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CHRONOLOGICAL LIST OF SESSIONS

(See page v for Thematic List of Sessions.)

Session
Number and Title Page

4:00 PM Sunday

1.

Public Lecture

A New Look at the Organization of the

Motor System. H. G. J. M. Kuypers ... No Abstract

8:00 PM Sunday

2.

Special Symposium

Federal Support for the Neurosciences,
Conception to Funding: The Process and Pro-
grams. S. H. Koslow, Chairman . ............. 1

8:30 AM Monday

Symposia

Regulation of Acetylcholine Receptor and Channel
Properties During Development. Y. Kidokoro,

Chairman . ..............cccoiiiiiiinnnnn. 1
Theoretical Approaches to Motor Control. E. Bizzi
and R. Llinas, Chairmen .................... 1

Slide Sessions

Visual System: Geniculocortical Development I .. 2
Development and Plasticity: Autonomic Nervous
System I ... ..ot i 6
Chemical Senses: Olfaction and TasteI ......... 9
Peptides: Biochemical Characterization ......... 12
Development of Invertebrates I ................ 15
Receptor Localization and CharacterizationI .... 19
. Learning and Memory: Lesion StudiesI......... 22
Regeneration in the Peripheral Nervous SystemI.. 26
Diseases of the Central Nervous System I ......... 30
Biological Rhythms I ......................... . 33
Somatosensory Cortex and Thalamus ........... 36

Poster Sessions

Auditory and Vestibular Sensory Organs ......... 39

16.
17. Retina: Intrinsic OrganizationI ................ 4
18. Regulation of Pituitary Function ............... 51
19. Hormonal Control of Behavior I ............... 67
20. Neural Control of Immune System ............. 71
21. Cardiovascular Regulation: Functional AspectsI . 73
22. Regulation of Autonomic FunctionsI ........... 76
23. Development and Plasticity: Neurotoxicology ... 81
24. Epilepsy: Kindling .................ccuunn.. 86
25. SpinalCordI............coiiiiiiiiiinennnnn, 91
26. Opiates, Endorphins, and Enkephalins:

Anatomical Localization .................... 96
27. Behavioral Pharmacology I .................... 101
28. Behavioral Pharmacology: Sedatives and Anx-

olytics ... 106
29. Hypothalamic Hormones: Anatomical Localiza-

15 o ¢ PPN 109
30. Catecholamines: Anatomical Localization ...... 114
31. Coexistence of Transmitters ................... 116
32. Interaction Between Neurotransmitters .......... 118
33. Ionic Mechanisms of Excitable Cells ............ 123

Session
Number and Title

1:00 pM Monday
Symposia

34. The Assembly of Topograpic Maps in the Central
Nervous System: A Cartographer’s Delight. R.

Page

K. Murphey and H. P. Killackey, Chairmen . ... 127
35. Sympathetic Ganglia as Models for Synaptic
Transmitter Actions. B. Libet, Chairman .. ... 127
Slide Sessions
36. Synaptogenesis: Molecular Approaches ......... 128
37. Retina: Intrinsic OrganizationII ............... 131
38. Transmitter Cytochemistry and Im-
munohistochemistry I ...................... 134
39. Endocrine and Autonomic Regulation: Central
PathwaysI ......... ... .o ittt 137
40. Neural Plasticity in Adult Animals I ............ 140
41. Neuropeptides and BehaviorI.................. 143
42. Learning and Memory: Electrophysiological and
Pharmacological Studies .................... 146
43. Subcortical Auditory Pathways I ............... 149
44, Transmitters and Receptors in Disease I ......... 152
45. OculomotorI............ccoiiiiiiiiiiinnnn. 155
46. Circuitry and Pattern GenerationI.............. 159
Poster Sessions
47. Control of Posture and MovementI ............ 163
48. Basal Ganglia: Structural Relationships ......... 168
49. Development and Plasticity: Biochemical and
Pharmacological Correlates of Development ... 174
50. Development and Plasticity: Nutritional and
Prenatal Factors .............ccooiiiivennn. 179
51. Development angd Plasticity: Trophic
Interactions ..............ccoiiieeenneennnn. 185
52. Development and Plasticity: Autonomic Nervous
System I ...... ... it 189
53. Development and Plasticity: Trophic AgentsI ... 191
54. Endocrine Control of DevelopmentI ............ 196
55. Chemical Senses: Olfaction and Taste I ........ 199
56. Subcortical Visual PathwaysI.................. 203
57. Cortex and Cortico-Subcortical Relationships1 ... 209
- 58. Limbic System and Hypothalamus: Structure .... 214
59. Opiates, Endorphins, and Enkephalins:
ReceptorsI ........coviiiiiiiiiiiiiinennnn, 219
60. Opiates, Endorphins, and Enkephalins:
Physiological Effects I ...................... 223
61. Opiates, Endorphins, and Enkephalins: Elec-
trophysiological Effects ..................... 228
62. Cell and Tissue Culture .................oo.... 231
63. Glia: Morphology and Function ............... 237
64. Neuronal and Glial Macromolecules ....... R 243
65. Diseases of the Central Nervous System II .. ..... 248
66. Ionic Channel Mechanisms .................... 251
8:00 PM Monday
Presidential Symposium
67. Neuroscience — Academia, Government, and In-
dustry: Old Relationships in Transition. D.H.
COHEN, Moderator.................. No Abstract



Session
Number and Title Page

8:30 AM Tuesday

Symposia

68. Use of Animals in Neuroscience Research. R. K.
DisMUKES, Chairman . ..............cc.ccuen. 255

69. Physiological Insights Derived from Nerve Traffic
Analysis in Conscious Man. R. R. YouNg,
Chairman . ............c.coueiiiiiiennnnnnnn 255

Slide Sessions

70. Cell Lineage and DifferentiationI .............. 256
71. Subcortical Visual PathwaysII ................. 260
72, Pain I ... e 263
73. Cardiovascular Regulation: Central Trans-

mitters I ... i 266
74. Regulation of Autonomic FunctionsII .......... 269
75. Feeding and Drinking: Central and

Peripheral Mechanisms ..................... 272
76. Serotonin: Biochemistry and Physiology ........ 276
77. Synaptic Structure and FunctionI .............. 279
78. Control of Posture and MovementII ............ 282
79. Peptides: Physiological EffectsI ............... 285

Poster Sessions

80. OculomotorII ............ccooiiiiiiiiiiann. 289
81. Visuomotor Integration ....................... 291
82. Visual System: Geniculocortical

Development II ...........cooviiiiiiant, 295
83. Axon Outgrowth, Growth Cones, and

Guidance Mechanisms I ..................... 299
84. Sprouting and Sprouting Mechanisms ........... 304
85. Learning and Memory: Lesion Stu-

diesII . .oeeii i i i i i e 309
86. Learning and Memory: Electrophysi-

ological Studies ............ccoiiiiiiiiin, 314
87. Learning and Memory: Pharmacologi-

cal Studies ..........coiiiiiiiiiiiiin 319
88. Brain Ventricular Systems ................ou... 324
89. Development and Plasticity: Limbic

SYStem . ... ..ttt 326
90. MUSCIE ..\ttt ii i eaeeannannanns ... 329
91. Nicotinic Receptors ...........ccoviviniennnn. 334
92. Muscarinic Receptors ............covviiiann. 338
93. Cyclic Nucleotides ..........ccovvvviiinnnn.. 342
94. Subcortical Auditory PathwaysII .............. 345
95. Evoked Potentials I ...........cccvvuevinenn. 350
96. Effects of Chronic Drug Administration

and Neurotoxicology ........ceveveueneennnnn 353

97. Monoamines and Behavior: Chronic

Administration and Long-Lasting

Effects .....iiiininriiii ittt 358
98. Monoamines and Behavior: Human

Mental Disorders and Animal

Models ....ooviiiiiiii i . 362

99. Neuropeptides and Learned Behavior ........... 365

100. Neuropeptides and Behavior I ................. 368
101. Pharmacology of Synaptic Transmis-

sion: Central Nervous System ............... 372

102. DrugEffectsonReceptors ..................... 375

103. Membrane Biophysics I ....................... 379

iv

Session

Number and Title Page
1:00 PM. Tuesday
Symposia
104. Molecular and Genetic Studies of the
Voltage-Dependent Sodium Channel.
L. M. HaLL, Chairman ..................... 383
105. The Primate Frontal Lobes: Mecha-
nisms for the Ordering of Complex
Behavior. M. E. GOLDBERG, Chairman . . ........ 383
Slide Sessions
106. Invertebrate Learning and BehaviorI ........... 384
107. .Opiates, Endorphins, and Enkephalins: :
Receptors II ........coiiivniniiiiiinnennn. 387
108. Monoamines and Behavior .................... 390
109. Behavioral Pharmacology IT ................... 394
110. Development and Plasticity: Trophic
Agents II ... ... ittt 398
111. Amino Acids ...................... e, 402
112. Subcortical Visual Pathways III ................ 405
113. Peripheral Autonomic Nervous
System I ... ...t 408
114. Motor Systems: CortexI ...................... 410
115. Electrophysiological Behavior of Verte-
brate Central Nervous System Neurons . ........ 412
116. Membranes and Cell Surface Molecules . .......... 415
Poster Sessions
117. Oculomotor III ...........c.coiiitineennnnnn, 418
118. Endocrine and Autonomic Regulanon'
Central Pathways II ........................ 421
119. Cardiovascular Regulation: Central
Transmitters II ..............cioiiiiinn..n. 426
120. Cardiovascular Regulation: Hyperten-
sionand Stress ...........cciiiiiiiiiiiian, 430
121. Specificity of Synaptic Connections ............. 435
122. Development and Plasticity: Agmg ............. 439
123. Cerebellum I ..... e et e, 445
124. Muscle Afferentg..........c.coovviiii e, 448
125. Retinotectal Development and Organiza-
110 + 450
126. Epilepsy: Kindling and Pharmacology .......... 454
127. Stress, Hormones, and the Auto-
nomic Nervous System ...................... 459
128. PsychotherapeuticDrugs ...............c...... 463
129. Transmitters in Sensory Systems ................ 473
130. Opiates, Endorphins, and Enkephalins:
Characterization, Biosynthesis, and
Degradation ..........coovvviiiiinnnnnnnnn. 476
131. Catecholamines: Physiological Effects I .......... 480
132. Uptake, Storage, and SecretionI ............... 487
133. Synaptic Structure and Function II ............. 491
134. Presynaptic Mechanisms: Peripheral ‘
Nervous System ...........covevuieveennnnn 495
135. Postsynaptic Mechanisms: Peripheral
Nervous System ........c.coeveieenereeennonns 498

8:00 PM Tuesday

136. Metabolic Probes to Localized Normal

Grass Foundation Lecture

and Abnormal Activity in the Central

Nervous System. L. SOKOLOFF .....

...No Abstract

Continued in Part Two



THEMATIC LIST OF SESSIONS*

Theme A: Development and Plasticity

Session

Number Title

83.
266.

70.
179.
9.
178.
122.

52.
49.

168.
89.
23.
50.

142.
216.

53.
110.

51.
190.
217.

54.
249.
180.
235.
2717.

215.
181.
262.
218.

248.

12.
246.
233.
125.
205.
121.

84.
247.

36.

5.

82.

189.

Axon Outgrowth, Growth Cones, and Guidance

Mechanisms I

Axon Outgrowth, Growth Cones, and Guidance

Mechanisms 11

Cell Lineage and Differentiation I
Cell Lineage and Differentiation II
Development of Invertebrates 1
Development of Invertebrates II

Development and Plasticity:
Development and Plasticity:

System 1

Development and Plasticity:

System II

Development and Plasticity:

Aging
Autonomic Nervous

Autonomic Nervous
{

Biochemical and Pharma-

cological Correlates of Development

Development and Plasticity:
Development and Plasticity:
Development and Plasticity:
Development and Plasticity:

Factors

Development and Plasticity:
Development and Plasticity:
Development and Plasticity:
Development and Plasticity:
Development and Plasticity:

Developmental Disorders
Limbic System
Neurotoxicology
Nutritional and Prenatal

Retinotectal Connections
Sensory Systems
Trophic Agents I
Trophic Agents II
Trophic Interactions

Developmental Effects of Activity

Effects of Denervation

Endocrine Control of Development I
Endocrine Control of Development II
Morphogenesis and Pattern Formation I
Morphogenesis and Pattern Formation II

Motor System Development

Neural Plasticity in Adult Animals I

Neural Plasticity in Adult Animals II
Neuronal Death and Synapse Elimination
Regeneration in the Central Nervous System
Regeneration in the Central Nervous System:

Forebrain Pathways

Regeneration in the Central Nervous System: Ventral
Nerve Cord and Spinal Pathways

Regeneration in the Peripheral Nervous System I

Regeneration in the Peripheral Nervous System II

Retinogeniculate Development

Retinotectal Development and Organization

Role of Activity in Synaptic Sorting and Elimination

Specificity of Synaptic Connections

Sprouting and Sprouting Mechanisms

Synaptogenesis

Synaptogenesis: Molecular Approaches

Visual System: Geniculocortical Development I
Visual System: Geniculocortical Development II
Visual System: Geniculocortical Development III

*Includes contributed paper sessions, symposia, and workshops only.

Type .

Poster

Slide
Slide
Poster
Slide

‘Poster

Poster

Slide

Poster

Poster
Poster
Poster
Poster

Poster
Slide

Poster
Poster
Slide

Poster
Poster
Poster
Poster
Poster
Poster
Slide

Poster
Slide

Poster
Poster
Slide

Poster

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

Day

Tue

Fri
Tue
Wed
Mon
Wed
Tue

Mon
Mon

Mon
Wed
Tue

Mon

Mon
Wed
Thu
Mon
Tue
Mon
Wed
Thu
Mon
Thu
Wed
Thu
Fri

Mon

Thu
Wed
Fri

Thu

Thu
Mon
Thu
Thu
Tue
Thu
Tue
Tue
Thu
Mon
Mon
Tue
Wed

Time

8:30 AM

8:30 aM
8:30 AM
1:00 pM
8:30 aM
1:00 PM
1:00 pM

8:30 AM
1:00 Pm

1:00 pm
8:30 AM

.8:30 aM

8:30 aMm

1:00 pM
8:30 aM
8:30 aM
1:00 pM
1:00 pm
1:00 pm
1:00 pm
8:30 aM
1:00 pMm
1:00 pM
1:00 pM
1:00 pM
8:30 AM
1:00 Pm
8:30 am
1:00 pM
8:30 aM

8:30 aM

1:00 pM
8:30 AM
1:00 PM
1:00 M
1:00 pM
8:30 AM
1:00 pm
8:30 aM
1:00 pm
1:00 pM
8:30 am
8:30 aM
1:00 p™m



34, The Assembly of Topographic Maps in the Central
Nervous System: A Cartographer’s Delight
137. Genetic Correlates of Mental Disease
3. Regulation of Acetylcholine Receptor and Channel
Properties During Development
172. Sex Hormones and Neural Development: Implications
for the Genesis of Sexual Differentiation

Theme B: Cell Biology

Session
Number Title

224, Axonal Organelles, Transport, and Specific Staining
237. Axoplasmic Transport i
243. Blood-Brain Barrier
283. Cell Biology: Metabolic Studies
197. Cell Surface Macromolecules, Receptors, and Mem-
branes
62. Cell and Tissue Culture
286. Cellular Aspects of Disease
63. Glia: Morphology and Function
196. Identified Neurons
207. Identifying Neurons and Glial Cells
116. Membranes and Cell Surface Molecules

203. Neurogenetics and Gene Expression
64. Neuronal and Glial Macromolecules
148. Structure and Function of Neuroendocrine Cells

Theme C: Excitable Membranes and Synaptic Transmission

Session
Number Title

169. Diseases of Synapses and Axons

102. Drug Effects on Receptors

115. Electrophysiological Behavior of Vertebrate Central
Nervous System Neurons

287. Epilepsy

194, Invertebrate Neurobiology

66. Ionic Channel Mechanisms
211. Ionic Channels: Structure and Function
33. Ionic Mechanisms of Excitable Cells

103. Membrane Biophysics I

271. Membrane Biophysics 11

227. Neurobiological Studies of Cells in Culture

259. Neurobiological Studies of Vertebrate Central Nervous
‘ System Neurons

101. Pharmacology of Synaptic Transmission: Central Ner-

vous System

226. Postsynaptic Mechanisms: Central Nervous System
135. Postsynaptic Mechanisms: Peripheral Nervous System
145. Pre- and Postsynaptic Mechanisms I

239. Pre- and Postsynaptic Mechanisms 11

225. Presynaptic Mechanisms: Central Nervous System
134. Presynaptic Mechanisms: Peripheral Nervous System
258. Sensory Transduction

71. Synaptic Structure and Function I
133. Synaptic Structure and Function II

104. Molecular and Genetic Studies of the Voltage-Depen-
dent Sodium Channel
171. Single Channel Recording

Symp.
Symp.

Symp.

Symp.

Type

Poster
Slide

Poster
Poster

Poster
Poster
Poster
Poster
Poster
Slide
Slide
Slide
Poster
Slide

Type

Poster
Poster
Slide

Poster
Poster
Poster
Slide

Poster
Poster
Slide

Poster

Poster

Poster
Poster
Poster
Slide

Slide

Poster
Poster
Poster
Slide

Poster

Symp.
Symp.

Mon
Wed

Mon

Wed

Day

Thu
Thu
Thu
Fri

Wed
Mon
Fri
Mon
Wed
Thu
Tue
Thu
Mon
Wed

Day

Wed
Tue

Tue
Fri
Wed
Mon
Thu
Mon
Tue
Fri
Thu

Thu

Tue
Thu
Tue
Wed
Thu
Thu
Tue
Thu
Tue
Tue

Tue
Wed

1:00 pMm
8:30 aMm

8:30 aM

1:00 pm

Time

8:30 AM
1:00 p™m
1:00 P
8:30 am

1:00 pM
1:00 PM
8:30 AaM
1:00 Pm
1:00 pm
8:30 aM
1:00 pM
8:30 AM
1:00 pMm
8:30 aMm

Time

8:30 aM
8:30 aM

1:00 PM
8:30 aM
1:00 Pm
1:00 pM
8:30 aM
8:30 AM
8:30 aM
8:30 aM
8:30 aM

1:00 PM

8:30 aM
8:30 Am
1:00 pPm
8:30 aMm
1:00 PM
8:30 aM
1:00 pM
1:00 Pm
8:30 AMm
1:00 pm



Theme D: Neurotransmitters, Modulators, and Receptors

Session
Number Title Type Day Time
143. Acetylcholine I Slide  Wed 8:30 AM
221. Acetylcholine II Poster . Thu 8:30 aMm
157. Adenosine: Modulators Poster Wed 8:30 aM
146. Adrenergic Receptors: Biochemistry I Slide Wed 8:30 aMm
187. Adrenergic Receptors: Biochemistry II Poster Wed 1:00 pm
185. Alcohol II Poster Wed 1:00 pm
111. Amino Acids Slide Tue 1:00 pm
27. Behavioral Pharmacology 1 Poster Mon 8:30 am
109. Behavioral Pharmacology II Slide Tue 1:00 pM
28. Behavioral Pharmacology: Sedatives and Anxiolytics Poster Mon 8:30 aM
158. Benzodiazepines Poster Wed 8:30 am
223, Biogenic Amines: Phenethylamine, Tryptamine; Sero- '
tonin, and Histamine Poster Thu 8:30 aM
30. Catecholamines: Anatomical Localization Poster Mon 8:30 aM
252. Catecholamines: Biochemistry Poster Thu 1:00 pm
131. Catecholamines: Physiological Effects I Poster Tue 1:00 pMm
264. Catecholamines: Physiological Effects II Slide Fri 8:30 am
31. Coexistence of Transmitters Poster Mon 8:30 aM
93. Cyclic Nucleotides Poster Tue 8:30 am
186. Dopamine Receptors: Biochemistry I Poster Wed 1:00 pm
208. Dopamine Receptors: Biochemistry II Slide Thu 8:30 AM
251. Excitatory Amino Acids Poster Thu 1:00 pm
159. GABA and Benzodiazepines Poster Wed 8:30 aMm
29. Hypothalamic Hormones: Anatomical Localization Poster Mon 8:30 aM
32.. Interaction Between Neurotransmitters Poster Mon 8:30 amM
92, Muscarinic Receptors Poster Tue - 8:30 aMm
91. Nicotinic Receptors Poster Tue 8:30 aM
26. Opiates, Endorphins, and Enkephalins: Anatomical
Localization Poster Mon 8:30 aM
130. Opiates, Endorphins, and Enkephalins: Characteriza-
tion, Biosynthesis, and Degradation Poster Tue 1:00 pM
61. Opiates, Endorphins, and Enkephalins: Electrophysi-
ological Effects Poster Mon 1:00 pMm
60. Opiates, Endorphins, and Enkephalins: Physiological
Effects I ‘ Poster Mon 1:00 pMm
222, Opiates, Endorphins, and Enkephalins: Physiological
. - Effects II Poster Thu 8:30 am
59. . Opiates, Endorphins, and Enkephalins: Receptors I Poster Mon 1:00 pM
107. Opiates, Endorphins, and Enkephalins: Receptors II Slide  Tue 1:00 pMm
160. Péptide-Amine Interactions: Modulators Postgr Wed 8:30 AM
161. Peptides: Anatomical Localization I Poster Wed 8:30 aM
231. Peptides: Anatomical Localization II Slide Thu 1:00 pM
8. Peptides: Biochemical Characterization Slide Mon  8:30 am
79. Peptides: Physiological Effects I Slide Tue 8:30 AM .
281. Peptides: Physiological Effects II Poster Fri 8:30 aM
280. Peptides: Receptors Poster Fri 8:30 aM
156. Phosphorylation: Calmodulin and Calcium Channels Poster Wed 8:30 am
10. Receptor Localization and Characterization I Slide  Mon 8:30 aM
183. Receptor Localization and Characterization II Poster Wed 1:00 pMm
234, Regulation of Transmitter Metabolic Enzymes Slide  Thu 1:00 p™m
76. Serotonin: Biochemistry and Physiology Slide Tue 8:30 aM
38. Transmitter Cytochemistry and Immunohistochemistry I Slide Mon 1:00 pM
188. Transmitter Cytochemistry and Immunohistochemistry II Poster Wed 1:00 pm
282, Transmitters in Invertebrates Poster Fri 8:30 aM
44, Transmitters and Receptors in Disease I Slide Mon 1:00 pM
155. Transmitters and Receptors in Disease II Poster Wed 8:30 aM
132. Uptake, Storage, and Secretion I Poster Tue 1:00 Pm
144, Uptake, Storage, and Secretion II Slide  Wed 8:30 AM
184. Uptake, Storage, and Secretion: Cholinergic Systems Poster Wed 1:00 pm
260. - Functions of Multiple Transmitters in Neurons Symp. Fri 8:30 M
201. Substance P as a Neurotransmitter Symp. Thu 8:30 am

35. Sympathetic Ganglia as Models for Synaptic Trans-
mitter Action Symp. Mon 1:00 pMm

vii



Theme E: Endocrine and Autonomic Regulation

Session
Number Title Type  Day Time
88. Brain Ventricular Systems Poster Tue 8:30 AM
73. Cardiovascular Regulation: Central Transmitters I Slide Tue 8:30 aMm
119. Cardiovascular Regulation: Central Transmitters II Poster Tue 1:00 pMm
21. Cardiovascular Regulation: Functional Aspects I Poster Mon 8:30 aM
209. Cardiovascular Regulation: Functional Aspects II Slide Thu 8:30 aM
120. Cardiovascular Regulation: Hypertension and Stress Poster Tue 1:00 p™m
39. Endocrine and Autonomic Regulation: Central
Pathways I Slide Mon 1:00 PM
118. Endocrine and Autonomic Regulation: Central
Pathways II Poster Tue 1:00 PM
19. Hormonal Control of Behavior I Poster Mon 8:30 am
267. Hormonal Control of Behavior II Slide Fri 8:30 aM
20. Neural Control of Immune System Poster Mon 8:30 aM
113. Peripheral Autonomic Nervous System I Slide Tue 1:00 pm
153. Peripheral Autonomic Nervous System II Poster Wed 8:30 aM
152. Pineal Gland Poster Wed 8:30 aM
22, Regulation of Autonomic Functions I Poster Mon 8:30 aM
74. Regulation of Autonomic Functions II Slide  Tue 8:30 am
18. Regulation of Pituitary Function Poster Mon 8:30 am
154. Respiratory Regulation Poster Wed 8:30 am

Theme F: Sensory Systems

Session'
Number Title Type Day Time
288. Auditory Cortex : Poster Fri 8:30 aM
16. Auditory and Vestibular Sensory Organs Poster Mon 8:30 aM
7. Chemical Senses: Olfaction and Taste I Slide Mon 8:30 am
55. Chemical Senses: Olfaction and Taste II Poster Mon 1:00 pM
95. Evoked Potentials I Poster Tue 8:30 aM
265. Evoked Potentials 11 Slide Fri 8:30 aM
72. Pain I Slide Tue 8:30 aM
220. Pain: Modulation I Poster Thu 8:30 aMm
230. Pain: Modulation II Slide Thu 1:00 pm
17. Retina: Intrinsic Organization I Poster - Mon 8:30 aM
37. Retina: Intrinsic Organization II Slide Mon 1:00 pm
244, Sensory System: Somatosensory Cortex Poster Thu 1:00 pM
147. Sensory Systems in Invertebrates I Slide , Wed 8:30 aM
195. Sensory Systems in Invertebrates II Poster Wed 1:00 pM
245. Skin, Muscle, and Visceral Receptors Poster Thu 1:00 PM
15. Somatosensory Cortex and Thalamus Slide Mon 8:30 aM
25. Spinal Cord I Poster Mon 8:30 aM
43. Subcortical Auditory Pathways I Slide Mon 1:00 pM
94. Subcortical Auditory Pathways II Poster Tue 8:30 aM
289. Subcortical Somatosensory Pathways Poster Fri 8:30 aM
56. Subcortical Visual Pathways I . Poster Mon 1:00 pm
71.  'Subcortical Visual Pathways II Slide Tue 8:30 aMm
112. Subcortical Visual Pathways 111 ) Slide Tue 1:00 pM
129. Transmitters in Sensory Systems Poster Tue 1:00 pm
191. Visual Cortex: Cortical and Subcortical Relationships Poster Wed 1:00 pm
193. Visual Cortex: Extrastriate Visual Areas I Poster Wed 1:00 p™m
232. Visual Cortex: Extrastriate Visual Areas II Slide Thu 1:00 pm

192. Visual Cortex: Intrinsic Organization of Striate Cortex I Poster Wed 1:00 pm
204. Visual Cortex: Intrinsic Organization of Striate Cortex II Slide Thu 8:30 AM

138. Functions of Extrastriate Visual Cortex in Primates Symp. Wed 8:30 aM
69. Physiological Insights Derived from Nerve Traffic
Analysis in Conscious Man Symp. Tue 8:30 aM

viii



Theme G: Motor Systems and Sensorimotor Integration

Session
Number Title

140. Basal Ganglia

276. Basal Ganglia: Functional Relationships
48. Basal Ganglia: Structural Relationships

123. Cerebellum I

238. Cerebellum II

47, Control of Posture and Movement I
78. Control of Posture and Movement 11
212. Control of Posture and Movement 111

272. Control of Posture and Movement IV
274. Disorders of the Motor System and Corrective Methods
213. Invertebrate Motor Function
114, Motor Systems: Cortex I
150.  Motor Systems: Cortex 11
210. Motor Systems: Spinal Cord and Brainstem I
250. Motor Systems: Spinal Cord and Brainstem II
275. Motor Systems: Spinal Cord and Brainstem III
90. Muscle
124, Muscle Afferents
45, Oculomotor I
80. Oculomotor II
117. Oculomotor III
149. Reflex Function
273. Sensorimotor Integration
198. Vestibular System
269. Vestibular System and Vestibulo-Ocular Reflex
81. Visuomotor Integration

173. Springing into Action: Mechanism and Function of
: Spring-Like Properties of Neuromuscular Systems
4. Theoretical Approaches to Motor Control

Theme H: Structure and Function of the CNS

Session
Number Title

285. Brain Metabolism
219. Comparative Neuroanatomy
57. Cortex and Cortico-Subcortical Relationships 1
268. Cortex and Cortico-Subcortical Relationships II
13. Diseases of the Central Nervous System I
65. Diseases of the Central Nervous System II
24, Epilepsy: Kindling
126. Epilepsy: Kindling and Pharmacology
139. Epilepsy: Pharmacology
279. Evoked Potentials and EEG
240. Limbic System and Hypothalamus I
278. Limbic System and Hypothalamus II
58. Limbic System and Hypothalamus: Structure
284. Spinal Cord 11
182. Subcortical Organization

202. Application of Video Enhancement and Intensification
Techniques to Neurobiology
229. Functional Correlates of Brain Transplantation
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Session
Number Title

241. Aging
163. Alcohol I
256. Angiotensin and Drinking
166. Behavior and Learning in Invertebrate and Simple
Vertebrate Preparations
14. Biological Rhythms I
151. Biological Rhythms II
46. Circuitry and Pattern Generation I
214, Circuitry and Pattern Generation II
290. Drugs of Abuse
96. Effects of Chronic Drug Administration and Neurotoxi-
cology
164. Feeding and Drinking
206. Feeding and Drinking: Central Mechanisms and
Neuropharmacology
75. Feeding and Drinking: Central and Peripheral
Mechanisms
255. Feeding and Drinking: Cues for Need State
257. Feeding and Drinking: Metabolic Aspects
165. Feeding and Drinking: Neuropharmacology
263. Human Behavioral Neurobiology
177. Human Neuropsychology

176. Interhemispheric Relations
106. Invertebrate Learning and Behavior I
236. Invertebrate Learning and Behavior 11

42, Learning and Memory: Electrophysiological and
Pharmacological Studies
86. Learning and Memory: Electrophysiological Studies

11. Learning and Memory: Lesion Studies I
85. Learning and Memory: Lesion Studies II
87. Learning and Memory: Pharmacological Studies
108. Monoamines and Behavior
97. Monoamines and Behavior: Chronic Administration
and Long-Lasting Effects
98. Monoamines and Behavior: Human Mental Dlsorders
and Animal Models
253. Monoamines and Behavior: Movement and Reflexes
254. Monoamines and Behavior: Unit Recording Studies
and Self-Stimulation Studies
175.  Motivation and Emotion

167. Neuroethology I
270. Neuroethology II

41. Neuropeptides and Behavior I
100. Neuropeptides and Behavior 11

99. Neuropeptides and Learned Behavior
162. Opiates, Endorphms, and Enkephalins
141. Pain II
174. Pain III
128. Psychotherapeutlc Drugs
242, Sleep
127. Stress, Hormones, and the Autonomic Nervous
System
170. Alzheimer’s Disease and the Cholinergic Innervation of

Neocortex by the Nucleus Basalis

228. Neurobiology of Anxiety

261. Neurobiology of Feeding Behavior

105. Primate Frontal Lobes: Mechanisms for the Ordering
of Complex Behavior
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SYMPOSIA/WORKSHOP

SYMPOSIUM. FEDERAL SUPPORT FOR THE NEUROSCIENCES, CONCEPTION TO
FUNDING: THE PROCESS AND PROGRAMS. S.H. Koslow, National Insti-
tute of Mental Health (NIMH)(Chairman); Donald Woodward*, Office
of Naval Research; George W. Irving, III*, Air Force Office of
Scientific Research/NL; Zaven Khachaturian, National Institute on
Aging (NIA); Norman A. Krasnegor*, National Institute of Child
Health and Human Development (NICHD); Constance W. Atwell*, Na-
tional Eye Institute (NEI); Eugene Streicher*, National Institute
of Neurological and Communicative Disorders and Stroke (NINCDS);
James Brown, National Science Foundation (NSF).

This symposium will present an overview of the numerous fac-
tors which enter into the decision making processes of Govern-
mental suppori for basic and applied Neuroscience research.
Major support for this research is provided through the NSF,
NINCDS, NIMH, NEI, NIA, NICHD, as well as from the different
services of the Department of Defense. A description of each
of these funding sources will be presented, along with specific
identification of programs, as well as points of contact. An
indepth description of each agency will follow outlining the
"missions" of each, as well as presenting the overall areas of
interest and respomsibility. Major emphasis will be placed on
the funding mechanisms utilized by investigators to apply for
grant support. In addition, other support mechanisms will also
be described, e.g., training grants, fellowships, small grants,
cooperative agreements and contracts. For each of the funding
agencies the process of applying for grants or contracts (includ-
ing pre-submission contact with program directors), will be de-
scribed. This will provide details of the processes of assign-
ment to funding organization and review group, the process of
review, constitution of review groups, second level of review,
and decisions of funding by agency staff.

Following these presentations the full panel of Federal pro-
gram directors will hold an open discussion session.

WORKSHOP. THEORETICAL APPROACHES TO MOTOR CONTROL. E. Bizzi,
M.I.T. (Chairman); R. Llinas, N. Y. Univ. Med. Ctr. (Chairman);

L. M. Optican*, NEI, National Institutes of Health; A. Pellionisz,
N. Y. Univ. Med. Ctr.; T. Poggio*, M.I.T.

There is little doubt that the problem of understanding the
properties and the operations of the biological motor controller
is an exceedingly difficult task. Experimentation in this area
cannot proceed without theories which reflect and deal with the
constraints imposed by physics and by the computational complex-
ities related to the problems of coordinate transformation,
kinematics and dynamics. Presently, in the field of motor con-
trol, there is a spectrum of theoretical approaches ranging from
"System Theories" to Tensorial models of the brain, to control
strategies based upon the mechanical properties of muscles. These
ideas will be discussed and contrasted with computational theories
derived from the field of Artificial Intelligence. The speakers
participating in this symposium will describe these approaches,
their relationship to experimental findings, and their possible
impact on future experimentation.

The powerful electrophysiological techniques that are now used
in many laboratories have certainly provided us with a great
wealth of data on movement. We feel, however, that the predomi-
nant, almost extreme, empiricism which characterizes research in
motor control might be in the long run disadvantageous for pro-
gress in this field. Our proposal is then directed at presenting
and discussing those theories that might have a chance to guide
experimentation in the areas of motor and sensory control.

Finally, an overview of current theoretical approaches to the
problem of motor control may offer an interesting paradigm for
other areas of neuroscience.

*Indicates nonmember of the Society for Neuroscience.
PO indi b that are published only.

3 SYMPOSIUM. REGULATION OF ACETYLCHOLINE RECEPTOR AND
CHANNEL PROPERTIES DURING DEVELOPMENT. Y. Kidokoro, The
Salk Institute (Chairman); J. Pgtrick, The Salk Institufe; Y. Nakajima,
Purdue University; B. Sakmann , Max-Plank Institut; G.D. FISCEéOCE,
Washington University. :

Multidisciplinary approaches are rapidly expanding our appreciation
of the function and regulation of the acetylcholine (ACh) receptor. In
this symposium we would like to bring together several different
systems and techniques to present an overview of developmental
changes in ACh receptors.

The genes that code for the ACh receptor from Torpedo have been
cloned. cDNA clones have been isolated for two of the subunits (a and
Y). These clones are being used to determine the structure and
organization of the ACh receptor genes. They have been largely
sequenced and the complete amino acid sequence of the ACh receptor
is being deduced. These clones are also useful as probes to study the
expression of the ACh receptor genes. The biosynthesis of ACh
receptor will be discussed in relation to the finding that cDNA for the
v subunit codes for a precursor peptide containing a 'signal' sequence
(Patrick, J.). Functional ACh receptors appear on the -muscle surface
membrane before synaptic transmission starts. One type of dispersed
intramembrane particles seen in freeze-fracture electron micrographs
correlate well with the appearance of functional ACh receptors
assayed by ACh iontophoresis (Nakajima, Y.). During formation of the
neuromuscular junction ACh receptors undergo various changes.
Nerve induces high ACh receptor density along the contact soon after
initial functional transmission. Properties of individual ACh receptor
channels also change. The mean open time of ACh receptor channels
shortens at the subjunctional membrane in the neonatal rat. The
shortening is due to shift of ACh receptor channel population with a
long mean open time to a short one. Since the turnover time for ACh
receptors in the subsynaptic membrane is already long at this time,
this shift of population is likely the result of modification of existing
ACh receptor channels (Sakmann, B.). On the contrary the mean open
time does not undergo developmental changes in the chick, although
the density of ACh receptors increases at the subjunctional region.
The clustering of receptors by itself, therefore, is not responsible for
the open time shortening. During this period the rate of receptor
degradation stays comparable to value obtained at extrajunctional
sites on denervated adult muscles (Fischbach, G.). In Xenopus nerve-
muscle cultures neurons from embryonic neural tube mediate changes
in both the density and the functional properties of ACh receptors in
the muscle cell. The neuronally mediated increase in the receptor
density is restricted to the region closely associated to the nerve-
muscle contact. In contrast to this regional effect of nerve, a nerve-
dependent alteration in functional properties is observed for junctional
and non-junctional receptor alike (Kidokoro, Y.).



2 VISUAL SYSTEM: GENICULOCORTICAL DEVELOPMENT |

5.1 EFFECTS OF STRABISMUS ON RESPONSIVITY, SPATIAL RESOLUTION, AND 5,2 MONOCULAR DEPRIVATION CAUSES EXPANSION OF X-CELL AND REDUCTION OF
CONTRAST SENSITIVITY OF CAT LATERAL GENICULATE NEURONS. Kim R. Y-CELL RETINOGENICULATE TERMINATIONS IN CATS. M. Sur*, A.L.
Jones, Ronald E. Kalil, and Peter D. Spear. Depts. of Psychology Humphrey and S.M. Sherman. Dept. of Neurobiology and Behavior,
and Ophthalmology, Univ. of Wisconsin, Madison, WI 53706. SUNY at. Stony Brook, Stony Brook, NY 11794.

Previous studies have reported that rearing cats with esotropia '
causes two major physiological effects in the lateral geniculate We recently used the technique of intracellular HRP injection
nucleus (LGN): (1) a loss of responsive cells in the portion of into single X~ or Y-cell optic tract axons to demonstrate their
lamina Al that receives inputs from the peripheral (>10°) temporal termination patterns in the lateral geniculate nucleus (LGN) of
retina of the deviated eye, and (2) a loss of spatial resolution normal cats. X-cell axons innervate lamina A or Al in narrow
among X-cells that have central (<5°) receptive fields. We ex- zones (100-170um wide) oriented perpendicular to the geniculate
tended these findings by quantifying the responsiveness of peri- lamination. Some X-cell axons also sparsely innervate the medial
pheral Al cells, and by obtaining spatial contrast sensitivity interlaminar nucleus (MIN) of the LGN. Y-cell axons innervate
functions for central X-cells. laminae C and A (from the contralateral retina) ‘or lamina Al

Recordings were made from the portion of lamina Al representing (from the ipsilateral retina) in broad zones (200-400um wide),
the peripheral retina in 3 normal and 3 esotropic cats. In nor- and the majority also densely innervate the MIN.
mals, an average of 3.3 cells/penetration was encountered, and all Early monocular 1lid suture alters these termination patterns.
but 1 of 43 cells were responsive. Mean peak response to an opti- We have successfully injected and recovered 9 X- and 13 Y-cell
mal stimulus was 177 spikes/sec. In ésotropes, 2.7 cells/penetra- axons from deprived retinas as well as 11 X- and 7 Y-cell axons
tion were encountered, and all 30 cells studied were responsive. from nondeprived retinas. Physiologically, deprived and non-
Mean peak response was 174 spikes/sec. The differences between deprived axons have normal response properties. Morphologically,
normals and esotropes in these and other measures of responsive- nondeprived axons are indistinguishable from normal axons. How-
ness were not statistically significant. There also was no dif- ever, 4 deprived X-cells have LGN terminations that are broader
ference in percentage of X- or Y-cells between the two groups. (180-220um) than normal and two of these have dense terminations
Thus, esotropia had no effect on the responsivity of LGN cells in the MIN. Deprived Y-cell terminations seem even more abnormal.
with inputs from the peripheral temporal retina. Four deprived Y-cells from the contralateral retina innervate

Spatial resolution was measured for X-cells with central only the C-laminae and do not innervate lamina A. Four additional
receptive fields in 6 normal, 5 esotropic, and 4 exotropic cats. deprived Y-cell axons have terminal fields in lamina A or Al that
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Stimuli were drifting (2 Hz) sine wave gratings of 30 cd/m? mean
luminance and 64% contrast. In normals, mean spatial resolution
for 43 X-cells was 3.1 ¢/°. Rearing with esotropia significantly
reduced X-cell spatial resolution; the mean for 38 X-cells was
2.1 ¢/°. This reduction was seen consistently among individual
cats. In 2 cats raised with one eye converged and the other lid-
sutured, X-cell spatial resolution was intermediate between nor-
mal and esotropic cats. This suggests that the spatial resolu-
tion loss in esotropes is at least partly due to abnormal binocu-
lar interactions. 1In contrast to esotropia, rearing with exotro-
pia had no significant effect on X-cell spatial resolution; the
mean for 43 X-cells was 3.0 'c/®°. However, there was more varia-
bility among cats in this group than in the others.

Other measures of spatial contrast sensitivity were normal in
esotropic cats. These included maximum sensitivity, peak spatial
frequency, and amount of contrast sensitivity attenutation (roll-
off) at low spatial frequencies. Thus, rearing with esotropia
produces effects on LGN X-cells with central receptive fields
that are limited to spatial resolution.

CORTICAL AXON TERMINAL ARBORIZATION AND SOMA LOCATION OF SINGLE,
FUNCTIONALLY IDENTIFIED LATERAL GENICULATE NUCLEUS NEURONS.

A.L. Humphrey, M. Sur* and §.M. Sherman. Dept. of Neurobiology
and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794,

We have used the technique of intracellular HRP injection to
label the terminal fields of single axons from the lateral
geniculate nucleus (LGN) in areas 17 and 18 of the normal, adult
cat. In addition, we have labeled the parent somata of the af-
ferents in the LGN by retrograde transport of HRP from -the intra-
axonal injections in cortex. This allowed us to examine relation-
ships between a cell's soma size and location within the LGN and
the location and extent of its axon terminal field in cortex. LGN
axons were recorded in the optic radiations beneath areas 17 and
18 using micropipettes (90-120 Mohm) filled with 3% HRP. Each
axon was identified extracellularly as X or Y using a battery of
tests, including conduction latency to optic chiasm stimulation
and linearity of spatial summation. The axon was then impaled and
HRP iontophoresed into it. During subsequent histology, cortical
sections were reacted with diaminobenzidine and cobalt chloride
to allow complete reconstruction of the injected axons, and the
LGN sections were reacted with O-dianisidine to visualize the
parent cells, Each cell was matched to its axon by retinotopic
position.

There is a marked heterogeneity of termination patterns both
within and between each afferent cell class and between areas 17
and 18. Axons of X-cells project only to area 17, while Y-cells
project to area 17, to area 18 or to both areas. Axons of Y-cells
in area 17 terminate in layers IVab, lower III and VI, while X-
cell axons end mainly in layers IVe and VI, in agreement with
Ferster and LeVay (J.Comp.Neurol,,182:923,1978). However, a
number of X-cell fields spill over into lower IVab, indicating a
marked overlap of X- and Y-inputs there. Within area 18, Y-cells
terminate mainly in layers IV and IIIb, but some also issue col-
laterals into upper layer I. At least some of these Y-axons that
project to layers IV plus I arise from cells in lamina C of the
LGN which do not project also to area 17.

Retrogradely-filled cell bodies of injected axons have been
found throughout the LGN. In the A-laminae, somata of X-cells
range from 110 to 500um2, with a bias toward larger cells
(>200um?) , while those of Y-cells are 280-660um?. These ranges
of values agree well with the sizes of intracellularly stained
X- and Y-cells reported by Friedlander et al. (J. Neurophysiol.,
46:80,1981) from recordings in the LGN, and they indicate that
our micropipettes can record and inject axons of representative
LGN cells. A geniculate neuron's soma size appears to be corre-
lated generally with the width of its axon terminal field in
visual cortex.

Supported by NIH Grants EY04091 and EY03038.
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are narrower (160-190um) and sparser than normal. In general,
Y-cell terminations are most affected in the A-laminae, less so
in the MIN, and seem normal in the C-laminae. However, 2 deprived
Y-cell axons that innervate the monocular segment appear to have
normal morphology.

We have retrogradely labelled the somata of several injected
axons. To date, there appear to be no qualitative morphological
differences between deprived and nondeprived retinal ganglion
cells, even though there are large changes in the terminal
fields of the former.

The "expanded" X-cell termination zones and "shrunken' or
"absent" Y-cell termination zones constitute the most peripheral
morphological effects of deprivation discovered so far, and
suggest two complementary developmental mechanisms: (1) binocular
competition, and (2) competition between X- and Y-cell pathways.
Thus, X-cells which seem to innervate the LGN before Y-cells do
may have exuberant terminations that are "pruned" as Y-cells de-
velop functional connections. Perhaps visual deprivation severely
reduces the ability of Y-cell axons to dislodge the already
present X-cell terminations in the A-laminae.

Supported by NIH Grant EY03038,

THE EFFECTS OF MONOCULAR EYELID SUTURE ON THE TERMINAL
ARBORIZATIONS OF PHYSIOLOGICALLY IDENTIFIED GENICULOCORTICAL
AXONS. Michael J. Friedlander and Christiane Vahle-Hinz¥*.
Dept. of Physiology and Biophysics, Univ. of Alabama in
Birmingham, Birmingham, AL 3529%.

Early monocular eyelid suture in kittens results in a severe
reduction in the number of neurons in visual cortex which can
be activated through the deprived eye. This deficit. has been
attributed to at least 2 possible mechanisms: 1) a decrease in
the number of geniculocortieal synapses from axons of cells in
the lateral geniculate nucleus (LGN) laminae innervated by the
deprived eye. (Shatz, C. J., and M. P. Stryker, 1978,
J. Physiol. (Lond.), 281:267-283), and 2) the active
suppression of geniculocortical input from the deprived eye.
(Kratz, K. E., P.D. Spear, and D. C. Smith, 1976,
J. Neurophysiol., 39:501-511; and Burchfiel, J. L., and F. H.
Duffy, 1981, Brain Res., 206:479-484).

We have begun studies to test the first hypothesis. We are
using the intracellular horseradish peroxidase (HRP) technique
to physiologically classify and stain individual
geniculocortical axons in cats that have been reared with
monocular eyelid suture. Kittens are monocularly sutured at
6-9 days of age. Experiments are done on animals from age 9-15
months. Micropipettes are filled with a 3% HRP solution and
bevelled to final impedances of 130-180 MSt at 200 Hz. -
Stimulating electrodes are placed in the optic chiasm and optic
radiations for transsynaptic and orthodromic activation of
geniculocortical cells' axons, respectively. Axons are
classified as X- or Y- based on a battery of physiological
tests (Friedlander, M. J., C.-S. Lin, L. R. Stanford, and S. M.
Sherman, 1981, J. Neurophysiol., 46:80-129) including response
latency to stimulation of optic chiasm and the linearity of
spatial summation within the axon's receptive field. The axon
is then impaled with the micropipette. After verifying the
axon's receptive field properties with intracellular recording,
the axon is filled iontophoretically with HRP. The size,
shape, laminar distribution, and density of the axon's terminal
arborization in visual cortex are compared for X- and Y- axons
from the LGN laminae innervated by the normal and the sutured
eye. Preliminary data indicate that the terminal arborizations
of axons from cells in the non-deprived LGN laminae occupy a
greater volume of visual cortex than those from cells of the
deprived laminae. In addition, the total number and density of
ﬁppﬁnﬁnh presynaptic terminals from the axons of the
non-deprived laminae also appear to be greater than those from
cells of the deprived laminae.

Supported by USPHS Grant EY03805.
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5.5 GENICULATE Y-LIKE CELLS REMAIN AFTER MONOCULAR DEPRIVATION IN A

5.7

Jitive interaction within the LGN during development.

PRIMATE. M, A. Sesma, T. Kuyk>T. T. Norton. V. A. Casagrande,
Depts. Anatomy and Psychology, Vanderbilt Univ., Nashville, TN;
Dept. Physiol. Optics, School of Optometry, The Medical Center,
Univ. of Alabama in Birmingham, Birmingham, AL.

Effects of early monocular 1id closure in kittens and infant
primates have been proposed by a number of investigators as a de-
velopmental model of human amblyopia. Deficits produced by this
paradigm have been attributed to abnormal competitive interactions
that, in cats, result in a reduction in recordable Y-cells (but
not X-celts) in lateral geniculate nucleus (LGN) with correlated
LGN cell size changes and form vision deficits (Sherman and Spear,
'82). Similarly, in primates such as macaques and galagos, mono-
cular suture produces profound changes in LGN cell size and
associated visual deficits (Von Noorden et al., '76; Casagrande
and Joseph, '80). However, in these primates the mean LGN cell
size is altered in both the magno- and parvocellular laminae,
suggesting that both Y- and X-like cells are affected by monocular
1id closure. -

We have examined this problem by recording from LGN neurons in
3 animals (Galago crassicaudatus), each deprived by monocular
suture for more than 2 years. As before (Norton and Casagrande,
'82), cell classification was determined using a battery of tests
including linearity of spatial summation, latency to chiasm and
cortical stimulation, receptive-field size, response to targets
of appropriate standing contrast and phasic-tonic index.

In all 3 animals, deprived cells were easy to drive with visual
stimuli and exhibited no gross abnormalities in receptive-field
organization. Both Tinear and non-linear spatial summation were
seen in the deprived Y-like cells of the magnocellular layer.
Moreover, the encounter rate for deprived versus non-deprived neu-
rons of all classes (W-, X- and Y-like) was the same for all lay-
ers regardless of whether retinal input was crossed or uncrossed.

These findings lead to two major questions. First, are the
deprived LGN neurons of these primates really normal? We can so
far only state that if physiological abnormalities exist in de-
prived Y-like cells or any other class in galagos, these effects
seem quite subtle. Second, how can we reconcile the differences
in deprivation effects on Y-cells in cats and galagos? The sensi-
tivity of cat Y-cells to monocular deprivation may be a manifesta-
tion of the mixed retinal afferent input (both X and Y) to the
same LGN laminae, a situation that would allow for direct compet-
This situ-
ation would be less likely to occur in primates where cell classes
are segregated by layer, but still may compete at the cortical
level. -(Supported by 1-K04-EY00223, EY01778, EY02909, EY03039,
and NRSA fellowship EY05473.)

NEUROGENESIS OF THE CAT'S PRIMARY VISUAL CORTEX. M.B. Luskin and
C.J. Shatz. Department of Neurobiology, Stanford University
School of Medicine, Stanford, CA 94305.

The distribution of radioactively labeled cells in the primary
visual cortex of cats that received injections of 3H-thymidine at
different embryonic ages was examined in order to study the rela-
tionship between the time of neuron origin and the elaboration of
afferent and efferent connections. To do so, 15 fetuses between
embryonic day 17 (E17) and E59 (gestation is 65 days) received
intrauterine injections (Hickey and Cox, Neurosci. Abst., 5:788,
1979) of 0.3-1.0 mCi of 3H—thymidine and survived until 2 months
postnatally before autoradiographic processing.

The earliest labeled cortical cells resulted from injections
between E24 and E30. These cells were embedded in the white
matter immediately below layer 6. In one fetus injected at E27
and allowed to survive only until birth, labeled cells were also
observed in layer 1. However, in another fetus which received an
injection at E28, but allowed to survive until postnatal day 56,
virtually no labeled cells were found in layer 1, indicating that
a transient population of cortical neurons may be present in the
development of the cat's visual cortex.

Cells destined for the cellular layers of the visual cortex
are generated between E28 and E56. Labeled cells were first seen
within deep layer 6 following thymidine injections at E28 and
E30. An injection at E35 labeled cells extending throughout lay-
ers 5 and 6, with the majority of labeled cells concentrated in
the upper half of layer 6. Labeling within layer 4, the primary
zone of termination of geniculocortical afferents, was first ob-
served following an injection at E39, and was greatest in layer
4b. Injections at E46 through E56 labeled cells situated in lay-
ers 2 and 3. There was no apparent gradient im the rostro-caudal
dimension or along the central to peripheral visual field repre-
sentation. Thus, the overall pattern of visual cortical neurogen-
esis in the cat resembles that in the monkey (Rakic, Phil. Tranms.
R. Soc., 278: 245, 1977). In both species there is an inside-out
gradient of development such that the earliest generated cells
come to occupy the deepest layers and cells generated progres-
sively later migrate to more superficial positions.

To further examine the relationship between the developing
geniculocortical pathway and its target cells in layers 4 and 6,
-proline was injected intraocularly in 8 fetuses aged E29 to
E59, which were then allowed to survive 6 days. At E35 and E39
transneuronally transported label was observed in the optic radi-
ations. This finding suggests that the earliest generated cells

belonging to the white matter and layer 6 could serve as the
first targets for ingrowing geniculocortical afferents.
(Supported by NIH grants NSO7158 to M.B.L. and EY02585 to C.J.S.)
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EFFECTS OF VISUAL DEPRIVATION ON THE GENICULOCORTICAL W-CELL
PATHWAY IN THE CAT: AREA I9 AND ITS AFFERENT INPUT.

A.G. Leventhal and H.V.B. Hirsch. Dept. of Anatomy, Univ. of
Utah Sch. of Med., Salt Lake City, UT 84132; Ctr. for
Neurobiology, S.U.N.Y:. at Albany, Albany, NY 12222.

We studied the receptive field properties of about 200 neurons
in area 19 of normal cats and about 200 neurons in cats deprived
of vision for 9-12 months by monocular 1id suture. In these
same animals we also studied the sizes of relay cells in the
parvocellular C laminae of the dorsal lateral geniculate nucleus
labeled by electrophoretic injections of horseradish peroxidase
into area 19.

In area 19 of normal cats, the large majority of cells,
regardless of laminar location and eccentricity, were binocular.
Most responded equally well to the two eyes.

In area 19 of monocularly deprived (MD) cats, virtually all
cells (97%), regardless of laminar location and eccentricity,
responded only to stimulation of the normal eye. Thus, the
effects of monocular deprivation upon area 19 are apparently
more severe than those reported for area 17. 1In area 17 of MD
cats, significant numbers of neurons in layer 4 can be activated
by the deprived eye. Measurements of relay cells in the
parvocellular C laminae labeled by injections into area 19 of
deprived cats indicated that cell size in the deprived C laminae
was unaffected by the deprivation even though cells in the
deprived A laminae of these cats were severely shrunken.

These findings suggest that the types of cells found in the
parvocellular C laminae (referred to collectively as W-cells)
are not affected by visual deprivation in the same way as are
the X- and Y-cells in-the A laminae. Since laminar location is
not related to binocularity in area 19 and the sizes of relay
cells projecting to area 19 are not seriously affected by
monocular deprivation, we suggest that binocular interactions in
area 19 are mainly determined by intracortical connections.

THE DEVELOPMENTAL TOPOGRAPHY OF OCULAR DOMINANCE COLUMNS 1IN THE
CAT STRIATE CORTEX. Martin S. Silverman* (SPON: Brenda Martin).
Dept. of Physiology, Univ. of California, San Francisco, CA.

Using the ”C-Z-deoxyglucose (2DG) autoradiographic technique,
we studied the developmental topography of ocular dominance (OD)
columns in the cat striate cortex. Kittens between 10 and 39
days of age and adult cats were unilaterally enucleated under
ether anesthesia. 2DG was injected 1 hr postoperatively, after
which the cats viewed the laboratory environment for 1 hr. Sub-
sequent 2DG processing Included flat mounting the cortex before
freezing, a modification that allowed almost the entire cat stri-
ate to be viewed in single tissue sections, obviating the need
for extensive montage reconstruction of autoradiographic images.

The results showed that OD columns first appear between 12 and
15 days of age adjacent to the cortical representation of the
temporal monocular . crescent for the inferior visual field
(situated at the anteroventral region of cat striate) and to the
cortical representation of the optic disk (situated in the poste-
rior region of cat striate). From 18 to 22 days of age; the OD
columnar system expands from these two regions, completely cover-
ing the striate by 35 days of age. Comparison across hemispheres
in individual cats showed that OD columns develop first and are
more apparent contralateral to the intact eye. In addition, con-
tralateral OD columns form a more confluent mesh-like pattern
whereas ipsilateral OD columns are more dot-like. In both hemi-
spheres of the adult, OD columns take a reticulated strip-like
form that is intermediate in continuity to those seen during
development. The adult patterns are seen to stream from the
monocular crescent anteriorly and the optic disk representation
in the posterior striate.

The initial formation and the final adult configuration of the
OD columns suggest that the monocular crescent and the optic disk
representations in striate act as primary initiators and organiz-
ers for the development of the OD columnar system. The monocular
crescent and the optic disk representations are uniquely monocu-
lar areas of striate. The monocular/binocular interface that
these areas both make with the adjacent binocular striate may be
important for the induction of the OD columnar system in cat
striate. (Supported by EY0014-12 and BNS 78-06171 to Russell L.
De Valois)
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BINOCULAR DEPRIVATION OR STRABISMUS. R.E. Kalil, Department of
Ophthalmology, University of Wisconsin, Madison, WI 53706

In the cat, geniculocortical afferents representing each eye
terminate in layer IV of visual cortex in patches that are
partially segregated. The development of these patches has been
studied in the normal cat (LeVay et al., J.Comp.Neur., 179, 1978)
as has the influence of monocular deprivation (Shatz and Stryker,
J.Physiol., 281, 1978). However, relatively little attention has
been paid to the effects of other forms of visual deprivation or
abnormal visual experignce.

In the present expgriments, cats were raised with binocular

‘deprivation or misalignment of the eyes. In two cats, complete

binocular deprivation was achieved by dark rearing (DR) from birth
through 36 weeks. In two other cats the 1ids of both eyes were
sutured shut (BD) at the time of eye opening. These cats were
reared for six months, receiving only.diffuse light stimulation
during this period. Ocular misalignment was produced in two cats
by cutting the lateral rectus muscle at 10 days postnatal. Both
of these animals were raised to adulthood with a pronounced con-
vergent strabismus.

Transneuronal autoradiography was used to study geniculo-
cortical projections in each animal. Fluctuations in silver grain
density, corresponding to the distribution of geniculocortical
afferents, were quantified by counting individual grains at 40X.
A1l counts were made in horizontal sections through area 17
ipsilateral to the injected eye along a distance of about 3.5 mm.
At least two sections were counted from each brain. The sections
that were selected showed most clearly a pattern of silver grains
presumed to represent ocular dominance columns. When present,
periodic fluctuations in grain density could be described by
computing a peak to trough ratio (PTR = ave. max. density : ave.
min. density for 3 cycles). For reference, autoradiographic
material from normal cats was available.

In DR and BD cats evidence for ocular dominance columns was
weak. In most sections labelling in layer IV was almost uniform
with Tittle or no fluctuation in grain density. The best PTR for
DR cats and for BD cats was about 2.0. By contrast, ocular
dominance columns in cats with convergent squint were sharply
delineated, with a best PTR of 4.8. The PTR for two normal cats
was 2.9.

In comparison with normal cats the present results show that
when binocular visual experience during development is partially
or completely eliminated, geniculocortical afferents fail to
segregate normally in area 17. Rearing with the ocular misalign-
ment, however, produces the opposite effect, namely that the
segregation of afferents representing each eye is enhanced.

(Special thanks to Mary Kay E11is for assistance)

VISUAL CORTICAL PLASTICITY: DEFICIT AFTER ACUTE, BUT NOT CHRONIC,
NORADRENERGIC DENERVATION WITH 6-HYDROXYDOPAMINE. Mark F. Bear*,
Michael A. Paradiso* and J. D. Daniels. Center for Neural
Science, Brown University, Providence, RI 02912

Kasamatsu, Pettigrew, and coworkers have reported that deple-
tion of cortical catecholamines by either intraventricular or
intracortical administration of the neurotoxin, 6-hydroxydopamine
(6-0HDA), renders visual cortex largely unresponsive to monocular
deprivation. A convenient means to reliably deplete cortical
norepinephrine (NE) is the systemic administration of 6-OHDA to
neonates. We elected to try this approach in an attempt to test
the idea that the normal noradrenergic innervation of cortex is
required for developmental plasticity.

13 kittens received intraperitoneal injections of 6-OHDA
(200 mg/kg) on postnatal days 1 and 2. Littermates served as
vehicle-injected controls. At about one month of age, the kittens
were monocularly deprived, and 10 days later, were prepared for
extracellular recording from area 17. Following the recording
session, visual cortical tissue was rapidly dissected, frozen aqd
prepared for high pressure 1liquid chromatography (HPLC). The bio-
chemistry confirmed the effectiveness of the drug treatment:
injected animals had less than 11% of control NE. However,
despite this marked depletion of NE, visual cortex responded
normally to monocular 1id closure with a fully-shifted ocular
dominance histogram. .

This result prompted us to try to repeat Kasamatsu and Petti-
grew by following their exact 6-OHDA delivery procedure. 10
kittens, normally reared to 6-8 weeks of age, were monocularly
deprived and fitted with osmotic minipumps and cannulae leading
to visual cortex. 6-OHDA (Img/ml1) was delivered to area 17 of
one hemisphere (1 ul/hr), vehicle solution to the other. Blind
recordings 7 days later, revealed that the 6-OHDA perfused hemis-
phere was much less affected by monocular deprivation than the
control. Again, biochemistry confirmed NE-depletion in the
drugged cortex.

In summary, we observe that the chronic removal of cortical NE
leaves visual cortical plasticity intact, while acute NE
depletion causes a deficit in plasticity. We conclude: first,
that some form of compensation for the Tost NE occurs in kittens
chronically depleted from birth; second, that a simple correla-
tion of NE levels with plasticity is insufficient to account for
all the developmental capabilities of kitten visual cortex.

We acknowledge the support of ONR contract N00014-81-K-0136.
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ANATOMY OF TIE KITTEN'S VISUAL SYSTEM. J. Presson and L. Gordon.
Psychology Dept., University of Oregon, Eugene, OR  97403-1227.
Among the changes that occur in the visual system of a kitten
reared with monocular lid suture are: (1) loss of responsiveness
of visual cortex cells to stimulation of the deprived eye,
(2) shrinkage of cells in the deprived laminae of the LGN,
(3) reduction in the area occupied by deprived LGN terminals in
layer IV of the visual cortex. Some investigators have suggested
that one of these changes is primary and causes the others
(Cynader and Mitchell, 1980; Cragg et al., 197€¢). If so, the
primary change should occur first and should be a prerequisite to
the others. To determine the sequence of these changes, we have
looked for each of them after relatively short term deprivation.
Kittens were deprived for 10 days beginning at 3 weeks of age,
for 10 days beginning at 5 weeks of age, or for 20 days beginning
at 8 weeks of age. Loss of responses to the deprived eye was
assessed by recording from single units in the visual cortex.
Shrinkage of LGN cells was assessed by comparing the estimated
cross sectional area of cells in the deprived and nondeprived
layers in Nissl stained sections. Reduction in the area of
layer IV occupied by deprived LGN terminals was assessed with
transneuronal autoradiography following injection of tritiated
proline into the deprived eye. After 10 days of deprivation
begun at 3 weeks of age the deprived eye was virtually unable to
drive cortical cells and the LGN cells had shrunk by 21%; however
transneuronal autoradiography showed tha<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>