL AND TUFTED CELL
INTRINSIC AND EFFERENT CONNECTIONS IN THE HAMSTER. T.A. Schoen-
feld and F. Macrides. Worcester Foundation for Experimental Biol-
ogy, Shrewsbury, MA 01545.

Classes of output neurons in the main olfactory bulb (MOB) are
known to differ morphologically in several ways, including in (a)
the length, laminar distribution, symnetry and degree of branching
of dendrites, (b) the degree and distribution of intrinsic axon
collaterals, and (c) the distribution of axonal projections to
different regions of the olfactory cortex. We recently discovered
some additional morphological distinctions among MOB output neur-
ons and their intrinsic and central circuits, using axonal trans-
port of wheat germ agglutinin-HRP. External and middle tufted (Te
and Tm) cells were found to make intrinsic axonal connections that
project topographically and reciprocally between medial and later-
al sectors of the MOB. To our knowledge, this is the first report
of extensive intersector connections intrinsic to the MOB. The
deeper-lying, internal tufted (Ti) and mitral cells do not appear
to make such intersector connections; their intrinsic interactions
are dominated by intrasector lateral and reciprocal synaptic con-
tacts between their dendrites and the processes of interneurons.
The Te cells were found to be the only class of output neuron to
project no further caudally than pars externa (pE) of the anterior
olfactory nucleus. Moreover, efferent projections to pE by Te
cells, and possibly by the other output neurons as well, are topo-
graphically organized. A topographic pattern in turn is seen in
the efferent projections of pE to homotopic sectors of the contra-
lateral MO8. In contrast, the long-projecting axons of mitral and
Ti cells appear to collateralize in widely dispersed regions of
olfactory cortex without a clear sector-to-sector topography.
Thus, superficial (Te and Tm) cells engage in extensive intra-
bulbar and, through projections to pE, interbulbar axonal projec-
tions that appear roughly analogous to associational and commis-
sural projection systems in neocortex arising principally from
superficial pyramidal cells, whereas the axonal connections of
deep (mitral and Ti) cells are dominated by long projections to
extrabulbar olfactory structures, roughly analogous to the long
neocorticofugal systems that arise principally from deep pyramidal
cells. Such similarities to neocortical organization belie the
characterization of the olfactory bulb as a "simple" cortical sys-
tem. We propose that the mitral and tufted cells and their in-
trinsic and central circuits may be organized as functionally
defined parallel pathways.

Supported by NSF grant BNS 81-18767.

15.2

GRID PATTERN OF LAYER V EFFERENT NEURONS OF MOUSE BARREL FIELD
CORTEX. J.E. Crandall, M. Korde* and V.S. Caviness, Jr.

Dept. Neurol. and Dept. Neuropath., M.G.H. and E.K. Shriver
Ctr., Boston, MA 02114

Topologically ordered efferent systems with multiple, widely
separated targets arise from layer V of parietal and frontal
fields, corresponding to SI and MI representations of rodent
neocortex. The present study is an analysis in the adult mouse
of the relative distribution of cell bodies of origin of
multiple systems efferent from these cortical regions. The
analysis is based upon serial 50 um sections in the tangential
plane following injections of HRP into selected target regions
(superior colliculus, pons and cervico-medullary junction). For
each system, efferent neurons labelled retrogradely by transport
of HRP are mapped as registered with outer, middle and inner
areal thirds for each of barrels 2-4 in rows C and D of the
posterior medial barrel subfield (PMBSF) or SI representation of
the parietal cortex and within an equivalent area of the MI
representation of the frontal cortex.

Neurons are distributed uniformly throughout layer V in these
areas of cortex. Efferent neurons labelled retrogradely with
HRP in both fields represent no more than 5-20% of the total
population of the layer. In general nearest neighbors of
labelled cells are not labelled by this method. In MI cortex
labelled neurons are distributed diffusely among the nonlabelled
neurons. In the PMBSF cortex, by contrast, labelled cells
efferent to each subcortical target area are in register
preferentially with the periphery or wall not the center or
hollow of the barrel.

The set of observations suggests that layer V is an efferent
mosaic where the mosaic units are single rather than groups of
cells. In the barrel field, neurons of subdiencephalic
projection are distributed in a grid pattern which appears to be
the complement to the specific thalamic afferents relaying
sensory information from the contralateral mystacial vibrissal
pad.

Supported by NIH grant 1-RO1-NS12005.
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15.3

15.5

OPTICAL MONITORING OF NEURON ACTIVITY IN RAT SOMATOSENSORY AND
VISUAL CORTEX. H.S. Orbach, L.B. Cohen, A. Grinvald, and R.
Hildesheim*. Dept. of Physiology, Yale Univ. New Haven, CT
06510, and Dept. of Neurobiology, Weizmann Inst., Israel.

We investigated the use of voltage sensitive dyes to monitor
neuron activity in rat cortex. The fluorescence from 96-124
areas of cortex stained with styryl or oxonol dyes was measured
simultaneously by projecting an image of the cortex onto a diode
array. To reduce noise from movements related to the heart beat
the trials were triggered by the electrocardiogram and the re-
sults of a trial without a stimulus were subtracted from the
results of the preceeding trial with a stimulus.

The figure illustrates the outputs from a portion of the array
from a measurement from somatosensory cortex stained with dye
RH414 (similar to RH237, Grinvald et al., 1982). 128 trials were
averaged. Each element received light from a 450x450 pm square
area of cortex. The whisker Al was moved by 20 degrees at the
time of the square pulse in the lower left trace. A ball-
electrode recording is shown in the lower right trace. The
transient increases in fluorescence, which we presume to repre-
sent the average depolarization of the membranes imaged on the
individual detectors, are localized in the middle of the field.
The central responses are both larger and faster than responses
on surrounding detectors. The diameter of the area that includes
all signals that are greater than 50% of the largest signal was
about 1800 pm in this experiment, larger than the diameter of the
anatomical barrel measured at layer IV. When two whiskers, Al
and D4 were stimulated, the areas of cortical response were
clearly distinguishable. It was also possible to measure signals
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FEATURES OF THE ORGANIZATION OF MACAQUE MONKEY VISUAL
CORTEX DEMONSTRATED WITH MONOCLONAL ANTIBODY CAT 301.
S.H.C. Hendry, S.J. Hockfield, R.D.G. MeKay and E.G. Jones. James L.
O'Leary Division of Experimental Neurology and Neurological Surgery and
McDonnell Center, Washington University School of Medicine, St. Louis,
MO. 63110 and Cold Spring Harbor Laboratories, Cold Spring Harbor, NY
11724.

Using a monoclonal antibody, CAT 301, generated against a
homogenate of aldehyde-fixed cat spinal cord, we have identified a
patchy distribution of labeled neurons in areas 17 and 18 of eynomolgus
monkeys (Macaca fascicularis) that can be correlated with certain
aspects of cortical organization.

CAT 301 positive neurons in area 17 form densely stained bands in
layers IVB and VI. Other layers contain fewer cells. Both pyramidal and
non-pyramidal cells are labeled. Within layers IVB and VI, patches, 100-
300 microns in diameter, of closely clustered, heavily labeled neurons
are separated by gaps containing fewer, more lightly labeled cells. The
gaps vary in width from 150-500 microns. Most patches in layer IVB line
up radially with those of layer VI. Smaller patches of labeled cells are
present in layers II and III and many of these, particularly in layer III,
also line up with the patches in the deeper layers. In the dorsal lateral
geniculate, cells only in the magnocellular layers are heavily labeled by
CAT 301.

In three monkeys ocular dominance columns were labeled either by
monocular  enucleation followed by cytochrome oxidase (CO)
histochemistry or by monocular injection of 2mCi of 3H-proline followed
by autoradiography. The CAT 301 positive patches in layers IVB and VI
of the three animals are associated with the middle of both ipsilateral
and contralateral eye dominance columns.

Patches or "blobs" of CO staining in layers II and III are also related
to CAT 301 positive patches. The CO patches in layers II and III line up
radially with CAT 301 positive patches of layers IVB and VI, and deep in
layer Il many CO patches and CAT 301 positive patches are coextensive.
The relationship between CO patches and CAT 301 positive patches in
the more superficial layers is being investigated.

In area 18 large (approximately 1mm) and small (200-300 mierons)
patches of CAT 301 positive neurons are present in layers III and V. The
patches of labeled neurons overlap with most CO positive patches
present in area 18 and at the 17/18 border.

These data suggest one or more as yet uncharacterized antigens
recognized by a monoclonal antibody may be associated with neurons
receiving certain afferent inputs and with certain classes of
physiologically distinet neurons in areas 17 and 18 of macaque monkeys.

Supported by Grants NS17556, NS18040 and NS10526 from the
National Institutes of Health and McDonnell Center for Studies of Higher
Brain Function.

15.4

15.6

DIFFERENTIAL DISTRIBUTION OF NEURONS IMMUNOREACTIVE TO
MONOCLONAL ANTIBODY CAT 301 IN THE MAMMALIAN CEREBRAL
CORTEX. E.G. Jones, R.D.G. McKay, S.J. Hockfield and S.H.C. Hendry.
James L. O'Leary Division of Neurology and Neurological Surgery and
MecDonnell Center for Studies of Higher Brain Function, Washington
University School of Medicine, St. Louis, MO. 63110 and Cold Spring
Harbor Laboratories, Cold Spring Harbor, NY 11724.

The distribution of neurons immunoreactive to a monoclonal
antibody, CAT 301, made by immunizing mice with aldehyde-fixed cat
spinal cord was studied in the cerebral cortex of rats, guinea pigs, cats
and macaque monkeys. Immunocytochemically labeled cells are present
in all cortical areas, but the number of labeled cells varies markedly
from species ‘to species and area to area. In cat and monkeys the
largest populations of CAT 301 positive cells are present in the primary
motor area (area 4), the first somatie sensory area (SI) and the primary
visual area (area 17). In most areas, CAT 301 positive cells are densely
clumped in only 2 or 3 layers but the layers involved vary from one area
to another. Because of the differences in the number and laminar
distribution of CAT 301 positive cells, boundaries between many areas
are readily apparent.

Several observations suggest that certain populations of cortical
neurons are preferentially recognized by CAT 301: (1) laminar
distribution of labeled versus unlabeled pyramidal cells suggests that
neurons projecting to some targets are labeled but those projecting to
other targets are not. Furthermore the vast majority of corticospinal
neurons in monkey SI and area 4 labeled by the retrograde transport of
Fast Blue are CAT 301 positive but commissural and associational
neurons in these same areas labeled by retrograde transport are CAT
301 negative; (2) a patchy distribution of CAT 301 positive neurons is
evident in monkey SI and areas 17 and 18, suggesting a relationship to
particular afferent systems; (3) differences among areas in the numbers
of CAT 301 positive neurons suggests that the relevant antigen or
antigens may be present on subsets of pyramidal and non-pyramidal
cells with particular functional characteristies.

Supported by Grants NS17556, NS18040 and NS10526 from the
National Institutes of Health and McDonnell Center for Studies of
Higher Brain Function.

PERISTRIATE INPUT TO THE ENTORHINAL CORTEX FROM RETROCALCARINE
REGIONS IN THE MONKEY. C.L. Barnes, G.W. Van Hoesen and S.K.
Itaya. Depts. of Anatomy and Neurology, Univ. of Iowa, Coll. of
Med., Iowa City, IA 52242.

Physiological studies have shown that hippocampal neurons
respond to visual stimulation. It is likely these are mediated
largely via cortical pathways that relay in the entorhinal
cortex (area 28), the major source of cortical afferents to the
hippocampal formation. Several potential multisynaptic pathways
have been demonstrated anatomically in the monkey, and involve
such structures as the amygdala, perirhinal cortex (area 35) and
the posterior parahippocampal region (area TF). All receive
input from the visual association cortices, such as areas TE and
OA, and send afferents to the entorhinal and subicular cortices.
We report here a more direct visual input to the entorhinal
cortex in the monkey that arises from the cortex in the mouth of
the calcarine fissure and the retrocalcarine peristriate area
along its upper bank. These observations were made after ex-
posing the ventromedial temporal cortex via a lateral surgical
entry into the middle cranial fossa, and injecting horseradish
peroxidase (HRP) into the entorhinal cortex. The tissue was
processed according to Mesulam's tetramethyl benzidine proce-
dure. In these experiments, neuronal labeling in the peri-
striate cortex was confined largely to area OB, although neurons
were observed in area OA, dorsal and ventral to the calcarine
fissure. The labeling in area OB was located topographically in
the anteriormost part of the calcarine fissure at levels coinci-
dent with the end of the hippocampus and the formation of the
atrium of the lateral ventricle. It involved cortex in the
depths of the fissure, along its upper bank and its dorsal
continuation along the medial surface of the hemisphere where it
adjoins cingulate area 23 and dorsal area OA. Cytoarchitectural
study confirmed its characterization as area OB. In these loca-
tions labeled neurons occured at variable depths within layer
III, with only a few labeled neurons in other laminae. Despite
the location of labeled neurons within the calcarine fissure,
several factors mitigate against considering this cortex area OC
or 17. First, it fails to meet the relevent cytoarchitectural
criteria, second, it does not contain the pattern of cytochrome
oxidase staining characteristic of area OC, and, third, it does
not receive direct lateral geniculate input as judged by the
anterograde tr ronal tr port of wheat germ agglutinin
conjugated to HRP after intravitreal injections. Thus, the
results represent a new and direct source of visual input to the
entorhinal cortex from area OB. The anterior location of neu-
rons in the calcarine region suggest a role in function related
to peripheral vision. (Supported by Grant NS 14944 to G.W.V.H.)
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PROJECTIONS TO THE FRONTAL CORTEX FROM THE POSTERIOR PARIETAL
REGION IN THE RHESUS MONKEY. M. Petrides and D. N. Pandya.
of Psychology and the Montreal Neurological Institute, McGill
Univ., Montreal, Canada and V. A. Medical Center, Bedford and
Boston Univ. Sch. of Med., Boston, Mass.

A detailed examination of the projections to the frontal cortex
from various subdivisions of the posterior parietal cortex in the
rhesus monkey has been carried out with the autoradiographic tech-
nique. The results showed that the superior parietal lobule
(rostral and caudal area PE) projects to the dorsal part of area€.
This projection extends from the border of areas 4 and 6 to the
caudal bank of the upper branch of the arcuate sulcus (AS). The
projections from the medial parietal cortex (areas PEc and PGm)
are similar to those of the superior parietal lobule but they tend
to concentrate in the more rostral part of dorsal area 6. Both
the superior parietal lobule and the medial parietal cortex are
connected with a discrete part of the medial surface of the fron-
tal lobe that appears to correspond to the supplementary motor
area. The more ventral part of the medial parietal cortex also
projects to area 8 in the concavity of the AS.

The projections to the frontal lobe from the inferior parietal
lobule (IPL) are somewhat more complex. The anterior part of the
IPL (area PF) projects to the ventral area 6 including the caudal
bank of the lower branch of the AS, to the ventral area 46 below
the sulcus principalis, and to a part of the cortex of the frontal
operculum. The middle IPL (areas PFG and PG) projects to the
ventral part of area 46 as well as to area 8. The projections
directed to the ventral bank of the sulcus principalis appear to
originate primarily from the more lateral parts of this region,
whilst those directed to the part of area 46 lying below the
sulcus principalis and to area & seem to originate from the more
dorsal part of areas PFG and PG including the adjacant cortex
lying in the lower bank of the intraparietal sulcus. The pos-
teriormost IPL (caudal PG and area OPT) is connected with both
dorsal and ventral area 46 as well as dorsal area 8.

The present investigation also showed that the frontal polar
cortex (area 10) and the orbital frontal cortex do not receive
projections from any of the subdivisions of the posterior parietal
cortex.

Dept.

Supported by E.N.R.M. Veterans Hospital, Bedford, MA, NIH Grant
NS26841, and NSERC Grant A7466.

PARAHIPPOCAMPAL PROJECTIONS TO POSTERIOR AUDITORY ASSOCIATION
CORTEX (Tpt) IN THE MONKEY. D. Tranel*, D.R. Brady, G.W. Van
Hoesen, and A.R. Damasio*. Depts. of Anatomy and Neurology,
Univ. of Iowa Coll. of Med., Iowa City, IA 52242.

Area Tpt is a distinctive cytoarchitecturally-defined part of
the auditory association cortex located at the confluence of the
lateral and superior temporal sulci in the superior temporal
gyrus. Lesions of this area in humans cause the distinctive and
well-known language disturbance termed Wernicke's aphasia. In
addition, area Tpt has been found to be significantly larger in
the left hemisphere, a finding consistent with its role in lang-
uage processing. A comparable area Tpt has been identified in
the rhesus monkey. The acquisition of language depends, in all
likelihood, on the appropriate locking of associations between
auditory information and information from other modalities
(e.g., visual, somatosensory), in what may be best described as
a language-devoted memory process. Considering the central role
of the hippocampal system in memory, we hypothesized that direct
anatomical pathways between regions of the hippocampal system
and the auditory association cortex must exist, and are probably
demonstrable in even non-human primates. The brains of eight
rhesus monkeys that had injections of tritiated amino acids (3H-
leucine, lysine and proline) in various parts of the parahippo-
campal gyrus (areas 28, 35, TF and TH) were studied. Using
autoradiography, it was observed that both areas TF and TH pro-
ject to the anterior auditory association cortices, but the more
medial parts of the posterior parahippocampal cortices, includ-
ing area TH, have extensive projections that course posteriorly
to nearly the entire lateral extent of area Tpt. This observa-
tion was complemented by using the fluorescent retrograde tracer
fast blue. Following the injection of this substance into area
Tpt, labeled neurons were observed in the medial part of the
posterior parahippocampal cortices, and particularly, in area
TH. This result is of some interest, since it has been shown
that area TH in the monkey receives a major hippocampal output
from the subicular cortices. Thus, along with previous results
demonstrating superior temporal projections to the hippocampal
cortices, our findings complete a reciprocal pathway that medi-
ates a direct structural coupling between higher-order auditory
association cortices and temporal structures known to play a
role in memory. (Supported by Grant NS 14944 to G.W.V.H. &
A.R.D.)

15.8

15.10

DOUBLE LABELING OF PARAHIPPOCAMPAL EFFERENTS TO THE CINGULATE
GYRUS AND PARIETO-OCCIPITAL CORTICES IN THE MONKEY USING FLUO-
RESCENT TRACERS. D.R. Brady, C.L. Barnes and G.W. Van Hoesen.
Depts. of Anatomy and Neurology, Univ. of lowa Coll. of Med.,
Iowa City, IA 52242.

The cortices of the posterior parahippocampal area (TF and
TH) give rise to axons that terminate in all classes of cor-

rhinal cortex; proisocortex, e.g., areas 23 and 24; isocortex,
e.g., areas 7 and 19). Our aim has been to ascertain whether
the neurons that underlie this connectional diversity are seg-
regated into separate populations or whether this is sustained
by axon collateralization from individual neurons. To initiate
this, we have studied the posterior parahippocampal projections
to the cingulate gyrus (proisocortical areas 23 and 24) and to
the parieto-occipital area (isocortical areas 7 and 19) using
both single and double labeling strategies. In five monkeys,
tritiated amino acids (3H-leucine, lysine and proline) were
injected into areas TF and TH and the brains were processed
for autoradiography. In four complementary experiments Lhe
retrograde tracers horseradish peroxidase (HRP) and fast blue
were injected singly into either areas 23 and 24 or into areas
7 and 19. Lastly two monkeys received injections of two retro-
grade tracers, with fast blue injected into areas 23 and 24,
and nuclear yellow into areas 7 and 19. Survival time for
the autoradiographic and fast blue experiments was 7 days,
while a 2 day survival was used for HRP and nuclear yellow.
The single labeling experiments using tritiated amino acids,
HRP and fast blue yielded complementary results and verified
the fact that posterior parahippocampal areas TF and TH project
to both the cingulate gyrus (areas 23 and 24) and to the parieto-
occipital cortices (areas 7 and 19). The cells of origin for
these projections were found in layers III, V and VI of areas TF
and TH. An overall topographic difference was observed in double
labeling experiments such that cingulate projections arose from
more medial parahippocampal locations while the projections to
the parieto-occipital area arose more laterally. However, over-
lap was observed between the two. Of interest was the fact that
a population of double labeled neurons that project to both
the cingulate gyrus and the parieto-occipital area was observed
in the vicinity of the region of overlap. In view of the fact
that the lateral parts of the posterior parahippocampal area
are 1isocortical, whereas the more medial parts are more pro-
isocortical or '"limbic" in structure, it is tempting to spec-
ulate that via axon collateralization distinct populatiocns

of cortical neurons form an interface between both struc-
turally and functionally diverse parts of the cortex.
(Supported by Grant NS 14944 to G.W.V.H.)

PRIMATE PREFRONTAL CORTEX PROJECTS TO THE REGION OF THE LOCUS
COERULEUS AND DORSAL RAPHE. Arnsten, A.F.T., Schwartz, M.L.
and Goldman-Rakic, P.S.. Section of Neuroanatomy, Yale Medical
School, 333 Cedar St., New Haven, CT 06510

The monoaminergic projections from brainstem to cortex have
been firmly established in the rodent and primate. In contrast,
the possibility of a reciprocal descending cortical projection to
monoamine nuclei has been addressed less frequently. The substan-
tia nigra appears to receive a widespread cortical innervation,
(eg Br. Res. 117:423-435, 1976), whereas studies of cortical
afferents to the locus coeruleus (LC) and midbrain raphe nuclei in
the rat indicate that cortical projections to these monoamine
nuclei may be restricted to the prefrontal cortex (PFC) (J. Comp.
Neurol. 178:1-16, 1978; Br. Res. 122:229-242, 1977). We examined
this issue further in the rhesus macaque by injecting anterograde
tracers into PFC (principal sulcus and dorsomedial cortex) and
nonPFC (parietal association cortex) areas. Injections of HRP or
tritiated amino acids into the PFC areas resulted in anterograde
labeling of the pontine central gray in the vicinity of the LC
and the dorsal raphe. The labeling was densest at the anterior
level of the ipsilateral LC, particularly surrounding the more
ventrally-located cells. The projection extended medially to the
dorsal raphe and ventromedially into the central superior raphe,
but strikingly avoided the dorsal tegmental nucleus of Gudden.
More posteriorly, the labeling became sparse and was present
medial to the compact LC in a region where LC dendrites have been
observed. Labeled fibers could be followed only as far as poster-
ior levels of the LC, indicating that the PFC fibers terminated
in the pontine central gray and were not in passage to more caudal
areas of the brainstem. A contralateral projection to the LC-raphe
region was also observed but was less dense than that to the ipsi-
lateral central gray.

In contrast to the results with PFC areas, injections into the
parietal association cortex did not result in anterograde label-
ing of the LC-raphe region. As parietal cortex shares most other
PFC terminal fields, this negative finding is notable and sup-
portive of a selective PFC innervation of the LC-raphe region.

Immunocytochemical analysis of the PFC terminal field revealed
met—enkephalin- and Substance P-reactive fibers. These peptide
neurons have been shown to synapse on LC cell bodies and dendrites
in the rodent (Br. Res. 160: 387-400, 1979). Thus it is possible
that the PFC influences LC neurons through indirect actions on
peptide interneurons.

The results from these anterograde tracing and immunocytochem-
ical experiments provide a morphological basis for PFC regulation
of brain monoamine activity in the primate.

Supported by MH38546, MH00298 and MHO08641.
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15.11 DISTRIBUTION OF THE NEURONS OF ORIGIN OF THE CORPUS CALLOSUM AND

ANTERIOR COMMISSURE IN THE MARMOSET MONKEY {Callithrix jacchus).
Marc L. Jouandet, Laurence J. Garey, and Hans-Peter Lipp.
Institute of Anatomy, Unversity of Lausanne, Switzerland.

The distribution of the neurons of origin of the great cerebral
commissures of the marmoset monkey was investigated by means of
Horseradish peroxidase (HRP) histochemistry. Large quantities of
HRP were injected unilaterally throughout one cerebral hemisphere
in order to label as many commissural neurons as possible in the
contralateral hemisphere. The distribution of these labeled neur-
ons was charted with the aid of a semi-automatic computer micro-
scope. Six adult monkeys were used in this investigation: three
were normal when subjected to the HRP injection operation; three
others first underwent complete commissurotomy of the corpus cal-
losum (CC), leaving the anterior commissure (AC) intact. Thus the
three normals provided information on the origins of both the CC
and the AC, whereas the three callosotomized monkeys allowed study
of the origins of the AC alone. .

All CC and AC neurons in the marmoset are pyramidal shaped. No
columnar pattern is discernable for either the CC or the AC neur-
ons; rather, these cells are densely and continuously distributed
in the various lamina tangential to the cortical surface. Except
for layer I, all cortical layers can possess commissural cells.
The laminar distribution of these neurons varies according to cor-
tical region. The cortical field of origin of the AC’ of the marm-
oset is similar to that in the rhesus monkey (layer III pyramidal
neurons in an extensive temporal neocortical field; Jouandet and
Gazzaniga, 1979). Significantly, there exists in the marmoset a
progressive reversal in quantitative predominance between supra-
and infragranular commissural neurons proceeding from the temporal
pole, through the occipital cortex, through the parietal and into
the frontal cortex. The predominance of infragranular neurons in
portions of the parietal and frontal cortices of the marmoset dif-
fers greatly in organization from the prevailing laminar pattern
seen in the cat. In the cat, commissural neurons present in
supragranular layers almost invariably predominate in number over
the commissural neurons in the infragranular layers (Jouandet,
Lachat, and Garey, in preparation). The major acallosal zones are
found in the primary visual cortex, and the fore and hindlimb
representations of the somatosensory cortex. Correlations between

commissural neuron distributions and previously described cyto-
archetectonic areas are not obvious.

COCHLEA

16.1

POTASSIUM-INDUCED CHANGES IN THE LEVELS OF ENDOGENOUS AMINO
ACIDS OF GUINEA PIG PERILYMPH. G. L. Jenison and R.P. Bobbin.
Kresge Hearing Research Laboratory of the South, Dept. of
Otorhinolaryngology, L.S.U. Medical Ctr., New Orleans, 70119

Among those studies intended to characterize the afferent
neurotransmitter produced by cochlear hair cells, several have
attempted to detect a stimulus-induced release of putative
amino acid candidates in perilymph. Sound has proven effective
only in elevating levels of f-alanine, and a y-aminobutyrate-
like substance (D.G. Drescher, ARO Midwinter Abstr. #116,
1982), however, neither B-alanine nor y-aminobutyrate have any
significant effect on cochlear potentials when delivered to
perilymph. Therefore, we have chosen to examine the
depolarizing influence of elevating potassium levels on the
concentration of amino acids to perilymph.

Guinea pig cochleae were perfused with artificial perilymph
(s. tympani » s. vestibuli, 2 pL/min.) through ports cut in
their basal turn, after occlusion of the cochlear aqueduct.
Trials began with a 40 minute perfusion period, during which
natural perilymph was replaced with artificial perilymph.
Samples were then collected during sequential perfusions of
artificial perilymph containing 5 mM KC1 (NORMAL), then 50 mM
KC1 (HIGH K¥) and finally 5 mM KC1 (NORMAL). Amino acid levels
for each sample were then determined by Dr. R. Thalmann of
Washington U. School of Medicine using OPA derivatization
followed by HPLC coupled with fluorescence detection.

Preliminary results (n=6) indicate significant (P<0.01)
increases in four primary amine peaks which temporally
correlated with the perfusion of HIGH Kt. In all four cases,
baseline concentrations were reestablished with subsequent
perfusion of NORMAL. Glutamate levels rose from a mean baseline
concentration of 0.41 pM to a mean peak value of 0.68 pM within
20 minutes after exposure to HIGH K'. Concentration increases
were also noted for aspartate (0.23 » 0.38 pM) and tryptophan
(0.74 > 1.27 uM) within 30 minutes after exposure to HIGH K',
The fourth peak, consisting of the three co-eluting compounds:
taurine, y-aminobutyrate and a-aminobutyrate (R. Thalmann et
al., Laryngoscope, 92: 321, 1982), increased by about 60%
within the first 20 minutes of exposure to HIGH K'. Unlike
glutamate, however, this peak continued to grow over the
following 10 minutes to approximately twice its original value.
All other amino acids identified either decreased in
concentration or remained unchanged. 1In view of the above
mentioned co-elution problem, modified separation techniques
capable of resolving relative taurine, a-and y-aminobutyrate
concentrations are currently being employed. [Supported by NIH
grants NS-06575, NS-16080, NS-07058 and NSF grant BNS-8118772].

16.2 RESPONSE PROPERTIES OF SINGLE COCHLEAR AFFERENT NEURONS ALTERED

BY RAISED PERILYMPHATIC MAGNESIUM CONCENTRATION. J.H. Siegel and
E.M. Relkin®*. Auditory Physiology Lab./ Dept. of Neurobiology
and Physiology, Northwestern Univ., Evanston, IL 60201.

Divalent calcium antagonists of presynaptic transmitter
release such as Mg++, Co** and Mn** have been shown to inhibit
spontaneous and sound-evoked activity of single cochlear affer-
ent neurons (Robertson and Johnstone, Pflugers Archiv. ggg:7-12,
1979) . We have developed a technique for continuously perfusing
scala tympani while simultaneously recording from single units
in the eighth nerve of adult chinchillas (Siegel and Relkin,
ARO Abstracts, 6:49-50, 1983). We are using this system to study
mammalian synaptic transmission in vivo. Raising the magnesium
concentration in the perfusate to 6 mM while holding calcium
constant at 1.5 mM elevates single-unit threshold at all
frequencies of the acoustic stimulus and reduces spontaneous
activity to near =zero. The maximum discharge rates are also
reduced. Preliminary results from PST histograms for tone-burst
stimuli show a greater reduction of the onset than the
steady-state response, at a given stimulus level, with increased
magnesium concentration. The change in shape of the PST response
with elevated magnesium is thus quite similar to the effect of
reducing the level of the acoustic stimulus when the perilymph
contains normal calcium and magnesium concentrations. All these
effects are fully reversible on return to control perfusate.

Our observations that cochlear microphonics and ear-canal
acoustic distortion products are substantially wunaltered by
elevated magnesium suggest that the principal effect is on the
presynaptic release of transmitter by the hair cell. Interspike
interval histograms are evaluated to investigate possible ef-
fects oh the excitability of the postsynaptic neuron. This
system thus appears to be well suited to the study of synaptic
mechanisms in a sensory organ where a controlled and graded
stimulus can be delivered and extracellular fluid composition
can be varied effectively.

(Supported by NSF Grant BNS-8217273, NINCDS Grant NS-08635
and by Northwestern University.)




42

COCHLEA

MONDAY AM

16.3

16.5

THE IMPORTANCE OF MEASUREMENT ERROR ON PARAMETER
ESTIMATION FOR MODELS OF COCHLEA ELECTROANATOMY. B.
N. Sabowitz*, A. E. * and D. C. Mountain*
(SPON: M. Feldman). Depts. Otolaryngology,
Biomedical Engineering, Electrical,Systems and
Computer Engineering. Boston University. Boston,
MA, 02215,

Modeling of cochlear electroanatomy is of
interest both as an aid to understanding cochlear
electrophysiology and as a tool tc predict current
flows resulting from cochlear prosthetics.
Parameters for these models are calculated from
experimental measurements which are subject to a
variety of potential errors. The present study
examines the sensitivity of the model parameters to
measurement error.

Johnstone et al. (1966) presented experimental
data which allowed calculation of parameters for a
purely resistive cross-sectional model of the
cochlea. A review of this model and a sensitivity
analysis of the determination of each resistance
branch due to errors in voltage measurements will
be presented. Results indicate that even for
reasonable measurement errors (< 5% ), derived
values can vary by 100 % or more. 1In addition,
simulations account for the occasional result of
negative resistance branches as reported by
Johnstone et al. The sensitivity of this model to
voltage measurement errors sheds doubt on the
ability to characterize parameters accurately
unless measurements are performed in a judicious
fashion. If one assumes that the measurements are
highly accurate and that measurement errors are the
result of damage caused by moving electrodes, the
model allows one to predict the sequence in which
electrodes may be placed in order to maximize the
accuracy of derived medel parameters.

OCOCHLEAR POTENTIAL AND THE
OF

THE RELATION BETWEEN THE
SPONTANEOUS DISCHARGE RAT
FOLLOWING FURQSEMIDE ADMINL
Eaton-Peabody tLaboratory of Auditory P
Eye and Ear Infirmary and Harvard Medical School, Boston, MA.
02114

The intravencus administration of furosemide produces
concomitant decreases in the endocochlear potential and in the
spontaneous discharge rate of auditory nerve fibers. By
simultaneously measuring the endocochlear potential and aaditory
nerve spontanecus discharge rate in the same ear, following an
intravenous injection.of furossmide, the guantitative relation
between the endocochlear potential and the spontaneous discharge
rate was established.

Following furosemide administration the logarithm of the
spontaneous discharge rate was proportional to the endocochlear
potential. The slope of this logavithmic relation increased as
a function of the characteristlc frequency of the fiber. The
slope of the logarith relation is steeper for fibers with
"medium’ spontaneous discharge rates (0.5 - 12 spikes per
second) than for fibers with "high" spontaneocus discharge rates
( 18 spikes per second). Among ''high' spontanecus rate fibers,
there is no strong correlation between the slope and the
spontaneous discharge rvate of the fiber.

The decrease in the spontaneous discharge rate in auditory
nerve fibers is interpreted as fellows: (1) the injection of
furosemide causes a decrease in the endocochlear potentialg
(2) a decrease in the endocochlear potential produces a linearly
related decrease in the membrane potential of the hair cell; and
(3) the rate of release of trausmitter quanta decreases
logarithmically with a change in the membrane potential of the
hair cell, which decreases the rate of occurrence of action
potentials in VIIIth nerve fibers.

16.4 HYSTERETIC EFFECT§ IN THE COCHLEAR M%FROPHONIC,

Mo t n
McMu en (SPON: R. Holub). Depts. of
Otolaryngology, Biomedical Engineering, and
Electrical, Systems, and Computer Engineering,
Boston University, Boston, MA 02215.

The cochlear microphonic (CM) recorded from
scala media of both gerbils and guinea pigs was
studied for various sound pressure levels. The
data was plotted as Lissajous figures with the x-
axis corresponding to estimated basilar membrane
displacement, At low and moderate sound pressure
levels the resulting curves were similar to the
transducer transfer characteristics reported by
Hudspeth and Corey (Proc, Natl, Acad. Sci, USA, 74:
2407-2411, 1977) for frog saccular hair cells. A
linear region about the origin and asymmetric
saturation were noted. For higher input levels a
pronounced hysteresis appeared. The major finding
is that the negative-going slope of the CM becomes
significantly steeper than the positive-going
slope. The positive-going slope appears to be more
sensitive to sound level than the negative-going
slope. Qualitatively, the findings were identical
in both species.

Computer simulations of several alternative
models will be compared to the experimental data.
These models include the effects of two populations
of hair cells, effects of cochlear electro-anatomy,
and transducer~-channel opening and closing times.

16.6 ORGANIC ACIDS ATTENUATE COCHLEAR EFFECTS OF FUROSEMIDE.

L.P. Rybak, C. Whitworth*, L. Wright* and T. Morizono*. Depts
of Surgery and Pharmacology, SIU Schoel of Med., Springfield,
IL 62708

A number of epithelial systems concerned with fluid transport
possess organic acid pumps powered by aerobic metabolism. Such
systems include kidney, eye, liver and choroid plexus. It is
unknown whether the cochlea has an organic acid pump to control
the local fluid balance.

Furosemide is an ototoxic ioop diuretic which is actively
taken up by an organic acid pump in the renal tubule (Odlind, B.,
J Pharmacol Exp Ther 208:515, 1979). Its mechanism of ototox-
icity is unknown. The possibility exists that furosemide ototox-
icity may be mediated in part by an organic acid uptake system
in the cochlea. The purpose of this series of experiments was
to investigate the effect of several inhibitors of organic acid
transport on furosemide ototoxicity.

Chinchillas weighing 400-600 gm were divided into several
groups. [Fach animal was anesthetized with ketamine 45 mg/kg IM
followed by pentobarbital 30 mg/kg IM. A femoral vein was can-
nulated for drug administration. Cochlear function was moni-
tored by placement of a micreelectrode into the scala media
through the basilar membrane to continuously monitor the endo-
cochlear potential (EP) over several hours. Control animals
received 0.5 m1 of normal satine IV followed in thirty minutes
by furosemide 25 mg/kg 1V. Experimental animals were similarly
treated as controls except that they received an organic acid
transport inhibitor in the same volume as the controls followed
by furosemide.

A series of organic acid transport inhibitors significantly
reduced the EP decline produced by furosemide. Probenecid
(50 mg/kg) was more effective than novobiocin (50 mg/kg).
Diatrizoate {150 mg/kg) was the least effective in altering
the furosemide related drop of the EP. An inhibitor of organic
base transport, N-methylnicotinamide (50 mg/kg) had no effect
on the furosemide-induced drop of the EP. These findings
suggest that at least part of furosemide ototoxicity may be
mediated by organic acid transport.
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The inner-hair-cell (IHC) and outer-hair-cell
subsystems in the cochlea and the brainstem.
im, Dept. of Physiol. & Biophys., Washington
University Medical School, St. Louis, MO 63110
Comparative neuroanatomy of IHC and OHC of the
mammalian cochlea has been well documented: (1) They
have prominent differences in their morphology; (2)
They are selectively innervated in distinct ways by
distinct neural populations for both afferent and
efferent innervations; and (3) There are about four
times as many OHCs as IHCs but the OHCs receive only
about 5% of the total afferent neurons. Functional
roles played by the IHC and OHC have not been well
understood, and the marked underrepresentaion of the
OHC in the afferent neural populations has been
particularly puzzling. We propose and review evidence
for the following set of hypotheses: (1) There are two
distinct auditory subsystems in the cochlea and the
brainstem, i.e., (a) the "IHC subsystem" consisting of
IHCs and neural populations receiving input from IHCs;
This subsystem includes the small olivocochlea-bundle
(OCB) neurons of Warr (1978) with axons projecting to
the IHC region, and (b) the "OHC subsystem" consisting
of OHCs and neural populations receiving input from
OHCs; This subsystem includes the large OCB neurons of
Warr with axons synapsing on OHCs; (2) The OHC has
active bidirectional transduction mechanism in the
stereocilia and cuticular plate region which reduces
the net mechanical damping of Corti's organ, even to
negative damping under certain conditions; and (3) The
function of the OHC subsystem is to actively enhance
and control the sensitivity and tuning of the motion

(OHC)

of the whole Corti's organ by regulating release of
mechanical energy in the "motor function"™ of OHC,
thereby confering high sensitivity, sharp tuning and

wide dynamic range to the IHC subsystem through which

the auditory information is channeled to the higher
centers of the auditory system.

[Supported by NIH grant R01-NS-18426]

PREFERENTIAL GLUTAMINE UPTAKE BY COCHLEAR HAIR CELLS: CHANGES IN

INTRACELLULAR DISTRIBUTION WITH INCREASING SURVIVAL TIME. A.F.
Ryan* and I.R. Schwartz (SPON: B. Pfingst). Div. of Otolar-

yngology, UCSD Sch. of Med., La Jolla, CA 92093 and Div. of
Head & Neck Surgery, UCLA Sch. of Med., Los Angeles, CA 90024.

Cochlear hair cells in the gerbil preferentially accumulate
the amino acid glutamine, as described in the companion abstract.
To determine the fate of incorporated label, both pulse duration
and survival time were varied in a light microscopic, autoradio-
graphic study.

Following pulse durations of 20 min, with immediate cold rinse
and fixation, inner hair cells (IHCs) showed a marked preferen-
tial labeling when compared to supporting cells of the organ of
Corti. The label was evenly distributed throughout the cell,
penetrating even the stereocilia, and did not appear to be pre-
ferentially located in any cytoplasmic organelles at the light
microscopic level. The outer hair cells (OHCs) were also uni-
formly labeled, although to a 1lesser extent than the IHCs.
Preferential labeling of structures which we have previously

shown to accumulate a variety of other amino acids (Schwartz and
Ryan; Ryan and Schwartz; Hearing Res., 9:173&185, 1983), such
as the cochlear efferents and spiral ganglion satellite cells,

was also noted.

A similar, though more intense, pattern of labeling was noted
after 40 min pulse duration. However, label in IHCs tended to be
heavier at the apical pole of the cell, and in mitochondria.
Label in OHCs tended to be in the subsurtace cisternae (SSC) and
in mitochondria. Spiral ganglion neurons showed a greater degree
of labeling, relative to satellite cells, than after a 20 min
pulse.

Following a 20 min pulse, cold perilymph rinse, and survival

times of 30-120 min, label distribution changed markedly. With
increasing survival time, IHC label shifted to the apical pole
and, to a lesser extent, to the basal end of the cell. Label

tended to be in mitochondria at 30-60 min survival times, but not
at 120 min. In the OHCs, with increasing survival time, label
was localized to the SSC. As with the IHCs, label was associated
with mitochondria only with 30-60 min survivals. Disappearance
of label from the cochlear efferents and the satellite cells sur-
rounding the spiral ganglion neurons was more rapid than from the
hair cells. Relative labeling of the spiral ganglion neurons in-
creased, and preferential labeling of VIIIth nerve fibers in the
modiolus was apparent at the longest survival times.

The kinetics of label distribution in hair cells are
tent with uptake of a transmitter precursor, with subsequent
transformation into a different amino acid or peptide.
(Supported by NINCDS grants NS14945, NS14503 and NS09823, RCDA
NS00176 to A.F.R., and by the Research Service of the VA.)

consis—
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PREFERENTIAL LABELING OF COCHLEAR HAIR CELLS FOLLOWING
INCUBATION WITH H3-GLUTAMINE. I.R. Schwartz and A.F. Ryan*,
Div. of Head & Neck Surgery, UCLA Sch. of Med., Los Angeles, CA
90024, Div. of Otolaryngology, UCSD Sch. of Med., La Jolla, CA
92093 & Research Service, VA Med. Ctr., San Diego, CA 92161.

Identification of the afferent transmitter between cochlear
hair cells (HC) and VIIIth nerve dendrites remains a major
unresolved problem in cochlear physiology. Evidence that
aspartic acid (ASP) or glutamic acid (GLU) is the transmitter is
inconclusive, but evidence for other candidates is also
equivocal, To further evaluate the role of ASP & GLU in
afferent transmission, light and electron microscopic autoradio-
graphic investigations of the amino acid uptake systems in the
in vivo gerbil cochlear preparation have now been extended to
seventeen H3 or Cl4 labeled putative transmitters and related
compounds with special emphasis on amino acids related to the
metabolism of GLU. The methods used are described in Schwartz &
Ryan (Hearing Research 9, 185-200, 1983).

Of the compounds tested, only glutamine (GLM) produced
pronounced preferential labeling of cochlear HCs. Immediately
after GLM incubations label was also found over efferent
terminals beneath HCs, over satellite cells around spiral
ganglion neurons and to a lesser extent over spiral ganglion
neurons themselves. Vestibular HCs were unlabeled even though
label was present over adjacent supporting cells. The
accumulation of label in cochlear HCs following incubation with
glycine, alanine and proline is only slightly greater than the
labeling of surrounding cells in the organ of Corti. By contrast,
labeling of HCs was less than that of surrounding tissues after
taurine incubations. D- & L-GLU, D- & 1-ASP, GABA, histidine,
ornithine, arginine, a-keto glutaric acid, methionine, choline
and muscimol produced no preferential labeling of HCs. At the
light microscopic level afferent terminals did not appear
labeled with any compound tested.

GLM uptake could play an important role in afferent synaptic
transmission by providing transmitter precursor and/or’'by
clearing the synaptic cleft of a transmitter breakdown product.
It seems unlikely that GLM itself is a transmitter. However, in
addition to possible transmitter related roles, it may also serve
as a major substrate for HC metabolism,

Supported by NINCDS grants NS09823, NS14503, NS14945, RCDA
NS00176 to A.F.R. and by the Research Service of the Veterans
Administration.

IMMUNOCYTOCHEMICAL LOCALIZATION IN THE GUINEA PIG ORGAN OF
CORTI AFTER PERIPHERAL EFFERENT LESIONS. J.A. Rubio*, R.A.
Altschuler, B. Kachar, F. Eckenstein* and J. Fex. Lab. Neuro-
otolaryngology & Lab. Neuropath. & Neuroanat., NINCDS, NIH,
Bethesda, MD 20205 and Max Planck Institute, Martinsreid,
Germany.

We have previously shown immunoreactive labelling in olivo-
cochlear efferents in the organ of Corti using antisera against
methionine enkephalin, choline acetyltransferase, aspartate
aminotransferase and glutaminase. In this study peripheral
lesions of the efferents were made and the organ of Corti was
examined immunocytochemically both to confirm these findings
and to determine if any non-efferent fibers or terminals are
also labelled. N

200-350 g. female NIH strain guinea pigs were pre-medicated
with a mixture of atropine sulphate and chlorpromazine hydro-
chloride injected intramuscularly. Thirty minutes later keta-
mine hydrochloride was given intraperitoneally, with additional
sodium pentobarbital often added to maintain the anesthesia
level. A tracheostomy was then performed and ventilatory
support given with a small animal respirator. Under aseptic
conditions a posterior craneotomy was performed under a Zeiss
operating microscope. Dura was incided and retracted medially.
The parafloccular lobe of the cerebellum was then aspirated.
Facial, vestibular and cochlear nerves were identified. Using
a fine stapes hook, the vestibular nerves were avulsed at the
internal auditory meatus, taking care not to lesion the
auditory nerve or the internal auditory artery which lies
between the nerves. Four to eight weeks after surgery, animals
were fixed by vascular perfusion and immunocytochemical pro-
cedures carried out on the cochlea using antisera against
methionine enkephalin, choline acetyltransferase and
glutaminase.

In the cochlea ipsilateral to the lesion, no specific
immunoreactive labelling was seen with antisera to methionine
enkephalin or choline acetyltransferase. With antisera to
glutaminase, in the cochlea ipsilateral to the lesion, immuno-
reactivity was observed by the bases of inner hair cells,
though less was seen than in the contralateral, non-lesioned
cochlea. This remaining immunoreactivity may be in the
dendrites of spiral ganglion cells, whose cell bodies and term-—
inals show glutaminase-like immunoreactivity.
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TYPE 2 SPIRAL GANGLION CELLS IDENTIFIED BY GLUTAMINASE-LIKE
IMMUNOREACTIVITY AND NEUROFILAMENT STAIN. A.M. Schwartz, R.A.
Altschuler, R.J. Wenthold, and J. Fex. Lab of Neuro-
otolaryngology, NIH, NINCDS, Bethesda, MD 20205, and Lab of
Neurophysiology, Univ. Wisc., Madison, WI 53706.

The spiral ganglion of the guinea pig contains two
morphologically distinct cell types. Type 2 spiral ganglion
cells characteristically are smaller than type l cells, are
unmyelinated, and have an abundance of neurofilaments within
their cytoplasm. They are often but not exclusively located in
the periphery of the ganglion in groups of two or three. In
immunohistochemical studies, using antisera to glutaminase,
which has been proposed as a marker for
aspartergic/glutaminergic neurons, some spiral ganglion cells in
the guinea pig were noted to lack immunoreactivity. These
nonimmunoreactive cells had many characteristiecs of type 2
cells, but it was not possible to def: .itively identify them as
such based solely on the immunohistochemistry. Therefore we
took 10 y,m cryostat sections of guinea pig cochlea and using
indirect immunofluorescent techniques, reacted them first with
antisera to glutaminase. Afrer fluorescence photomicrography,
the coverslip was removed and the same sections were restained
with the Palmgren silver stain. With this silver srain, type 2
spiral ganglion cells appear darker than type 1 cells because
of the abundance of neurofilaments in their cytoplasm. We see
a close correspondence between cells with decreased
glutaminase~like immunoreactivity and the darker staining type
2 cells in the Palmgren sections. We have thus identified a
subpopulation of spiral ganglion cells based on their
immunoreactivity to antisera to glutaminase, providing an
immunohistochemical basis for future work on these two
different cell types.

AFFERENT INNERVATION OF OUTER HAIR CELLS IN THE ADULT CAT: AN
HRP STUDY. D.D. Simmons* and M.C. Liberman* (SPON: D.K
Ryugo). Depts. of Anat. and Physiol., Harvard Med. School;
Eaton-Peabedy Lab., Mass. Eye and Ear Infirmary, Boston, MA
02114,

Recent morphological studies of the adult cat cochlea have
concluded that afferent neurons of the spiral ganglion can be
divided into at least two morphologically distinct types: type
I neurons giving rise to radial fibers (RFs) which synapse
exclusively with inner hair cells (IHCs) and type II neurons
giving rise to outer spiral fibers (0SFs) which synapse with
outer hair cells (OHCs) (Spoendlin, H., Arch. Klin. Exp. Ohren
Nasen Kehlkopfheilkd. 200: 275, 1971; Kiang, et al., Science
217: 175, 1982). Data on RFs suggest that there may be signifi-
cant differences in innervation patterns between the neonate and
the adult, between the base and the apex of the cochlea, and
between the fibers contacting opposite sides of IHCs (Liberman,
M.C., Hearing Res. 3: 45, 1980). Compared to our current under-
standing of RFs we know little about the morphology of the OSFs.
Mest of the anatomical data concerning the innervation of the
OHCs has been based on Golgi-stained material from neonatal
animals.

The OSFs in the adult cochlea can be darkly labeled following
extracellular injections of horseradish peroxidase (HRP) in the
cochlear nerve trunk (Kiang et al., ibid.). This technique was
used in the present study to produce the Gelgi-like filling of
OSFs necessary to study their innervation patterns. OSFs in the
adult cochlea were found to pass unbranched through the IHC
regien, cross the tunnel of Corti along its floor, and spiral in
a basal direction for at least 0.2 mm before sending branches teo
the OHCs. Many OSFs had branches which end in terminal swel-
lings among the supporting cells well beneath the OHCs.

HRP injections were positioned in the nerve bundle se as teo
label OSFs innervating OHCs in different cochlear regions,
exploiting the similarity of the tonetepic organization for the
central axons of OSFs and RFs. Several morpholegical features
of the OSFs were found to vary systematically with cochlear
loecation. For example, toward the apex (the low-frequency
region) ef the cochlea, OSFs traverse longer distances, have
more collaterals, innervate more OHC rows, have fewer branches
terminating on structures other than OHCs, and have larger diam-
eters and larger terminal beutons. Pessible functienal signifi-
cance of these anatomical features will be discussed.

STAPEDIUS MUSCLE MODULATION OF AMPLTITUDE AND PHASE OF COCHLEAR
POTENTIALS IN AVES: PHYSTOLOGICAL AND HISTOLOGICAL EVIDE
Allen Counter. The Biological Labs., Harvard University, Cam-
bridge, MA. 02138.

Aves, unlike mammals, possess only one middle ear muscle, the
stapedius. This muscle, which is innervated by a branch of the
facial nerve, is exceptional in the respect that it alone exerts
its effects on an entire physiological svstem, viz. the middle ear
as well as on intracranial pressure. Electromyograms from the m.
stapedius, inner ear microphonic potentials (MPs) and 8th nerve
responscs were studied during activation of the m. stapedius in
Aves In order to determine the muscle's role in phase and ampli-
tude modulation of sensory input. The maximum MPs recorded in the
control state were 2004 V and were linear (on a log-log scale)
over a range of 40~100 dB SPL. Tension levels of 50-400 mN in the
m. stapedius caused a reduction of up to 20 dB in the MP ampli-
tude, depending on the sound frequency. Both phase shifts and
amplitude changes could be induced at the ipsilateral and contra-
lateral cochleas during m. stapedius contraction. Intracranial
MPs were out of phase at the contralateral ear by 180° at low fre-
quencies (1 KHz) and approximately 273~ at higher frequencies
Both histologic and physiologic studies show that the avian m.
stapedius is a fast muscle with fast type (I]l, Illz, 11123) fi-

bers of essentially uniform diameter (19pam). Teased fibers re-
vealed en plaque endings, well developed sarcomeres, and a dense
investment of both sarcoplasmic reticulum and transverse tubules.
Preliminary evidence on embryo and early hatchlings suggest senso-
ry pathology following m. stapedial deprivation.
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IN VITRO TISSUE CULTURE MODEL FOR STUDY OF AGENTS CAPABLE OF
AFFECTING ADULT CNS REGENERATION. A. Leon, R. Dal Toso*, S. Maz-
zoni*° and G. Toffano. Fidia Research Laboratories, Department of

Biochemistry, Abano Terme, Italy and °Divisione Neurologica,
Ospedale per gli Infermi, Faenza, Italy.

Fetal neuronal tissue culture techniques are increasingly
being utilized for the identification and study of growth-promot-
ing environmental factors or pharmacological agents capable of
positively influencing adult CNS neuronal regenerative capabili-
ties. They also allow for analyses of the occurrence of toxic or
specific growth~inhibiting environmental influences during chron-
ic adult degenerative neuropathological diseases. Serumless
dissociated fetal mesencephalic cells in culture were therefore
utilized as a controlled model system for the study of factors
capable of determining regeneration/degeneration of CNS dopa-
ninergic (DA) neurons. In particular, fa_ilitatory effect of
monosialoganglioside GM. on dopaminergic regeneration in vivo
(Toffano, G. et al., Brain Res., 261:163-166, 1983) and the
possible occurrence of specific dopaminergic growth inhibiting
agents in sera obtained from patients suffering from Parkinson's
disease were investigated. The results obtained indicate that:
1. whereas the survival of serumless mesencephalic dopaminergic
cells is highly dependent on the cellular dens%;y seeded, their
dopaminergic maturation (measured as specific “H-DA uptake) is
specifically affected by the presence of their target striatal
cells. Such data are in accord with those already reported by
Prochiantz A. et al. (Nature, 293:570-572, 1981) and Di Porzio U.
et al, (Nature, 288:370-373, 1980).

2. The presence of GM, molecules on the neuronal cell surface,
either endogenous or following stable insertion of exogenous
molecules, affects neurite outgrowth and dopaminergic maturation
of fetal mesenqﬁfhalic 27115. Addition of GM, at concentrations
ranging from 10 to 10 M increases the proportion of neurite
bearing cells and neurite lepgth of co-cultured mesencephalic-
striatal cells. GM, doubles "H-DA uptake in mesencephalic cells
and the effect is "additive to that produced by striatal target
cells. In contrast GM, antiserum produces a marked decrease of
both neurit2 extension and "H-DA uptake.

3. Addition of sera obtained from all male or female patients
considered suffering from Parkinson's disease (15 patients, 40-60
years of age) impedes DA cell maturation regardless of the pre-
sence of optimal target support. The inhibitory effect is depend-
ent on the concentration of sera (maximal concentration 1:50
dilution) and appears to be correlated with the severity of the
disease. The sera are totally ineffective in modifying GABAergic
maturation of striatal cells. Control sera obtained from normal
subjects are totally without effect.

The relevance of such data will be discussed.

DEGENERATION AND REGENERATION-ASSOCIATED POLYPEPTIDES IN RAT
PERIPHERAL NERVE. H.W. Muller*, M.J. Ignatius and E.M. Shooter.
Dept. of Neurobiol.,Stanford Univ. Sch. of Med.,Stanford, CA94305.

Non-neuronal sheath cells in rat sciatic nerve responded to de-

nervation by the sequential induction of several new polypeptides
which were secreted into the distal nerve stump. We were able to
identify at least 7 specific denervation-induced proteins with
apparent molecular weights from 37,000 (37k) to 45,000 (45k) and
isoelectric points between 5.2-5.4. The appearance of these pro-
teins correlated well with periods of axonal degeneration and re-
generation. However, the time-course of induction as well as the
rates of synthesis and disappearance of these proteins in nerve
segments distal to injury were dependent on the particular type
of nerve injury applied to initiate degeneration.

(i) When degeneration was initiated by a nerve crush leading
to axotomy and subsequent axonal regeneration, the synthesis and
secretion of a 45k polypeptide doublet was maximally induced with-
in 3-6 days post-injury prior to the induction of any of the other
proteins. Despite a decreasing rate of synthesis during the fol-

lowing weeks the 45k remained at a high concentration in the nerve

for approx. 4 weeks until at 7-8 weeks after the crush it had
slowly disappeared. A 37k protein (Skene and Shooter, PNAS, 1983,
in press) was maximally induced at 1 week post-crush and appeared
in the distal stump approx. 2 weeks after the 45k. The 37k re-
mained at a high concentration for 2-3 weeks before it rapidly
decreased to background levels

(ii) In a transected sciatic nerve where axonal regeneration
into the distal stump was prevented the same set of soluble pro-
teins was induced and synthesized at similar rates as in (i), thus
indicating that the induction of these proteins is not under reg-
ulation of regrowing axons.

(iii) When a segment of sciatic nerve was separated by excision

from its neuronal input and from its target cells the time-course
and rate of synthesis as well as the concentration of the dener-
vation-induced proteins in the isolated piece of nerve was sig-
nificantly altered. The initial high rate of synthesis of the 45k
was maintained for several weeks and this polypeptide remained at
high concentration in the nerve sheath for at least 6-7 weeks
post-excision. However, the 37k did not accumulate in the isolated
nerve segment in detectable amounts for 10 weeks suggesting a role
for the target in the maintenance of 37k synthesis.

The other degeneration-induced proteins besides the 45k and
37k were less prominent and their rates of synthesis and accumu-
lation generally resembled that of the 45k throughout the experi-
ments.

17.3 REGENERATION IN THE LARVAL LAMPREY: AN HRP STUDY.

R. E. Coggeshall and B. N. Christensen. Depts. of Anatomy and
Physiology & Biophysics Marine Biomedical Institute, University
of Texas Medical Branch, Galveston, TX 77550.

Recent experiments on lamprey suggest that regeneration of
giant reticulospinal axons is often incomplete or inappropriate
(Wood and Cohen, Science, 1979). This is in spite of the fact
that the lamprey appears to regain its normal swimming behavior
following spinal section. It has been suggested (Selzer, J.
Physiol. 1978) that the return of coordinated swimming movements
following spinal section are due to reinnervation of motor
neurons via polysynaptic pathways. Both of these reports
concluded that regenerating axons do not extend more than a few
mm beyond the lesion. We investigated the regenerative capabil-
ities of reticulospinal neurons, both "giant" and "non-giant" by
examining the number of labelled cells found in the brain after
application of HRP to the cut end of the cord from 0.5 - 1.5 cm
caudal to spinal crushes made up to four months previously. Two
other series of animals were done. 1In one, we determined the
number of brainstem neurons projecting to the dorsal fin region
of the spinal cord when HRP was applied to the cut end of the
cord at the level of the first dorsal fin. 1In the second, we
crushed the spinal cord 1 cm rostral to the first dorsal fin and
then applied HRP to the cut end of the spinal cord 1 cm caudal
to the lesion. The latter tested for the possibility that HRP
could label cells within the brainstem by a route other than
axonal transport along descending spinal axons.

By four months following spinal cord crush our animals re-
gained normal swimming behavior. A large number of reticular
neurons were labelled including some of the giant cells which
give rise to the giant axons descending the length of the cord.
In four animals without lesions, the number of non-giant cells
labelled in the brainstem was 171 (+ 73.3 S.E.) and the number
of giant cells was 8 (*+ 2.1 S.E.). 1In 9 animals transected 4
months previously, the number of labelled non-giant neurons was
57.6 (+ 30.6 S.E.) and the number of giants was 3.8 (* 2.2
S.E.). Although there is more than a 50% reduction in the
number of labelled cells in the experimental animals, it is
clear that a large number of cells located in the brainstem send
axons across the lesion for a distance of at least 1.5 cm.
These results indicate that some axons regenerate for long
distances past a transection and thus behavioral recovery may
depend on these axons reaching their original synaptic sites.
Second, since a large population of non-giant reticulospinal
neurons regenerate axons past the transection, these cells,
rather than the giant cells, may be responsible, at least in
part, for the behavioral recovery. Supported by grants NS14429,
10161 and 17039 from the NIH.

EARLY CALCIUM DEPENDENT INCREASE OF TRANSGLUTAMINASE ACTIVITY IN
THE RAT SUPERIOR CERVICAL GANGLION AFTER POSTGANGLIONIC NERVE
INJURY. G. M. Gilad and V. H. Gilad*.Isotope Department,
Weizmann Institute of Science, Rehovot, Israel.

As early as 2h after postganglionic nerve injury an increase
in ornithine decarboxylase (ODC) activity occurrs within parent
sympathetic neurons of the superior cervical ganglion (SCG). This
increase in ODC activity is rapid and transient, and is most
probably due to a transient accumulation of new enzyme molecules.
The increased ODC activity reflects an enhanced polyamine
biosynthesis which is required for the survival of the injured
neurons(Gilad and Gilad, Brain Res., in press). Intracellular
transglutaminase (TG) is an enzyme which catalyzes the covalent
binding of diamines (e.g. putrescine), or polyamines to
glutamine residues on peptide chains and thereby may lead to the
formation of crosslinks between adjacent polypeptide chains. In
the present study therefore we sought to determine: (a) whether
TG activity is present in the SCG and if so, is it activated by
calcium (Ca)? and (b) whether TG activity is altered in the SCG
after axonal injury and if so, is it dependent on Ca fluxes? The
activity of TG was found to be present in homogenates of rat SCG
(65.5¢6.5 pmol [3H]putrescine bound/h/mg protein) and had an
absolute requirement for Ca in the assay mixture. When the
enzyme activity was measured at different times (15min to 7h)
after unilateral postganglionic nerve crush, an increase of
175.5%8.5 percent (p=0.001) was detected by 30min postoperative
in the ipsilateral SCG as compared to contralateral or
unoperated controls. Such an increase was not observed before or
after 30min postoperative. Application in vivo, of a saline
(0.9% NaCl) solution containing verapamTT'(ZmM) - an inhibitor
of Ca. fluxes across membranes of excitable tissues - completely
prevented the observed increase in TG activity. The effect of
verapamil could be reversed by addition of CaCl (10mM) to the
applied solution. We conclude that: (a) within minutes after
postganglionic nerve injury,putrescine dependent and Ca activated
TG activity is briefly enhanced in the corresponding SCG, and
(b) the enhanced TG activity is dependent upon Ca fluxes across
membranes proximal to the injury site. The results imply that
changes in Ca fluxes, which may be triggered by axonal injury,
are essential for the observed increase in TG activity, the
earliest biochemical change so far reported in the region of the
parent nerve cell body.

-Supported by a grant from the Muscular Dystrophy Association.
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SELECTIVE REINNERVATION OF LIMB MUSCLES BY REGENERATING FROG
MOTOR AXONS. Susan L. Powell* and Monte Westerfield (SPON: B.
Gordon-Lickey). Institute of Neuroscience, Univ. of Oregon,
Eugene, OR 97403.

We have examined the selectivity of reinnervation of limb
muscles by the regenerating axons of frog spinal cord motoneurons
following axotomy when the ventral root was crushed or cut. Two
factors that might direct regeneration were investigated. 1) Do
external factors in the nerve guide the regenerating axons?

2) Do the central connections of motoneurons from limb sensory
neurons signal which muscles they should reinnervate?

The anatomical pattern of reinnervation was assayed by retro-
grade labeling after injection of HRP into individual muscles.
The functional pattern of reinnervation by motoneurons was
assayed by intracellularly recording antidromic activation of
motoneurons upon stimulation of single muscle nerves, and the
pattern of central connections between muscle sensory and motor
neurons was determined by recording synaptic potentials elicited
by stimulation of appropriate peripheral nerves. Our results
demonstrate that:

1) Motoneurons randomly reinnervate limb muscles if the
ventral root is completely severed by cutting.

2) On the other hand, if the ventral root is crushed, moto-
neurons selectively reinnervate their old targets. This differ-
ence may suggest that alignment of the nerve sheath is required
for proper regeneration.

3) Motoneurons reform appropriate connections with muscles
(after crushing the ventral root) even when their sensory
innervation is absent due to removing the dorsal root.

Supported by the NSF, NIH, MRF, and the Sloan Foundation.

A TIME COURSE STUDY OF AXOTOMY-INDUCED CHANGES IN RNA SYNTHESIS
AND NUCLEOLAR MORPHOLOGY IN IMMATURE AND MATURE HAMSTER FACIAL
NEURONS. Kathryn J. Jones and Arthur LaVelle. Department of
Anatomy, University of Illinois, Chicago, Illinois, 60680.

We have previously observed that diffuse chromatolysis, cell
swelling and increased protein synthesis characteristic of the
adult response to axotomy do not occur in the 15-day postnatal
neuron. This differential response to axotomy has been temporally
correlated with the development, mainly after 15 days, of an
intranucleolar body (INB) consisting of ribonucleoprotein (RNP)
particles. Axotomy induces dispersion of this INB in the adult by
4 days postoperative (dpo). In this study we examined the initial
effects of axotomy on RNA metabolism and on nucleolar morphology
in neurons undergoing the two different modes of reaction.

Adult and 15-day old hamsters were subjected to axotomy of
the right facial nerves, with the left sides serving as controls.
At 1/2, 1, 2 and 4 dpo, some of the animals were injected subcut-
aneously with “H-uridine 1 h prior to sacrifice via perfusion-
fixation and the brains processed for routine light microscope
autoradiography. The remainder of the animals were sacrificed and
processed for routine EM. The number of grains per unit area cell
body, in 2 um sections, were averaged per animal. The areas of
nucleolar profile tracings from 1 um Epon-embedded sections were
calculated using a BioQuant Image Analyzer. All data were
analyzed using 2-way ANOVA. Cytomorphic changes in nucleolar
substructure were assessed by EM.

In the 15-day neurons, no changes in uridine uptake after
axotomy were noted throughout the time course studied. Nucleolar
morphology and size were also unaffected by axotomy at 15 days.
In the adult neurons, axotomy induced a transient increase in
uridine uptake at 2 dpo, with return to control levels by 4 dpo.
This increase in RNA synthesis at 2 dpo coincided with the onset
of nucleolar swelling, with an initial "loosening" of the
fibrillar portion of the nucleolus and with an incipient disper-
sion of the INB granular material. Nucleolar area remained
significantly higher at 4 dpo when the INB was totally dispersed.

Intranucleolar bodies are thought to be storage sites for
ribosomal precursors. Their absence in normal 15-day and in axo-
tomized adult neurons reflects the increased metabolic activity
associated with both growing neurons and with regenerating adult
neurons. Since it has been shown that the level of protein syn-
thesis remains increased in these adult neurons for a prolonged
time after injury, it is surprising that there is such a short
spurt of elevated RNA synthesis after axotomy. Although a later
increase in RNA synthesis cannot be excluded, we feel that the
stored RNP particles in the INB contribute to and meet the
initial metabolic demands placed on these cells by axotomy.

17.7

17.9

3H—URIDINE INCORPORATION IN NORMAL AND AXOTOMIZED IMMATURE
HAMSTER FACIAL MOTOR NEURONS. Pamela Clark and Arthur LaVelle.
Dept. of Anatomy, University of Illinois, Chicago, IL 60680.

A common feature of the axon reaction in mature peripheral
motor neurons is increased RNA synthesis, reflecting the ana-
bolic and regenerative nature of the response to injury. Immature
hamster facial motor neurons do not survive axotomy as do mature
hamster facial neurons. The capacity to survive axotomy is grad-
ually acquired over the first two postnatal weeks. This temporal-
1y coincides with the early period of maturation of the neuron's
protein biosynthetic apparatus, including the nuclegli which are
sites of rRNA synthesis and processing. A study of ~“H-uridine
incorporation was undertaken to determine how RNA synthesis is
altered in facial neurons axotomized during the period when they
cannot, or have a reduced capacity to, sustain a regenerative
response.

Facial nerves of fetal and early postnatal hamsters were
severed by electrocautery and by cutting, respectively, with the
unoperated sides serving as control. Animals were sacrificed at
times varying from 17 hours to 4 days after injury. One hour
prior to killing by perfusion fixation, “H-uridine (3uCi/g body
wt) was injected into each animal. Brain-stems were processed
for light microscope autoradiography. Somal area, nuclear area
and grain number per unit area cell body were averaged per facial
nuclear group. Statistical analysis was by 2-way ANOVA.

Axotomy in fetal hamsters (14 days in utero) resulted in a
significant decrease in grain density 17 hours after injury, even
though uridine incorporation remained high. Significant changes
in grain density were not observed after axotomy in the postnatal
ages examined. Mean somal area decreased significantly in neurons
axotomized at 4, 7, and 9 days and examined after 2, 2 and 4, and
4 days respectively. Nuclear area, however, did not change.

Thus, immature hamster facial neurons do not increase RNA
synthesis to meet the demands of regeneration. Injured neurons
from fetal hamsters show a large, rapid decrease in RNA synthe-
sis. Since it appears that these neurons synthesize RNA at a high
level normally, the pronounced effect of axotomy stems from in-
terrupting a highly active process. In contrast, injured neurons
from early postnatal animals continue to synthesize RNA at normal
levels through the postoperative times examined. This correlates
well with the gradually increasing capacity of these neurons to
survive injury as they mature., The decrease in somal area after
axotomy can be interpreted as an interruption of the rapid growth
that accompanies neuronal maturation and suggests that synthesis
of structural proteins necessary for growth may be significantly
altered during this period.

FLAT, WHOLE-MOUNT NERVE PREPARATIONS: A USEFUL TOOL FOR STUDYING
PATTERNS OF REGENERATING AXON OUTGROWTH. Y. Geinisman and M.T.
Shipley, Dept. of Cell Biol. & Anat., Northwestern Univ. Med.
Sch., Chicago, IL 60611 and Dept. of Anat. & Cell Biol., Univ.
of Cincinnati Col. of Medicine, Cincinnati, OH 45267.

Present techniques for experimental analyses of regenerating
axon outgrowth distal to the site of axotomizing injury have se-
rious limitations. For example, the actual outgrowth distance
cannot be measured for individual axons without their entire
course reconstruction from numerous histological or ultrathin
sections, which is difficult, if not impractical. Further, the
direct differential examination of all axonal subpopulations that
elongate at fast, intermediate or slow rates is impossible, since
only one subpopulation of the fastest growing axons can be direct-
ly studied by axonal transport and pinch test techniques. To cir-
cumvent these limitations, we have developed a method which is
based on the use of flat, whole-mount nerve preparations.

In young adult rats, the right sciatic nerve (SN) is crushed,
and HRP (Sigma VI, 40% solution) is injected into the region of
cell bodies of spinal motoneurons innervating the musculature of
the right hind limb. Rats are perfused 16-24 h later, the SN is
dissected out and the epineurium removed. The SN is flattened
between two glass slides, removed, then reacted (floating) with
TMB, mounted on a micro slide, counterstained with neutral red,
dehydrated and coverslipped. At 16 h after the crush, all HRP
labeled axons are found proximal to the crush zone. By 2 days,
HRP labeled axons are observed crossing the crush zone and passing
peripheral to it; the distance between the crush site and axon
tips is progressively increased at 4 and 6 days. Many axon tips
are enlarged and mark a distinct leading edge of several waves of
outgrowing axons. In each wave, both single labeled axons and
axonal bundles can be traced along their entire undulating course.
The flat SN preparations have also been stained for acetylcholin-
esterase and reacted with antitubulin antibodies. With both tech-
niques, outgrowing axons can be clearly visualized.

It appears, therefore, that flat, whole-mount preparations of
regenerating nerves can be useful for obtaining: (1) accurate es-
timates of the rate of regenerating axon elongation by measuring
the outgrowth distance of individual HRP labeled axons over time
after axotomy; (2) values of the "initial delay" of outgrowth by
assessing the time, necessary for regenerating labeled axons to
reach the nerve segment just distal to the lesion site; and (3)
information concerning the nature of axonal subpopulations that
elongate at different rates by employing histochemical, immunocy-
tochemical and electron microscopic techniques. Moreover, virtu-
ally any staining method applicable to floating or mounted histo-
logical sections should work well in these preparations.

Supported by NIH AG-03410, NS-18490 and NS-19730.
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NON-SELECTIVITY OF AXONAL REGENERATION IN THE OCULOMOTOR NERVE
OF GOLDFISH. S.S. Scherer, Division of Biological Sciences,
The University of Michigan, Ann Arbor, MI 48109

I have reinvestigated the question of whether the extraocular
muscles of qoldfish are selectively reinnervated by regenerating
axons of the oculomotnr nerve. Using the retrograde transport
of horseredish peroxidase (HRP), I have mapped the motor pools
of extraocular muscles that were innervated by normal or reqene-
rated oculomotnr nerves.

HRP was injected into either the left superior rectus (SR)
(N=3), medial rectus (MR)(N=1), inferior rectus (IR)(N=1), or
inferior oblique (10)(N=2) muscle in 7 normal animals. After 4
days survival, the animals were perfused, and their brains sec-
tioned transversely at 40-50 um. The sections were reacted
with diaminobenzidine, and counterstained with neutral red.
Labeled and unlabeled motoneurons were plottec with the aid
of a camera lucida. As in other teleosts, the motor pools of
the MR, TR, and 10 were in the ipsilateral (left) tegmentum of
the midbrain, whereas the motor pool of the SR was on the con-
tralateral (right) side.

I similarly mapped the motor pool of the left SR in 4 animals
whose left oculomotor nerve had been sectiored intracranially
17 (N=2) or 65 (N=2) days before. Labeled cells were found in
3 of the 4 brains: none were found in one brain (65 d). Most
of the labeled cells were found in the ipsilateral tegmentum,
in positions that corresponded to the motor pools of the MR,
IR, and 10, but some labeled cells were found in the contrala-
teral tegmentum, in the position that corresponded to the motor
pool of the SR.

Two explanations could account for the wider distribution of
labeled motoneurons in lesioned animals: (1) reinnervation of
the SR was non-selective, or (2) regenerating axons selectively
reinnervated the SR, but the intraorbital diffusion of HRP was
more pronounced than in normal animals, and led to the labeling
of the other motor pools. The second explanation seems unlikely
since the orbital contents were not directly involved in the
approach used to transect the oculomotor nerve. Furthermore,
behavioral experiments in progress show that animals have ab-
normal eye movements after the transected oculomotor nerve has
regenerated, which is consistent with the hypothesis that rein-
nervation is non-selective. (Supported by EY07022 to S.S.S.
and EYNN1A8 to S.S. Easter, Jr.)

NEUROMUSCULAR PRCPERTIES DURING CLAW REGENERATION IN ALPHEID
SHRIMP. P.J. Stevhens and J.M. Leferovich*. Department of
Biology, Villanova University, Villanova, PA. 19085.

The dimorphic claws of snapping shrimp consist of a
smaller pincer claw and a larger snapper claw. In Alpheus
californiensis the structural dimorphism is accompanied by a
profound asymmetry in the properties of the closer muscle. The
closer muscle in the snapper claw is composcd of a near uniform
population of slow fibers, while the pincer claw closer has two
different types of muscle fibers. BAnalysis of sarcomere length
and myofibrillar adenosinetrivhosphatase (ATPase) activity
revealed that a central band of fast fibers is located along
the longitudinal axis of the muscle and intermecdiate-tyve
fibers are situated on the dorsal and ventral margins.

The closer muscle in cach claw is innervated by two
excitatory motor axons. The fast closer exciter (FCE) subplies
all closer muscle fibers whereas the slow closer exciter (SCE)
makes functional connections only with fibers in the central
portion of the muscle. In the pincer claw, injection of dye
through the recording microelectrode demonstrated that muscle
fibers supplied by only the FCE are fast, while those innervated
by both excitatory axons are intermediate-type fibers. Thus
there is a close matching between the innervation pattern of the
SCE and the regional distribution of different fiber tyves in the
pincer claw closer muscle. These data are consistent with the
hypothesis that nerve-muscle interactions take place during
development.

We have made observations on the closer neuromuscular system
during regeneration of the pincer claw. Upon emergence of the
claw from its limb bud, analysis of sarcomere length and ATPase
activity revealed that the closer muscle is composed of a near
homogeneous population of fast fibers. During the ensuing
intermolt period the muscle fibers on the dorsal and ventral
margin of the closer differentiate from fast to intermediate-type
fibers. Examination of the innervation patterns of the two
exciters revealed that at all stages of claw regeneration the
peripheral fields are similar to those in fully developed claws.
Thus the innervation patterns of the two excitatory motor axons
are established before muscle differentiation, suggesting that
any trophic interactions must proceed from nerve to muscle.

This work was funded by grants from the National Science
Foundation (BNS 13196) and the Whitehall Foundation.

17.11
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ABNORMAL PHYSIOLOGICAL PROPERTIES OF REGENERATING SENSORY AXON
TERMINALS IN THE CORNEA. Andrew J. Rozsa, Roger W. Beuerman,
Brett Dupuy*, and Darrell L. Tanelian. LSU Sch. of Med., Dept.
of Ophthalmology, LSU Eye Center, New Orleans, LA 70112.

Our previous report (Neurosci. Abst., 8:300, 1982) presented
anatomical descriptions of the reorganizational process of epi-
thelial axon terminals following various types of experimental
wounds in the cornea. Collateral sprouting from intact terminals
overlapped temporally the primary degeneration of the original
terminals. In turn, the early collateral sprouts degenerated in
7-10 days and a second generation of regenerative neurites ap-
peared. These latter neurites originated from the tips of the
severed axons. The electrophysiological studies presented here
sought to correlate the functional features of degenerating and
regenerating corneal axon terminals to the morphological changes
described previously.

Twenty-three albino rabbits (2-3 kg) were anesthetized with
urethane (1.5 g/kg) and placed in a head holder. The periorbita
skin was retracted and the conjunctiva was secured over a stain-
less-steel ring to ensure a stable preparation. Action poten-
tials were recorded conventionally from dissected axon bundles of
the long ciliary nerve. Circular (4 mm dia) wounds were produced
by scraping the corneal epithelium with a scalpel. In post-
operative preparations exceeding 24 hrs, distinct wound margins
were preserved by trephine demarcation.

We examined two conditions: first, the immediate effects or
response to acute njury; and second, the initial phase in the
restoration of sensory competence to the corneal epithelium. The
following neuronal activity and response characteristics were
noted: 1) the generation of spontaneous abnormal patterns of
neural impulses in unstimulated corneal nerves that are normally
quiescent; 2) the replacement of the modality specificity of
corneal nerves by a generalized responsiveness to all forms of
stimulation; and 3) the prolonged excitation of sensory nerves
denoted by after discharges that outlasted the duration of the
stimulation. The area of tissue confined within the wound
margins displayed a zone of absolute sensory loss; this area was
surrounded by a narrow peripheral zone of partial sensory loss.
The biophysical specificity of terminals was reestablished after
24 hrs, although the hyperexcitability to stimulation persisted
for the duration of the post-operative period investigated (7
days). We hypothesize that the ectopic neural activity and
responsiveness characteristics that follow corneal injury are
neural substrates for acute pain. Collateral sprouts appear to
possess sensory functions; however, their overreaction to
stimulation is probably the neural substrate for hyperpathia.
(Supported by USPHS grants EY04074 and EY07073, NEI).

LAMININ IN REACTIVE SCHWANN CELLS. LIGHT- AND EM IMMUNOLOCALI-
ZATION IN TRANSECTED RAT SCIATIC NERVES. A. Bignami, N.H. Chi%*
and D. Dahl. Spinal Cord Injury Research, Brockton-West Roxbury
VA Medical Center, and Department of Neuropathology, Harvard
Medical School, Boston, MA.

Laminin is an extracellular noncollagenous matrix glycoprotein
present in all basement membranes so far investigated. Laminin
is produced by several cell lines and promotes the adhesions of
cells to a substratum in vitro. The expression of laminin by
early astrocytes in primary dissociated cultures of newborn
murine brain has been reported recently (Liesi et al., J Cell
Biol. 96:920, 1983). Immunofluorescence with laminin antisera
revealed a striking change in the localization of this protein in
rat sciatic nerve as a result of Wallerian degeneration. 1In
normal sciatic nerve, the staining was confined to the
endoneurium and the same was also found to be true during the
first days of degeneration. On day 11 endoneurial tubes were not
more identified in the distal stump of crushed nerves and of
nerves that had been transected and tightly ligated to prevent
regeneration. In both crushed and ligated nerves proliferating
Schwann cells forming the cell-bands of Biingner were intensely
laminin positive. As indicated by double-labeling experiments,
laminin and neurofilament antisera revealed similar but not
identical staining patterns in crushed nerves, thus suggesting a
close relation between laminin and regenerating axons. Crushed
nerves had recovered their normal appearance 3 weeks after opera-
tion while anti-laminin reactivity was markedly decreased in li-
gated nerves probably as a result of fibrosis. The localization
of laminin in reactive Schwann cells was confirmed by immuno-
peroxidase labeling at the EM level. Schwann cell cytoplasm
engulfing myelin breakdown products and surrounding regenerated
axons was intensely stained. No reaction product was present in
axons. Supported by NIH grant NS13034 and by the Veterans
Administration.
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17.14 RELEASE OF FAST-TRANSPORTED PROTEINS FROM REGENERATING NERVE. 17.15 RELEASE OF NON-NEURONAL PROTEINS FROM REGENERATING NERVE.
Bruce Tedeschi* and David L. Wilson. Dept. of Physiology & David L. Wilson and Bruce Tedeschi%* (SPON: L. Dribin.)
Biophysics, Univ. of Miami Sch. of Med., Miami, FL. 33101. Dept. of Physiology & Biophysics, Univ. of Miami Sch. of Med.,
The secretion of axonally transported proteins from intact Miami, FL 33101
nerve was reported (Hines & Garwood, Brain Res., 125:141, 1977) We have examined the proteins that are synthesized in and
but not confirmed (Tedeschi et al, Brain Res. _117—175, 1981). released from non-neuronal cells in the frog sciatic nerve
In the present study, we have demonstrated the secretion of a after nerve damage.
subset of rapidly transported proteins from regrowing axons in Frog sciatic nerves were unilaterally crushed with forceps.
previously-crushed frog sciatic nerve. The uncrushed contralatera! nerves served as controls. At 1 to
To study secretion from axons, proteins in DRG were labeled 28 days following damage the f{rogs were sacrificed, and the
in vitro with S-methionine. After axonal transport, any sciatic nerves were removed and desheathed. 1In small chambers,
released proteins were collected in the bath of a small chamber various parts of the previously-crushed nerve (proximal to
surrounding the sciatic nerve at its crush site. The released crush, crush site, distal to crush) or contrel nerve were
material was subjected to 2-dimensional polyacrylamide gel incubated in a bath containing frog Ringers and ~“S-methionine.
electrophoresis and the pattern of labeled, released poly- Following labeling (3-7 hours), the material relecased into the
peptides detected with Kodak XAR film. baths was subjected to 2-dimensional polyacrylamide gel
The results showed that: (1) A specific subset of rapidly electrophoresis and the polypeptides detected with Kodak XAR
transported proteins is released f.om axons at the crush site; film. For quantitative analysis, selected gel regions
(2) Most proteins that are rapidly transported and released corresponding to polypeptide spots on the film were cut out and
from axons are different from those synthesized and released by counted in a liquid scintillation counter.
the surrounding cells in the sciatic nerve; (3) One exception One protein, designated B14 (Mr = 30,000 to 40,000 daltons,
is a glycoprotein, designated Bl4 (Mr = 30,000 to 40,000 pl = 5 to 6), was found to be released in greater amounts {rom
daltons, pl = 5 to 6), which also is released from a number of crush and distal nerve regions than from proximal regions of
other tissues in a variety of organisms. damaged nerve or control nerve. This increase was not seen
The release from axons appears to represent a physiological initially (1 to 3 days pest-crush) suggesting a possible
process because (1) the release is selective, (2) no release is association with the regeneration process. Tt 1is interesting
seen during the first 24 hours after nerve crush, and (3) the that this protein, Bl4, is the one protein which we have found
release continues to occur for weeks after damage, while axon to be both a rapidly transported protein released from axons
regrowth is occuring. The release may be associated with new and a non-neuronal protein released from the cells surrounding
membrane addition in the growing axons. The role of the axons in the sciatic nerve. The relevance of the present
released proteins is not known. (Supported by NSF grant BNS findings to reorganization of an injured nerve is not known.
81-17817, NIH grant NS18263 and NIH training grant NS07044.) (Supported by NSF grant BNS 81-17817, NIH grant NS§18263 and NTH
training grant NSO7044.)
17.16  FUNCTIONAL AND ANATOMICAL CONSEQUENCES OF NEONATAL INFRAORBITAL 17.17 NERVE REGENERATION IN A SUPRAMAXIMAL GAP. L. J. Stensaas.

NERVE DAMAGE IN RAT. M. Math*, A, Brownj M.F. Jacquin and R.W.
Rhoades. UMDNJ-NJSOM & RMS, Piscataway, NJ 08854,

The infraorbital (I0) nerve's innervation of the mystacial
vibrissae and its central representations at the various levels
of the trigeminal (V) neuraxis have been used by numerous
investigators to examine the central nervous system response to
neonatal peripheral damage. Surprisingly, with only a few
exceptions, the effects of neonatal IO damage upon organization
in the V ganglion and brainstem have not heen examined in detail.
We have used a combination of Electronmicroscopic, HRP tracing
and single unit recording techniques to assess the consequences
of neonatal section of the IO nerve in rat.

In normal adult rats (N=4) the I0 nerve contained from
17,480 - 22,259 myelinated and 12,088 - 15,851 unmyelinated
axons. Electronmicroscopic examination of this V branch in a
neonatally lesioned adult animal revealed only 5,260 myelinated
and 2,747 unmyelinated axons.

Single unit recording from the ophthalmic-maxillary portion
of the V ganglion also demonstrated substantial effects of this
manipulation. 1In normals, 44% of the 96 units recorded were
responsive only to deflection of the whiskers while in the
lesioned rats only 13% of the 64 cells tested were activated by
such stimulation. Moreover, 31% of the cells in the lesioned
rats responded tonically to a noxious pinch or deep pressure
while only 12% of the units recorded in the normal ganglia
yielded such responses. In spite of these changes in single unit
response characteristics, the normal topographic organization of
the ganglion was maintained in the lesioned rats.

Transganglionic HRP transport was used to examine the
innervation of the brainstem hy the normal and regenerate 10
nerve. In the normals, somal clusters resembling the harrels or
barreloids were not visible. 1In the brainstem, however,
barrelike aggregates of HRP labelled terminals could be seen in
principalis, interpolaris, candalis and the first cervieal
segment. In the lesioned animals, the number of V ganglion cells
labelled by HRP application to the IO nerve was substantially
reduced and the terminal distribution in the brainstem for this V
branch was also markedly abnormal. Transganglionic transport
from the regenerate IO nerve indicated an almost exclusive
projection to the marginal layer of the medullary and rostral
cervical dorsal horn.

Supported by DE06528, EY04710, EY03546, BNS8004601, The March
of Dimes National Birth Defects Foundation and the UMDNJ
Foundation (RWR).

Dept. of Physiology, Univ. of Utah Sch. of Med., Salt Lake
City, UT 84108.

Nerve regeneration in a supramaximal gap following severance
of a nerve and removal of the distal stump depends on the growth
and development of the regenerating unit. The regenerating unit
(RU} consists of a small open-end perineurial sheath surrounding
a cluster of axon sprouts and reactive Schwann cells. Axons and
Schwann cells within the unit originate from single myelinated
parent fiber in the proximal stump which grow out into the
connective tissue matrix of the lesion accompanied by the new
perineurial sheath. During the process of regeneration the
RUs display a maturation gradient in which the more proximal
axons are larger, more numerous and become myelinated early
while those situated distally are smaller, unmyelinated and few
in number. Thus, maturation of most cellular components of the
RU occurs even in the absence of nerve union with the distal
stump. Each of the many RUs emverging from the proximal
stump maintains its individuality within the lesion by virtue
of the rapid concomittant development of the perineurial sheath
from mitotically active Schwann cells near the tip of the re-
generating axons. Depending on the location and orientation of
the units, they collectively give rise to three structures
appended to the proximal stump: 1) the nerve regenerate, 2)
stump regenerate {neuroma) and 3) epineurial regenerate. In
addition to changes in the size and number of RUs along the
maturation gradient of the nerve regenerate of a 21-day prepara-
tion, remarkabte changes occurred in the connective tissue
matrix of the regenerate. Such changes were most conspicuous
near the "front" of regenerating axons where RUs were incom-
pletely ensheathed by perineurial cells. The changes
included a dense collagen network within which there were
numerous hyperplastic fibroblasts and capillaries. The fact
that such reactive tissue developed ahead of the nerve re-
generate implies that factors elaborated within the RUs were
liberated from the open, distal end of the regenerating units
and served to stimulate cells in the connective tissue through
which the regenerating axons will pass. With time a progres-
sive deposition of dense (epineurial) collagen developed around
RUs in the nerve stump and epineurial regenerate. The presence
of a dense connective tissue matrix in the “capsule" of the
long term terminal and epineurial regenerate may contribute to
the development of a painful neuroma.
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MORPHOLOGICAL ASSESSMENT OF MYELINATION OCCURRING IN ADULT
PERIPHERAL NERVES REGENERATING THROUGH A SILICONE CHAMBER.
J.M. LeBeau*, F.M. Longo* and M.H. Ellisman. (SPON: J.D. Hat-
ton) Taboratory for Neurocytology, Department of Neurosciences,
TUniversity of California, San Diego, School of Medicine, La
Jolla, CA 92093.

A model system in which peripheral nerve regenerates across
a 10mm gap between cut ends of the nerve has been described
(Lundborg, Longo and Varon, Brain Res. 232:157-161, 1982).
This system involves suturing 2 mm of the proximal and distal
stumps of transected rat sciatic nerve into a 14 mm long sil-
icone tube. Since regeneration and myelination occur somewhat
separated in the intervening 10 mm space, this system provides
a natural gradient of changes across the chamber representing
the sequence of axon-Schwann cell interaction. This sequence
has been examined with 1light and electroi. microscopic tech-
niques, including freeze-fracture EM. Migration of vascular
endothelial and Schwann cells from both ends of the cut nerve
follows the development of an acellular matrix that spans the
length of the chamber. Axonal outgrowths of the proximal nerve

stump then invade the chamber. Axonal growth cones appear to
associate with the Schwann cell surface. Several millimeters
behind the advancing growth cone, multiple Tlamellar processes

of the Schwann cell surround the axons. New nodes of Ranvier
are defined before the lamellar processes cf the encircling
Schwann cell begin to compact into myelin. These are defined
by the subaxolemmal densification, observed in thin sections,
and clusters of axolemmal particles, observed by freeze-
fracturing. The internodal spacing is short, similar to that
observed for nodal spacing of early development and other
regenerating systems. The newly formed nodes are normal in
appearance, however, the annulus of heterogeneously sized par-
ticles, characteristic of the nodal zone of the axon, is prom-
inent. (Supported by NIH grant NS14718, MDA and NMSS grants to

.E.

THE ~ SYNTHESIS ~ AND AXONAL TRANSPORT OF GLYCOPROTEINS  IN
AXOTOMIZED FROG NEURONS FROM ANIMALS MAINTAINED AT 15°C AND
25°C.  Marino De Leon and Richard C. Carlsen, Department of
Human Physiology, University of California, Davis, CA 95616.
Previous studies in our laboratory have shown that axotomized

spinal neurons in the frog do not undergo a cell bedy response
when the animals are maintained at 15°C. In contrast, spina
neurons in frogs kept at 25°C show cell body changes beginning

5-6 days after injury. Injured neurcons in 15°C animals initiate
regenerative sprouting despite the absence of cell body changes,
but regenerative growth is abortive and injured motoneurons do
not reinnervate their former target muscles. The purpose of the
present study was to compare injury-inducea changes in the
synthesis and axonal transport of glycoproteins in frogs kept at

15°C or 25°C. Glycoproteins are a major constituent of axon
structure and have been shown to be increased during regenera-
tion of peripheral nerves. Experiments were performed on
Northern Rana pipiens maintained at either 15°C or 25°C.  The

synthesis and axonal transport of H°-fucose labeled glycopro-
teins were determined in vitro at room temperature (21°C).
Isolated ganglia were incubated with H°-fucose for 4 hours.
Axonal transport continued for 18 hours and transported glyco-
proteins collected at a ligature (normal nerve) or at the tran-
section. At the end of this first transport period a second
ligature was placed around the nerve 1.0 cm proximal to the
first collection point and incubation continued for 6 hours.
Glycoprotein accumulation distal to the second ligature was used
as a measure of axonal "turnaround". Experiments were performed
at 4,7,12 and 29 days after axotomy in 25°C frogs, and at 14,21
and 36 days after axotomy in 15°C animals. The general features
of injury-induced changes in glycoprotein synthesis and trans-
port were as follows: a) In 25°C Frogs; fast anterograde trans-
port of glycoproteins in axotomized nerves increased 2 fold over
control nerves within 12 days of injury. Synthesis of fucose
labeled glycoproteins by axotomized cell bodies also increased
by 40-50%. Late anterograde transport increased by 20% and
“turnaround" of glycoproteins in injured nerves was approx-
imately 250% greater than in ligated control nerves. b) In 15°C
Frogs; the pattern of synthesis and transport in injured nerves
was the opposite of that occurring in 25°C nerves. Axotomized
15°C nerves synthesized and transported about 50% less glycopro-
tein than control nerves. There was no apparent difference in
synthesis and transport by control nerves from 15°C or 25°C
animals.  We conclude that one feature of the signal initiating
the cell body response tc axotemy is an induction of increased
glycoprotein synthesis and transport, and that this induction is
required to  support continued growth and maturation of
regenerating axons {(Supported by NIH NS15065).

17.19 REGENERATION OF STRETCH RECEPTORS IN RAT MUSCLE.

D. C. Quick*
and S. L. Rogers* (SPON: W. R. Kennedy). Dept. of Anatomy,
Univ. of Minnesota, Minneapolis, MN 55455.

In traumatized muscles, the muscle fibers undergo a process
of degeneration and regeneration (B. M. Carlson, 1978, Physiol.
Bohemoslov. 27:387). Histological studies have shown that
muscle spindles are also capable of regeneration (S. L. Rogers,
in press, Devel. Biol.). Nerve fibers are known to be present
in regenerated spindles but their functional status has been
uncertain. We undertook electrophysiological studies of
regenerated rat muscles to determine whether functional stretch
receptors could be found (see also D. C. Quick & S. L. Rogers,
in press, Neurosci.).

One extensor digitorum longus muscle from each rat was
traumatized by devascularization and injection of Marcaine; the
contralateral muscle served as a control. After 2-4 months,
the muscle nerve was tested for afferent electrophysiological
activity as the regenerated muscle was stretched. Sensory
units could be found in nearly every muscle tested, and could
often be localized by probing the belly of the muscle. The
responses in some units resembled those of normal muscle
spindles, but the responses of most regenerated units were very
rapidlv adapting and many were only transiently sensitive to
stretch stimuli. In addition, the inter-spike intervals were
often highly irregular. We therefore conclude that regenerated
muscle spindles can regain functional activity, but their
response properties are abnormal for at least 4 months in rats.
These results suggest that the criteria for evaluating the
success of a muscle graft or transplant should include a
consideration of whether the muscle can participate in
sensorv-dependent processes, including tone control, initiation
of reflexes and kinesthesia.

This work will be extended to cats in order to study single
regenerated muscle spindles in vitro and to make direct
correlations between histological and electrophysiological data
from individual spindles. (Sponsored by a grant from the
National Science Foundation.)

FORSKOLIN ACTIVATION OF ADENYLATE CYCLASE IN VIVO STIMULATES
SENSORY NERVE REGENERATION.  Suzanne L. Kilmer™ and Richard C.
Carlsen. Department of Human Physiology, University of (Cali-
fornia, School of Medicine, Davis, CA 95616.

The previous demonstration of an increase and redistribution
of adenylate cyclase activity in injured nerve suggests that an
increase 1in neuronal cyclic AMP concentration could play a role
in peripheral nerve regeneration. We have determined that accu-
mulating adenylate cyclase activity was translated into a two-
fold increase in cyclic AMP concentration in the regenerating
nerve stump, coincident with the initiation and elongation of
regenerative sprouts. We sought to magnify the role of cyclic
AMP  in regeneration by using Forskolin, a robust activator of
adenylate cyclase, to produce an additional increase in neurona
cyclic AMP in situ. Forskolin in vitro produced an approximately
40-fold greater elevation in neuronal cyclic AMP than an equi-
molar (10-5) concentration of isoproterenol. The increased
cyclic AMP concentration was sustained for at least 60 minutes in
the continued presence of Forskolin. Sensory nerve regeneration,
measured by axonal transport of radioactive proteins to the most

distal point of regenerative growth, was compared in Forskolin-
treated and saline-treated frogs. Injection of Forskclin, in
situ, using several patterns of application had a significant
stimulatory influence on sensory nerve regeneration in freeze-
lesioned sciatic nerves of Rana pipiens. Neurons 1in treated
frogs regenerated at a rate 38% faster than their paired con-
trels, 2.71 mm/day and 1.95 mm/day, respectively. The time to

initiation of regenerative growth was not affected. In contrast,
reinnervation of the gastrocnemius muscle by motor nerves was not
enhanced. The degree of reinnervation was determined by com-
paring the tension produced by stimulating the nerve to that
produced by direct stimulation of the whole muscle. Forskolin
and saline-treated motoneurons reinnervated the muscle at the
same post-injury day (21) and recovery of nerve evoked twitch and
tetanic tensions occurred at the same rate. This contrast in the
Forskolin effect on sensory and motor nerve regeneration does not
support a role for Forskolin at the site of axonal growth, or the
possibility that Forskolin may enhance regeneration by serving as
a general metabolic stimulant. Instead, the positive effect on
sensory regeneration suggests that Forskolin may act at injured
cell bodies in dorsal root ganglia. The inability of Forskolin
to cross the blood-brain barrier would exclude it from contact
with axotomized motoneurons. These observations suggest that an
increase in cyclic AMP concentration in axotomized cell bodies
may stimulate processes involved in regenerative axonal growth.
(Supported by NIH Grant NS 15065)
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17.22 AN IMPROVED METHOD UNMASKS HIDDEN POLYNEURONAL INNERVATION AT 17.23 IMPLANTED ELECTRODES FOR MONITORING ACTION POTENTIALS IN
FROG NEUROMUSCULAR JUNCTIONS. A.A. Herrera. Dept. Biological REGENERATING CAT NERVES. C. Krarup* and G.E. Loeb, Lab. of Neural
Sciences, Univ. of Southern California, Los Angeles, CA 90089. Control, NINCDS, NIH, Bethesda, MD 20205.
Focal polyneuronal innervation (Pl1) is the convergence of 2 or The in situ study of conduction along regenerating and
more presynaptic axons to the same postsynaptic site. It is com- constricted nerve fibres requires the use of near-nerve electrodes
monly observed at developing vertebrate skeletal neuromuscular because of the low amplitude responses and high threshold to
junctions and, in frogs, persists throughout adulthood. In 16 nor- electrical stimuli. To obtain a high signal-to-noise ratio and a
mal adult Rana pipiens sartorius muscles, 102 of 639 endplates fixed spatial relationship of the electrodes to the nerve,
tested (16%) showed PI. The incidence was variable, ranging from stranded stainless steel wires, 100 um in diameter, were sewn
5 to 35% in muscles from different batches of frogs and in experi- along the inside of silastic tubes 2.6 and 3.3 mm in diameter and
ments done at different times of the year. The incidence of PI, implanted around the tibial and sciatic nerves of cat. The leads
however, was consistently enhanced in reinnervated muscles. In 10 were placed subcutaneously and connected to a socket secured to
frogs tested 67-107 d after the left sartorius nerve was crushed the back of the animal. Nerve action potentials were recorded by
near its entrance to the muscle the incidence of Pl was 40% (118/ electronic averaging using a tripolar electrode configuration
295), significantly higher than normal (P<0.0002). These measure- (Stein, R.B., et al., Brain Res. 128:21-38, 1977). The six
ments were made by careful application of the conventional method independent leads spaced along each cuff allowed the local
of estimating Pl: Muscles stretct:d to 1.1x rest length were im- conduction velocity to be calculated from the responses recorded
mersed in the minimum concentration of curare (2-4 x 107% M) ne- simultaneously at two independent tripolar sites. The amplitude
cessary to block twitching and attempts were made to subdivide of the normal compound nerve action potentials ranged from 3 to
the intracellularly recorded endplate potential (EPP) by varying 7000 uV. depending on stimulation and recording site. The evoked
the amplitude, polarity, and duration of a stimulus applied to the muscle action potential (10 - 30 mV) was recorded via a bipolar
nerve. Since spontaneous miniature EPPs, the smallest units of surface patch electrode implanted on the fascia of plantar
transmitter release, are never seen under these conditions, this muscles; a distal sensory branch of the plantar nerve could be
method will obscure very weak inputs and therefore underestimates activated via this electrode. The implanted electrodes remained
PI. stable over many months. Conduction along regenerating fibres in
A new method of determining Pl uses high concentrations of for- the tibial and plantar nerves after crush was examined weekly in
mamide to block excitation-contraction coupling (J. Cell Biol. lightly anestnetized animals. Four weeks after crush the action
Z§,782). Muscles were exposed to 2M formamide in Ringer for 17-22 potential was 0.5 uV (0.25 percent of normal), conducted at 10 m/s
min at 7°C. This depolarizes muscle fibers to an average resting 10 percent of normal), and had a 10-fold increase in threshold (2
membrane potential of about -60 mV, a desirable feature that tends - 3 ma). Within 100 days after crush, the conduction velocity
to block the generation of muscle fiber action potentials. Minia- aiong sensory and motor fibres increased to about 60 percent of
ture EPPs were seen at all endplates with resting potentials more normal. In other animals the tibial nerve was constricted by
negative than -40 mV. In 6 reinnervated sartorius muscles so placing a silastic cuff 1 mm in diameter around the nerve. This
treated, 46 of 62 endplates examined (74%) showed Pl, a level sig- caused 40-60 percent slowing in distal conduction velocity. In
nificantly higher than in curare (40%, P<0.0002). In two indivi- the most severely affected nerves the conduction velocity proximal
dual reinnervated muscles, the same groups of endplates were tes- to tine constriction evoked by distal stimuli was 50 percent slowed
ted both in curare and after formamide treatment. Formamide re- as well, suggesting selective survival of small fibres. In less
vealed higher Pl in both (curare 49 and 39%, after formamide 89 affected nerves the proximal velocity was normal, indicating
and 63%, respectively). Of the 2B endplates with Pl seen after survival of large fibres with slow conduction velocity and
formamide treatment in these 2 muscles, 7 had inputs whose EPP presumably smaller caliber distal to the lesion (Baba, M., et al.
averaged less than 3.5 mV in amplitude and showed quantal fluctua- 54:197-208, 1982.)
tions. Three of these occasionally failed to release upon nerve Implanted electrodes are sensitive enough to record the action
stimulation. | hypothesize that the increased Pl seen in reinner- potential from regenerating nerve fibres and remain stable over
vated muscles after formamide treatment is due to the enhanced many months. Distal to a constriction, conduction was slowed
detectability of very weak polyneuronal inputs. consistent with nerve fibre atrovny.
Supported by grants from USPHS (NS18186) and MDA.
17.24 AXON-MYELIN ANOMALIES REVEALED BY DIAMINOBENZIDINE REACTION WITH 17.25 MYO-INOSITOL UPTAKE IN REGENERATING SCIATIC NERVES OF MICE.

INTRA-AXONAL HORSERADISH PEROXIDASE. R.J. Preston*, J.D. Kocsis
and S$.G. Waxman. (Spon: M. Weinrich) Dept. of Neurology, Stanford
Univ. Medical Sch. and Veterans Admin. Med. Ctr., Palo Alto, CA
94304.

In studies of rat sciatic nerve, including samples from normal
and demyelinated nerve and nerves with experimentally induced
neuromas, the DAB reaction with HRP-filled axons differentiated
myelinated vs nonmyelinated fibers and also seemed to provide a
sensitive light-microscopic indication of aberrant axon-myelin
structure. Central ends of 1-2 cm segments of desheathed nerves
were soaked in HRP (Sigma VI; 3% in Kreb's soln.) in vitro for 1-2
hrs. at 5°C. Nerves were rinsed and stored in Kreb's for 12-45
hrs (5°C) prior to glutaraldehyde fixation (5%;5 hrs;5°C), PO
buffer rinse (pH 7.4; containing 0.2M sucrose; 12-18 hrs; 5°C§ and
processing with 3,3'-diaminobenzidine tetrahydrochloride (0.05%)
and H,0,(0.06%). Reacted nerves were examined in glycerol or
after Vestopal embedding. In normal nerves, reaction product
was continuously distributed in small diameter nonmyelinated
fibers, but was mostly limited to nodal and paranodal axon of
linated fibers where it formed a 6-12 um long rod centered at
node and extending into adjacent paranodal areas. Internodal
continuous staining of myelinated fibers was less frequent and
often in superficial fibers possibly damaged by dissection. How-
ever, when nerves were frozen whole or freeze-sectioned prior to
DAB processing, continuous RP reliably occurred in myelinated
fibers. 1In nerves with fibers demyelinated by loose ligature, RP
appearance depended on location. Beneath and 0.6-1.5 mm central
to the ligature, both normal and abnormal RP distribution occurred
in myelinated fibers. The latter extended for 25-90 pm or more,
sometimes asymmetrically about nodes and other times without ap-
parent node or myelin profiles. More centrally, normal nodes pre-
vailed and nodal sprouts were more frequent. In segments ending
in neuromas, few or no normal nodes occurred within 2.5 mm of the
terminal stump, and only scattered medium and large diameter
fibers had continuous RP despite numerous stained axons in this
zone after freezing. More centrally, normal nodal RP was less
prevalent than distributions showing: densely stained nodes with
extensive symmetric or asymmetric spread of RP to adjacent inter-
nodes; extensive stained axonal regions with one or both adjacent
paranodes absent or thinned; occasional nodal sprouts and many
fine, varicose nonmyelinated processes. We cannot presently
specify the mechanism through which this histochemical procedure
may differentiate normal and abnormal axon-myelin relationships,
but we expect that the procedure will be useful for light micro-
scopic study and for focusing ultrastructural study of pathologi-
cal tissue. Supported by the National Multiple Sclerosis
Society and the Veterans Administration.
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D.E. Matsumoto and R.M. Gould. Dept. of Anatomy, Howard Univer-
sity Coll. of Med., Washington, D.C. 20059 and New York State
Inst. for Basic Res. Ment. Retard., Staten Island, N.Y. 10314.

It has been shown that myo-inositol, when injected into
sciatic nerves, is incorporated into phosphoinositides by normal
axons and Schwann cells, and that CDP diacylglyceride:inositol
transferase, the terminal enzyme involved in de novo synthesis
of phosphatidyl inositol, is present in axons (M.H. Kumara-Siri
and R.M. Gould, Brain Res. 186:315, 1980). In the present study,
myo-inositol uptake was examined in regenerating nerves. To
initiate regeneration, sciatic nerves of anesthetized adult mice
were unilaterally crushed with fine-tipped forceps and, after
survivals of 2,3 or 5 days, the nerves were injected (under hal-
othane anesthesia) with 75 to 100 uCi of (3H) myo-inositol.
Glass micropipettes were used to make multiple injections at lo-
cations which were proximal and distal to the crush site. After
1 or 2 hr postinjection survival, the anesthetized animals were
perfused with formaldehyde-glutaraldehyde fixative, the nerves
removed, washed, osmicated and processed for embedment in epoxy
resin. Semithin and thin sections of nerves were processed for
autoradiography at the light and electron microscopic (EM)
levels. In autoradiographs of nerves with 2 or 3 days postcrush
survivals, the level of labeling was low except for an accumula-
tion of grains in the region immediately proximal to the crush.
In nerves with 5 days postcrush survival, the regenerating neur-
ites have crossed the crush site and entered the distal portion
of the nerve. The labeling pattern is correlated with the pres-
ence of the neurites so that the grain density is highest around
the crush site and in the distal part of the nerve where regener-
ating axons occur, and the labeling is low in more proximal
regions, and the general level of labeling is greater than that
observed in specimens with 2 days survival. In EM autoradio-
graphs, the neurites, including growth cones, had the highest
labeling of all the structures in regenerating nerves. The proc-
esses of Schwann cells were also labeled to some extent, but
grains rarely occurred over the nucleus and degenerating myelin.
Examination by thin layer chromatography of lipid extracted from
regenerating nerves established that injected (3H) myo-inositol
was incorporated into phosphoinositides. The evidence therefore
indicates that in the early stage of regeneration axons are the
predominent site where myo-inositol is incorporated into phospho-
lipids. This study was supported by NIH Biomedical Research
Support Grant 5807RR05361 and NIH Grant NS 16305.
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17.26 REINNERVATION OF SKELETAL M{SCLES AFTER SCIA{IC NERVE TRAN%ECTION 17.27 FIBER ELONGATING FACTOR(s) ORIGINATED FROM THE GOLDFISH BRAIN:
AND REPATIR. S.S. Deshpande*” , N.H. Goldberg*®, C.K. Mshul', F.K. CHARACTERTZATION AND PURTFICATION. Y. Mizrachi®, Y. Kimhi*,
Toy*“, K.S. May**  R.T. Smoot*“ and E.X. Albuquerque’ (SPON: T. M. Rubinstein*+ and M. Schwartz (Spon: I. Ginzburg). Depts, of
Oh). Depts. of 'Pharmacol. and Exp. Ther. and “Surgery University Neurobiology and Virology*, The Weizmann Institutce of Science,
of Maryland School of Medicine, Baltimore, M) 21201l. Rehovot 76100, Isracl
Reinnervation of the fast extensor digitorum longus (extensor) We have recently shown that goldfish brain contains factors
and slow soleus muscles after nerve crush (J. Gen. Physiol. 61:l, that enhance neurite outgrowth from regencrating retinal explants.
1973) or after blockade of axonal traasport by batrachotoxin Two of these were purified and further characterized.
(Brain Res. 225:115, 1981) occurs at old eundplates (EP). This Crude preparation was obtained by collecting the 1060,000g super-
study deals with the ianervation of the extensor and soleus natant of homogenized goldfish brain. Several peaks of activity
muscles after transection of sciatic nerve and after its immediate were separated by chromatcgraphy on a Sephadex G-100 column. Among
surgical repair. The sciatic nerve was cut 30 mm from its entry them, two distinguishable low molecular weight substances (range
into the extensor muscle in Wistar female rats (200 g). Immediate of 5,000-10,000 daltons) could be detected by differences in their
microneurorrhaphy with 3-5 epineural sutures (10-0 nylon) was properties: One, designated SNEF (substrate neurite elongation
performed. At intervals up to 8 months, the regeneration in the factor) was found to exert its effect after preadsorption onto a
nerve and reianervation of muscles were studied wusing poly-l-lysine treated substratum. A sccond, designated DNEF (di-
electrophysiologic and 1light and elect on wicroscopic (EM) tusible neurite elongation factor) could not exert a significant
techniques. At 8 days after surgery, the extensor and soleus effect when preincubated with the substratum. Whether this is
muscles showed 20/ atrophy and were denervated as shown by causced by poor udsorption or "substratum-iractivation' is being
nembrane depolarization, absence of spontaneous miniature endplate investigated.
potentials (mepps) or nerve-evoked muscle action potentials The ability of SMEF to exert an cffect while being adhered, was
(AP). EM of EP disclosed absence of nerve terminals and presence cmployved to determine the nature of this peptide factor; we tound
of Schwann cell growth over junctional folds. At 2 wecks, that phytohemagglutinin, adsorbed onto plates, precoated with SNEF,
extensor and soleus muscles were depolarized by 25-30 mV. The inhibited the capability of SNEIF to promote necurite outgrowth.
proximal nerve segment had grown through the lesion site but This inhibition could be reversed by an addition of N-acetylglucose
apparently had not made fuanctional synapses in the muscle. By 22 amine. The results suggest that this factor has an exposed sugar
days, the muscles were still depolarized by 25 mV, but mepps with nocity.
low frequency (0.16 vs 3.2 Hz in control) and amplitude (0.4 vs With respect to activity «n s4fu, we found that DNEF accelera-
0.5 mV in control) were recorded indicating reinnervation. Nerve ted regencration associated processes.  Thus, a single injection
stimulation evoked APs with low rates of rise and amplitude. No of G-100 fraction (10 ..g/eye) performed simultaneously with a
muscle reinnervation was observed 22 days after nerve transection crush of the optic nerve shortened the period required for expres-
alone. At 50 days, the muscles showed complete repolarization, no sing neurite outgrowth (i vithe {extensive outgrowth was observed
signs of denervation and EM of EPs at 6 weeks showed normal EPs. 3-6 days earlicr than the regular schedule post injury). The DNEL
At 8 months after nerve repair the soleus muscle still showed 45% fraction was further purified by HPLC, yiclding a component of a
atrophy. Although sensory function was established between 2-3 very high specific activity (107 fold enriched in terms of specific
weeks after the operation, motor ability, particularly that of activity relative to the crude preparation). The relation between
digital extensinn, had not been regained even at 8 months. Up to the two factors is currently being examined.
day 30, daily subcutaneous injection of GM 1 ganglioside (50
mg/kg) was ineffective in enhancing reinnervation after nerve
repair. It is likely that, whereas regenerating axons after crush
injury use old conduits (endoneurial tubes) for reinnervation in a
precise fashion to bring complete functional recovery, the same
axons after nerve transection and immediate repair could be
misdirected to old or newly formed endoneurial tubes during the
process of regeneration. (Supported by USPHS Grant NS-12063 (EXA)
and Bressler Research Fund (NHG).)
17.29 THE EFFECTS OF MSH/ACTH PEPTIDES ON FAST AXONAL TRANSPORT IN 17.30 TRANSIENT PROPERTIES OF MECHANORECEPTIVE AFFERENTS

RAT SCIATIC NERVE. L. Crescitelli*, °K.L. Keim and F.L. Strand,

Dept. Biology, New York University, N.Y., N.Y., 10003 and
°Dept. Pharmacology I, Hoffmann-La Roche Inc.,Nutley,N.J.,07110.
MSH/ACTH peptides are known to improve neuromuscular function
[Strand, et al. Pharmacol Biochem Behav, 5: 179, 1976] and to
promote the regeneration of peripheral nerve [Strand and Kung,
Peptides 1: 135, 1980] in rats. To determine if peptide-
induced changes in axonal transport (AT) were in part respons-
ible for the previous findings, we studied the downflow rate of
fast AT in intact rass tregted with either MSH/ACTH 4-10 or
MSH/ACTH 4-9 Met(Oz) D-Lys” [ie, ORG 2766] and in hypophysectom-
ized (hypox) rats.” Male Sprague-Dawley rats (225-325 gm; N=4
to 6) were used. Following treatment, a dorsal laminectomy was
performed and 4 x 1 microliter injections of 3H-leucine (5
mCi/ml) were applied into the ventral horn of the 4th and 5th
Tumbar segments. Four hours later the animals were killed and
perfused with 10% phosphate buffered formalin. The sciatic
nerve was excised and divided into 3mm segments, and solubil-
ized in Soluene 350 at 50°C for 18 hrs; the samples were
counted for 3H at 35% efficiency for 10 min.

We determined the downflow AT rate in intact control rats to
be 414 : 16 mm/24 hr. This corroborated the findings of others
[eg, 410 mm/24 hr; Ochs, Science, 176: 252, 1972]. In rats
treated for 7 days with 10 ug/kg/day of MSH/ACTH 4-10 the fast
AT rate was 416 * 14 mm/24 hr. A fast AT rate of 412 * 3 mm/

24 hr was determined in jats téeated for 7 days with 1 .g/kg/day
of MSH/ACTH 4-9 Met (0,) D-Lys”. From 12-16 day hypox animals,
a fast AT rate of 405 5 12 mm/24 hr was found. Thus, neither

an excess of MSH/ACTH peptides, those reported to be neurotropic
in many other experiments, nor the absence of circulating
endogenous MSH/ACTH peptides, as evidenced from experiments in
hypox animals, affected fast AT.

However, more recent experiments indicate that MSH/ACTH 4-10C
may alter AT in regenerating nerves. While the fast AT rate
was not altered by nerve-crush in rats treated with peptide,
the area under the AT curve (dpm x mm nerve) suggests an in-
crease in the apparent amount of 3H-leucine incorporated pro-
tein present in sciatic samples from treated rats. That
MSH/ACTH fragments might increase the amount of protein trans-
ported in regenerating nerves would support the concept that
improvements in neuromuscular function and regeneration could
be caused by such peptides.

DURING
HAND.
R Mackel*, EE Brink, G Wittkowsky* Dept. of Neurology,
Technical University of Munich, Moehlstrasse 28,

8ooo Munich 8o, FRG.

The technique of percutaneous microneurogranhy was
used to record single unit activity from 64 mechanore-
ceptive afferents during the early stages of reinner-
vation (between 6 and 13 months postoneratively). The
results were obtained from 13 patients who had suffered
complete transsection, with subsequent repair, of the
median or ulnar nerves. No functional connections were
detected in another 4 patients examined at earlier
postoperative (4-6 mos.) times.

Three tvpes of mechanoreceptive (RA, SAI, SAII) and
many unidentified units innervating deep tissues, but
no Pacinian corpuscle units were found. Most receptors
were in the palm and proximal parts of the fingers,
consistent with the poor clinical recovery of the pa-
tients'!, and in contrast to distributions in normal
subjects. The sampling distribution of afferents also
resembled that seen in patients with poor recovery exa-
mined three or more years after surgery'. Additionally,
response thresholds and discharge characteristics were
comparable to those of afferents studied three or more
years after nerve repair, and similar to normall. How-
ever, two abnormalities not previously seen in humans
were encountered. Firstly, multiple receptive fields
innervated by sinale afferents (RA, SAI) and complex
receptive fields (SAI) were found in plotting fields at
10X von Frey hair threshold. Secondly, some SAI (3/14)
and deep (5/22) units fatigued easily, showing a much
decreased responsiveness to mechanical stimuli repeated
with interstimulus intervals of 4-8 seconds. Normal af-
ferents and those studied long after nerve repair sho-
wed no such fatigue to similar stimuli.

These abnormal properties are considered to reflect
the active process of regeneration. It is suggested
that the fatigue may be due to structural or metabolic
alterations of the outgrowing axon. The disappearance
of multiple receptive fields when regeneration is com-
plete may be due to coalescing of separate fields or
retraction of peripheral sprouts.

REINNERVATION OF THE GLABROUS SKIN OF THE HUMAN

1) Mackel et al., Brain Res (1983), in press.
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AGE-RELATED CHANGES IN THE STIMULATION OF THE REGENERATION OF
THE HYPOGLOSSAL NERVE BY TESTCSTFRONE. W.H.A. Yu. Department
of Anatomy, Mount Sinai School of Medicine, New York, N.Y.
10029.

By quantitating the hypoglossal neurons labeled retrogradely
by horseradish peroxidase (HRP) injected into the tongue, we
have shown that administration of testosterone propionate (TP)
accelerated the regeneration of the hypoglossal nerve in young
adult rats (Exp. Neurol. 77:129, 1982; 80:in press, 1983).

In the present study T have investigated whether regeneration
of the hypoglossal nerve could be similarly influenced by TP in
pre-pubertal rats. Three and 4 weeks old rats of both sexes
were used. After unilateral hypoglossectomy under anesthesia,
half of the rats in each experimental group were injected with
2 mg TP on every third day, and the other half with the oil
vehicle alone. The rats were killed at the 11th, 13th, and
15th post-operative day, respectively  Twenty-four hours prior
to killing, 50 ul of 10% HRP solution was injected into the
midline of the tongue. The total numbers of HRP labeled
neurons in both hypoglossal nuclei were counted in each rat.
The number of labeled cells in the lesion side was expressed as
a percentage of that of the intact side and referred to as "the
percentage regeneration". The percentage regeneration
increased two folds between the 11th and 15th post-operative
day. 1In 3-weeks old rats no difference in the percentage
regeneration between the TP and control groups was observed at
any post-operative period. In contrast, the percentage
regeneration of 4-weeks old rats treated with TP was
significantly greater than that in the control group at the
first 2 post-operative periods. These data indicate that the
responsiveness of the hypoglossal neurons to testosterone
administration during regeneration is age dependent. The
hypoglossal neurons of adult rats were shown to take up and
retain radioactively labeled androgens into their nuclei (Sar
and Stumpf, Science, 197:77, 1977). The ability of
testosterone to accelerate nerve regeneration in mature but not
in immature rats may be correlated with the level of androgen
receptors in the neurons.

ANALYSIS OF PROTEINS RELEASED BY NERVE SHEATH CELLS DURING
DEVELOPMENT. G. Jackson Snipes*, J. H. Pate Skene, and John
A. Freeman  (SPON: L. Aulsebrook). of Anatomy,
Vanderbilt Univ. Sch. of Med., Nashville, TN 37232, and Dept.
of Neurobiology, Stanford Univ. Sch. of Med., Stanford, CA,
94305.

Molecules released by nerve sheath cells have been assigned
many roles including tropic, trophic, growth inhibiting,
maintenance and structural. We have undertaken a time course
study to indentify interesting proteins released by nerve sheath
cells from the time of birth to adulthood in rats. We have also
compared proteins released by the central optic nerve sheath with
the peripheral sciatic nerve glia. During the developmental
period examined in this study, most myelin-forming cells will
complete their final cell division. These experiments were
performed essentially as described by Skene and Shooter (PNAS, in
press). Briefly, the nerves were excised, washed in phosphate

ffered saline, incubated in nutrient media containing

S-methionine. Labelled proteins in the supernatant were
trichloroacetic acid precipitated and analysed on 2-dimensional
0’Farrell gels visualized by flourography.

Among the interesting proteins released by optic or sciatic
nerve sheath cells are proteins with molecular weights of 37
kilodaltons (kd), 51kd, 54kd, 47kd, and 75 kd. The 37kd protein

is expressed at high levels in the neonate optic and sciatic
nerves, but its synthesis is greatly reduced in adult nerves.
These proteins co-migrate with a protein identified by Skene and
Shooter as being induced in sheath cells following a nerve crush.
The 51 and 54 kd proteins were found only in the sciatic nerve
and could not be detected until about 2 weeks after birth. The
synthesis of these proteins has been reported to be greatly
reduced following nerve injury. The optic nerve releases a 47kd
protein which, 1like the 51 and 54 kd proteins of the sciatic
nerve, 1is expressed at maximal levels in the adult animal. The
75kd protein, which exhibits pronounced microheterogeneity, is
found in both neonatal optic and sciatic nerves, but has not been
detected in either the normal or regenerating adult nerves.

Thus, we conclude that nerve sheath cells in different
functional states secrete different proteins. Neonatal sheath
cells release proteins different from those of adult sheath
cells. Sheath cells in the peripheral and central nervous system
secrete proteins that are qualitativley similar (but not
identical) to each other. The pattern of secreted proteins is
also different between developing neonatal and regenerating adult
sciatic nerves. We are presently preparing monoclonal antibodies
against some of these proteins so that we may begin to answer
questions on their function.

Supported by NIH grants EYOl1117 and NS18103 to J.A.F.
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EFFECT OF EXTRACELLULAR MATRIX COMPONENTS ON THE
REGENERATION OF ADULT SENSORY NEURONS IN CULTURE.
Jean R. Wrathall, Department of Anatomy, Georgetown University,
Washington, D.C. 20007.

The regeneration of peripheral neurons in vivo occurs in association
with nonneuronal cells of the PNS and extracellular matrix (ECM)
components produced by these cells. The importance of factors
produced by PNS nonneuronal cells in neural regeneration has long been
postulated but the mechanisms involved have not been determined.
Studies on the regeneration of adult neurons in culture may be used to
investigate these mechanisms.

The regeneration of adult sensory neurons in culture appears to be
dependent upon the presence of PNS nonneuronal cells and is maximal
upon co-culture of neurons with a mixture of Schwann-like and
fibroblastic cells (Wrathall, J. Cell Biol. 95:92a, 1982). In the present
experiments, neuron regeneration was studied in the absence of
nonneuronal cells per se, but in the presence of types of ECM
components produced by PNS nonneuronal cells.

Dorsal root ganglia from adult mice (9-12 months old) were
dissociated with collagenase and the sensory neurons seeded at low
densities (6,000 viable neurons/dish) onto 35mm tissue culture Petri
dishes previously coated with type I collagen, type IV collagen, laminin
or combinations of collagen and laminin. As controls, replicate cultures
were prepared with neurons seeded onto uncoated dishes and onto
monolayer "cell beds" of mixed adult PNS nonneuronal cells (cell line
SNCT). The number of neurons that attached and the percentage that
had regenerated neurites was determined 24 hours later. The
percentage of neurons that regenerated neurites varied with the
substrate according to the following progression: type I collagen € tissue
culture  Petri  dish€type IV  collagen €type 1| collagen +
laminin € laminin €type IV collagen + laminin mixed nonneuronal cell
bed.

With the combination of ECM components tested that appeared
optimal (type IV collagen + laminin) almost 60% of the attached neurons
regenerated neurites as compared to about 5% on type I collagen and
70% on a living cell bed of mixed PNS nonneuronal cells. Thus ECM
components appear to have a significant effect on the regeneration of
adult neurons in culture. Those components associated with basal
lamina (type IV collagen and laminin) appear to stimulate regeneration
to a significant degree. Whether the stimulatory effect of living
nonneuronal cell beds on neurite regeneration is due, at least in part, to
their production in culture of these ECM components, is currently being
investigated.

(The purified type IV collagen and laminin used in these experiments
were a generous gift of Drs. Hynda Kleinman and George Martin.)

REGENERATION OF A SENSORY AND A MOTOR NERVE. Chung Bii
Jenq* and Richard E. Coggeshall. Marine Biomedical Insti-
tute and Neurosciences Graduate Program and Dept. of Anat.
and Physiology and Biophysics, University of Texas Medical
Branch, Galveston, Texas.

Previous work concerning axonal regeneration in periphe-
ral nerves concentrated on the myelinated fibers. Since
the majority of axons in peripheral nerves are unmyelinated,
these fibers should also be considered.

Young adult (200-500 gm) male rats were anesthetized by
nembutal (intraperitoneal injection 35mg/Kg). The right
sciatic nerve was transected 2-3mm distal to the ischial
tuberosity. Stumps of the severed nerve were reapproxima-
ted within a silicone tube. A stitch through the epineu-
rium and the wall of the tube was made to secure the approx-
imation.

The rats were sacrificed 8 weeks postsurgery by perfu-
sion with aldehydes in cacodylate buffer. After perfusion,
the nerve to the medial gastrocnemius (NMG), a typical soma-
tic motor nerve, and the sural nerve (SN), a typical soma-
tic sensory nerve, were removed and processed for EM embed-
ding.

All myelinated and unmyelinated axons of the NMG or SN
were counted. The data are presented in Table 1. Note
that in NMG, numbers of both myelinated fibers and unmye-
linated fibers from the operated side are always greater
than those from the unoperated side whereas in SN, the
unmyelinated fibers are less on the operated side. The
differences are significant (p<.05).

The present study suggests that myelinated and unmyeli-
nated fibers behave differently in our regeneration para-
digm. We presume that a greater understanding of these
differences may be useful in consideration of function and
therapy.

NMG SN

Myelinated Unmyelinated Myelinated Unmyelinated

Oper Unop Oper Unop Oper Unop Oper Unop
#1 556 291 616 335 1552 1005 1580 3350
#2 656 436 814 395 1362 1050 1805 3483
#3 577 320 629 465 1931 957 2093 3143
#4716 439 835 772 2273 1145 1670 3380
#5 310 314 636 348 2273 1042 1886 3842
#6 568 296 251 213

p=0.005 p=0.018 p=0.026 p<0.001

This work is partially supported by Grants NS07377 and
17039 from NIH.
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18.1 THE EFFECT OF TRIFLUOPERAZINE ON ACETYLCHOLINE RECEPTOR 18.2 AGE-DEPENDENT CONVERSION OF SYNAPTIC PROPERTIES AT THE CRAYFISH
SYNTHESIS IN CULTURED CHICK MYOTUBES. M. Schneider*, B.H. NEUROMUSCULAR JUNCTION THROUGH ALTERED MOTONEURON ACTIVITY.
Shieh*, L. Pezzementi*, and J. Schmidt. Department of G.A. Lnenicka and H.L. Atwood, Department of Physiology,
Biochemistry, S.U.N.Y. Stony Brook, Stony Brook, N.Y. University of Toronto, Toronto, Ontario, Canada.
11794. Crustacean tonic and phasic motoneurons have synaptic proper-
Acetylcholine receptor appearance rate in the presence ties which are in accordance with their functional requirements.
of the phenothiazines trifluoperazine and chlorpromazine Phasic axon synapses produce large EPSPs which depress rapidly
was measured in cultured chick myotubes by means of 1257 during repetitive stimulation. Tonic axon synapses generally
abungarotoxin. At drug concentrations of 5 to 10 x 106 M, produce smaller EPSPs which are more resistant to fatigue. In
receptor appearance rate was significantly enhanced while order to test whether neural activity plays a role in the devel-
receptor half-life, cellular protein, net protein synthesis opment of these properties, tonic activity was imposed upon a
rate, and acetylcholinesterase levels were not similarly phasic motoneuron. The phasic "fast" closer excitor of the cray-
affected. The phenothiazine sulfoxides were less potent fish claw was chronically stimulated through an implanted elec-
by over an order of magnitude. Drug combination experiments trode, and the population response of its neuromuscular synapses
revealed that receptor stimulation caused by phenothiazines, monitored via a recording electrode in the closer muscle. The
like that due to local anesthetics and blockers of voltage- fast excitor was stimulated for two weeks, two hours per day at
gated sodium and calcium channels, is overcome by low con- 5 Hz, while the contralateral control claw was left unstimulated.
centrations of ryanodine, but, unlike that seen with lido- After conditioning, the fast excitor initial EPSP amplitude
caine and tetrodotoxin, is insensitive to membrane depolar- (measured during 0.1 Hz stimulation) and the EPSP depression dur-
ization with 20 mM KCl. The drug sensitivity of the tri- in 5 Hz stimulation were measured intracellularly in a restricted
fluoperazine effect resembles that observed with D-600, subset of closer muscle fibers. A comparison of the conditioned
suggesting that phenothiazines may block a voltage-gated and control fast excitor synapses demonstrated that in sexually
calcium channel and thereby stimulate receptor synthesis. immature juvenile crayfish, conditioning produced a 407 decrease
At concentrations of 3 x 10-9 M and above, both trifluoper- in the initial EPSP amplitude, and a 9-fold increase in svnaptic
azine and chlorpromazine inhibited receptor synthesis and endurance (ratio of EPSP amplitude after 30 minutes of stimula-
caused myotube contracture and cell loss, presumably due tion at 5 Hz to initial EPSP amplitude). In large adult craytfish
to release of calcium from the sarcoplasmic reticulum. this regime of stimulation produced no decrease in the initial
These results lend support to the role of calcium as an EPSP amplitude and only a 2-fold increase in synaptic endurance.
intracellular messenger in receptor synthesis regulation, Measurements of muscle fiber input resistance, and membrane time
but render unlikely the notion that calmodulin serves as constant indicate that changes in the EPSP produced by condition-
the calcium receptor in this signaling pathway. ing reflect changes in the amount and pattern of transmitter re-
lease. The effect of chronic stimulation upon the juvenile fast
excitor synaptic properties has been tound to persist for at least
7 days after the end of the conditioning regime.

Fast excitor synapses in recently hatched crayf{ish produce
small EPSPs which ftacilitate during repetitive stimulation. Dur-
ing growth, these synapses gradually develop into the high output
depressible synapses found in the adult. Preliminary measure-
ments of fast excitor activity in free-moving crayfish indicate
that the fast excitor is more active in small crayfish. It appears
that the development of the phasic svnaptic properties during
growth could be a response to a decrease in the activity of the
motoneuron, and imposed activity reverses or halts this change in
synaptic function. This neuromuscular system should allow a cell-
ular analysis of the influence of activity upon synaptic type,
and the consolidation of synaptic properties during maturation.

18.3 HYPLERTHERMIA~AND PENTYLENETETRAZOL-INDUCED NEONATAI SEIZURES 18.4 NEUROMUSCULAR BLOCKADE WITH BOTULINUM TOXIN DECREASES THE

FACTLITATE KINDLING IN THE ADULT RAT. M.F. Gilbert and D.P. Cain.
Dept. of Psychology, U. Western Ontario, London, Ont. N6A 5C2
Facilitation of electrically kindled seizures has been demon-
strated in adult rats following a series of subconvulsive injcc-
tions of Pentylenctetrazol (PTZ%) (Cain, D., Pharm.Biochem.Behav.,
17:1111,1982). A decreased threshold to PTZ seizures follow1nq7
neconatal treatment with hyperthermia (HYP) (McCaughran, J. &
Schetcher, N., Epilepsia,23:173,1982), and an increascd suscepti-
bility to HYP-induced seizures as a result of neonatal PTZ convul-
sions has also been demonstrated (Mctaughran, J. & Manctto, C.,Exp.

of secizures induced by HiYP and PT7 at various ages upon scizure
susceptibility in the adult using the kindling model of epilepsy.

A single seizure was induced in young rats at 1or 10 days of
age with HYP or PTZ. A multiple seizure condition consisted of 3
scizures at 1, 3, and 5 days of age. Animals were left to mature
and at 90 days of age or more were implanted with teflon-coated ni-
chrome wire electrodes in the amygdala or pyriform cortex. One to
two weeks postoperatively, afterdischarge (AD) threshold was deter-
minced, and thereafter a 1 scc train of square wave pulses at 200pA
and 60 llz was delivered daily in a standard kindling paradigmuntil
3 stage 5 gencralized seizures were observed. Generalized seizure
thr old was determined 2 weeks after the last scizure.

A significant facilitation in amygdaloid kindling was obscrved
in the single HYP (X=8.8 ADs) and P17 (X=8.1 ADs) conditions at 1
day of age relative to salince injected and handled controls
(X=13.8 ADs). No further facilitation was evidenced in the
multiple seizure conditions (X=8.8and 10.1 ALs for HYP and PTYZ,
respectively). A similar facilitation was cvidenced for pyriform
cortex kindling following a single PTZ scizure at 1 day of age
(¥=6.6vs. 8.6 ADs for controls). No differences were found in AD
or generalized scizure threshold between any of the aroups.

This facilitation, however, appeared to be age limited. Animals
receiving a sinale PTZ selzure at 10 days of aye did not differ
from controls in amyadaloid kindling rate (X=12.8vs. 13.8 ADs for
controls). These results cannot be attributed to differences in
the length or severity of the seizures between age groups as PTZ
selzures in10day olds were longer and as severe as those observed
in 1 day olds. In addition, similar kindling rates were observed
in the HYP and PTZ conditions cven though I'TZ scizures were always
of a much longer duration and frequently involved a tonic component
never obscrved during HYP-induced convulsions. $imilarily, multi-
1-le seizures did not result in any further facilitation inkindling
rate. This age specific increasce in seizure susceptibility there-
fore is believed to reflect a proclivity for neuroplasticity in
the developing organism, rather than brain damage induced by neo-
natal convulsions. (supvorted by a NSERC grant to D.P.C.

INCORPORATION OF SODIUM CHANNELS INTO SKELETAL MUSCLE.
L. Bambrick®, T. Gordon and J. Baumgold. Dept. of Pharmacology,
University of Alberta, Edmonton, Alberta, Canada, T6G 2H7.

The density of extrajunctional acetylcholine receptors (ejAChR)
in skeletal muscle is regulated by the motor neuron duringdevel-
opment, denervation and reinnervation. Studies using neuromuscular
blocking agents to interfere with junctional transmission (Lavoie,
P.-A., et al., Exp. Neur., 54, 148, 1977) or electrical stimula-
tion of denervated muscle (Linden, D.C. and Fambrough, D.M.,
Neurosci., 4, 527, 1979) indicate that this effect is, at least
in part, mediated by the nerve-evoked muscle activity rather than
by some nontransmitter nerve-released substance.

The present study was undertaken to determine whether nerve-
mediated activity may regulate the density of the voltage-sensi-
tive channel (Na-channel), which is another integral membrane
protein, and further whether incorporation of Na-channels and
ejAChR are regulated reciprocally. Na-channel density increases
during development (Sherman, S.J. and Catterall, W.A., J. Gen.
Physiol., 80, 753, 1982) and declines following denervation
(Barchi, R.L. and Weigle, J.B., J. Physiol., 295, 383, 1979) in
contrast to the direction of change in ejAChR density. To discrim-
inate between the effects of nerve-evoked muscle activity and of
a possible nerve released factor on Na-channels, experiments were
performed using botulinum toxin (BoTx). BoTx is a neuromuscular
junction blocker which acts presynaptically to prevent the release
of ACh while not disrupting the terminal, interfering with axonal
transport or directly affecting the muscle.

Sprague Daley rats at different stages of development received
subcutaneous injections of BoTx into one leg. The experimentaland
control contralateral leg muscles were removed at various days
following treatment. The presence of ejAChR was assayed by using
the contractile response to exogenously applied ACh as a measure
of ACh sensitivity. The muscles were subsequently homogenized and
Na-channels assayed using 3H-saxitoxin (3H~STX) a Na-channel
specific neurotoxin. The number of ACh receptors was assayedusing
1251-1abelled «-bungarotoxin (1291-4BTX). The affinity constants
(Kg) and maximum bindings (Bpax) were determined by a Scatchard
analysis as well as from a direct hyperbolic fit of the data. The
effect of BoTx in all ages was to concurrently decrease Na-channel
numbers and increase ACh sensitivity. The K4 of the bindings was
unchanged. Our results indicate that nerve evoked activity
mediates the incorporation of Na-channels into muscle membrane
and that this incorporation may be reciprocally related to the
decreased incorporation of ACh receptors into the extrajunctional
membrane.
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RAPID REMODELLING OF NEUROMUSCULAR JUNCTION DURING SHORT-TERM
DISUSE. Fahim, M.A. and Robbins, N. Anatomy Dept., Case Western
Reserve University School of Medicine, Cleveland, OH 44106.

Disuse in adult neuromuscular junctions (NMJs) leads to rapid
changes (within 3-5 days) in neuromuscular synaptic physiology
(review; Robbins, Trends in Neurosci., p. 120, 1980). Therefore,
it was of interest to investigate whether junctional structure was
correspondingly modified. In an experimental disuse model, we
employed a recently developed technique for obtaining large num-
bers of single fibre NMJs for topologic examination by scanning
electron microscopy (SEM). Disuse was achieved by pinning the
ankle and knees of male 150-180 g Sprague-Dawley rats, a proce-
dure known to cause instant and long-lasting disuse of about 90%
(Fischbach & Robbins, J. Physiol. 201, 305, 1969). After 3,5,7
and 10 days, muscles were removed and prepared for SEM (Fahim et
al., J. Neurocyt. 12, 13, 1983) and light microscopy.

In soleus muscles, the motor endplate appeared as a smooth,
slightly elevated, elliptical 'raised area' into which the synap-
tic clefts were etched. After only 3 days of disuse, the primary
clefts became more frequently rounded in shape rather than linear
channels, although the areas of the primary cleft and of the
'raised area' were unchanged. Corresponding to the rounded shaves,
quantitative measurements of primary clefts showed a significant
increase of the ratio of perimeter to center line length at 3,5
and 7 but not at 10 days of disuse. The changes may have receded
either because of loosening of the pin, circumferential atrophy
compressing the folds, or to some adaptation. Atrophy of about
20% was noted at 3-7 days and of 36% at 10 days.

In a pilot study of 5 day disused muscles, using the zinc
iodide osmium method to visualize nerve terminals, there was
enlargement of the nerve terminal area and most frequently, ultra-
terminal sprouting. Although nerve sprouting has been observed
after total disuse obtained by various drugs (Brown, Ann. Rev.
Neurosci. Abst. 4, 17, 1982), this is the first report of nerve
terminal sprouting in disuse obtained without drug or nerve-
muscle injury.

The SEM changes after 3-7 days of disuse differ from those seen
after total TTX-induced disuse (Labovitz et al., Neurosci. Abst
8, 755, 1982) where the 'raised area' is considerably reduced.
Thus, ''physiological" disuse, which is never complete, may differ
in its consequences from that of artificial total disuse.

In conclusion, endplates undergo rapid structural remodelling
in response to diminished activity. The presynaptic nerve termi-
nals may be more plastic, exhibiting growth, while the postsynap-
tic structures undergo distortion. This work was supported by
NIA grant AG 00795 and NS 18694.

REGIONAL BRAIN 2-DEOXYGLUCOSE UPTAKE DURING PERFORMANCE OF A
LEARNED REACHING TASK. Jannon L. Fuchs, Sandra M. Bajjalieh*,
Cheryl A. Hoffman* and William T. Greenough. Dept. of Psychology,
University of Illinois, Champaign, IL 61820.

Regional brain activity in rats performing a learned
reaching task was studied using|}4cﬂ2-deoxyglucose autoradio-
graphy. The reaching task has previously been used as a model
learning system for investigating changes in brain RNA and
protein chemistry (Hydén & Eghazi, 1964; Hydén & Lange, 1968).
Recently, pyramidal cell apical dendritic branching was found to
increase in the motor cortex forelimb area contralateral to the
trained paw (Larson & Greenough, 1981). The present study was
carried out to localize brain areas metabolically activated
during the reaching task in order to provide a basis for further
detailed anatomical and metabolic studies.

Fifteen male hooded rats were trained to reach through a hole
in their plexiglass training cage for small pieces of food placed
on a platform just outside the cage. A transparent cage parti-
tion was placed next to the hole so that the rat could only reach
food using its initially non-preferred paw. As a consequence of
the partition placement, the rat was positioned such that only
one eye could view the food in the reaching situation. Animals
were trained in 2 sessions per day (total 1 hr.) for 7 days. On
the 8th day, subjects were injected i.p. with [14C)2-deoxyglucose
(5 nCi/100g9). The post-injection survival period lasted as long
as the subjects kept reaching (usually for 35-55 minutes).
Littermate controls (N=7) received the same treatments but were
not trained, and were given either free access to food or no food
during the post-injection period.

Increases in 2-deoxyglucose uptake were observed in the
hemisphere contralateral to the reaching paw in areas including
primary motor and sensory forelimb regions of cerebral cortex,
and in prefrontal cortex, dorsal column nuclei, and caudate-
putamen. Uptake in the ipsilateral hemisphere resembled that of
controls in these regions. On the side contralateral to the eye
which could view the food, increased label was observed in the
superior colliculus and lateral geniculate nucleus. The
asymmetry in superficial layers of superior colliculus was
particularly marked, and was nearly abolished in 6 additional
rats which performed the learned reaching task under very dim
red light.

(supported by PHS grant 5 T-32EY07005 and NSF grant BNS 82-16916)
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SHORT AND LONG TERM SYNAPTIC STRUCTURAL CORRELATES OF ACTIVITY AND
EFFICACY CHANGE IN RAT HIPPOCAMPAL SLICES. W. T. Greenough and
F.-L. F. Chang. Depts. of Psychol. and Anat. Sci. and Neur. and
Behav. Biol. Prog., Univ. Illinois, Champaign-Urbana, IL 61820.

Lee et al. (J. Neurophysiol., 1980, 44:247) reported increased
density of shaft synapses and reduced variation in spine shape
measures in hippocampal CAl shortly after potentiating stimulation
of Schaffer collateral afferents. However, their activity con-
trols received less stimulation than the LTP preparations. We
have further studied structural correlates of 1) long term poten-
tiation (LTP), 2) equivalent low frequency synaptic activity, 3)
continuous high frequency synaptic activation which did not pro-
duce LTP, and 4) synaptic inactivation by high Mg*2/low Ca*2
incubation, in subfield CAl in the in vitro hippocampal slice,
and have examined the persistence of changes at 10-15 min, 2h,
and 8h after stimulation. After potentiating stimulation (6
trains at 100 Hz for 1 s or 200 Hz for 0.5s), compared to an equiw
alent number of low frequency stimuli (1 Hz for 600s), there were
increases in numbers of shaft and sessile synapses (synapses on
stubby, headless spines). This suggested 1) an increase in the
number of shaft synapses onto inhibitory interneurons and/or 2)
an enhancement of synapse formation on pyramidal neurons possibly
involving initial formation of shaft synapses and a transition
from shaft, to sessile to spine synapses. Postsynaptic spine
heads also assumed a rounder shape, as indicated by decreases in
spine perimeter to area ratios, contact lengths, and the percent-
age of 'cup' shaped spines. There was no effect of potentiating
stimulation on bouton or spine areas. After continuous high fre-
quency synaptic activation (40 Hz or 100 Hz for 10 min), which
produced no apparent LTP, there were no changes in synapse numbers
or spine head shape parameters. However, in contrast to effects
of LTP there was an increase in bouton mitochondrial area and a
marginal increase in bouton area compared to the low frequency
condition. Inactivation did not affect any of these measures.

LTP associated increases in numbers of shaft and sessile synapses
persisted over an 8h incubation period, while the effect on spine
shape disappeared after 2h. Physiologically-demonstrable LTP per-
sisted over the 8h period. Effects of continuous high level ac-
tivation on mitochondrial and bouton areas were even more tran-
sient, disappearing 2h after stimulation.

These findings 1) confirm previously reported effects of poten-
tiating stimulation on synapse numbers and spine shape, 2) in-
dicate that spine shape changes are not necessary for the main-
tenance of LTP, and 3) indicate that continuous high frequency
activation which does not produce LTP has different (and non-per-
sisting) effects from potentiating stimulation. (Supported by
NSF BNS-8216916 and NIH ST32 GM7143)

A (14C)-2-DEOXYGLUCOSE STUDY IN THE ADULT RAT SOMATOSENSORY COR-

TEX FOLLOWING ACUTE AND CHRONIC DEAFFERENTATION. %.D. Dietrich,
R. Busto*, M.D. Ginsberg and D.W. Smith*. Cerebral Vascular

Disease Research Center, Departments of Neurology and Anatomy,
University of Miami School of Medicine, Miami, Florida 33101.
Previous guantitative histochemical studies demonstrated that
chronic sensory deprivation produces changes in the activities of
certain enzvmes related to energy metabolism in individual bar-

rels of the posteromedial barrel subfield (PMBSF) (Dietrich, et
al., J. Neurosci. 2:1608-1613, 1982). Surprisingly, enzyme ac-

tivities in barrels associated with intact whiskers were
increased significantly over control values, apparently the re-
sult of an increased utilization of the intact sensory periphery
by the animals. 1In the present investigation, we have examinecd
the effects of deafferentation on the somatosensory cortex of
adult rats to ascertain whether increased metabolic activity in
this cortex could account for the previously reported enzymatic
changes. Deafferentation was produced in experimental animals by
first plucking all the large whiskers on one side of the face and
next cauterizing the corresponding hair follicles. Following 1,
2, 5, 10 and 15 days post-vhisker removal,2-DG studies were per-
formed according to the method of Sokoloff et al. for the deter-
mination of local cerebral metabolic rates for alucose (LCMRG).

Glucose utilization was reduced in the contralateral barrel
subfield 1, 2, 5 and 10 days post-whisker removal, with the larg-
est decrease occurring at 1 day (approximately 693 of
sham-operated control values). Following this period, there was
a progressive recovery of LCMRG at each suhsequent time period.
In contrast, an increase in LCMRG was demonstrated in the ipsila-
teral barrel subfield at selective time periods with the largest
increase occurring at 5 days post-deafferentation. TIsolated
areas of high glucose utilization within the region of the PMRSF
were apparent in groups of 3 to 5 overlaying the approximated re-
gion of lamina IV. Quantitative analysis of these individual re-
gions demonstrated LCMRG to be approximately 130% of
sham-operated controls. In contrast, increased glucose utiliza-
tion in the region of the barrel subfield could not be demon-
strated in 15-day animals.

The present findings demonstrate that following vermanent re-
moval of all the large whiskers on one side of the face, a tran-
sient increase in glucose utilization occurs in the PMBSF associ-
ated with the intact set of whiskers. The results are thought to
be indicative of an increased utilization of the intact sensory
periphery under these conditions. Finally, these results demon-
strate that following a sustained period of decreased or incre-
ased stimulation, there is an apparent readjustment of the level
of glucose utilization in the affected brain region.

Supported by USPHS Grant 05820-17.
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NUMERICAL DENSITY OF SYNAPSES IN NEUROPIL OF OCCIPITAL CCRTEX OF
RATS REARED IN COMPLEX, SOCIAL, OR ISOLATED ENVIRONMENTS. Anita
M. Turner* and William T. Greenough (SPON: C. L. Prosser). Depts.
Psychol. & Anat. Sci., and Neur. & Behav. Biol. Prog., Univ. Ill-
inois, Urbana-Champaign, IL 61820.

Quantitative studies of Golgi-stained tissue have indicated
that neuronal dendritic fields are more extensive in the visual
cortex of rats reared in complex environments (EC) than in rats
reared socially (SC) or individually (IC) in standard laboratory
cages. While it has been widely assumed that this was associated
with an increased number of synapses, reported synapse numbers
per unit area, uncorrected for size, have been lower in EC than
in IC rats (e.g., Diamond et al., J. Neurosci. Res. 1:109, 1975).
Our results, using stereological calculations, conflict with this
prior work. Members of 11 littermate triplet sets of male Long
Evans hooded rats were reared in EC (grouped in a large cage with
daily toy changes and daily exposure to a playbox), SC (paired in
stainless steel hanging cages),or IC (individually in hanging
cages) environments from 25 to 55 days of age. Micrographs repre-
senting a total area of 236 um2 (final mag., 41,786X) were ran-
domly taken from each of layers I, III and IV of area 17, exclud-
ing cell bodies and blood vessels, from lead citrate-uranyl ace-
tate stained sections from each of the 33 animals. All synapses
exhibiting presynaptic vesicles and an asymmetric postsynaptic
density were included. Synapse density was estimated by the meth-
of of DeHoff (DeHoff & Rhines, eds., Quantitative Microscopy, Mc-
Graw-Hill, 1968). Synapses were treated as discs of infinite
thinness. Results, below, indicate slightly higher overall syn-

aptic density in EC vs. SC rats, with IC values below these groups.

Calculations using a number of other published formulae for volume
density, including methods which correct the size distribution
(Coupland, Nature 217:384, 1968), provide directionally equivalent
results, although absolute values differ. Calculation of neuron
densities, which will allow estimation of the number of synapses
per neuron, is in progress. (Supported by NSF BNS 8216916 and

U. Ill. Res. Bd.)

SYNAPSES/ vm3

Layer I III v

EC .4714 .4459 L4111
sc .4124 .4832 L3794
Ic .3816 .4557 .4045

PAW PREFERENCE AND TRAINING IN CATS WITH ADULT OR NEONATAL
REMOVAL OF ONE CEREBRAL HEMISPHERE. J.W. Burgess and J.R.
Villablanca. Mental Retardation Research Center, Departments

of Psychiatry and Anatomy, UCLA School of Medicine, Los Angeles,
CA 90024.

In continuing studies on recovery of function and brain re-
organization, we examined paw preferences after ablation of
the left telencephalon (hemispherectomy) in neonatal (4-18 days
old, N=10) or adult cats (> 180 days old, N=7); this lesion
impairs posture and movement of the right (contralateral) limbs.
Paw preference was evaluated with a 10-30 cm string manipu-
landum, passed alternately through L or R visual fields to
elicit directed paw responses in 5-20 min testing sessions.
Prior to two months of age, no limb preference was apparent,
but after this age hemispherectomized kittens used the impaired
paw less than similar-aged controls (p<.02). This bias per-
sisted through adulthood, compared with intact adults (N=17;
p<.05). Adult-lesioned cats also used the impaired paw less, and
this bias was more marked than in neonatal-hemispherectomized
cats (p<.001) or intact adults (p<.00l). This abnormal paw pre-
ference showed plasticity to motor training in both age groups.
By presenting the string stimulus repeatedly to the affected
side, adult-lesioned animals were induced to respond with the
impaired 1limb, and gradually reversed their marked preference
for the non-impaired paw. In later unbiased testing, they re-
ponded more with the affected limb than did untrained animals
(p<.01). Directed paw use was also tested in a more complex
food-retrieval paradigm: food-deprived cats were presented with
a box containing food accessible only with the impaired paw.
Neonatal-lesioned animals (N=4) mastered retrieval in 1 trial,
either spontaneously or with brief restraint of the non-impaired
paw. Adult-lesioned cats required significantly more trials
(mean=7.57) to use the impaired limb (p<.001), and could do so
only with continuous restraint of the non-impaired paw, exten-
sive food deprivation, and at least 1 month of postsurgical re-
covery. However, after initial mastery, both groups retained
proficiency in the task. Overall, these results show that ab-
normal paw preference resulting from hemispherectomy in cats
shows increased recovery if: 1) lesions are sustained neonatal-
ly, or 2) appropriate motor training is administered. Con-
comitant studies of underlying anatomical mechanisms are
presented in a companion abstract.
(supported by USPHS HD-05958 and HD-04612).
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DEVELOPMENTAL CHANGES IN ACETYLCHOLINESTERASE IN NORMAL AND MED
MOUSE MUSCLE. C.G. Reiness and J. Yeakley*. Dept. of Biology,
Pomona College, Claremont, CA 91711.

We have investigated the effects of the hereditary motor end-
plate disease (med) on the development of the molecular forms of
acetylcholinerterase (AChL) in mouse muscle. This mutation exists
in two alleles, med and med- which cause p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>