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Thematic List of Sessions

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

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
408. Aging and dementia: anatomy Slide Fri PM
124.  Aging and dementia: function I Poster Wed AM
452. Aging and dementia: function II Slide Sat AM
230. Aging and dementia: molecular biology I Slide Thu AM
366. Aging and dementia: molecular biology II Poster Fri AM
316. Aging and dementia: plaques, tangles, amyloid Poster Thu PM
123. Aging and dementia: transmitters Poster Wed AM
191. Autonomic nervous system Poster Wed PM
257. Biochemical and pharmacological correlates of development I Poster Thu AM
313. Biochemical and pharmacological correlates of development II Poster Thu PM
339. Biochemical and pharmacological correlates of development III  Slide Fri AM
55. Cell lineage and differentiation I Slide Tue PM
195.  Cell lineage and differentiation II Poster Wed PM
248.  Cell lineage and differentiation III Poster Thu AM
309. Cell lineage and differentiation IV Poster Thu PM
409. Cell lineage and differentiation V Slide Fri PM
200. Development and plasticity: aging Poster Wed PM
168. Development of invertebrates I Slide Wed PM
314. Development of invertebrates II Poster Thu PM
442. Developmental disorders Poster Fri PM
192.  Endocrine control of development I Poster Wed PM
423. Endocrine control of development II Poster Fri PM
449. Hormonal Organization and Reorganization of Neural Circuits Symp. Sat AM
315. Limbic system Poster Thu PM
217. Molecular Genetic Analysis of Neuronal Development Symp. Thu AM
74. Morphogenesis and pattern formation I Poster Tue PM
308. Morphogenesis and pattern formation II Poster Thu PM
419. Motor systems Poster Fri PM
280. Neural plasticity in adult animals I Slide Thu PM
341. Neural plasticity in adult animals II Slide Fri AM
441. Neural plasticity in adult animals III Poster Fri PM
462. Neural plasticity in adult animals IV Poster Sat AM
269. Neural plasticity in adult animals: hippocampus Poster Thu AM
47. Neural plasticity in adult animals: spinal cord Poster Tue AM
7. Neuronal death I Slide Tue AM
255. Neuronal death II Poster Thu AM
220. Neurotoxicity I Slide Thu AM
258.  Neurotoxicity II Poster Thu AM
466. Neurotoxicity III Poster Sat AM
24. Neurotoxicity: MPTP and ethanol Poster Tue AM
194. Neurotoxicity: metals Poster Wed PM
193. Nutritional and prenatal factors I Poster Wed PM
416. Nutritional and prenatal factors 11 Poster Fri PM
6. Process outgrowth I Slide Tue AM
75. Process outgrowth II Poster Tue PM
130.  Process outgrowth III Poster Wed AM
337. Process outgrowth IV Slide Fri AM
413.  Process outgrowth V Poster Fri PM
414. Process outgrowth VI Poster Fri PM
104.  Process outgrowth: growth cone behavior Slide Wed AM
82. Regeneration I Poster Tue PM
291.  Regeneration II Slide Thu PM
331. Regeneration: PNS Poster Thu PM
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268. Regeneration: lower forms Poster Thu AM
383. Regeneration: optic nerve Poster Fri AM
113.  Regeneration: spinal cord I Slide Wed AM
207. Regeneration: spinal cord II Poster Wed PM
26. Sensory systems: auditory, olfactory, gustatory Poster Tue AM
25. Sensory systems: somatosensory Poster Tue AM
391.  Specificity of synaptic connections I Poster Fri AM
392. Specificity of synaptic connections II Poster Fri AM
406. Specificity of synaptic connections and synaptogenesis Slide Fri PM
48. Sprouting and sprouting mechanisms I Poster Tue AM
384. Sprouting and sprouting mechanisms II Poster Fri AM
106. Synaptogenesis I Slide Wed AM
393. Synaptogenesis II Poster Fri AM
394. Synaptogenesis III Poster Fri AM
256. Transmitter phenotypic plasticity Poster Thu AM
46. Transplantation I Poster Tue AM
81. Transplantation II Poster Tue PM
141. Transplantation III Poster Wed AM
160. Transplantation IV Slide Wed PM
219. Transplantation for movement disorders Slide Thu AM
443. Trophic agents I Poster Fri PM
444, Trophic agents II Poster Fri PM
56. Trophic agents: nerve growth factor I Slide Tue PM
142. Trophic agents: nerve growth factor II Poster Wed AM
143. Trophic agents: nerve growth factor III Poster Wed AM
152. Trophic agents: nerve growth factor IV Poster Wed AM
282. Trophic agents: nerve growth factor and others Slide Thu PM
162. Trophic interactions I Slide Wed PM
445. Trophic interactions II Poster Fri PM
446. Trophic interactions III Poster Fri PM
71.  Visual system: development and plasticity I Poster Tue PM
167. Visual system: development and plasticity II Slide Wed PM
285. Visual system: development and plasticity III Slide Thu PM
344. Visual system: development and plasticity IV Slide Fri AM
427. Visual system: development and plasticity V Poster Fri PM
468. Visual system: development and plasticity VI Poster Sat AM
Theme B: Cell Biology
Session Day and
Number Session Title Type Time
36. Axonal and intracellular transport Poster Tue AM
§52. The Basics of Molecular Biology Symp. Tue PM
212. Blood-brain barrier I Poster Wed PM
347. Blood-brain barrier II Slide Fri AM
385.  Cell surface macromolecules I Poster Fri AM
455.  Cell surface macromolecules II Slide Sat AM
465. Cellular aspects of disease I Poster Sat AM
467. Cellular aspects of disease II Poster Sat AM
15.  Gene structure and function I Slide Tue AM
154.  Gene structure and function II Poster Wed AM
240. Gene structure and function III Poster Thu AM
35. Glial Poster Tue AM
59. Glia II Slide Tue PM
330. Glia III Poster Thu PM
377. Glia IV Poster Fri AM
473. Membrane composition Poster Sat AM
107. Messenger RNA regulation I Slide Wed AM
165. Messenger RNA regulation II Slide Wed PM
302. Messenger RNA regulation III Poster Thu PM
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357. Messenger RNA regulation IV Poster Fri AM
472. Messenger RNA regulation V Poster Sat AM
182. Metabolic studies Poster Wed PM
448. New Insights into the Structure and Function of Receptors Symp. Sat AM
99. Proto-Oncogenes in the Nervous System Symp. Wed AM
158. The Role of Nectins (Cell Binding Molecules) in Neural
Development Symp. Wed PM
189. Staining and tracing techniques I Poster Wed PM
190. Staining and tracing techniques II Poster Wed PM
420. Structure and function of identified cells I Poster  Fri PM
421.  Structure and function of identified cells II Poster Fri PM
422. Structure and function of identified cells III Poster Fri PM
Theme C: Excitable Membranes and Synaptic Transmission
Session Day and
Number Session Title Type Time
29. Action potentials and ion channels I Poster Tue AM
30. Action potentials and ion channels II Poster Tue AM
31. Action potentials and ion channels III Poster Tue AM
32. Action potentials and ion channels IV Poster Tue AM
53. Action potentials and ion channels V Slide Tue PM
147. Action potentials and ion channels VI Poster Wed AM
148.  Action potentials and ion channels VII Poster Wed AM
163. Action potentials and ion channels VIII Slide Wed PM
222. Action potentials and ion channels IX Slide Thu AM
281. Action potentials and ion channels X Slide Thu PM
374. Action potentials and ion channels XI Poster Fri AM
375. Action potentials and ion channels XII Poster Fri AM
401. Action potentials and ion channels XIII Slide Fri PM
42. Drug effects on receptors I Poster Tue AM
43. Drug effects on receptors II Poster Tue AM
100. Peptide-Monoamine Interactions: From Molecular Mechanisms
to Behavior Symp. Wed AM
22. Pharmacology of synaptic transmission I Poster Tue AM
23. Pharmacology of synaptic transmission II Poster Tue AM
44. Postsynaptic mechanisms I Poster Tue AM
45. Postsynaptic mechanisms II Poster Tue AM
86. Presynaptic mechanisms I Poster Tue PM
169.  Presynaptic mechanisms II Slide Wed PM
343. Presynaptic mechanisms III Slide Fri AM
373. Presynaptic mechanisms IV Poster Fri AM
87. Synaptic structure and function I Poster Tue PM
88.  Synaptic structure and function II Poster Tue PM
Theme D: Neurotransmitters, Modulators, and Receptors
Session Day and
Number Session Title Type Time
327.  Acetylcholine: choline uptake Poster Thu PM
325.  Acetylcholine: localization Poster Thu PM
286.  Acetylcholine: metabolism I Slide Thu PM
326. Acetylcholine: metabolism II Poster Thu PM
135.  Acetylcholine: muscarinic receptors Poster Wed AM
77.  Acetylcholine: regulation Poster Tue PM
249.  Adrenergic receptors Poster Thu AM
274. Behavioral pharmacology I Poster Thu AM
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474.
476.
475.
126.
170.
371.
251.
133.
134.
226.
253.
407.
368.
369.
322.
252.
457.
197.
223.
379.
260.

51.
250.
372.
136.

58.
328.
434.
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54.
210.
432.
109.
209.
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431.
267.
266.
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161.
264.
265.
340.
213.
196.
259.
354.

221.
312.
415.
433.
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187.
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346.

Behavioral pharmacology II

Behavioral pharmacology: acetylcholine

Behavioral pharmacology: addiction

Behavioral pharmacology: cocaine

Behavioral pharmacology: dopamine

Behavioral pharmacology: dopamine and neuroleptics

Biogenic amines and receptor regulation

Biogenic amines: toxins

Catecholamines I

Catecholamines 11

Catecholamines III

Catecholamines IV

Catecholamines V

Catecholamines: MPTP

Catecholamines: anatomical studies

Catecholamines: cell culture

Catecholamines: electrophysiology

Catecholamines: metabolism and release

Characterization of cholinergic receptors I

Characterization of cholinergic receptors II

Characterization of muscarinic cholinergic receptors

Characterization of neuronal nicotinic cholinergic receptors

Chemical Architecture of the Cerebellar Cortex: Structure
and Function

Cocaine: Modulation of Monoamine Function

Cyclic nucleotides I

Cyclic nucleotides II

Dopamine receptor functions

Dopamine receptors

Dopamine receptors: ligand binding and purification

Excitatory amino acids: localization and release

Excitatory amino acids: mechanisms

Excitatory amino acids: pharmacology I

Excitatory amino acids: pharmacology II

Excitatory amino acids: phencyclidine interaction

Excitatory amino acids: receptors I

Excitatory amino acids: receptors II

Excitotoxins I

Excitotoxins II

GABA and benzodiazepine receptors: behavioral studies

GABA and benzodiazepine receptors: molecular characterization

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

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

Modulators II

Modulators III

N-methyl-D-aspartate: physiology

Neuronal Serotonin Receptors

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

Opiates, endorphins and enkephalins: anatomy and chemistry I
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471. Opiates, endorphins and enkephalins: anatomy and chemistry III Poster Sat AM
64. Opiates, endorphins and enkephalins: physiological effects I Slide Tue PM
211. Opiates, endorphins and enkephalins: physiological effects II Poster Wed PM
254. Opiates, endorphins and enkephalins: physiological effects III Poster Thu AM
278. Opiates, endorphins and enkephalins: physiological effects IV Slide Thu PM
361. Opiates, endorphins and enkephalins: physiological effects V Poster Fri AM
284. Peptide: receptors I Slide Thu PM
424. Peptide: receptors 11 Poster Fri PM
83. Peptides: anatomical localization I Poster Tue PM
273. Peptides: anatomical localization II Poster Thu AM
381. Peptides: anatomical localization III Poster Fri AM
437. Peptides: anatomical localization IV Poster Fri PM
11. Peptides: biosynthesis, metabolism and biochemical
characterization I Slide Tue AM
299. Peptides: biosynthesis, metabolism and biochemical
characterization II Poster Thu PM
355. Peptides: biosynthesis, metabolism and biochemical
characterization III Poster Fri AM
39. Peptides: opiate receptors Poster Tue AM
356. Peptides: physiological effects I Poster Fri AM
362. Peptides: physiological effects II Poster Fri AM
402. Peptides: physiological effects III Slide Fri PM
463. Peptides: physiological effects IV Poster Sat AM
155. Peptides: receptors Poster Wed AM
118. Peptides: substance P receptors Poster Wed AM
61. Receptor regulation I Slide Tue PM
201.  Receptor regulation II Poster Wed PM
202. Receptor regulation: cholinergic Poster Wed PM
324. Receptor regulation: neuropeptides Poster Thu PM
198. Regional localization of receptors and transmitters I Poster Wed PM
311. Regional localization of receptors and transmitters II Poster Thu PM
358. Regional localization of receptors and transmitters III Poster Fri AM
461. Regional localization of receptors and transmitters IV Poster Sat AM
342. Serotonin Slide Fri AM
458. Serotonin and biogenic amines Poster Sat AM
323. Serotonin receptors: radioligand binding studies Poster Thu PM
370. Serotonin: behavioral and physiological effects Poster Fri AM
459. Serotonin: electrophysiological studies Poster Sat AM
94. Serotonin: functional studies I Poster Tue PM
224. Serotonin: functional studies II Slide Thu AM
335. Stimulant-Induced Sensitization — Behavior and Pharmacology Symp. Fri AM
66. Transmitters and receptors in disease I Slide Tue PM
156. Transmitters and receptors in disease II Poster Wed AM
300. Transmitters and receptors in disease III Poster Thu PM
412. Transmitters and receptors in disease IV Poster Fri PM
453. Transmitters and receptors in disease V Slide Sat AM
16. Transmitters in invertebrates I Slide Tue AM
70. Transmitters in invertebrates II Poster Tue PM
298. Transmitters in invertebrates III Poster Thu PM
349. Transmitters in invertebrates IV Slide Fri AM
Theme E: Endocrine and Autonomic Regulation
Session Day and
Number Session Title Type Time
79. Cardiovascular regulation: CNS pathways I Poster Tue PM
80. Cardiovascular regulation: CNS pathways II Poster Tue PM
227. Cardiovascular regulation: CNS pathways III Slide Thu AM
288. Cardiovascular regulation: CNS pathways IV Slide Thu PM
345. Cardiovascular regulation: CNS pathways V Slide Fri AM
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205. Cardiovascular regulation: heart, blood flow, nerves Poster Wed PM

206. Cardiovascular regulation: hypertension Poster Wed PM
336. A Heart-Brain Peptide: The Atrial Natriuretic Factor Symp. Fri AM
380. Neural control of immune system I Poster Fri AM
400. Neural control of immune system II Slide Fri PM
438. Neural control of immune system III Poster Fri PM
115. Neuroendocrine controls: other I Poster Wed AM
306. Neuroendocrine controls: other II Poster Thu PM
450. Neuroendocrine controls: other III Slide Sat AM
10. Neuroendocrine controls: pituitary I Slide Tue AM
60. Neuroendocrine controls: pituitary II Slide Tue PM
119. Neuroendocrine controls: pituitary III Poster Wed AM
186. Neuroendocrine controls: pituitary IV Poster Wed PM
233. Neuroendocrine controls: pituitary V Poster Thu AM
301. Neuroendocrine controls: pituitary VI Poster Thu PM
378. Neuroendocrine controls: pituitary VII Poster Fri AM
425. Neuroendocrine controls: pituitary VIII Poster Fri PM
276. Neuropeptides/Neural Systems in Fever, Inflammation and
Immune Responses Symp. Thu PM
78. Regulation of autonomic function I Poster Tue PM
110. Regulation of autonomic function II Slide Wed AM
203. Regulation of autonomic function III Poster Wed PM
204. Regulation of autonomic function IV Poster Wed PM
439. Respiratory regulation I Poster  Fri PM
456. Respiratory regulation II Slide Sat AM
4. Visceral Afferents: Signaling and Integration Wksh. Tue AM

Theme F: Sensory Systems

Session Day and
Number Session Title Type Time
17.  Auditory system I Slide Tue AM
89. Auditory system II Poster Tue PM
90. Auditory system III Poster Tue PM
91. Auditory system IV Poster Tue PM
149.  Auditory system V Poster Wed AM
150. Auditory system VI Poster Wed AM
151.  Auditory system VII Poster Wed AM
350. Auditory system VIII Slide Fri AM
410. Auditory system IX Slide Fri PM
102.  Chemical sensory systems I Slide Wed AM
387. Chemical sensory systems II Poster Fri AM
388. Chemical sensory systems III Poster Fri AM
389. Chemical sensory systems IV Poster Fri AM
218. Information Processing in the Macaque Retina Wksh. Thu AM
40. Invertebrate sensory processing I Poster Tue AM
41. Invertebrate sensory processing II Poster Tue AM
33. Pain modulation I Poster Tue AM
84. Pain modulation II Poster Tue PM
272. Pain modulation III Poster Thu AM
283. Pain modulation IV Slide Thu PM
440. Pain modulation V Poster Fri PM
34. Pain: central pathways I Poster Tue AM
164.  Pain: central pathways II Slide Wed PM
329. Pain: central pathways IV Poster Thu PM
386. Photoreceptors Poster Fri AM
12.  Retina I Slide Tue AM
108. Retina II Slide Wed AM
293. Retina III Poster Thu PM
294. Retina IV Poster Thu PM
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360. Retina V Poster Fri AM
57. Somatic afferents I Slide Tue PM
214. Somatic afferents II Poster Wed PM
73.  Somatosensory cortex and thalamocortical relationships I Poster Tue PM
131.  Somatosensory cortex and thalamocortical relationships 11 Poster Wed AM
132.  Somatosensory cortex and thalamocortical relationships I1I Poster Wed AM
144. Spinal cord I Poster Wed AM
382. Spinal cord II Poster Fri AM
271.  Subcortical somatosensory pathways Poster Thu AM
145.  Subcortical somatosensory pathways: trigeminal Poster Wed AM
62. Subcortical visual pathways I Slide Tue PM
122.  Subcortical visual pathways II Poster Wed AM
241.  Subcortical visual pathways III Poster Thu AM
399. Subcortical visual pathways IV Slide Fri PM
5.  Visual cortex I Slide Tue AM
101.  Visual cortex II Slide Wed AM
177.  Visual cortex III Poster Wed PM
178.  Visual cortex IV Poster Wed PM
292. Visual cortex V Poster Thu PM
404. Visual cortex VI Slide Fri PM
451.  Visual cortex VII Slide Sat AM
Theme G: Motor Systems and Sensorimotor Integration
Session Day and
Number Session Title Type Time
13. Basal ganglia I Slide Tue AM
376. Basal ganglia II Poster Fri AM
435. Basal ganglia III Poster Fri PM
436. Basal ganglia IV Poster Fri PM
270. Basal ganglia: electrophysiology and behavior Poster Thu AM
231.  Circuitry and pattern generation I Slide Thu AM
428. Circuitry and pattern generation II Poster Fri PM
8. Control of posture and movement I Slide Tue AM
95. Control of posture and movement 11 Poster Tue PM
96. Control of posture and movement III Poster Tue PM
105. Control of posture and movement IV Slide Wed AM
199. Control of posture and movement V Poster Wed PM
244. Control of posture and movement VI Poster Thu AM
321. Control of posture and movement VII Poster Thu PM
72.  Cortex: motor cortex I Poster Tue PM
188‘. Cortex: motor cortex II Poster Wed PM
304. Cortex: prefrontal and premotor areas Poster Thu PM
117. Disorders of motor systems and neural prostheses I Poster Wed AM
470. Disorders of motor systems and neural prostheses 11 Poster Sat AM
295. Invertebrate motor function Poster Thu PM
69. Motor systems and sensorimotor integration: cerebellum I Poster Tue PM
171. Motor systems and sensorimotor integration: cerebellum II Slide Wed PM
351. Motor systems and sensorimotor integration: cerebellum IIT Poster Fri AM
49. Motor systems and sensorimotor integration: oculomotor
system I Poster Tue AM
112. Motor systems and sensorimotor integration: oculomotor
system II Slide Wed AM
303. Motor systems and sensorimotor integration: oculomotor
system III Poster Thu PM
179. Motor systems and sensorimotor integration: vestibular
system I Poster Wed PM
338. Motor systems and sensorimotor integration: vestibular
system II Slide Fri AM
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363. Motor systems and sensorimotor integration: vestibular
system III Poster Fri AM
332. Muscle I Poster Thu PM
333. Muscle II Poster Thu PM
296. Reflex function I Poster Thu PM
426. Reflex function II Poster Fri PM
21. Spinal cord and brainstem I Poster Tue AM
232. Spinal cord and brainstem II Slide Thu AM
239. Spinal cord and brainstem III Poster Thu AM
469. Spinal cord and brainstem IV Poster Sat AM
Theme H: Structure and Function of the CNS
Session Day and
Number Session Title Type Time
247. Amygdala and limbic cortex Poster Thu AM
125. Basal forebrain and cholinergic pathways Poster Wed AM
37. Brain metabolism I Poster Tue AM
228. Brain metabolism II Slide Thu AM
390. Brain metabolism III Poster Fri AM
454. Brain metabolism IV Slide Sat AM
352. Clinical CNS neurophysiology I Poster Fri AM
353. Clinical CNS neurophysiology II Poster Fri AM
85. Comparative neuroanatomy: amphibians, reptiles and birds Poster Tue PM
38. Comparative neuroanatomy: fish and below Poster Tue AM
146. Comparative neuroanatomy: mammals, etc. Poster Wed AM
137. Diseases of the nervous system I Poster Wed AM
138. Diseases of the nervous system II Poster Wed AM
418. Diseases of the nervous system III Poster Fri PM
403. Diseases of the nervous system: ischemia and Parkinson’s disease  Slide Fri PM
417. Diseases of the nervous system: ischemic injury Poster Fri PM
348. Diseases of the nervous system: viral and traumatic injury
to CNS Slide Fri AM
103.  Epilepsy I Slide Wed AM
318. Epilepsy II Poster Thu PM
317. Epilepsy: brain slices Poster Thu PM
261. Epilepsy: human and genetic models Poster Thu AM
262. Epilepsy: kindling Poster Thu AM
367. Hippocampus Poster Fri AM
319. Hypothalamus Poster Thu PM
397. New Directions in Mammalian CNS in vitro: Beyond the Slice Wksh. Fri PM
159. Structural Computer Simulations in Developmental and
Systems Neurobiology Symp. Wed PM
Theme I: Neural Basis of Behavior
Session Day and
Number Session Title Type Time
93.  Alcohol and barbiturates I Poster Tue PM
139.  Alcohol and barbiturates 11 Poster Wed AM
140.  Alcohol and barbiturates III Poster Wed AM
19. Biological rhythms I Poster Tue AM
65. Biological rhythms II Slide Tue PM
120. Biological rhythms III Poster Wed AM
172. Biological rhythms IV Slide Wed PM
242. Biological rhythms V Poster Thu AM
290. Biological rhythms VI Slide Thu PM
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TUESDAY AM

WORKSHOP/SYMPOSIUM/WORKSHOP

WORKSHOP: VISCERAL AFFERENTS: SIGNALING AND INTEGRATION. M. Kalia.
Thomas Jefferson Univ. (Chairperson), and L. Kruger, UCLA (Chairperson), K. Fuxe,
Karolinska Inst. (Sweden), A.R. Light, Univ. North Carolina, W.C. deGroat, Univ. Pittsburgh,
G.F. Gebhart, Univ. Iowa, C. Sternini, UCLA, M. Kalia, Thomas Jefferson Univ., D.A.
Ruggiero, Comell Univ. Med. Ctr.
Recent lop in the y of visceral and somatic afferents have provided new
msnghls mw l.heu' central organization and patterns of discharge. These studies have utilized
to ine functional and morphological aspects of visceral and
somatic afferems Such an approach is of great value in understanding sensorimotor coordination.
Investigators working on central projections of visceral and somatic afferents have seldom
directed their attention to addressing issues that are common to both sensory systems. The main
aim of this workshop is to bring together neurobiologists working on central projections of
visceral and somatic afferent projections so that current knowledge of these two sensory systems
can be compared.
Dr. Kruger will introduce the symposium by providing a general overview of somatic and
visceral afferents. Similarities and differences between these systems will be discussed in broad
- terms. Dr. Fuxe will lay the gi for sut talks by p ing the neuroch
of peptidergic and monoaminergic neurons in the medulla and spinal cord where primary vnsceml
and somatic afferents are known to terminate. The question of coexistence between monoamines
and peptides (NPY) will be add: d for both medulla and spinal cord. The distribution of
these putative neurotransmitters in relation to specific cytoarchitectonically distinct regions of the
central nervous system will be described. Dr. Light will discuss similarities and differences
between primary afferent innervation by somatic vs. visceral afferents. He will describe the
distribution and synaptology of somatic nociceptive primary afferents in the trigeminal nuclei and
spinal cord based on data dcnved from single unit recording coupled with intraaxonal and
mt.racclltdar stalmng wu.h h P idase and other 1 tracers. Recent results on the
of lati neurons by muscle and visceral afferent inputs will also be
presented. Dr. deGroat will review the anatomical and physiological properties of afferent
pathways from pelvic viscera. He will focus on the examination of receptive fields of thesc

hint,

visceral aff their termi and p g of their mputs in the lumbosacral spinal cord,
as well as the colocalization of peptidergic neurotransmmers in visceral afferent neurons. Dr.
Gebhart will present the results of el physiological studies ining responses of spinal

neurons in the thoracolumbar and lumbosacral spinal cord following colorectal distension.
Chamctenuuon of these spinal neurons was also done with respect to converging receptive fields,
rostral proj and ch itivity to intraarterial injections of bradykinin. The responscs of
these neurons in relation to sensations such as nociception will be discussed. Dr. Sternini will
focus her presentation on an analysis of afferent innervation of the emenc nervous system with
particular emphasis on the distribution of spinal afferent fibers lated
peptide and substance P immunoreactivity in the stomach and pancreas and their penkarya in
dorsal root ganglia. Dr. Kalia will present ultrastructural analyses of the central terminals of
primary pul y afferents, originating from slowly and rapidly adapting receptors and compare
this data on visceral afferents with results derived from Dr. Light’s work on somatic afferents.
Dr. Ruggiero will focus his presentation on cardiovascular afferents. He will present data
relating to the followmg anatomical substrates underlying tonic and reflex control of arterial blood

the ibdivisions of the nucleus of the tractus solitarius, dorsal hom of
spinal cord, brain stem cholmerglc neurons and bulbospinal projections from the rostral
ventrolateral medulla to the intermediolateral cell column of the spinal cord.

WORKSHOP: CHEMICAL ARCHITECTURE OF THE CEREBELLAR CORTEX:
STRUCTURE AND FUNCTION. J.S. King The Ohio State Univ.
(Chairperson) E. Mugnaini, Univ. of Connecticut, A.J. Beitz, Univ.
of Minnesota, N.H. Barmack, Good Samaritan Hospital,
Strahlendorf, Texas Tech. Univ.

The neuronal circuitry of the cerebellum, as defined by
anatomical and physiological techniques, has been well
characterized. The cerebellar cortex is generally described as a
uniformly layered structure in which the neural components are
organized in a repetitive geometric arrangement. Recent studies
of the intrinsic circuits and afferent systems have utilized
immunohistochemistry and the iontophoretic application of putative
neurotransmitters to provide new insights into cerebellar
structure and function. Dr. Mugnaini will show that most, if not
all, Purkinje cells, stellate/basket cells, and Golgi cells are
GABAergic. In addition, glycine and several neuropeptides can be
localized in certain cerebellar inhibitory neurons. The notion
that the cerebellar nuclear outflow is exclusively excitatory is
no longer tenable. Apparently most, if not all, small and a few
medium-size nerve cells are GABAergic projection neurons. Dr.
King will describe a differential distribution of enkephalin,
cholecystokinin and corticotropin releasing factor within distinct
populations of climbing fibers, mossy fibers, and/or a beaded
plexus of axons located at the Purkinje cell-granule cell border.
These data indicate that classic cerebellar afferent systems are
chemically heterogeneous. Dr. Beitz will discuss the localization
of two putative excitatory amino acid transmitters, glutamate
within pontocerebellar and trigeminocerebellar projections and
aspartate within the olivocerebellar projection. In addition, the
localization of glutamate-like and aspartate-like
immunoreactivities to certain populations of granule cells in the
cerebellar cortex will be described. Finally, the localization of
the amino acid taurine and its synthesizing enzyme, cysteine
sulfinate decarboxylase, in certain Purkinje cells and Golgi cells
will be considered. Dr. Barmack will describe cholinergic mossy
fiber projections; monoclonal and polyclonal antibodies to the
cholinergic synthesizing enzyme, choline acetyltransferase have
been used in this study. The importance of this cholinergic
projection in visual-vestibular interactions will be discussed.
Dr. Strahlendorf will discuss the direct and modulatory actions of
serotonin on Purkinje cells. Direct effects are pentobarbital-
sensitive and dependent on the firing rates of these cells.
Modulatory actions include attenuation of glutamate-elicited
excitation, and augmentation of inhibitory effects of GABA
mimetics at GABA and GABA, receptors. The predominant action of
serotonin appears to be mogulatory, serving to suppress Purkinje
cell activity by interacting with endogenous inhibitory and
excitatory processes within the cortex.

SYMPOSIUM. A NEURAL SYSTEMS APPROACH TO THE ANALYSIS OF FEAR AND
ANXIETY. M. Davis, Yale Univ. (Chairperson); R.F. Thompson
(Stanford Univ.), P.G. Henke (St. Francis Xavier Univ.), B.S. Kapp
(Univ. of Vermont), J.E. LeDoux (Cornell Univ. Med. Ctr.), I.S
Gray. (Loyola Med. Ctr.).

Over the last several years a great deal of new, compelling, and
highly consistent data have shown that the central nucleus of the
amygdala along with its direct connections to hypothalamic and
brainstem target areas appears to form a crucial component of a
central fear system in a variety of animal species. Electrical
stimulation of the central nucleus of the amygdalaelicits apattern
of changes in blood pressure, gastric ulceration, respiration,
heart rate, and ongoing motor and reflex behavior that normally
occur during fear and anxiety. In fact, this pattern of behavioral
changes is typically used to define the presence of generalized
anxiety clinically, and many of the individual components listed
above form the basis of various animal models that are used to study
anxiolytic drugs (e.g., cessation of ongoing bar-pressing in the
operant conflict test). Electrolytic or chemical lesions of cell
bodies in the amygdala prevent stressful or conditioned fear stimuli
from producing this pattern of behavioral changes. Local infusionof
different psychoactive compounds into specific nuclei within the
amygdala produce anxiolytic effects inseveral different behavioral
tests of anxiety. Electrophysiological studies show that aversive
or conditioned fear stimuli preferentially alter single unit
activity in the amygdala. With the advent of sensitive and selective
anterograde and retrograde anatomical tracing techniques it has
become possible to delineate efferent pathways and specific target
areas of the amygdala that might mediate each of the various symptoms
seen in fear and anxiety. Data from several laboratories have now
shown that direct connections from the central nucleus of the
amygdala to specific target areas mediate specific symptoms of fear.
Thus projections to the hypothalamus and dorsal motor nucleus of the
vagus mediate changes in blood pressure and heart rate. Projections
to the parabrachial nucleus may mediate changes in respiration.
Projections to the central grey and pontine reticular formation are
critical for freezing and increased startle, respectively. New
assay techniques have 'shown that these efferent projectionsutilize
one or several different neurotransmitters, including several
peptides which are known to be abundant in the amygdala. Taken
together, the data indicate that the central nucleus of the amygdala
and its direct projections to the hypothalamus and brain stem
comprise a critical neural substrate of fear. This conclusionhas
been reached using anatomical, behavioral, physiological and
pharmacological approaches and will ultimately have considerable
impact on the design of more selective anxiolytic drugs.

* Indicates nonmember of the Society for Neuroscience

PO Indicates abstracts that are published only
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IN VIVO DEMONSTRATION OF PRESUMPTIVE BLOB AND INTERBLOB
REGIONS BY MANIPULATION OF STIMULUS SPATIAL FREQUENCY IN
MACAQUE STRIATE CORTEX. Roger B. H. Tootell and Gary G. Blasdel. Dept.
Med. Physiol., Calgary Sch. Med., Calgary, Alberta, Canada, T2N4N1.

Previous studies in macaque striate cortex have demonstrated a horizontal segregation
in the responsiveness of cortical neurons to achromatic, sinusoidal gratings of high vs.
low spatial frequency (Tootell et al, submitted). The anatomical segregation appears so
far to be binary, with some regions preferring high spatial frequencies and others prefer-
ring low spatial frequencies. In layers 2 + 3, regions tuned to low spatial frequency
correlate with the blobs revealed by cytochrome oxidase staining, and regions tuned to
high spatial frequency correlate with the interblob regions. This anatomical segregation
also extends beyond layers 2 + 3, vertically through cortex. In layers 4B, S and 6
where the blobs are faint or absent, patchy deoxyglucose patterns are produced in
response to high vs. low spatial frequency gratings which are in vertical registration
with those seen in the upper layers.

Given these previous deoxyglucose results, and the availability of optical techniques
for visualizing cortical activity in vivo (Blasdel and Salama, 1986), we decided to try to
visualize the cytochrome oxidase blobs in vivo by manipulating stimulus spatial fre-
quency. Such a demonstration would be useful for a number of reasons. It would allow
deliberate introduction of microelectrodes, tracers, etc. into blob and interblob areas, it
would permit correlations of blob position to other anatomical organizations in optical
studies, and it would function as a further test of the deoxyglucose findings related to
spatial frequency.

In these experiments, paralyzed, anesthetized macaques were prepared as for single
unit recording, with both eyes converged and focused on a stimulus display screen. The
dye NK 2367 was superfused over parafoveal striate cortex via a recording chamber
implanted earlier, and illuminated with light of 720 nm. A television camera recorded
changes in absorbance of the dye in response to achromatic, sinusoidal gratings of
exther low (0.5-1.5 c/deg) or high (6.5 c/deg) spatial frequency. For each orientation (in
45° steps), the absorbance topography produced by the low spatial frequency was sub-
tracted from that produced by the high spatial frequency grating.

At each orientation, this difference topography showed patches which looked like
thinner versions of orientation columns, spaced regularly over striate cortex. Control
comparisons of high-minus-high (or low-minus-low) spatial frequency gratings pro-
duced no periodicities in the absorbance topographies within the same area. The sum of
topographies from all high-minus-low comparisons, at all orientations, produced a com-
posite topography which strongly resembled that produced by deoxyglucose uptake in
response to high spatial frequency gratings at all orientations: a repetive annular pat-
tern, as if all the interblob area was labelled. The "holes" in the annulae (the areas
absorbing most light in response to low spatial frequencies; the presumptive blobs) lay
in the center of the ocular dominance strips, when the strips were produced by dye
manipulations in the same piece of tissue. The similarity of these patterns to those seen
earlier in deoxyglucose studies strongly suggest that the presumptive blobs seen in this
study correspond to the blobs revealed by cytochrome oxidase staining post mortem.

These dye results also support the idea of a segregation of cells according to peak spa-
tial frequency tuning in the blob vs. interblob regions of primate striate cortex. Sup-
ported by NRSA 5F32 EY05786.

ORGANIZATION AND CONNECTIVITY OF
CYTOCHROME OXIDASE-RICH PATCHES OF MONKEY STRIATE CORTEX.
D.Y. Ts'o, C.D. Gilbert, and T.N. Wiesel. Laboratory cf
Neurobiology, The Rockefeller University, NY, NY 10021

We have been studying the functional organization, receptive
field properties and connectivity of color-selective cells found
in the cytochrome oxidase-rich blcb regions of the monkey striate
cortex. Using multiple <closely spaced penetrations into
individual blob regions, we have previously shown that an
individual blob seems to be dedicated to one color opponency
system, either red/green or blue/yellow. In the present study, we
examined the cells of layer 4C directly underneath blob regions to
reveal relationships between the functional specificity of the
cells in the two layers. Electrode penetrations first entered
into blob regions and the functional properties of the blob cells
were characterized. The electrode was advanced through a layer of
oriented, non-color selective cells in layer 4B and then to layer
4C, where cells had monocular, unoriented, concentric receptive
fields that were often color selective. In most cases (94%), the
color opponency of the cells in layer 4C was identical to the blob
cells found more superficially in the same penetration. These
findings are consistent with idea that color-selective layer 4c
cells contribute input to layer 2+3 blob cells with matching colocr
selectivity. In addition, a few penetrations beginning in the
superficial layer blobs and extending into layer 4C did not
encounter oriented non-color selective cells in layer 4E. but
instead encountered a continuous column of blob-like (unori::
often  color-selective, monocular)  cells. Closely

COLOR-SPECIFIC  CELLS IN

of layer 4B. These penetrations suggest that there may e
narrow columns of blob-like cells, perhaps centered in the
of blobs, that span from layer 2+3 to layer 4C.

We have also done a preliminary study on the connectivity
between color-selective blob cells and color-selective criented
cells. Using cross-correlation analysis between recorcings from
two electrodes, we have observed correlated firing between color-
selective unoriented blob cells and oriented cells with matched
color selectivity. The correlations reflect both monosynaptic and
common input connectivity. The blob cells involved in these
correlations had either Type I (color opponent center surround) or
modified Type II (center color opponent with surround antagonism).
No correlations between blob cells and oriented cells of different
color selectivity have been found. These results suggest that
color-selective unoriented blob cells may contribute to tre
construction of color-selective oriented fields in the monkey
striate cortex.

(Supported by grants EY05253,

BNS9318794 and BNS8351738.)

5.2 STUDIES OF ORIENTATION AND MOTION SELECTIVITY IN MONKEY

5.4

STRIATE CORTEX USING OPTICAL TECHNIQUES. Gary G. Blasdel and_
Roger B.H. Tootell. Department of Medical Physxology, University of Calgary,
algary, Alberta, Canada.

We used optlcal techniques based on video imaging technology and the voltage
sensitive dye NK2367 to analyze the functional anatomy of orientation and motion
selectivity in monkey striate cortex (macaca Nemestrina). Previous work asing this
approach (Blasdel and Salama, 1986) revealed a close relationship between the
continuity of orientation mapping and the centres of ocular dominance columns:
orientation shifts most continuously in patches of cortex that lie between O.D.
column centres. Further analysis of this organization reveals that regions of
greatest orientation continuity coincide with regions displaying the greatest
selectivity for orientation. Since the boundaries of these regions, where orientation
selectivity is much weaker, lie at the centres of ocular dominance columns, they
include cytochrome oxidase blobs, the cells of which have been shown previously
(Livingston and Hubel, 1984) to lack orientation selectivity. There is also the
suggestion, from our optical data as well as from results achieved with 2-
deoxyGlucose, that some of the observed differences in orientational selectivity
may derive from differences in the absolute responsiveness of different regions of
cortex to elongated black/white edges.

Since it is conceivable that end-stopped inhibition plays some role in the
observed differences in responsiveness we assessed the effect of edge length on
orientation preference and tuning by comparing patterns of activity generated by
moving black and white edges with those generated by a field of random white dots
(2% density with each dot subtending 0.1 degree of visual angle) moving uniformly
in the same direction. Although the results of this comparison proved inconclusive
with respect to our original question - effects on responsiveness and orientation
tuning - they nevertheless revealed a surprising and robust difference in the
direction of preferred movement for each of the two patterns. Maps of
orientation/movement selectivity generated by moving fields of elongated edges
(oriented perpendicular to the direction of motion) and random dots appear
strikingly similar if the motional direction for one is rotated by 90 degrees. A
cortical region responding best to the horizontal movement of black and white bars,
for example, responds best to random dots moving vertically. And similar
differences are apparent for all other possible orientations and directions of
movement.

One possible explanation for this finding is that it derives from orthogonal
direction selectivities for separate but co-mingling populations of neurons - one
responsive to elongated edges, the other to dots. Alternatively, it could derive from
some intrinsic property of all or most cortical cells - some property that causes them
to prefer different directions of movement for different classes of stimuli.
Preliminary studies, using micro-electrodes, of well isolated, single cells support
the second possibility. All cells isolated to date, that responded well to elongated
edges, also responded well to fields of moving random dots and preferred radically

different (usually orthogonal) directions of movement for each.

Supported by EY06586-02

COMPARATIVE STUDIES OF THE COLOR CELLS IN LAYER IVC
AND IN THE BLOBS OF THE MONKEY'S STRIATE CORTEX.
Charles R. Michael, Dept. of Cellular and Molecular
Physiology, Yale University School of Medicine, 333
Cedar St., New Haven, CT. 06510.

Long, oblique tungsten electrode tracks were made
through the monkey's striate cortex to examine the
relationship of the double opponent color cells in

layer IVC to the neurons in the cytochrome oxidase
blobs aners IITI and II. Small lesions marked the
clusters of color cells in IVC cytochrome oxidase

(CO) stain revealed the blobs. The clusters were in
register with the overlying blob pattern. As with the
blobs, the cells within each color cluster were
confined to a single ocular dominance column. When two
oblique electrode tracks were made successively in the
same plane through the same region of cortex, one in

layer II/III and the other in 1IVC, the color
properties of the blob cells were relaged to those of
the cells in the clusters directly underneath them.

The vertical blob/cluster pairs contained cells which
shared the same chromatic organization, e.g. red on,
green off center double opponents. Some blobs appeared
to be entirely color specific while others apparently
contained a mixture of color types. Oriented color
cells were generally confined to the immediate area
around the blobs but sometimes they formed bridges
between adjacent blobs.

Intracellular recordings were made
opponent color spiny stellate cells in IVC_ with
micropipette electrodes filled with horsgradlsh
peroxidase (HRP). A double stain procedure for CO and
HRP revealed that the axons of these cells terminated
in the blobs. An axon arborized in the blob directly
above its cell beody. The terminals were confined
within the blob. Sometimes an axon branched to end in
two adjacent blobs which were probably in the same
ocular dominance column. The contrast-sensitive cells
in 1IVC, were also spiny stellate cells. Their axons
pro:ectgd to layer III where they terminated in single
interblob regions, spanning the boundary between two
adjacent ocular dominance columns. Their arborizations
sometimes extended into the blobs. These specific
projection patterns indicate that the properties of the
color cells in the blobs are influenced by the inputs
from the spiny stellate double opponent cells in Ivey.
Supported by NIH Grant EY 00568.

from double
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5.7

ANTIBODY CAT-301. S. Hockfield and R.B.H. Tootell. ection of
Neuroanatomy, Yale Univ. Sch. Med., New Haven, CT and "Dept. of
Neurobiology, Harvard Sch. Med., Boston, MA.

Monoclonal antibody Cat-301 recognizes a surface~associated
antigen on a subset of neurons in the mammalian CNS. Previously
we have shown that in monkey cortical area V1 (area 17) patches
of Cat-301 positive neurons line up to form rows that are in
vertical register with the center of the ocular dominance stripes
(Hockfield, et al, CSH Symp. Quant. Biol. 48:877). Cat-301 also
demonstrates a substructure in monkey area V2 (area 18), as
antibody positive neurons lie predominantly within the thick
strips demonstrated with cytochrome oxidase histochemistry
(DeYoe, et al, this volume). Conservation of antigens through
evolution potentially allows reagents like Cat-30l to be used to
analyze the organization of human cortical areas where
electrophysiological and tracing techniques can not be employed.

In an effort to study the organization of human striate and
extrastriate visual cortex, the occipital third of human
post-mortem brains was flattened, sectioned tangential to the
pial surface and stained immunohistochemically for Cat-301. The
subcellular localization of the Cat-30l antigen in human was
identical to that previously described in cat and monkey, on the
surface of cell bodies and proximal dendrites. Throughout the
human cortex, Cat-301 recognizes only a subset of neurons. In
area V1, antibody positive neurons are found in layers IV and VI.
In flattened, tangentially cut sections, antibody positive cells
lie in patches that form rows across the area. The rows of
Cat-301 neurons show a periodicity of lmm within an area
approximately 4cm in width. At the border of V1, a continuous
line of Cat-301 positive cells is found, marking the boundary
between V1 and V2. In V2, Cat-301 recognizes cells that form
broad strips, approximately l1-2mm in width, separated by gaps of
4-6mm. These antibody-demonstrated strips in the human are
likely to represent the thick cytochrome oxidase positive strips
in monkey that have been demonstrated to contain Cat-301 neurons
and neurons that project to area MT.

These studies demonstrate an organization of human cortical
areas V1 and V2 that is analogous to the organization previously
demonstrated in monkey. The functional properties of the human
areas are likely to be related to, if not identical to, the
properties of the monkey areas.

Supported by grants EY-06511 (S.H.), the Klingstein Foundation
(S.H.) and EY-05786 (R.B.H.T.)

SUBPOPULATIONS OF AXONS FROM AREA V1 TO V2 IN MACAQUE MONKEY,
VISUALIZED BY PHASEOLUS VULGARIS (PHA). K.S. Rockland. Eye
Research Inst. of the Retina Foundation, Boston, MA. 02114,

In macaque monkey, the connections from area V1 to V2 (or
area 17 to 18) terminate in and around layer 4. This information
is based on bulk injections of 3H-amino acids or HRP into area V1,
with subsequent orthograde transport to area V2. No data are
currently available, however, concerning the exact geometric con-
figuration of individual cortical axons from V1 to V2: what is
their lateral spread? is there any sublaminar stratification, such
as described for geniculocortical terminations in V1? To address
these questions, we have injected the orthograde tracer PHA in
area V1 of 3 monkeys. This technique can produce a Golgi-like
delineation of axons issuing from the injected area (V1 in this
case). To date, we have evidence for 4 morphologically distinct
types of cortical axons terminating in V2. The most common con-
figuration (5 out of 12 reconstructed profiles) is a horizontally
oriented profile, traveling 600u obliquely through the deeper
cortical layers, bifurcating in layer 5, and then sending 2
daughter branches mainly to layer 4. In layer 4, these 2 branches
overlap to some extent. They have a lateral spread of 350u, and
are sparsely studded with both spines and beads. Two other
distinct axonal profiles are associated with layer 4: one is
characterized by strikingly parallel main branches, which run
along the 3C/4 and 4/5A boundaries for 350u. Delicate sprays
sparsely studded with spines dip about 30u into layer 4 from each
branch. Another profile terminates in both layers 3 and 4, in a
compact, bushlike shape, forming a cylinder of 400u diameter.
Unlike the previous two types, this is densely studded with grape-
like appendages. A fourth category has a parent trunk rising 600u
obliquely from the white matter, which bifurcates in layer 5, and
sends 2 daughter branches selectively to layer 3. In layer 3,
these have separate terminal arborizations (100u across), with a
center-to-center spacing of 300u. This spacing is reminiscent of
autoradiographically demonstrated periodic peaks of label in
layer 3. Interestingly, these PHA-delineated axons have lateral
spreads of 350-400u in layer 4. This is one-half or one-third the
width reported for different cytochrome oxidase (CO) compartments
in area V2. This dimensional discrepancy may support other
evidence suggesting the existence of tangential subdivisions
within CO compartments. Whether these 4 axonal types can be
associated with specific CO compartments in V2 is still under
investigation. Preliminary results suggest that at least 2 occur
in projection zones associated with all 3 CO compartments. These
results emphasize the likelihood of precise stratification within
the middle, input layers of V2, and suggest that each of the
physiologically identified functional "streams" may be built-up
from anatomically diverse cortical connections. (EY07058)

5.6

5.8

CONNECTIONS OF MODULAR SUBDIVISIONS OF CORTICAL VISUAL
AREAS 17 AND 18 WITH THE MIDDLE TEMPORAL AREA, MT, IN
SQUIRREL MONKEYS, L. A. Krubitzer and J. H. Kaas. Vanderbilt
University, Department of Psychology Nashville, TN 37240.

Modern methods for revealing patterns of connections have the
potential for defining aspects of modular organization within areas of
cortex, and suggesting functional roles for such modules. In the
present study, small, single injections of wheat germ agglutinin
conjugated with horseradish peroxidase (WGA-HRP) were injected in the
middle temporal visual area (MT) of four squirrel monkeys, Saimiri
sciureus. The cortex was removed, flattened, and cut parallel to the
surface in order to reveal surface-view patterns of connections. Sets
of alternate sections were processed for HRP, cytochrome oxidase (CO),
or myelin. The CO and myelin sections identified the borders of areas
17, 18, and MT, and revealed CO-dense bands alternating with CO-light
(and myelin dense) interbands in area 18. The injections were
restricted to portions of myeloarchitectonically defined MT. In each
case only portions of areas 17 and 18 contained labeled neurons and
terminals. The label in area 17 was concentrated in several short,
closely spaced, meandering rows (columns). Since area 17 is subdivided
into systematic arrays of orientation sclective neurons, and area MT is
similarly subdivided into arrays of direction selective neurons, a logical
interpretation of the connection pattern is that given direction
selective columns in MT receive inputs from a limited number (4-6) of
matched orientation columns in area 17. In area 18, label was in rows
of punctate patches which were superimposed on the CO-dense bands.
Label was largely confined to a limited number (3-5) of adjacent bands.

This pattern appears to differ somewhat from that reported for
macaque monkeys, where thick and thin CO-dense bands alternate, and
the projection to MT secems to be largely restricted to the thick CO-
dense bands. Nevertheless, in both squirrel and macaque monkeys
connection patterns implicate the CO-dense bands and not the interband
regions of area 18 in the visual subsystem related to MT. The
injections also revealed patchlike patterns of interconnections with
other visual areas and cortical regions including the superior temporal
area, the rostral division of the dorsolateral area, the dorsomedial area,
cortex in the superior temporal sulcus, the frontal eye field, and the
frontal ventral visual region. In the contralateral cerebral hemisphere,
foci of label were predominately in MT, but sparser connections were in
the superior temporal areca and the rostral division of the dorsolateral
area. Supported by NIH Grant EY-02686.

POSTNATAL DEVELOPMENT, STRUCTURE AND POSSIBLE FUNCTION OF LONG-
RANGE HORIZONTAL INTRINSIC CONNECTIONS IN CAT AREA 17.

H.J. Luhmann} J.M. Greuel* and W. Singer. Max Planck Institute for
Brain Research, P.O. Box 710662, 6000 Frankfurt 71, F.R.G.

It has been shown in kitten striate cortex that an exuberant in-
trinsic system of far-reaching horizontal connections is already
present in the 2nd postnatal week (Luhmann et al., Exp. Brain Res.,
63:443, 1986). Single extracellular intracortical injections of
different fluorescent dyes or horseradish peroxidase conjugated
with wheat-germ agglutinin revealed in frontal, tangential and para-
sagittal sections a characteristic patchy pattern of retrogradely
filled pyramidal cells and anterogradely labeled terminals. The
spatial expression and the maximal lateral extent of these connec-
tions were strongly age- and experience-dependent. In 2- to 5-week-
old normally reared (NR) and visually deprived (VD) kittens patches
often fused to beaded, medio-laterally running bands and tangential
connections of up to 11 mm length could be demonstrated in the
superficial layers. During the critical period this exuberant pat-
tern is reduced by an activity-dependent process. Selective cell
death and/or elimination of long axonal collaterals are likely
mechanisms. In adult NR cats horizontal intrinsic connections are
limited to 2-3 mm in their lateral extent, whereas in adult VD
animals they are no longer demonstrable. The spatial structure,
columnar arrangement and postnatal development of these connections
suggest a functional relation to the cortical system of orientation
columns.

In order to test the hypothesis that tangential excitatory inter-
actions are involved in the formation of large or unconventional
receptive fields (RF), the RF properties of 608 neurons were stud-
ied in area 17 of 4- to 81/2-week—old kittens and adult cats at
eccentricities between 0-20°. The width of the dominant discharge
region and the overall size of the RFs of simple and complex cells
were significantly (U-Wilcoxon-test, p<0.01) smaller in adult cats
than in kittens. Furthermore, 18% (n=28) of the gquantitatively in-
vestigated cells in kittens and 2.6% (n=1) in adult cats showed one
or two facilitatory, often direction-selective ectopic fields,
which were more than 4° separated from the classical RF. These
neurons were mainly located in the superficial layers suggesting a
relation to the system of long-range horizontal connections.

Current source density analysis of field potential responses to
intracortical electrical stimulation in NR and VD kittens and in
adult cats confirmed most of the anatomical data and revealed a
layer-specific organization of tangential excitatory connections.
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INTRINSIC
CORTICAL CONNECTIONS AND ORIENTATION COLUMNS IN CAT PRIMARY VISUAL
CORTEX. C. D. Gilbert and T. N. Wiesel, Laboratory of
Neurobiology, The Rockefeller University, New York, NY 10021.

A common pattern of cortico-cortical connections is their
clustered or patchy distribution, with clusters of cells in one
area projecting to patches of terminals in the target area. When
projected onto a plane parallel to the cortical surface, the cell
clusters are seen as systems of branching bands, reminiscent of
the orientation and ocular dominance columns. To determine the
relationship between the clustering pattern and the orientation
columns, we combined retrograde labeling c: the cells
participating in cortico-cortical connections with labeling of
orientation columns by 2-deoxyglucose autoradiography.

We labeled the cells projecting from area 17 to area 18 in the
cat by injecting rhodamine filled latex microspheres (beads) in
area 18. Prior to injecting the label we mapped the distribution
of orientation columns in area 18 over a small area (approximately
lmm in diameter), and injected 0.5ul of the beads in a column of
identified orientation preference, maximizing the distance from
columns of orthogonal orientation preference. After allowing
sufficient time for retrograde transport of the beads to area 17,
the animal was reanesthetized and infused with 14C 2-deoxyglucose
(100 uC). During the infusion the animal was presented with a
visual stimulus consisting of vertical lines of varying thickness,
thus 1labeling the vertical orientation columns. The cortex was
flattened and sectioned in a plane tangential to its surface and
exposed to X-ray film. The sections were then used to map the
distribution of retrogradely labeled cells, allowing us to compare
directly the distribution of cortical projection bands and
vertical orientation columns in the same sections. The two
patterns corresponded very closely: when the injection was placed
in a horizontal orientation column in area 18, the labeled cells
in area 17 lay between the labeled vertical orientation columns.
With injections placed in a vertical orientation column in area
18, the labeled cells in area 17 were in register with the labeled
vertical orientation columns. These findings indicate that
cortico-cortical connections relate columns of like functional
specificity.

We used a similar approach to
connections to orientation columns.
orientation preferences of cells were determined by
recording and their axons and dendrites were
fluorescent dye injection. Preliminary results have
correspondence between the distribution of the
injected cells and the orientation columns.
(Supported by grants EY05253, BNS9318794 and 8351738)

relate intrinsic cortical
In these experiments, the
intracellular
labeled by
revealed a
axons of the

TOPOGRAPHY OF CALLOSAL PROJECTIONS OF RAT PRIMARY VISUAL CORTEX.
A. Burkhalterl, J.P. Doyle*2, R. P. Haugland*3, and J.M.
Nerbonne®. Depts. of Neurosurgery' and Pharmacology?, Washington
University gchool of Medicine, St. Louis, MO 63110. Molecular
Probes Inc.-”, Eugene, OR 97402.

In rodents the main callosal projection of primary visual
cortex (area 17) originates from layers 2/3, 5 and 6 at the
border of area 17 and 18a, where the vertical meridian (VM) is
represented, and terminates at a homotopical site in the opposite
hemisphere. In addition, this projection receives a contribution
from layer 5 and 6 outside the 17/18a border region, representing
peripheral parts of the visual field, which could lead to topo-
graphical mismatch in the terminal zone on the opposite side.

To study the topology and simultaneously compare the callosal
fiber terminals originating from the 17/18a border and the
interior of area 17, we used anterograde tracing with fluorescent
dextrans (Molecular Probes Inc.). The left area 17 of the hooded
rat (3-5 weeks old) was injected at the VM with FITC-labeled
dextran (D-1821, 25% in Hy0, 0.05ul) and a second similar injec-
tion labeled with Texas Red (D-1828) was placed into the periph-
eral representation (20-40°). After 2-4 days survival animals
vere perfused, the brains removed and sectioned.

Injection sites were 0.1-0.2 mm in diameter and included all
layers. From the injection sites, green and red labeled fibers
coursed through grey matter, descended into the optic radiation
or crossed via the corpus callosum. Terminal arbors were observed
in many cortical regions of the left (in areas 18a and 18b) and
right (in areas 17 and 18a) hemispheres, visualizing red and
green endings and enabling direct comparison of their distribu-
tions. Similarly, anterograde labeling was found in all known
subcortical projections of area 17 (LGNd, LGNv, LP, pretectal
nuclei, SC). Several of these were also marked with retrogradely
labeled cells, confirming known reciprocal connections.

Across the corpus callosum, VM injections on the left side with
green tracer resulted in terminal labeling in layers 1, 2/3 and 5
in a 0.1-0.3mm wide strip within right area 17 overlying the
17/18a border. This border was never labeled with red fibers nor
have we ever seen red terminals within area 17 that originated
from peripheral area 17. Instead, red terminal arbors mapped
exclusively onto area 18a lateral to the 17/18a border and never
overlapped the green callosal projection to the VM.

This is the first demonstration of anterograde and retrograde
neuronal tracing with fluorescent dextrans in mammalian CNS.
Specifically the results show, unlike Miller and Vogt’s (Brain
Res., 297:75, 1984), that injections away from the VM are not
connected to mirror-symmetrical points of area 17 in the opposite
hemisphere. Such transcallosal connections, however, do exist
between areas 17 and 18a. (Supported by NIH grant EY05935).

IS THERE A TOPOGRAPHICAL RELATION BETWEEN OCULAR DOMINANCE
AND ORIENTATION COLUMNS IN THE CAT STRIATE CORTEX? S. Lowel *
and W. Singer (SPON: European Neuroscience Association).
Max-PIancE-%nstitut fur Hirnforschung, P.0. Box 710662,
D-6000 Frankfurt a.M. 71, F.R.G.

In order to visualize the topographic relationship between
ocular dominance (0D) and orientation (OR) columns, the two
systems were mapped with (3H)proline and (14C)deoxyglucose
(2-DG) autoradiography. Two weeks after intravitreous
injection of (3H)proline, cats were stimulated 1. binocularly
with moving square wave gratings of one orientation or 2.
monocularly  through the right (injected) eye with one
orientation in the left visual hemifield (HF) and all
orientations in the right HF. The resulting patterns of
increased 2-DG uptake and of terminal labeling were analyzed
in flat-mount sections of the visual cortices.

Both columnar systems have the tendency to form regularly
spaced parallel bands whose main trajectory is perpendicular
to the 17/18 border. However, they differ in their spatial
frequencies: adjacent OR-columns are more widely spaced than
OD-columns.  The graphical superposition of the two systems
failed to show correlations beyond the degree that is
expected from the superposition of independent but similarly
organized patterns: none of the organizational features of
OR-columns (start and stop points, bifurcations or beads) was
specifically related to the centers or borders of OD-columns.
Interestingly, monocular stimulation with many orientations
failed to induce the pattern of OD-columns observed by
Kossut, M. et al. (Acta Neurobiol. Exp., 43:273, 1983), but
resulted in a more or ess omogeneous increase of
radioactivity over the entire extent and throughout all
layers of the visual cortex. In addition, monocular
stimulation with one orientation induced a pattern of
OR-columns similar to that obtained after binocular
stimulation (Lowel, S. et al., J. Comp. Neurol., 255:401,
1987). h both cases, regions of increased 2-DG uptake were
not restricted to colunns of neural tissue above and below
the (3H)proline labeled OD-bands in layer IV.

Thus, in contrast to the striate cortex of macaque monkeys
(Kennedy, C. et al., Proc. MNatl. Acad. Sci. USA, 73:4230,
1976), visual stimulation through one eye seems to be
suf ficient to induce activity in the entire visual cortex of
the cat. These results indicate that area 17 of cats and area
V1 of macaque monkeys have a fundamentally different
organization of binocular information processing.

IN VIVO VISUALIZATION OF CALLOSAL PATHWAYS: A NOVEL
APPROACH TO THE STUDY OF VISUAL CORTEX ORGANIZATION.
R. Malach* (spon: T. Flash ). Center for
Neurosciences, Weizmann Inst. of Science, Rehovot,
Israel 76 100.

A major challenge in cortical research is to
directly relate the structure and function of cortical
modules. An important step towards this goal is to
reveal aspects of cortical organization while the animal
is alive. I describe here the successful visualization
of callosal pathways in the live mammalian cortex. The
technique, called vital tract tracing, was prompted by
the finding that cortical neurons, when labeled with
fluorescent tracers under optimal conditions, stain
sufficiently intensely to be visible even through the
intact cortical hemisphere

In the experiments reported here, rats had their
left cortical hemisphere extensively injected with the
fluorescent tracer bisBenzimide. After appropriate
survival, the animals were reanesthetized and the right
cortical hemisphere was exposed. Upon illumination
with UV light, the fluorescing callosal pattern could be
discerned under the network of blood vessels even with
the unaided eye. The visualized callosal pattern was
then used to guide WGA-HRP injections into a minute
cortical region - the central callosal ring,(CCR)- a 0.4
mm zone, whose boundaries are completely invisible under
normal viewing conditions, situated rostral to area 17
The exposed cortex appeared normal in nissl stained
material, and the presence of doubly labeled neurons
indicated that the fluorescence labeling and UV exposure
did not interfere with WGA-HRP transport.

By making precise injections into the CCR it was
found to be reciprocally connected mainly to two zones:
one on the lateral edge of area 18a and the other
medially in 18b. Other, more minor projections were to
posterior area 8, area 3 and the posterior edge of area
18a. Since these zones had fixed spatial relationship
with the callosal system, vital tracing was used to
guide WGA-HRP injections into the CCR- connected zone in
area 18a. Again, there were two main labeled regions,
one overlapped the hollow in the CCR, while the other
was situated within area 18b. These results demonstrate
the feasibility of using vital tract tracing to achieve
great precision in studies of cortical organization.

Supported by grants from BSF and the Inst. for
Psychobiology.




TUESDAY AM

PROCESS OUTGROWTH I

6.1

6.3

NORMAL PATHFINDING BY PIONEER MOTOR GROWTH CONES IN MUTANT ZEBRA-
FISH LACKING FUNCTIONAL ACETYLCHOLINE RECEPTORS. M. Westerfield,
C.B. Kimmel, and C. Walker*, Institute of Neuroscience, University
of Oregon, Eugene, OR 97403.

The formation of orderly nerve connections during development
of the nervous system requires correct pathfinding, synapse forma-
tion, and, in some cases, the elimination of extra synapses.
A variety of studies have suggested that one or more of these
processes is dependent upon neuronal activity since altering the
normal pattern of electrical activity affects the final organiza-
tion of nerve connections. Recent studies using tetrodotoxin
to block sodium channels have shown that action potential activity
is not required for normal pathfinding or synapse formation by
developing neurons. Spontaneous release of transmitter from growth
cones or from growing neurites, however, is usually not blocked
by these procedures. Hence it is unclear if non-impulse mediated
signalling between pre- and post-synaptic cells 1is a required
component for appropriate pathfinding and synapse formation.

We have used a heritable mutation that eliminates functional
ACh receptors in the embryonic muscles of the zebrafish to investi-
gate the role of one aspect of neuronal activity, cholinergic
neuromuscular transmission, on the establishment of peripheral
nerve pathways by pioneer motoneurons. The mutation is a recessive
lethal that was induced by gamma irradiation. It segregates as
a single gene among progeny obtained parthenogenetically from
heterozygous females.

Homozygous mutant embryos, although normal in outward appear-
ance, are paralyzed and die a few days after hatching. Moreover,
they are nonresponsive to tactile stimulation or to electrical
stimulation of the spinal cord and no spontaneous or evoked neuro-
muscular activity can be recorded in mutant muscle fibers. Direct
stimulation of the muscles, however, produces a contraction.
Muscle fibers in mutant embryos do not bind bungarotoxin and fail
to respond to cholinergic agonists. These observations suggest
that the mutation eliminates functional ACh receptors.

To examine the accuracy of pathfinding by motor growth cones
in mutant embryos, we studied the initial outgrowth of motoneurons
by staining them with a neuron specific monoclonal antibody.
We found that identified motoneurons are present and have axons
in the muscles. Moreover, the growth cones of these pioneer moto-
neurons follow the same cell-specific pathways into the muscles
that they establish in normal embryos. Thus, although motoneuron
growth cones normally release transmitter and communicate with
muscle fibers via ACh receptors during their initial outgrowth,
this signalling is not required for the establishment of proper
nerve projections. Supported by NS21132, GM22731, DCB8317049
and BNS12370.

TRANSIENT COUPLING BETWEEN IDENTIFIED MOTONEURONS IN ZEBRAFISH
EMBRYOS DURING AXONAL PATHFINDING. J. S. Eisen and B. Debu.
Institute of Neuroscience, University of Oregon, Eugene, OR
97403,

Dye-coupling between neurons and other cells has been
described during axonal pathfinding in several invertebrate
systems, but not in vertebrates. We studied dye-coupling between
identified motoneurons in embryonic zebrafish to learn whether it
occurs during axonal pathway selection. In zebrafish each side
of every trunk muscle segment is innervated by three large
identified motoneurons, referred to as primary motoneurons
because they are the first motoneurons to develop. During
embryogenesis the growth cones of the three primary motoneurons
exit the spinal cord in an invariant sequence in which CaP
(Caudal Primary) precedes MiP (Middle Primary) and MiP precedes
RoP (Rostral Primary). Thus CaP acts as a pioneer in
estabTishing The motor nerve of each segment.

We investigated coupling between identified primary
motoneurons by injecting low molecular weight fluorescent dyes
(Lucifer yellow or sulforhodamine) directly into motoneuronal
somata. We found that, prior to initiation of axonal outgrowth,
many cells within the spinal cord are dye-coupled. Primary
motoneurons become uncoupled from their neighbors at the time
they initiate axonal outgrowth. The CaP growth cone then exits
the spinal cord and extends ventrally, into the periphery. At
about the time the CaP growth cone leaves the spinal cord, the
MiP growth cone extends caudally within the spinal cord, growing
towards CaP. Because the CaP growth cone extends into the
periphery before the MiP growth cone, the CaP axon is well
established in the periphery before the MiP growth cone contacts
it. When the MiP growth cone contacts the CaP axon, MiP and CaP
become dye-coupled. Dye-coupling is bidirectional, resulting
from dye injection either into CaP or MiP. After coupling with
CaP, the MiP growth cone turns ventrally, leaves the spinal cord,
and extends into the periphery, following the pathway previously
pioneered by the CaP growth cone. MiP and CaP become uncoupled
at about the time the MiP growth cone leaves the spinal cord, or
shortly thereafter.

Our results indicate a correlation between the temporal
appearance of transient dye-coupling between CaP and MiP and the
change in direction of the MiP growth cone, from growing caudally
within the spinal cord to growing ventrally into the periphery.
This correlation suggests that coupling may play a role in
pathway selection by the MiP growth cone. Supported by NIH
NS23915, the AHA, and an NSF PYI award to JSE.

6.2

6.4

THE EARLY DEVELOPMENT OF ROHON-BEARD NEURONS IN
EMBRYONIC ZEBRAFISH. Paul Z. Myers* Judith S. Ei d
Charles B. Kimmel (SPON: W .K.Metcalfe). Institute of
Neuroscience, University of Oregon, Eugene, OR 97403.

Young zebrafish possess a small set of distinctive large
neurons that mediate the simple, reflexive behaviors of the
embryo. These neurons, called primary neurons, initiate
axogenesis at roughly the same time, prior to 24 hours after
fertilization (h) and quickly establish the basic framework of
the embryonic nervous system. The development of one class
of primary neurons, the primary motoneurons, has already
been described. Primary motoneurons are characterized by a
segmental distribution of their somata within the spinal cord
and a precise, stereotypic pattern of axonal outgrowth. We
describe here the morphology and early development of
another class of primary neurons, the Rohon-Beard cells,
which, together with trigeminal sensory neurons, form the
tactile sensory component of the primary neuronal network

Like the other primary neurons, Rohon-Beard cells begin
axogenesis very early in development, at approximately 16 h.
Their cell bodies are large (10-15 ym in diameter), and their
peripheral arbors become extensive. Unlike the primary
motoneurons, however, Rohon-Beard neurons are not
individually identifiable and are not distributed segmentally.
In contrast to the stereotyped growth of the primary motor
axons, Rohon-Beard axons grow into the periphery in an
apparently random fashion, with no recognizable pattern, and
in particular, no segmental specificity. Thus, despite their
initial similarities in size and time of development, Rohon-
Beard neurons and primary motoneurons follow profoundly
different programs of development.

We conclude that even among the set of primary neurons
that develop synchronously within the spinal cord, there are
at least two distinctly different patterns of neuronal
organization and development: primary motoneurons are
segmental and have stereotyped and specific axon
morphologies, while Rohon-Beard neurons are nonsegmental
and have seemingly nonspecific peripheral arbors.

Supported by NIH-NS 17963, the American Heart Association,
and NIH-NS 23915-01.

ANTIBODIES TO THY-1 PROMOTE NEURITE OUTGROWTH FROM RAT
SYMPATHETIC NEURONS IN VITRO, AND PROMOTE NEURITE INITIATION BY
RAT ADRENAL CHROMAFFIN AND PC12 CELLS IN THE ABSENCE OF NGF.
N. K. Mahanthappa® and P. H. Patterson. Division of Biology,

216-76, California Institute of Technology, Pasadena, CA 91125.
Thy-1 is considered to be a member of the immunoglobulin gene
superfamily (Williams and Gagnon, Science 216:696, 1982), and is
expressed on the surface of mouse T lymphocytes and certain
neurons (Reif and Allen, J. Exp. Med. 120:413, 1964). While the
function of Thy-1 in the immune and nervous systems is unknown,
monoclonal antibodies (MAbs) to Thy-1 induce mitosis and lympho-
kine secretion by T lymphocytes (Gunter et al., J. Exp. Med.
159:716, 1984; MacDonald et al., Eur. J. Immunol. 15:495, 1984),
and substrates coated with anti-Thy-1 MAbs promote neurite
regeneration from dissociated rat retinal ganglion cells (Leifer
et al., Science 224:303, 1984) and mouse cerebellar Purkinje
cells (Messer et al., Cell. Molec. Neurobiol. 4:285, 1984).

We have found that affinity purified anti-Thy-1 MAbs promote
neurite outgrowth from neonatal rat superior cervical ganglion
neurons, and that this effect is not simply a product of
enhanced substrate adhesion or nonspecific membrane perturba-
tion. Addition of any of three anti-Thy-1 MAbs (0X-7, 19XES5,
and 2G12) to serum-free neuronal cultures increases the per-
centage of process-bearing cells by 40-50% over controls in
24 h, and crosslinking with secondary Bb enhances this effect.
Simple preincubation of the collaggn substrate with MAbs is
insufficient, and the addition of antibodies to other cell
surface antigens (NILE, heparan sulfate proteoglycan, and
class I histocompatibility antigen) at similar concentrations
(5 ug/ml), with or without secondary &b, has no effect.
Furthermore, anti-Thy-1 MAbs also promote neurite initiation, in
the absence of NGF, from both neonatal rat adrenal chromaffin
cells and the PC12 cell line over the course of 4-7 d: a three-
fold increase over controls for chromaffin cells, and a fourfold
increase for PC12 cells. In a different approach to the ques-
tion of function, we are generating Thy-1 deficient mutant PC12
cells. Preliminary observations reveal that the deficient cells
show a very high incidence of spontaneous neurite extension in
the absence of NGF. This finding suggests that Thy-1 may play a
role in the stabilization of processes and/or the inhibition of
new outgrowth, and that MAbs to this molecule may be blocking
normal function in our experiments.

This work is supported by grants from the NINCDS and the
McKnight Foundation to P.H.P., and a NSF Graduate Fellowship to
N.K.M.
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MOLECULAR GENETIC ANALYSIS OF DROSOPHILA LAMININ. D.M.
Johnson* and C.S. Goodman (SPON: S. Glatzbach). Dept.
Biol. Sci., Stanford University, Stanford, CA 94305.

Laminin is a high molecular weight glycoprotein
complex present in extracellular matrices. The complex
is comprised of three disulfide-bonded subunits, A, B1l,
and B2, of 400, 220, and 220 kD respectively. A
variety of functions, including neurite outgrowth, cell
migration, epidermal growth, and cell attachment, have
been proposed for laminin based primarily on in vitro
assays. However, it has not been possible to directly
assess what roles laminin plays during embryonic
development. To test its role it promoting or
directing neurite outgrowth during development, we have
turned to a molecular genetic analysis of laminin
function in Drosophila. We report here on the
purification and cloning of all three subunits of
Drosophila laminin.

Antibodies against mammalian laminin do not cross-~
react with Drosophila. Thus, laminin was purified from
Drosophila embryos using lectin affinity
chromatography. Each of the subunits (A, Bl, B2; 400,
220, and 180 kD respectively) was purified, and
antisera raised against them. We used these antisera
to screen a Drosophila embryo cDNA expression library.
cDNA clones were isolated for all three subunits. We
confirmed the identity of the Bl and B2 cDNA clones by
(1) cross-hybridization between the Drosophila and
mouse Bl and B2 clones (the kind gift of Y. Yamada)
(ii) cross-hybridization between the Drosophila Bl and
B2 clones, and (iii) sequence analysis of a 1.9 kb
partial cDNA clone encoding the Drosophila Bl subunit.
This sequence has 25% amino acid identity with the
mouse Bl sequence. We are presently determining the
complete structure of the Drosophila Bl and B2 subunits
by cDNA sequence analysis.

Northern analysis reveals that the A, Bl, and B2

subunits have mRNAs of ~9, 4.6 and 4.5 kb,
respectively. All three mRNAs are coordinately
expressed during development, and yet polytene

chromosome localization by in situ hybridization shows
that the three laminin subunit genes are not clustered
in the genome. We have begun a genetic analysis to
test the function of laminin during development by
searching for mutations in the B2 subunit.

RAT RETINAL NEURITES GROW ON SCHWANN CELL SURFACES BUT NOT SCHWANN
CELL-ORGANIZED EXTRACELLULAR MATRIX. N. Kleitman, P.M. Wood*, M.I.
Johnson, and R.P. Bunge. Dept. Anatomy & Neurobiology, Washington
Univ. Sch. Med., St. Louis, MO 63110.

Despite evidence that both glial cell surfaces and components of
the extracellular matrix (ECM) support neurite outgrowth in many
culture systems, the relative contribution of these factors has
rarely been compared directly. Specifically, it remains to be
determined which components of peripheral nerve support growth of
central nerve fibers. We have directly compared neurite outgrowth
from embryonic day 15 rat retinal explants placed onto 1) Schwann
cells without ECM, 2) Schwann cells expressing ECM (including a
basal lamina), 3) cell-free ECM remaining after removal of the
cellular components of neuron-Schwann cell cultures, 4) nonglial
cells (fibroblasts), 5) purified laminin, 6) rat tail type I
collagen prepared by air-drying after exposure to ammonia vapors
(ammoniated) or 7) collagen which was air-dried without exposure to
ammonia (ADC), Length estimates were made from a subset of
cultures fixed 5-6d after plating of retinal explants and stained
with Sudan black. Results are summaried as follows:

Substratum Length in mm! (n) % w/growth (no. tested)
Schwann cell only 3.4+0.4 (5) 82% (33)
Schwann cell + ECM 2.9+0.2 (4) 100% (12)
ECM only 0.5+0.4 (2) 10% (58)
Fibroblasts 0 0 (12)
Laminin 0 582 (62)
Ammoniated collagen 0 0 (64)
Air-dried collagen 3.4+0,1 (18) 92% (111)

mean * SEM of maximum neurite length from each explant
2neurites extended on laminin retracted before fixation

Outgrowth on Schwann cells expressing ECM was extensive, but not
obviously different from that on Schwann cells alone. Neurite ex-—
tension on isolated ECM was poor to nonexistent. Ultrastructural
observations revealed that in cultures containing Schwann cells
with ECM, 95% of the shafts of retinal neurites contacted other
neurites or Schwann cell surfaces exclusively; they were not seen
in contact with the basal lamina. Finally, retinal explants were
placed onto a small (3 mm) island of ADC in a laminin-coated cover-
slip to provide more secure explant attachment. Neurites grew on
the ADC but none extended onto the laminin., Growth on ADC may be
related to the 3-dimensionality of this substratum. We conclude
from these experiments that neurite extension from embryonic rat
retina is supported by a factor found on Schwann cell surfaces;
neither organized ECM nor several isolated ECM components provided
comparable growth support. (Supported by NIH grants NS09923,
NS21771, NSO7071.)

6.6 LOCALIZED INO ANTIBODY BINDING IN THE WING OF

DROSOPHILA DURING PERIOD OF AXONAL OUTGROWTH. S.S. Blair
and J. Palka. Dept. of Zoology, Univ. of Washington, Seattle, WA 98195

The wing of Drosophila melanogaster is formed from the metmorphosing
wing imaginal disc. During the first few hours of this process, identifiable
sensory neurons arise within the wing. These neurons initiate axon outgrowth,
forming stereotyped nerves which project towards the CNS along very precise
pathways through the longitudinal veins of the wing. A series of experiments
has shown that the epithelium underlying the neuronal pathways is in some
manner specialized for the promotion and guidance of growing axons. If
neuron-containing tissues are tranplanted into mutant, aneural host wirgs,
axons grow out of the implant into a host wing lacking both its normal neurons
and any indication of physically defined channels or veins. Nonetheless,
implant neurons project axons in the correct, proximal direction and along the
approximate course of the epithelium of the third longitudinal vein, one of the
two normal nerve paths in wild-type wings. The cues are fairly non-specific, as
neurons derived from leg, eye, antenna, and wing, as well as wing tissue from
different Drosophila species, can follow them.

We have therefore examined a wide variety of antibodies to see if any bind to
wings in a pattern similar to that expected of a putative guidance molecule.
One of the antibodies examined was the INO-3 antibody (kindly provided by
Dr. P.H. Patterson). This antibody was originally isolated for its ability in
mammalian cell culture to block neurite-promoting factors derived from non-
neuronal cells; in that system it recognizes a complex of laminin and heparan
sulfate proteoglycan. We find that it also binds to Drosophila tissue. In
developing wings INO binding first appears during the initial stages of axon
outgrowth. Its spatial distribution becomes increasingly restricted, and
eventually is limited to the nerve pathway of the radius and the third vein. By
24 hr after pupariation, when axon outgrowth is complete, the antibody no
longer binds.

Thus, the INO antibody marks the pathway followed by both normal and
implant axons. However, the earliest pattern of binding does not exactly match
the course taken by the first axons, and in preliminary experiments the antibody
did not appear to disrupt outgrowth under our wing culture conditions.
Therefore, the role of the INO-binding antigens in axonal guidance in the wing
is not clear.

8D9 ANTIGEN IS A SUBSTRATE FOR NEURITE OUTGROWTH. V.P. Lemmon
and C.F. Lagenaur. Dept. of Neurobiology, Anatomy and Cell
Science and Ctr. for Neuroscience, Univ. of Pittsburgh, Sch. of
Med., Pittsburgh, PA 15261.

Using an assay system in which integral membrane proteins are
attached to the surface of petri plates, it has been possible to
directly assess the ability of purified cell adhesion molecules
to promote cell attachment and neurite outgrowth. 8D9 antigen,
a chicken derived molecule that is cross-reactive with mouse Ll
(Lemmon, V. and McLoon, S., J. Neurosci., 6:2987, 1986) was able
to promote rapid attachment and neurite outgrowth of both chick
retinal neurons and mouse cerebellar neurons. Non-neuronal
cells were wunable to attach to 8D9 coated surfaces. In
contrast, lA6 antigen, a chicken derived molecule related to
N-CAM (ibid.) was unable to attach cells derived from either
chick retina or mouse cerebellum. Since 8D9 is strongly
expressed by neuronal axons, these findings support the
hypothesis that 8D9 and related antigens are important in axon
fasciculation and in outgrowth of axons along existing axons.
The detection of the related molecule L1 on Schwann cells distal
to sciatic nerve transsections (Nieke, J. and Schachner, M.,
Differentiation, 30:141, 1985) and the activity of 8D9 in
promotion of neurite outgrowth detected in the studies presented
here suggests that one function of Schwann cells in regeneration
is to provide a substrate for axon outgrowth.
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6.11

IDENTIFICATION OF TWO DISTINCT NEURONAL RECEPTOR
SYSTEMS THAT MEDIATE PROCESS. OUTGROWTH ON
ASTROCYTE SURFACES. K.J. Tomaselli*, K.M. Neugebauer, J.L.
Bixby, L.F. Reichardt and J. Lilien*. Dept. of Physiology and Howard
Hughes Medical Institute, UCSF, San Francisco, CA and Dept. of
Zoology, Univ. of Wisconsin, Madison, WI

Neuronal process outgrowth by chick ciliary ganglion (CG) neurons of
two different developmental ages was examined in vitro on extracellular
matrix (ECM)-derived substrates and on the surfaces of primary cortical
astrocytes. E8 CG neurite outgrowth on laminin (LN) or astrocyte-
conditioned medium (CM) substrates was prevented by monoclonal
antibodies that block the function of ECM receptors (CSAT and JG22)
while process outgrowth on astrocytes was not. E14 CG neurons were
unable to extend neurites on LN or astrocyte CM but grew neurites on
astrocyte surfaces; this reveals the presence of a neurite-promoting
activity on astrocytes that is distinct from LN. This activity is unlikely to
be a soluble factor since E14 growth cones were unable to transit from
astrocyte surfaces onto surrounding LN substrates as E8 growth cones
often did.

To identify the interactions mediating process outgrowth on astrocyte
surfaces, E8 and E14 CG neurons were grown 16-20 hours on astrocyte
monolayers in the presence of antibodies to ECM receptors or to the Ca2+-
dependent and -independent cell adhesion molecules N-Cal-CAM and N-
CAM. N-Cal-CAM is a member of the cadherin family and is involved in
the Ca2+-dependent aggregation of avian neural retinal cells. Antibodies
to N-Cal-CAM had dramatic and specific effects on both E8 and E14 CG
growth on astrocyte surfaces, reducing the percentage of neurons with
neurites by about 70% and the average neurite lengths of those neurons
that did respond by about 60%. On E8 neurons, ECM receptor antibodies
reduced the average length of neurites and when combined with anti-N-
Cal-CAM had roughly additive inhibitory effects. E14 neurite outgrowth
was not inhibited by anti-ECM receptor antibodies. Antibodies to N-
CAM had no detectable effects either alone or in combination with ECM
receptor antibodies on process outgrowth by neurons of either age.

Thus, E8 CG neurons use primarily two receptor systems for growth
on astrocytes: ECM receptors belonging to the integrin family and a Ca2+-
dependent cell adhesion molecule belonging to the cadherin family. E14
neurons that have lost ECM receptor function use primarily the latter
system for growth on astrocytes. The results presented here suggest that
expression of the cadherins and ligands to which they bind play a role in
nervous system development and regeneration. Supported by NIH grant
NS-19090, NSF grant DCB 8511052, March of Dimes Birth Defects
Foundation grant 1-774 and the Howard Hughes Medical Institute.

THE ROLE OF GLIAL "ANTI-CHANNELS" IN COMMISSURAL AXON GUIDANCE.
D. Smow*, J. Dodd, T, Jessell, J. Silver. (SPON: Michel Kliot)
Department of Developmental Genetics and Anatomy, Case Western
Reserve University, Cleveland, Ohio 44106. The Center for
Neurobiology and Behavior, Columbia University, New York, New
York 10032.

Axons have been shown to grow through preformed glial channels
in several areas of the developing nervous system. A glial
region, the roof plate, is located at the dorsal midline of
mouse and rat embryonic spinal cord. Axons never cross this
area, but the reasons for this are unknown. Is there a
specialized substructure present within the roof plate that acts
as a boundary during development? In order to address this
question, we have analyzed the developing dorsal spinal cord
midline in mice with 1 um plastic serial sections and with EM.
In addition, we have examined a particular subpopulation of
commissural axons using a monoclonal antibody, 1C12, which is
specific for a cell surface glycoprotein. Commissural fibers
show a stereotypical trajectory away from the dorsal midline.
During early stages of their outgrowth, we have observed a
system of large extracellular spaces, surrounded by glial
processes, which are strategically located in the roof plate.

A spatio-temporal analysis was done to visualize the
developmental sequence of formation of the roof plate channels
on embryonic days 8-14 in cervical cord. The alar commissural
fibers, generated before E9, near the voof plate, course
laterally away from the dorsal midline in close juxtaposition
with the edges of this channel system, but never travel through
it. The roof plate channels are transient. They are first
observed as a single row of extracellular spaces at E9. After
E11, as the dorsal root afferents approach the midline, the
morphology of the roof plate undergoes a series of dramatic
changes, but continues to serve as a boundary.

Our data suggest that the mere physical presence of large
extracellular channels is not always predictive of a future axon
pathway. Indeed, in the present case, the roof plate spaces
seem to function as "anti-channels" to orient the ventrally-
bound commissural fibers away from the midline. What makes
anti-channels inhibitory? Previous studies in chick forebrain
have shown that a glycosoaminoglycan, chondroitin-6-sulfate, is
present in large quantities in channels beneath the cortical
plate region where axons are not found (Palmert et al.,
Neurosci. Abs., Vol. 12, 1986). Whether this component of the
extracellular matrix, or others, are inhibitory to axons and
actually present in the anti-channels is currently under
investigation (Supported by NIH EYO 5952, the Spinal Cord
Society, and the Case Alumi Brumagin Memorial Fund).

6.10

6.12

TISSUE ENVIRONMENT INFLUENCES THE TIMING OF
PREGANGLIONIC AXONAL OUTGROWTH IN THE SYMPATHETIC
SYSTEM OF THE CHICK. J.W. Yip. Dept. of Physiol., Sch. of Med., Univ.
of Pittsburgh, Pittsburgh, PA 15261. '

The spatio-temporal patterns of preganglionic outgrowth in the chick
sympathetic system are highly specific. Preganglionic axons arising from
the T1 spinal segment project predominantly in the rostral direction,
whereas T4 preganglionic axons project predominantly in the caudal
direction. Moreover, the timing of this outgrowth proceeds in the rostral
to the caudal direction. Axonal outgrowth begins at stage 27 (5-5% days).
By stage 28 (5%-6 days) preganglionic axons arising from the T1 spinal
level already project 3 segments, whereas T4 preganglionic axons projeect
less than 1 segment.

Previous spinal cord rotation studies (T1 to T4 spinal cord segments
were rotated 180° along the anterior-posterior axis) show that
translocated neurons project in directions appropriate to their new
locations. This suggests that there are specific cues in the tissue
environment providing the guidance for these axons. Similar spinal cord
rotation studies were recently performed to examine the effect of the
tissue environment on the temporal pattern of axonal outgrowth. My
results show that translocated neurons project on a schedule consistent
with their new location. That is, T4 preganglionic neurons which have
been translocated to the T1 spinal level extend their axons into the
sympathetic trunk at stage 27 and by stage 28 they project 3 segments
rostrally. Thus, the tissue environment determines not only the direction
but also the timing of preganglionic axonal outgrowth.

To examine the influence of tissue environmental factors on
preganglionic axonal outgrowth at different times, heterochronic spinal
cord transplantations were performed. A segment of the spinal cord from
the T1 to the T4 spinal levels was removed from donor embryos (stages 18
and 19) and transplanted into younger hosts (stages 13 and 14) from which
an equivalent length of the upper thoracic spinal cord was previously
removed. Even though the donor cord is at least 24 hours older than the
host, preganglionic axons from the T1 level of the donor were not
observed in the sympathetic trunk until stage 27 of the host.
Furthermore, they also project 3 segments rostrally by stage 28 of the
host.

These results suggest that the tissue environment outside the spinal
cord influences not only the spatial pattern but also the temporal pattern
of sympathetic preganglionic outgrowth.

Supported by NIH NS 23916

ABNORMAL PURKINJE CELL HISTOGENESIS IN HUMAN RENAL
AGENESIS. A GOLGI STUDY. i = i . Department
Pathology, Dartmouth Medical School, Hanover, New
Hampshire 03756.

The neuronal differentiation/maturation of the
cerebellum of four premature infants with bilateral renal
agenesis (Potter's syndrome) has been studied with the
rapid Golgi method. The infants were born at 32,33,33,
and 36 weeks of gestation, and survived for only a few
(3-7) hours. Their cerebelli were considered to be
anatomically normal. Golgi preparations were made of the
lateral lobes. Histologically, all cases show a 2-3 weeks
delay in their differentiation and neuronal maturation,
and abnormal Purkinje cell histogenesis. These neurons
have retained their basal and perisomatic dendrites which
should have disappeared by the 31st week of gestation
(Marin-Padilla, J. Comp. Neurol. 235: 82-96, 1985).
Subsequently, the basal/perisomatic dendrites undergo a
pronounced hypertrophy, growing into the internal granular
layer where they reach a considerable length. Some of
these long dendrites give off apical branches that enter
the molecular layer. The progressive growth of basal/
perisomatic dendrites coincides with a reduction in the
number and length of the original Purkinje cell apical
dendrites. These Purkinje cell dendritic changes show a
distinct developmental gradient. These developmental
modifications are quite apparent when younger and older
cases are comparatively studied. The anomalies are more
pronounced in proximal than in distal regions of the same
folium, and in older than younger infants. The appearance
of these developmental dendritic changes coincides with
the arrival of climbing fibers at the Purkinje cell plate.
These fibers seem to retain their contacts with the
basal/perisomatic dendrites failing to ascend the apical
branches. In addition, these Purkinje cell dendritic
anomalies could be related to maldevelopment of basket
cells, since these neurons fail to establish recognizable
pericellular nests around the Purkinje cell soma. The
Purkinje cell anomalies found will be discussed in
relation to other neuronal and fibrillar components of the
cerebellum. Somewhat similar Purkinje cell dendritic
changes have been reported in renal dysplasia and
infantile polycystic kidneys (Kornguth et al., Acta
Neuropath. 40:1-9, 1977).

Supported by NINDS grant-22897.
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6.13 THE ROLE OF PROTEIN KINASE C IN GOVERNING NEURITE OUTGROWTH
IN CULTURED ADRENERGIC CELLS. F, L. Hall*, P. Fernyhough*,
P. R. Vulliet, and D. N. Ishii (SPON: K. Beam). Department
of Physiology, Colorado State University, Fort Collins,
Colorado 80523.

The formation of vertebrate neural circuitry is regulated
in part by neurotrophic factors, such as nerve growth factor
(NGF) and insulin; however, the biochemical mechanisms
controlling neurite outgrowth remain incompletely understood.
Both NGF and insulin initiate neurite outgrowth in addition
to enhancing the survival of cultured sympathetic neurons.
Phorbol ester tumor promoters (such as 12-O-tetradecanoyl-
phorbol-13-acetate: TPA) are also known to alter or influence
the extension of neurites in a variety of cultured adrenergic
cells; and protein kinase C, the major phorbol ester
receptor, is implicated in this process., To further assess
the role of protein kinase C in the elaboration of neurites,
sphingosine, a specific pharmacological inhidbitor of the
enzyme, was employed in a variety of in vitro adrenergic
neurodevelopmental systems. In PC12 rat pheochromocytoma
cells, SH-SY5Y human neuroblastoma cells, and embryonic chick
sympathetic neurons, the extension of neurites was found to
be reversibly inhibited by sphingosine in a dose-dependent
manner (micromolar concentrations), whether the neuritogenic
stimulus was NGF, insulin, or TPA. The antagonism observed
between the effects of TPA and sphingosine was indicative of
competitive inhibition. Previous studies have shown that the

induction of neurites by NGF (Fernyhough and Ishii, Neuro-
chem, Res., in Press, 1987) and by insulin (Mill et al.,
Proc. Natl, Acad. Sci. U,S.A., 82:7126, 1985) is correlated

with an increase in the levels of tubulin messenger RNA;
therefore, the effects of sphingosine on tubulin transcript
levels were examined in an effort to delimit the locus of
action. Sphingosine did not inhibit the NGF-directed
elevation of tubulin mRNA levels in PCl2 cells. Nor did
sphingosine inhibit the insulin-directed elevation in tubulin
mRNA levels in SH-SY5Y cells. Taken together, these results
obtained from both normal and neoplastic cells 1) reveal the
presence of a sphingosine-sensitive pathway in neurite
outgrowth; 2) indicate that protein kinase C plays a
regulatory role in mediating the neuritogenic effects of both
NGF and insulin in cultured adrenergic cells; and 3) suggest
that protein kinase C acts at a distal segment of the neurite
growth pathway.

Supported by NINCDS grant ROl NS24787 and by USAF-OSR
grant 86-0117,
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DE NOVO TRANSCRIPTION AND TRANSLATION OF NEW GENES IS
ﬁQUIRED FOR THE PROGRAMMED DEATH OF THE INTERSEGMENTAL
MUSCLES OF THE TOBACGO HAWKMOTH, Manduca sexta. L.M.
Schwartz and B.K. Kay . Department of Biology, University
of North Carolina, Chapel Hill, N.C. 27514

The intersegmental muscles (ISM) of the moth Manduca
undergo a developmentally programmed cell death following
adult emergence. The trigger for cell death is a decline
in the haemolymph ecdysteroid titer. We have sought to
define some of the molecular events associated with the
muscle's commitment to degenerate.

Animals at different developmental stages were
injected with “’S-methionine and after equilibration,
muscle proteins were separated by 1 or 2 dimensional
polyacrylamide gel electrophoresis and visualized by
autoradiography. At each stage examined prior to the
muscle's commitment to degenerate, the pattern of newly
synthesized proteins was identical. However, coincident
with committment, a set of approximately 5 new proteins
could be resolved (25-100 k daltons). When animals were
treated before commitment with actinomycin D or 20-
hydroxyecdysone, the muscles failed to degenerate at the
normal time. Both of these treatments also blocked the
appearance of the new proteins. Interestingly,
actinomycin D (@.5ug/animal) did not disrupt development
or block adult eclosion.

Poly A’ RNA was isolated from muscles at various

ggages and translated in vitro in the the presence of

S-methionine. The protein patterns obtained from all
pre-commitment staged RNAs were identical. Translations
with later mRNA samples however, revealed an additional
set of 5 new proteins. Taken together, these data
suggest that the de novo transcription and translation of
a small set of "cell death" genes is required for muscle
degeneration. We are curently attempting to clone these
sequences_for expression and analysis.

LMS was supported by grants from the American Cancer
Society and the North Carolina Center for Biotechnology
and Molecular Biology.
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7.3 DIFFERENTIAL SENSITIVITY OF TRANSMITTER-IDENTIFIED NEURONES TO THE LETHAL

7.5

EFFECTS OF INHIBITION OF ELECTRICAL ACTIVITY IN DISSOCIATED CULTURES OF MOUSE
SPINAL CORD AND DRG. and D.E. Brenneman. (SPON: P.J.Roberts). Lab. of
Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.

The survival of cells jn_vivo and jn_vitro is dependent on a variety of trophic
factors. Differential survival of the same neurons transplanted to ectopic regions of
the central nervous system illustrates that not all cells are equally sensitive to this
trophic support. The level of refinement of this discrimination for specific neuron
types is at present unknown. We have been using primary neuronal cultures to
investigate the sensitivity of mouse spinal cord and dorsal root ganglion (DRG) cells to
the neuron-depleting effects of tetrodotoxin (TTX), and their rescue by vasoactive
intestinal polypeptide. There is now considerable evidence that approximately 30% of
the spinal cord/DRG neurons are lost after treatment with TTX over the sensitive
period of 9-14 days in culture (Brenneman, D.E. et al., Brain Res., 9:13, 1983). It
was questioned, therefore, whether this attenuation represented the complete loss of
one or more specific transmitter-identified sub-populations of neurons, rather than a
partial reduction of all neurons in general.

Dissociated cultures of mouse spinal cord and DRG were treated with 106 M TTX,
as described previously (Brenneman, D.E. et al., Brain Res., 9:13, 1983), and then
fixed with 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.4) for 30 min at room
temperature.  After rinsing in phosphate buffered saline (PBS), 10% normal goat
serum in PBS containing 0.1% triton was applied for 1h at room temperature. The
cultures were then incubated with rabbit antibodies against either neuron-specific

| (NSE), r 1t (NF), met-enkephalin (ENK) or calcitonin gene-related
peptide (cGRP), diluted in PBS containing 1% normal goat serum and 0.1% triton, at
4°C overnight. The ABC-peroxidase method was used for visualization (Vector Labs.).
Positive neurons were counted in at least 100 fields per cuiture dish.

As described previously, approximately one third of all NSE- and
NF-immunoreactive cells, ie. neurons, were depleted by the TTX treatment. In control
cultures, ENK-positive cells constituted almost 10% of the total number of neurons,
and their proportionate decrement after TTX treatment was 95%. There was also a
large proportionate reduction in cGRP-containing neurons after TTX application: despite
constituting only 1.5% of the neurons in control cultures, their number was depleted by
70% in TTX-treated dishes. When the cGRP-immunoreactive neurons from spinal cord
were distinguished from those derived from DRG (on the basis of their morphology),
there was found to be an almost 100% decrease in the former, and no significant
change in the latter.

The present data show that TTX blockade of electrical activity in primary neuronal
cultures can lead to a differential loss of transmitter-identified neurons. Cells
containing ENK, and spinal cord cells storing cGRP are essentially depleted entirely,
whereas cGRP-positive neurons from DRG are not reduced. The reduction in neuronal
number resulting from the TTX-induced loss of ENK and cGRP cells amounted to
approximately 20% of the overall decrement caused by this drug: the transmitter
identity of the remainder is still unknown.

DIRECT EVIDENCE FOR AN INCREASE IN INTRACELLULAR FREE CALCIUM IN
AMINO ACID NEUROTOXICITY OF SELECTIVELY VULNERABLE HIPPOCAMPAL
NEURONS. L.S. Stodieck and J.J. Miller. Dept. of Physiology,
Univ. of British Columbia, Vancouver, B.C. V6T 1W5.

Amino acid neurotoxicity has been proposed as a mechanism
underlying selective vulnerability in the mammalian brain follow-
ing such disorders as ischemia and status epilepticus. Indirect
evidence has suggested that excitatory amino acids exert their
cytotoxic effects by causing an increase in intracellular free
calcium concentration ([CaZ*‘]i). In the current study,
direct measurements of [Caz"']i, using Fura=-2 fluorescence,
were made 1in cultured hippocampal cells exposed to 0.5 mM
1-glutamate for periods ranging from 5 to 30 min. Measurements
of [Ca2t+]; were correlated with cell death quantified 24
hours after glutamate exposure using the fluorescent compounds
ethidium bromide and acridine orange. Ethidium bromide stains
DNA from cells with disrupted plasma membranes while acridine
orange stains nuclear material in viable cells. Appropriate
excitation and emission filters were selected such that photo-
graphs could be taken of either dead or viable cells in the same
microscope field. The percentage of dead cells were readily
determined from these photographs.

During exposure to 0.5 mM l-glutamate, [Caz"']i was found
to increase rapidly from a mean of 83nM to 1020nM in the neuronal
cell bodies. Non-neuronal cells, identified by morphological
criteria, exhibited only very slight increases 1in [Ca2+]1
from 72nM to 131nM and, surprisingly, [Ca2+]; measured in
areas consisting of neurites alone also increased only slightly
from 114nM to 135nM. Following glutamate exposure, [Ca2+]y
returned to resting levels (mean 92.6nM) in many neuronal cell
bodies. However, some neuronal somata continued to exhibit ele-
vated [Ca2+]; (mean 1080nM). [Ca2+]; appeared to either
remain above 800nM or drop to less than 150nM with very few cell
bodies exhibiting intermediate calcium concentrations. The num-—
ber of neuronal cell bodies with [Caz"']i remaining elevated
varied from less than 10% to greater than 90% depending on the
duration of glutamate exposure and correlated strongly with the
percentage of dead cells at 24 hours.

Results from this study demonstrate a form of selective vul-
nerability 1in cultures of hippocampal cells; neurons are more
vulnerable to amino acid toxicity than non-neuronal cells and

some neurons are more vulnerable to glutamate exposure than
others. Selective vulnerability in these cultures correlated
strongly with elevated [Ca2+]y. Further work 1is still

required to determine whether or not elevated [Ca2t]; is the
actual cause of death in the vulnerable cells.

(Supported by a Canadian MRC Program Grant to JJM.)

7.4

7.6

NMDA ANTAGONISTS INCREASE NEURONAL DEATH WITHOUT BLOCKING
ELECTRICAL ACTIVITY IN DEVELOPING CULTURES. P.G. Nelson,
D.E. Brenneman, I. Forsythe, T. Nicol* and G. Westbrook. Lab.
DeveTopmental Neurobiology, NICHD, NIH, Bethesda, MD 20892

Activation of the NMDA receptor, a glutamate receptor subtype,
has been implicated in several animal models of acute neuronal
death. We have explored the possibility that excitatory amino
acid receptors may also modify activity-related neuronal sur-
vival and loss during normal development. We have shown pre-
viously that blockade of electrical activity with tetrodotoxin
(TTX) increases neuronal death in spinal neurons. This effect was
apparent when conditioning substances were removed and when
electrical activity was blocked during a two week period in
development when 50% of the neurons normally die. Since exci-
tatory amino acids mediate a large proportion of the synaptic
interactions in spinal cord cultures, we have investigated the
possibility that NMDA antagonists might increase neuronal death
similar to that shown for TTX. A comparison of the effects of
(+) 2-amino-5-phosphonovalerate (AP5) and (+) 5-methyl-10, 11-
dihydro-5H-dibenzo(a,d)cyclo-hepen-5,10-imine (MK-801) was made.

Dissociated spinal cord cultures were prepared from 13 day old
fetal mice. Cultures were maintained in defined medium supple-
mented with 5% horse serum. Prior to drug treatment, a complete
change of nutrient medium was performed. Orugs were added to
the culture medium on day 9 and treatment was continued for 5
days. To assay for neuronal survival, the neurons were immuno-
cytochemically identified with antibodies to neuron specific
enolase and then counted. On day 14, electrical activity was
assayed using the whole cell patch clamp method.

The survival of spinal cord neurons was significantly influ-
enced by both NMDA antagonists. With the addition of 10 uM AP5
or 0.1 uM MK-801, the number of surviving neurons was reduced to
65% of that for controls. In sister cultures, 1 uM TTX treatment
reduced neuronal survival to 55% of control. There was no ad-
ditivity with TTX treatment plus AP5. A significant increase
(15-25 %) in the number of neurons was observed with 0.1 uM APS
or 0.01 nM MK-801 as compared to control cultures. Spontaneous
excitatory post synaptic potentials were observed in all control
cultures and in all cells treated with 30 uM AP5. Spontaneous
action potential bursting was observed in 12 of 15 cells from
control cultures but in 0 of 15 cells treated with 30 uM APS5.
These data indicate that chronic NMDA receptor blockade can,
depending on concentration, either enhance or decrease neuronal
survival during development. These data suggest that the pattern
of electrical activity rather than activity per se may be an
important determinant for neuronal survival duriny development.

LONG-TERM CHRONIC ELECTRICAL STIMULATION OF SPINAL CORD AND
MOTONEURON SURVIVAL IN THE CHICK EMBRYO. (Spon: J.F.Toole)
D.Prevette*, C.Fournier-LeRay*, G.Le Douarin*, R.Oppenheim and
D. Renaud*. Dept. of Anatomy, Wake Forest Univ. Med. Sch.,
Winston-3alem, NC 27103 and Group de Physiologie cellulaire,
Faculty Sci., Nantes-Cedex, France F-44072.

Previous studies have indicated that the survival of limb-
innervating motoneurons (MNs) during periods of normally
occurring cell death (E6-E15) s influenced by neuromuscular
activity. Blockade of neuromuscular function by a variety of
pre- and post-synaptic acting pharmacological agents or neuro-
toxins during the cell death period increases MN survival
whereas short-term (< 24 hrs) direct electrical stimulation of
the hind-limb musculature in ovo anytime between E6 and E8-9
significantly decreases MN survival. In the present study, we
now extend this work and examine the effects of longer periods
of chronic electrical stimulation of spinal cord on MN survival.

Chick embryos were prepared for in ovo spinal cord stimu-
lation on E7 according to the methods of Renaud, D., et al.,
(Exp. Neurol., 60:189, 1978) in which two 60 um silver wires are
inserted around the still cartilagenous rudiment of the verte-
bral column rostral and caudal to either the brachial or lumbar
enlargement. Continuous spinal cord stimulation was delivered
by a constant current stimulator (5 ms, 0.5 H ). Efficacy of
the stimulation was verified daily by observingz that 1imb move-
ments were induced by each electrical pulse. Control embryos
received electrode implants but no stimulation. Stimulation was
begun either on E7 or E10 and embryos sacrificed on E10 or El4.
Only embryos without grossly observable or histologically
detectable abnormalities of spinal cord development were used
for further morphometric examination. Spinal cords were
processed histologically and cell counts carried out according
to standard procedures.

Stimulation of either the brachial or lumbar spinal cord from
E7-E10, E10-E14 or E7-E14 had little, if any, effect on 1_:he
survival of brachial or lumbar MNs. For instance, following
stimulation of the brachial region from E7-E14 MN numbers on E14
were 6,206 vs 6,737 for control embryos; and following stimu-
lation of the lumbar region from E7-E10 MN numbers were 12,739
vs 13,181 for controls. Preliminary results also indicate that
Teither MN size nor the survival of three other populatwns.of
spinal cord neurons known to undergo normal ceH. death during
these stages (dorsal root and sympathetic ganglia, and sympa-
thetic preganglionic neurons) were affected by e]gctmcq'l
stimulation of spinal cord. Experiments are planned to investi-
gate the factors responsible for the apparent difference between
spinal cord and direct muscle stimulation on MN survival.
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7.7 DIRECT NEUROTOXIC EFFECTS OF COLCHICINE ON CHOLINERGIC NEURONS

7.9

IN MEDIAL SEPTUM AND STRIATUM. G.M. Peterson, M.L. Stover*,
and J.F. McGinty. Dept. Anatomy, East Carolina Univ. Sch.
Med., Greenville, NC 27858,

Neurons in the medial septal nucleus die following
transection of the fimbria-fornix and supracallosal stria
through which they project to the hippocampal formation. It
has been suggested that the septal cell death is due to
interruption of retrograde transport of a neurotrophic factor
(NTF) which is necessary to maintain viability of neurons in
the medial septum. Indeed, several groups have reported that
nerve growth factor preserves the viability of medial septal
neurons after fimbria-fornix transections. Walsh and Schmechel
(personal communication) have observed that colchicine-induced
destruction of granule cells in the dentate gyrus (the target
neurons of septohippocampal afferents) leads to neuronal death
of up to 40% of the cholinergic neurons in the medial septum.
Such an indirect, or retrograde degeneration would be predicted
if the granule cells are a source of NTF for the
septohippocampal neurons. We have investigated the direct
neurotoxic effects of colchicine on the medial septal neurons.
Ten adult Sprague-Dawley rats were implanted with chronic
cannulae in the right lateral ventricle and injected 5-7 days
later with colchicine (10 ug in 2.5 ul saline) or an equal
volume of saline. Eight days later the rats were perfused with
a 4% paraformaldehyde-picric acid solution and the brains were
removed. Frozen sections of the brain were cut through the
septal region and the hippocampus. Cholinergic neurons were
identified immunocytochemically. Sections were incubated in
antisera to choline acetyltransferase (Boehringer-Mannheim) at
a dilution of 1:2000 for 3 days followed by the avidin-biotin
immunoperoxidase method. Sections through the hippocampus were
stained for acetylcholinesterase. Adjacent sections were Nissl
stained, Of the six rats which received infusions of
colchicine, 5 showed an almost total loss of cholinergic
neurons ipsilateral to the injection. Furthermore, lateral to
the injection site, there was a gradient of cholinergic cell
death in the striatum. The cell loss in medial septum was
barely detectable in the Nissl-stained sections, that is, the
colchicine did not affect all septal neurons. We conclude from
these observations that colchicine injections into the lateral
ventricle in the immediate vicinity of the medial septal
neurons produce a direct neurotoxic effect on the cholinergic
neurons in both the medial septum and in the ad jacent striatum.
Supported by N.C. United Way grant # 5-80272 (GMP) and DA 03982
(JFM).

PRESERVATION OF GABAERGIC INNERVATION IN THE GERBIL
HIPPOCAMPUS EXHIBITING ISCHEMIA-INDUCED DELAYED NEURO-
NAL DEATH. C. Nitsch*, G. Goping* and I. Klatzo
Anatomy Dept., Munich University, D-8000 Miinchen, FRG
and Lab. Neuropathology, NIH, NINCDS, Bethesda, MD.

In gerbils, 5 min occlusion of carotid artery re-
sults after a delay of 4 days in selective loss of
hippocampal pyramidal cells of the field CA1. This so-
called delayed neuronal death was postulated to be
caused either by excessive excitatory synaptic activi-
ty or by a loss of inhibitory input. The major source
of inhibition in hippocampus is derived from the local
basket cells and the polymorphic neurons of the field
CA4 which use GABA as transmitter. In an attempt to
examine whether or not the GABAergic innervation in
the hippocampus remains intact, vibratome sections of
hippocampus were collected from gerbils submitted to
5 min ischemia and perfusion fixed 6 h, and 1, 2, 4,

6, and 14 days after the insult. Presence of GABAergic
neurons and nerve endings was visualized immunocyto-
chemically using an antiserum directed against the
GABA-sythetizing enzyme GAD (courtesy of W. H. Oertel).
The sections were further processed for light and
electron microscopical analysis.

No change in the structure or innervation pattern of
GABAergic elements was found 6 h, and 1 and 2 days
after the ischemic event. After 4 days, the non-immuno-
reactive CA1 pyramids were severely shrunken, but the
perikarya were still covered by GAD-immunoreactive
boutons. After 6 days and even more impressive after
14 days, the CA1 pyramidal cells had virtually dis-
appeared; GABAergic neurons and terminals, however,
were still present and clearly delining the former
stratum pyramidale. At the ultrastructural level, these
terminals were seen to synapse with remnants of the
degenerated neurons or with preserved GABAergic neu-
rons, but most frequently, apposing membrane speciali-
zations were absent.

The present findings reveal that neither the GABA-
synthetizing capacity nor the GABAergic innervation
pattern is impaired by the ischemic episode. Thus, it
may be suggested that delayed neuronal death is pro-
bably not caused by a loss of GABA-mediated inhibition.

7.8

7.10

DELAYED NEURONAL NECROSIS IN NEONATAL HYPOXIA=-ISCHEMIA. W.F. Mas-
sarweh*, H.V. Vinters*, P.H. Schwartz, B.E. Dwyer*, D.G. Fujikawa,
and C.G. Wasterlain*. (SPON: A. MORIN). Epilepsy Res. Lab., VAMC,
Sepulveda, CA, 91343, Depts. of Neurology, Pathology and Neurosci-
ence, UCLA Sch. of Med., Los Angeles, CA 90024.

Following ischemic insults in adult animals, neuronal necrosis
is often delayed by 24-72 hr, and it has been suggested that this
delayed cell death is calcium-dependent. We recently reported that
the inner layers of the dentate gyrus (DG) are selectively vulner-
able to hypoxia-ischemia in 7-day old rats (Neurology, 37, Suppl.
1:88, 1987). Using the same model we now report that the histolog-
ical appearance of neuronal necrosis is delayed by 24-72 hr in
dentate granule cells but not in CAl pyramidal cells of the hippo-~
campus.

Twenty-three 7-day old rat pups underwent bilateral carotid
ligation followed by exposure to an atmosphere of 8% 0, 92% N, for
60 min. They were perfusion-fixed at the end of hypoxic expoSure
(time O) or 4, 24 or 72 hr later. Serial sections (8 u) were
stained with hematoxylin-eosin. Total number of necrotic neurons
and total neuronal numbers in dorsal hippocampus were counted in
one section:per animal. In DG, where all necrotic neurons were lo-
cated in the internal granular layer, the number of cells showing
ischemic changes evolved from 1 per section (O hr, 4 hr) to 30 (24
hr, over 95% from one rat) and finally 104 + 31 (72 hr). CA3 neu-
rons followed a similar progression (2-2-8-51) but CAl pyramids and
subiculum displayed ischemic cell change much earlier (CAl: 3-15-
16-15; subiculum: 0-54-32-14 at 0-4-24-72 hr respectively). In
cortex, at time O there were a few ischemic neurons scattered
through layers 3 and 4, with vacuolation and ballooning. At 4 hr,
numerous "halo" cells with condensed nuclei surrounded by pale,
dilated cytoplasm were often seen in aggregate. At 24 hr, these
were replaced by aggregates of ischemic neurons with fragmented
nuclear material. At 72 hr, frank infarcts were present in most
animals. Similar evolution of the ischemic insult was observed in
basal ganglia and thalamus (VPL and reticular nucleus).

These data indicate that delayed cell death following hypoxic-
ischemic insults is seen in neonates as well as in the adult. The
predominance of this insult in the most immature cells of the DG
suggests that some protective factor may appear during cell differ-
entiation and confer resistance to hypoxia-ischemia. In other
brain regions, the evolution from selective neuronal necrosis
toward full infarction appeared as a continuum rather than indepen-
dent processes.

Supported by NINCDS Grant NS-13515, the United Cerebral Palsy
Foundation and the Veterans Administration Research Service.

EARLY POLYAMINE TREATMENT CAN ENHANCE SURVIVAL OF SYMPATHETIC
NEURONS DURING DEVELOPMENT AND AFTER INJURY.
V.H. Gilad,* M. Dornay*and G.M. Gilad.

The Center for Neuroscience and Behavioral Research,
The Weizmann Institute of Science, Rehovot, Israel.

It was previously demonstrated that following injury of their
axon sympathetic neurons of the rat superior cervical ganglion be-
come dependent on polyamine (PA) synthesis for their survival.
This is probably the basis for their enhanced regeneration after
PA treatment. In addition treatment of newborn rats with biogenic
polyamines can prevent the naturally occurring death of these
neurons. In the present study, we sought to determine the effect
of early PA treatment on the survival of developing sympathetic
neurons after injuries. Groups of newborn rats were subjected to
postganglionic nerve crush (axotomy) or to treatment with anti-
serum to nerve growth factor (NGF) (immunosympathectomy), two
treatments which result in a massive loss of neurons in the gang-
lion. Another group was castrated at birth, a treatment which
results in nerve cell loss to below normal levels. Daily injec-
tions of a PA combination (putrescine, spermidine and spermine, 10
mg/kg each), for 7 days after axotomy and for 9 days starting with
the first NGF antiserum injection, attenuated the nerve cell loss.
In castrated rats PA treatment, for the first 9d after birth,
not only prevented the castration-induced cell loss, but resulted
in increased cell numbers as was previously observed in intact
PA-treated animals. These results further indicate that polya-
mines are important for the survival of sympathetic neurons and,
while their mechanism of action is unknown, an indirect effect on
the neurons via the testes or interaction with testosterone can be
ruled out, but an interaction with NGF cannot be excluded. The
increase in neuron numbers within the ganglion after PA treatment
was not accompanied by changes in their axon terminals in one
of their target organs, the iris. Furthermore, the reduction
observed in the iris in [3H]-norepinephrine uptake, a functional
marker of innervation, after axotomy or immunosympathectomy was
unproportionally small when compared to the large drop in the
number of parent neurons. These results suggest that compensa-
tory mechanisms exist which act to adjust the number of
functional axon terminals per neuron so that the number of
terminals innervating the target remains relatively constant.
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7.11 NON-NEURONAL CELLS PARTICIPATE

IN REGULATING LOCAL
CEREBRAL PERFUSION AFTER NEURONAL DEATH BY EXCITOTOXINS.
C. ladecola, S.P. Arneric, M.D. Underwood, H.D. Baker, J. Callaway* and D J. Reis
Div. of Neurobiology, Comell Univ. Med. Coll., New York, N.Y. 10021
In brain, a major factor regulating local cerebral blood flow (ICBF) is local neuronal
activity. However, we have recently discovered that, in rat, 5 days after selective
elimination of local neurons in a restricted region of the primary sensory-motor cortex
(SMI) by local microinjections of the excitotoxin ibotenic acid (IBO), local cerebral
blood flow within the lesion, is unchanged. (Iadecola et al., Am. J. Physiol, 1987 in
press). In this study we sought to determine whether the maintenance of 1CBF after
neuronal death correlates with the appearance of non-neuronal cells within the lesion
and/or local changes in microvascular density. Rats were anesthetized (halothane 1-
2%), IBO (10pg in 1 pl) was locally microinjected in SMI, and animals were allowed to
recover. Three, 5, 7, 11, and 30 days later ICBF was measured autoradiographically
under chloralose anesthesia (40 mg/kg, s.c.) by the ! C~1doanupynne techmque
Cellular density was determined on Nissl-stained sections by using a microscope
equxpped with an ocular gnd (140x140um) and microvascular area (MVA) was
by d image analysis on sections processed for the endothelial
marker alkaline phosphatase Reactive astrocytes and macrophages were identified,
respectively, by glial fibrillary acidic protein (GFAP) immunocytochemistry and acid
phosphatase histochemistry. By 24 H after IBO, no neurons were detected within the
area of the lesion. From 3 to 114 after IBO, ICBF within the lesion did not differ from
that of the homotopic cortical area of sham lesioned controls (lesion at 3d: 120423
mix100g/min, n=4; control: 11916, n=5; p>0.05, analysis of variance). However at 15d
(n=5) ICBF was reduced by 22+6% and 30d (n=5) by 48+6% (p<0.05). After IBO, the
number of cells increased dramatically reaching a plateau at 7-11d (17.5 fold increase at
11d; p<0.01) declining to a 11.7 fold increase at day 30 (p<0.01). The cells were
mostly macrophages, endothelial cells and, at the periphery of the lesion, GFAP
reactive astrocytes. MVA increased from 3d up to 4.2 fold at 11d (p<0.01), and then
declined to 2.7 fold increase at 30d (p<0.01). To determine whether the microvessels
were patent, the red blood cells (RBC) within the microvasculature of the area of the
lesion were detected by endogenous peroxidase histochemistry and the RBC area
(RBCA) determined by image analysis. In contrast to MVA, RBCA did not increase
until after 7d, reaching a 3.2 fold increase at 11d. In summary, after neuronal death,
ICBF is maintained in normal range during the period in which cellular and
microvascular density increases. However, the increased vascular density does not
participate to maintain 1CBF since the, presumably newly-formed, vessels become
patent at the time when ICBF begins to decline. The findings suggest that after
1 death, no: 1 cells, most likely activated macrophages, participate in
the regulation of local cerebral perfusion, possibly, by releasing vasoactive substances
and/or by-products of their metabolism.

7.12 NEUROPATHOLOGY IN ALZHEIMER’S AND DOWN’S DISEASES: THE LOCUS
COERULE

US. V.M.Ingram, Z.Aslamy*, S.Jhaveri*, C.H.Miller*,
H.M.Moore*, B.J.Blanchard* .Parry*, Department of
Biology, Massachusetts Institute of Techno]ogy, Cambridge, MA
02139.

The noradrenergic neurons of the locus coeruleus [LC]
suffer massive degeneration in the early-onset type of
Alzheimer’s disease [AD] and in Down’s syndrome [DS], accoun-
ting perhaps for the losses in arousal and attention in these
conditions. The degeneration of the LC and its subdivisions are
best investigated quantitatively by computer-assisted 3-dimen-
sional reconstructions.

Autopsy material [brain stem] was cross-sectioned sequen-
tially, and neurons of the locus coeruleus were easily visuali-
zed by immunocytochemistry with a polycional antibody to tyro-
sine hydroxylase, the regulating enzyme in the biosynthesis of
noradrenaline. The X-Y coordinates for every tenth or every
thirtieth section were entered with a microcomputer into the
Bioquant three-dimensional reconstruction program. Rotation of
the assembly of neurons allowed us to perform quantitative
analysis and quantitative comparisons between specimens.

We have to date analyzed the LC from 5 normal [27-85 yrs],
4 AD [66-82 yrs] and 4 DS brainstems [37-64 yrs]. We find
degeneration of the posterior, central and anterior locus
coeruleus ranging between specimens from mild to extremely
extensive. Two early onset AD specimens show extreme
degeneration, while a much older AD shows mild degeneration
[?1ate onset AD]. Two DS brainstems [37,57 yrs] have LCs that
are largely intact, but two other DS brainstems [48,64 yrs] are
extensively degenerated in their LC. Contrary to expectation
there is no correlation between age and degree of degeneration
of the LC nuclei in these 4 DS specimens.

We find complete or relative sparing of the ventral LC
which connects to the spinal cord and cerebellum [reported also
by Marcyniuk et al. (1986) J Neurological Sci 76:335].
Interestingly, the trigeminal motor nucleus which is adjacent
to the caudal part of the LC shows no loss of neurons at all in
either the AD or the DS specimens. Thus there appears to be
considerable selectivity in the degeneration of the LC in
Alzheimer’s and Down’s diseases, at least in these specimens.

In our present normal LC reconstructions we see a
considerable excess of LC neurons in the right caudal part of
the LC[central] over the left.

[Supported in part by N.I.H. and by W.R.Grace Co.]
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AFFERENT FEEDBACK IN POSITION CONTROL OF THE HUMAN MANDIBLE IN
VARIOUS LOAD CONDITIONS. F.Bosman* and C.J.Erkelens* (SPON: A.B.A.
Kroese) Dept. of Oral Pathophysiology, Univ. of Utrecht, Sorbonne-
laan 16, 3584 CA Utrecht, The Netherlands

Apart from vital functions as chewing, swallowing, speaking, etc.
the mandibular motor system is also dealing with maintaining an
adequate mandibular position in various positions of the head or
during movements of the head. Inherent mechanical properties of jaw
muscle and other tissues involved as well as afferent feedback from
several receptor groups play a role in mandibular motor control.
Due to the complexity of the system special experiments and simula-
tion studies are required to obtain more insight in the relative
contribution of both factors. In the present study results from
both approaches are compared for force-displacement relations of
the human mandible.

In the experiments subjects were resisting a background load on
the mandible while maintaining a requested jaw position. After the
subjects were asked not to react a new stationary state was reached
as result of a sudden change of load. Force, position and surface
EMG of elevator and depressor muscles were recorded. The collection
of states associated with several load changes makes up a force-
displacement curve.

In the computer simulations the group of elevator muscles and
the group of depressor muscles were each represented by a muscle
model and the mandible by a mass. The muscle models contain a con-
tractile element, a series elastic element, a parallel elastic ele-
ment and a viscous element. The elastic elements have exponential
characteristics. Two types of feedback have been incorporated in
this model. The first type showing similar properties as muscle
spindles has an excitatory influence on the elevator muscles. The
second type has features of periodontal receptors and supplies pos-
itive feedback to jaw opening muscles and negative feedback to jaw
closing muscles. The basic values of the parameters of the model
have been derived from in vivo measured closing movements as a re-
sult of external force while feedback from periodontal receptors
was excluded by local anaesthesia.

The experimental force displacement curves appeared to depend on
the starting conditions (background load and jaw position). The
slope of the curves near their starting positions depended on the
preload but not on the initial jaw position. Considerable changes
of EMG activity in closing and opening muscles were observed after
a change in load with latencies between 10 and 40 ms. Moreover the
curves for the jaw are not invariant in contrast to torque-angle
relations of the arm.

The force displacement curves could be predicted well by the
computer simulation. Comparison of the results from both studies
revealed that feedback from muscle spindles and periodontal recep-
tors is involved in mandibular motor control.

8.2

CONTROL OF ELEVATOR MUSCLE ACTIVITY DURING CHEWING IN MAN.
H.W.van der Glas, L.W.Olthoff*, A.van der Bilt* and F.Bosman*.
Lab. of Oral Pathophysiology, Univ. of Utrecht, Sorbonnelaan 16,
3584 CA Utrecht, The Netherlands.

The low level of rhythmic muscle activity for moving the jaw
during chewing is probably generated by a central pattern generator
(CPG). The additional elevator muscle activity required to overcome
the resistance of the food may either be preprogrammed, i.e. inten-
tionally or by a CPG, or may be induced and terminated by peripher-
al stimuli. In order to investigate the origin of this additional
muscle activity, the relationship between events in recordings of
the mandibular position and EMG activity was examined.

Silicone-rubber and chewing gum were used as standardized arti-
ficial testfoods in 7 subjects. Using bipolar surface electrodes,
EMG was recorded from the masseter and anterior temporal muscles on
both sides. The mandibular position was recorded with a Selspot
system. In full-wave rectified and smoothed EMG, a computer program
determined the onset, maximum and offset of the muscle activity.
The moment of jaw-closing and opening, the first engagement of the
food and the first tooth contact were detected in the jaw position
signal and its derivatives (velocity and acceleration). Rank corre-
lations (Kendall) were calculated between variables that made a
link between events in the jaw position and the EMG recordings. In
order to examine whether events in previous chewing cycles influ-
enced the control of muscle activity in the actual cycles, the rank
correlations were calculated between variables in actual as well as
subsequent cycles.

The control of elevator muscle activity was based upon informa-
tion about the height of the food bolus, gained in actual rather
than previous chewing cycles. Part of the additional muscle activ-
ity in the various cycles preceded the first engagement of the
food, suggesting a preprogrammed induction. However, since vari-
ables related to the first engagement of the food and the onset of
those muscle activities following this engagement co-varied most
significantly, these later muscle activities were predominantly
peripherally induced by the food engagement as a mechanical stimu-
lus. The first tooth contact following breakage of the food was a
main factor in initiating the offset of all muscle activity.
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8.5

HUMAN JAW MOVEMENT KINEMATICS IN MASTICATION AND

SPEECH. D.J. Ostry and Flanagan (SPON: F.
Wilkinson). McGill University, Montreal H3A 1B1
Canada

A central problem in motor control is the
relationship between voluntary movements, such as
reaching, grasping and talking, and more primitive
motor functions, such as locomotion or mastication.

We have addressed this problem in the present paper by
examining the movements of the mandible, a single
multi-function articulator, which, in humans, .supports
both mastication and speech. The study focuses on the
geometric form of the velocity curve of movements as
this has been shown to be invariant under
transformation of rate, movement amplitude and
inertial load in a variety of different tasks and
species. As reported previously, movement amplitudes
and durations were found to be greater in mastication
than in speech. Nevertheless, detailed similarities
were observed in the form of the normalized velocity
curves. For jaw closing movements, the normalized
curves were similar in form over differences in rate,
movement amplitude (speech movements) and the
compliance of the bolus (mastication). For opening
movements, the curves for mastication and speech were
also similar in form. In both, the shape of the curve
differed for fast and slow movements. Normalized
acceleration and deceleration durations were
approximately equal in rapid movements, whereas, for
slower movements, deceleration took substantially more
time than acceleration. The similarity of the
normalized velocity curves points to underlying
similarities in aspects of the control of mastication
and speech. The biomechanics of the mandible, the
role of central function generation, and the possible
similarity of neural control regimes are considered in
this context.

CEREBRAL ACTIVITY ASSOCIATED WITH VOCALIZATION D.H. York and S.C.
Dulebohn*, Department of Physiology, School of Medicine,
University of Missouri, Columbia, MO 65212

Previous studies, in man have defined specific patterns of
cerebral activity which occurs preceding movement of a limb. The
present study was undertaken to evaluate whether specific patterns
of scalp-recorded cerebral activity could be obtained preceding
vocalization.

Subjects were normal volunteers ranging from 22 - 40 years of
age. The subject was seated in a semi-reclined position with
recordings obtained from the vertex (Cz) referenced to left ear
lobe (A1), and a ground placed on the opposite ear lobe (A2).
Recordings were obtained with a high gain amplifier, with filter
band pass set at 3 - 1000 Hz. The analog signal was sampled at
5000 Hz with data acquisition and analysis performed on an IBM-XT
microcomputer. Single trials of EEG recorded 500 msec preceding
vocalization and 100 msec following vocalization were averaged
after 50 repetitions of a particular word. Multiple trial blocks
were combined to form grand averages of several humdred trials. A
voice activated trigger established a reference from which
cerebral activity was time locked to wvoice onset.

Consistent patterns of cerebral activity were obtained
preceding vocalization of particular words across different
subjects. Different words had unique patterns of activity which
were specific for a particular utterance. A peak identification
algorithm defining number of slope changes in a 10 msec window was
used to create histograms of activity. In specific time domains
which preceded vocalization, consistent patterns were observed in
subjects voicing the same word, but different patterns were seen
with different words. A moving window cross correlation analysis
demonstrated that these patterns were highly significant (r = 0.9)
at specific time domains for comparisons of the same word, but not
significant when compared across different words or a control of
randomly averaged EEG.

This study has demonstrated that consistent scalp recorded
cerebral activity patterns can be obtained preceding vocalization
of particular words. The patterns are unique for each word and
contain specific areas of high temporal correlation.

8.4

8.6

STUTTERING: IS IT AN INSTABILITY IN THE COMPLEX SPEECH MOTOR
CONTROL SYSTEM? H.B. Nudelman, K.E. Herbrich¥ B.D. Hoyt*and
D.B. Rosenfield¥ Stuttering Cntr. Dept. Neurol., Baylor Col. Med.
Houston, Tx 77030. .

Speech production is a complex motor control problem. We model
the complexity of this motor system by representing it as two
nested control loops. The inner loop is the sound production loop
and the outer linguistic loop uses this inner loop for the
production of phones, words and sentences. We propose that a
stuttered event is a momentary instability in this system.

We effectively open the outer loop and quantify the dynamics of
the inner loop by using a vocal frequency tracking paradigm that
has no linguistic content. Computer generated frequency modulated
tones are played for the subject and he is asked to hum and track
the frequency modulations. As in other motor tracking systems two
types of behavior are observed: i) predictable tracking to periodic
inputs, and ii) normal reaction time behaviors to non periodic
inputs. Here we will deal only with the predictable data since we
feel it is more analogous to speech where the subject knows what
he is going to say. Model predictions, using the gain and phase
parameters measured from sine wave frequency modulations, are made
for square wave frequency modulations. The predictability of the
model indicates that the parameters are valid descriptors of the
predictable tracking system. Analysis of these parameters shows
that stutterers have a larger phase lag at two Hz (frequency
modulations near normal running speech) than do fluent speakers.

If the total phase lag equals 180 degrees at a frequency where
the gain is greater than or equal to 1, the system will go
unstable. This suggests that if the outer loop adds enough phase
lag during linguistic processing the total system will go
unstable. For instance, a time delay in the outer loop would add
phase lag and could drive the system unstable. At two Hz a time
delay of 250 ms equals 180 degrees. The data indicate that fluent
speakers have on the average 247 ms processing time in the outer
loop while stutterers have only 160 ms. This data indicates why
the therapies that use forms of slowed speech work. At a
frequency of 1 Hz a stutterer now has 500 ms for processing before
an instability occurs.

Repeated measures indicate that while a person operates around
an average gain and phase these parameters can show large
variations. Stutterers tend to have larger variations than do
fluent speakers.

This work supported by the Kitty M. Perkins and the Ariel-
Benjamin-Jeremiah Medical Research Foundations.

FUSIMOTOR SET: MUSCLE SPINDLE SENSITIVITY INGREASES IN NOVEL
AND DIFFICULT MOVEMENTS. A.Prochazka, P.Trend", M.Hulliger® &
N.Durmuller . Depts. of Physiology, Univ. of Alberta, Edmonton,
Alta., Canada & St. Thomas’s Hospital, London, U.K.; Brain Res.
Inst., Zurich, Switzerland.

Chronic recordings from spindle afferents have indicated
that CNS control of spindle responsiveness is highly flexible
and task-related. In routine tasks such as gait, fusimotor (y)
action was hypothesised to be set to low levels, largely v in
type. In novel, difficult or strenuous movements Y4 "wind-up”
was implicated (Prochazka et al., Brain Res., 339:136, 1986).

We have now recorded spindle firing in cats performing a
range of tasks: stepping at different speeds, walking on beams
and ladders of different widths and stabilities, accidental
slips and paw shaking. The underlying fusimotor action was
inferred in separate experiments: a Tength servo cyclically
replicated the chronically recorded muscle length changes in
soleus muscles of anesthetized cats. The responses of spindle
endings in these muscles were made to match the chronic spindle
firing by concomitant, computer-controlled Ys and v g4
stimulation. Matches were optimized by iteration.

The results confirmed that fusimotor action is set to
negligible or very low levels at rest, and winds up to Tow,
static-dominated levels in slow gait. In fast Tlocomotion,
further v ¢ wind-up occurs along with some modulated v4q action.
In imposef movements, paw shakes, difficult beam walking and
accidental slips, vq4 set can increase greatly, not necessarily
in parallel with v set.

The neural substrate of ‘"motor set" (Evarts et al.,
Neurophysiological Approaches to Higher Brain Functions, N.Y.:
Wiley, 1984) may thus be extended to include the fusimotor
system and, by implication, other sets of spinal and brainstem
neurons. Strong fusimotor wind-up of spindle Ia afferent
sensitivity is evidently held in reserve for novel, difficult,
or strenuous movements.

Supported by The British MRC, Alberta Heritage Fund for
Medical Research and the Swiss National Science Foundation.
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INHIBITION OF SALICYLATE-INDUCED VOMITING IN SQUIRREL 8.8
MONKEYS BY HEAD FIXATION. C. R. Wilpizeski and L. D.
Lowry *. Dept. of Otolaryngology, Jefferson Med. Col.
of Tﬁomas Jefferson Univ., Philadelphia, PA 19107.

We found previously that motion-induced vomiting
can be inhibited in Bolivian-phenotype squirrel
monkeys by firmly fixing the head to a rigid frame
during 30-rpm horizontal rotation. It is the opinion
of aerospace physiologists that restricting head
movement is a means for preventing air and space
sickness by reducing sensory input. This
investigation was conducted in order to determine
whether or not head fixation is effective for
inhibiting vomiting of nonmotion origin.

During surgical anesthesia, 10 adult squirrel
monkeys were fitted with machine screws attached,
head down, to the skull with acrylic cement. After
recovery from surgery, each was injected IP with 250
mg/kg body weight of sodium salicylate mixed with
sterile water. Dose volumes ranged from 0.75 to 1
ml. Half of the sample was observed while
nonrestrained in a transparent plastic test chamber
for 2 hr after injection. The other half was
restrained by bolting the head to the frame for 1 hr
beginning at the time of injection and released for
the second hr. After 1 week, the experiment was
repeated with reversed restraint conditions. The
original mobile subsample received a second injection
with head fixed, whereas the subsample with head
fixed during the first hr received the repeat
injection while nonrestrained. One subject did not
vomit during either phase of the experiment and was
eliminated from statistical analysis.

Results showed that head fixation significantly
increased vomiting latency and significantly
decreased emesis frequency. The midpoint of the
distributions of vomiting latencies was increased
sixfold by head fixation. Some subjects who did not
vomit during the 1~hr fixation did so soon after
release from the restraining frame. We conclude that
head fixation is not specific to preventing or
retarding motion-induced vomiting but seems to be a
more general phenomenon. Therefore, its
effectiveness for inhibiting motion sickness may be
more than simply a consequence of reduced sensory
input caused by cupular mechanics.

ADAPTIVE VISUAL-MOTOR MODEL FOR RECOGNIZING OBJECT
ORIENTATION IN 3-D. M. Kuperstein, Biology Dept., Wellesley College,
Wellesley, Ma., 02181

Studies by Held, Hein and others in the last two decades have shown
that, in the kitten, visually guided behavior develops only when changes in
visual stimulation are systematically related to self-produced movement.
This work extends these studies by hypothesizing that object recognition
emerges out of the correlation between object sensation and object
manipulation. Within this hypothesis, recognition of object orientation in
3-D occurs when the intended grasping posture of a tilted object in 3-D
space is represented and dissociated from all other 3-D orientation.

The general strategy for accomplishing this representation is the
sensory-motor neural circular reaction. In this reaction, motor
activity for the entire range of grasping postures of an object are
generated one at a time by some activating source. During each posture
the two eyes see the 2-D projection of the 3-D orientation of light
contrast made by the grasped object. Visual map activity which is
sensitive to contrast orientation, is then correlated with whatever motor
map activity was used to grasp the object. The correlation occurs from the
changes of synaptic weights between visual inputs and motor outputs. After
the correlation is learned, any object that is seen can trigger the visual
maps to activate the motor map for the intended grasping posture of that
object, apart from other postures. It is the representation of the
particular intended grasping posture for an object that becomes the
perceptual recognition for that object.

There are three key aspects to the model: 1) A distributive, topographic
architecture is used to combine the orientation sensitive visual activity
from an object, from both eyes. This motor-target architecture is organized
into columns with a global retinal topography. Each column contains
representations from all arm muscles. 2) Local computations, that vary
across the model’s topography, are piece-wise linear. But convergence of
all the local computations yields the global, nonlinear representation of
3-D orientation for any object. 3) Learning is achieved by incrementally
modifying the distributions of all input weights to the target map over
many performance trials. On any trial, only the weights of the active
inputs in the trial are changed.

Computer simulations show that the model converges to good
representations of object grasping postures. The model is shown to
maintain accuracy and stability across many different parameter choices.

8.10

INDEPENDENT SPECIFICATION OF RESPONSE FEATURES IN A REACTION
TIME PARADIGM. M. Favilla®, W.Hening & C.Ghez, Ctr. for Neurobiol &
Behav, Columbia Univ and NYS Psych Inst, New York, NY, 10032.

We previously demonstrated that, when aiming rapid isometric
responses to a target, subjects can specify amplitude independently of
direction (Favilla et al, Neurosci Abstr 1985). This was shown using a
novel paradigm in which subjects synchronized their responses to a
predictable auditory signal (the last of a series of 4 tones); the required
amplitude and direction were signalled by a visual target presented at
random intervals (0-400ms) before the last tone. Subjects were to
produce single uncorrected force impulses which matched one of six
randomized target shifts (3 flexions, 3 extensions). Responses initiated
at the shortest S-R intervals were clustered around the middle targets in
flexion and extension with about half in the wrong direction. Starting
from these two default values, subjects progressively specified the
amplitude of responses made both in the correct and the incorrect
direction, while the number of wrong direction responses also decreased
gradually. The time course of the specification of amplitude was not
different from that observed when targets in only one direction were
presented. Thus, specification of amplitude did not take longer when
direction also had to be specified. These findings conflict with earlier data
suggesting that in a reaction time task the processes of specification of
different features of motor responses occur serially.

The present study was done to determine if independent specification of
responses features could also occur in a reaction time paradigm. In the
same subjects (N=5) as our earlier study, we examined the latencies and
trajectories of isometric force impulses aimed to unpredictable visual
targets under two conditions. In one (Unidirectional condition), subjects
were presented with 3 flexion targets, while in the second (Bidirectional
condition), subjects were presented with 3 flexion and 3 extension
targets. Subjects were urged to respond “as soon as possible” and not to
correct responses if either amplitude or direction seemed wrong. In both
conditions response amplitudes varied with target size but their range
was constricted. In the bidirectional condition, 4 subjects made between
9 and 36% of their responses in the wrong direction. Responses made in
the wrong direction by 2 of these subjects showed highly significant
specification of amplitude (p<.01). When comparing uni- and
bidirectional conditions, we found that reaction times were similar and
the degree of amplitude specification was the same in 4 subjects . The
other subject was the one who did not produce wrong directional
responses. This subject did show longer reaction times in the
bidirectional condition, but response ampiitude was better specified.
These results further support the idea that response amplitude and
direction are specified by independent neural processing channels.
Supported by NS 22715.

THE EFFECT OF SKIN DESENSITIZATION ON MOTOR UNIT RECRUITMENT

AND FIRING RATES. C.J. De Luca, Y. Noda* and I.
Matsuzawa*. NeuroMuscular Research Center, Boston
University, Boston, MA 02215 USA.

Previous studies from our laboratory showed that skin

desensitization increased the amplitude of the H-reflex and
modulated the recruitment threshold of motor units. Hence,
a study was conducted to investigate the modulating effect
of skin afferents on the firing rate of motor units.

The skin over the hand and wrist was desensitized by
application of 10% Xylocain. Myoelectric signals were
detected from the First Dorsal Interosseus muscle using the
selective quadrifilar needle electrode while the subjects
generated a isometric force reaching 50% of their maximal
voluntary contraction (MVC). The signals were decomposed
into their constituent motor unit action potentials using a
proven accurate signal Decomposition technique described
elsevhere. The experiment was repeated with fixed needle
position before, and 15, 30, 45 and 60 minutes after the
application of topical anesthesia. The force threshold of
progressively recruited motor units and their average firing
rates during a plateau of 50% MVC were determined and
compared among subsequent contractions.

The results showed that the force threshold of motor
units recruited below 20% MVC increased, while their average
firing rates (which are among the largest in value)
decreased. On the contrary, the force threshold level of
motor units recruited above 25% MVC decreased while their

average firing rates (which are among the lowest in value)
increased. In other words, the dynamic ranges of
recruitment thresholds and firing rates became narrower
after skin desensitization. Control studies (without

application of anesthesia) revealed no significant change of
the recruitment threshold or the average firing rates.

The complimentary behavior of the recruitment threshold
and average firing rate indicates that the earlier recruited
(< 20% MVC) motor units have a diminished net excitation,
whereas the latter recruited (> 25% MVC) have an increased
net excitation when the skin afferents are desensitized.
This interconnected compensatory relationship between
recruitment threshold and average firing rate provides one
possible explanation for the relatively low firing rate
found in higher threshold motor units, which according to
the common drive theory receive a lower net exitation.

This work was supported by Liberty Mutual Insurance Co.
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COMMON DRIVE BEHAV&OR OF FIRST DORSAL INTEROSSEOUS MOTOR
UNITS. Sandra Solar, D. Stashukf C. J. De Luca (SPON: S.

Roy). NeuroMuscular Research Center, Bostoﬁ_university, Boston,
MA 02215

The common 1-2 Hz fluctuations of mean firing rates of active
motor units during isometric contractions has been termed "Common
Drive". In previous studies, significant cross correlation
values were found to exist between firing rates of motor units
within muscles such as the Deltoid, Tibialis Anterior, Extensor
Pollicis Longus (EPL), Flexor Pollicis Longus (EPL), Extensor
Carpi Ulnaris (ECU), Extensor Carpi Radialis Longus (ECRL) and
First Dorsal Interosseous (FDI). Significant cross correlation
values were obtained for motor unit pairs selected across the EPL
and FPL muscles during either antagonistic or synergistic
activation. Furthermore, in  studies during  synergistic
contractions of ECU and ECRL muscles, common fluctuations in mean
firing rates between motor units of the two muscles were also
observed, but with a significant time shift of the peak cross
correlation values. This time shift suggested the existence of a
mechanical  (proprioceptive) linkage between the muscles.
Currently, we are conducting an investigation to determine
vhether the existence of common drive between muscles is related
to a common functionality or to a mechanical linkage.

Myoelectric signals were detected from both FDI muscles of
healthy subjects’ during two sets of experiments. One,
functionally linked the subjects FDI muscles by attempting to
simultanteously follow identical trapezoidal force trajectories.
In the second, the subjects pressed their indices against each
other producing a net zero force and mechanically and
functionally linking the muscles. The myoelectric signals were
recorded by quadrifilar needle electrodes and stored on FM tape.
The signals were then digitized and the firing times of their
constituent motor unit action potentials were obtained via a
proven accurate decomposition algorithm. Mean firing rates of
active motor wunits and their cross-correlations were then
estimated.

Preliminary results of cross correlation values (.4 to .9) for
motor units within each FDI have shown significant common drive.
In addition, no common drive (.2 to .4) has been found between
the motor units of right and left FDI’'s when functionally linked
but some common drive (.3 to .6) has been found when they are
functionally and mechanically 1linked. For the latter case the
times of occurrence of the peak cross correlation values were
found to lie between 0-100 ms. While these results are still
preliminary, they seem to suggest that common drive has both a
supraspinal as well as a peripheral (proprioceptive) component.

This work was supported by Liberty Mutual Insurance Co.
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ATTEMPTS TO DEPRESS BRAIN SEROTONIN (5-HT) RELEASE DO NOT ENHANCE
FEEDING INDUCED BY INJECTING NOREPINEPHRINE (NE) INTO THE PARA-
VENTRICULAR NUCLEUS (PVN). E. de Rooy* and D.V. Coscina. (SPON.
P. Li). Sect. of Biopsychol,, Clarke Institute of Psychiatry, and
Depts. of Psychology and Psychiatry, University of Toronto.

Recent work suggests that NE and 5-HT interact on common sys-
tems 1in their control over feeding in the rat. The studies which
led to this hypothesis showed that drug treatments which enhance
brain 5-HT function block the feeding produced by NE in the PVN
to a greater extent than that seen when 5-HT was enhanced alone.
If this apparent interaction operates bidirectionally, then in-
jecting NE into the PVN after 5-HT function has been suppressed
might produce greater feeding than that seen after either treat-
ment alone, To test that possibility, we measured the 40 minute
feeding response of satiated adult male rats with unilateral can-
nulae aimed at the PVN after each of 4 treatments run in a coun-
terbalanced design: (1) 40 nmoles NE in 0.5 ul injected into the
PVN, (2) 250 ug/kg (+)-8-hydroxy-2-(di-n-propylamino)tetralin HBr
(8-OH-DPAT) s.c., which is thought to inhibit endogenous 5-HT re-
lease by stimulating 5-HT-1A autoreceptors, (3) both treatments,
or (4) no active treatment (i.e., isotonic saline; n = 19/condi-
tion). NE in the PVN alone or 8-OH-DPAT s.c. alone elicited sig-
nificant feeding compared to only saline. However, the combina-
tion of treatments produced no more feeding than that seen after
NE alone, In a second study, the same rats were tested for this
PVN-NE feeding response over a 4 week period after half had re-
ceived an intracisternal injection of the 5-HT neurotoxin, 5,7-
dihydroxytryptamine (5,7-DHT; 200 ug in 20 ul 1% ascorbate follow-
ing i.p. pretreatment with 25 mg/kg desipramine). Compared to
vehicle-injected controls, NE produced a tendency toward enhanced
feeding 2-3 wks after 5,7-DHT, but this trend was not sustained
nor statistically significant. In a third study, satiated normal
male rats were tested for their hourly feeding response for 6 con-
secutive hours after one of 4 treatments: (1) clonidine (30 ug/kg
s.c.), (2) 8-OH-DPAT (250 wug/kg s.c.), (3) both treatments, or
(4) neither treatment (i.e., isotonic saline; n = 8-9/condition).
As previously reported, clonidine elicited reliable feeding com-
pared to saline. However, neither 8-OH-DPAT alone nor in combina-
tion with clonidine enhanced feeding over saline, Since cloni-
dine is believed to produce feeding by acting on alpha-2 adreno-
ceptors in the PVN, these data all imply that it may not be pos-
sible to enhance NE-induced feeding by impeding brain endogenous
5-HT release, Alternatively, the broad changes in 5-HT metabol-
ism induced by systemic 8-OH-DPAT or 5,7-DHT may have masked ef-
fects of subnormal 5-HT release in the PVN to interact with NE on
feeding. Further studies of NE/5-HT manipulations confined to
the PVN are needed to address this possibility.

9.2 HYPOTHALAMIC SEROTONIN IN THE CONTROL OF EATING BEHAVIOR. S.F.

Leibowitz, G.F. Weiss*, G. Shor-Posner*, U.A. Walsh* and D.
Tempel*. The Rockefeller University, New York, N.Y. 10021.

Serotonin (5-HT) has long been known to have an inhibitory
effect on food intake. Recent evidence points to central, as
well as peripheral, mechanisms in the mediation of this
phenomenon. However, essential information is lacking concerning
specific brain site(s) involved, as well as specificity and
physiological significance of 5-HT's central action. With the
use of the brain cannula technique, electrolytic lesions and
systemic drug injections, we have obtained evidence in the rat
which argues strongly for a potent, behaviorally specific, and
physiologically meaningful effect of 5-HT in the hypothalamus.

1) Injection of 5-HT directly into the paraventricular nucleus
(PVN) reduces spontaneous, as well as deprivation-induced,
feeding. 2) This effect of 5-HT, which is mimicked by PVN
injection of compounds which release endogenous 5-HT, is
behaviorally specific, as indicated by the finding that 5-HT
reduces the size, but not the frequency, of meals taken. 3)
Moreover, when animals are permitted to select their food from
three simultaneously available macronutrient diets, PVN-injected
5-HT selectively reduces intake of carbohydrate, while sometimes
actually enhancing protein intake. 4) This effect of 5-HT on
macronutrient intake occurs at doses at least as low as 0.3
nmoles, 1in contrast to higher doses (> 5.0 nmoles) where the
specificity of this effect is lost. 5) While PVN 5-HT reduces
spontaneous food intake in both the early and late phases of the
dark (active) cycle, it produces a stronger and more selective
suppression of carbohydrate ingestion at the onset of the dark.
At this time, rats exhibit a natural preference for carbohydrate,
and as revealed with the microdialysis technique (B.G. Stanley,
this meeting), a peak in PVN content of the 5-HT metabolite 5-
HIAA also occurs. 6) Low doses of peripherally injected d-
fenfluramine, through release of endogenous 5-HT, produces
similar effects to PVN-injected 5-HT. This further supports a
role for endogenous 5-HT in control of appetite for specific
macronutrients. 7) This serotonergic control appears to be
anatomically specific, as indicated by our evidence that
electrolytic lesions in the PVN, as opposed to the perifornical
lateral hypothalamus, strongly attenuate (by 60-80%) the
suppressive effect of d-fenfluramine on feeding.

These results, along with additional findings showing potent
effects of PVN electrolytic lesions on carbohydrate and protein
ingestion, support the hypothesis that 5-HT innervation to the
PVN is critical in coordinating appetite for specific
macronutrients, and in mediating the influence of peripherally
injected serotonergic drugs on patterns of eating behavior.
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INHIBITION BY 5-HT-2 ANTAGONISTS OF THE ANOREXIC ACTIONS OF
PERIPHERALLY ADMINISTERED 5-HYDROXYTRYPTAMINE (5-HT) AND 4-HT
IN RATS. K. J. Simansky, B. I. Cohen* and K. Eberle. Dept. of
Pharmacol., Med, Coll. of Peunsylvania, Philadelphia, PA 19129

This study examined the structure-activity relationship and the
antagonist profile for the anorexic action of peripherally admin-
istered serotonin (5-HT) in rats. Male albino rats (350-450 g)
were maintained individually with free access to water but with a
sweetened wilk diet available frow 1100-1700 each day. The volume
of milk consumed during the first 30 min access to the liquid diet
served as the testing period for determining the effects of drugs
on feeding. When injected i.p. 6 min before milk was provided,
5-HT (2.5-10 umol/kg) produced a dose-related inhibition of feeding
with an ID-50 of 3.8 umol/kg. 4-HT (5, 10, 20, 28 and 40 umol/kg)
reduced food intake (by 15-83%) less potently (ID-50=14.8 umol/kg)
than 5-HT although the slopes for the anorexic actions of these two
hydroxylated tryptamines were not different. By contrast, 7-HT
(10-40 umol/kg) had no effect on food intake (e.g., VEH, 19.1 %
2.4 ol, X x SE; 40 umol/kg, 18.1 z 1.6).

The anorexic action of 10 uwol/kg 5-HT was antagonized by 60 min
pretreatment (i.p.) with 10 umol/kg of xylamidine, methysergide,
LY53857 and ketanserin, by 3.4 umol/kg of ritanserin and by 10 umol
per kg of pipamperone. For example, meal sizes for the ketanserin
experiment were: VEH/VEH, 15.4 % 2.1 ol; VEH/5-HT, 2.6 & 0.7
KET/VEH, 14.3 2 2.3; KET/5-HT, 10.7 £ 1.7. Ketanserin (10 umol/kg)
similarly antagonized the anorexic effect of 4-HT (40 umol/kg):
VEH/VEH, 18.0 & 2.7; VEH/4-HT, 1.1 z 0.6; KET/VEH, 15.9 & 3.2; KET/
4-HT, 9.1 t 2.6. In a separate experiment, xylamidine (10 umol/kg)
reversed the anorexia produced by 4 umol/kg 5-HT and by 20 umol/kg
4-HT: V/V, 18.6 z 1.4; X/V, 20,3 = 1,3; V/5-HT, 10.4 £ 1.0; X/5-HT
17.7 £ 1.7; V/4=HT, 9.0 & 1.3; X/4-HT, 15.3 £ 1.0 wl), The same
dose of xylamidine did not, however, reduce the anorexic effect of
epinephrine (1 umol/kg): V/E, 5.4 & 1.4 (-81%); X/E, 4.8 = 1.3,

Each of the antagonists used inhibit actions of serotonergic
drugs at 5-HT-2 receptors. Further analysis revealed that these
effects were dose-related and that doses as small as 0.3 umol/kg
of xylamidine significantly reversed the action of 5-HT (e.g.,
VEH/5-HT, 1.3 + 0.5; XYL/5-HT, 8.9 + 1.9 ml). By contrast,
however, doses as large as 10 umol/kg of the 5-HT-3 antagonist,
1CS-205-930, or 20 umol/kg of the 5-HT-1a/1b:Beta receptor blocker,
(&) pindolol failed to alter the anorexic action of 5-HT. In
concert, these data demonstrate that peripherally acting hydroxyl-
ated tryptamines with 5-HT-2 agonist properties (i.e., 4-HT and
5-HT) exert anorexic effects via 5-HT-2-type mechanisms, These
data cowplement results reported elsewhere at this meeting demon-~
strating that the selective 5-HT-2 agouist dimethoxy-iodophenyl-
aminopropane produces anorexia (see Schechter and Simansky).

Supported by Grant No. MH41987-01 to KJS.
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THE SERUTONIN ANTAGONIST METERGOLINE BIOCKS THE ANORECTIC EFFECT
OF CHOLECYSTOKININ, D. Stallonex, S. Nicolaidisx, J. Gibbs .
Laboratoire de Neurobiologie des Régulations, Collége de France,
75231 Paris cedex 05, France.

Serotonin (S5HT) and cholecystokinin (CCK) have been
separately implicated as factors influencing food intake.
Administration of CCK and of drugs such as fenfluramine, which
increase the release of S5HT, produce an anorexia characterized
by a reduction in meal size and the behavioral responses
associated with saticty. Evidence that SHT and CCK are
localized together in APUD cells and have some common
physiological effects suggested that the mechanisms of the
anorectic action of these two substances may be related. The
present study examined the possibility that CCK-induced anorexia
depends on serotonergic function.

Testing began after it was demonstrated that metergoline, the
SHT antagonist, significantly attenuated fenfluramine-induced
anorexia under our test conditions. The food intake of 4-hour
fasted male rats injected intraperitoneally either with
metergoline (1 mg/kg 3 hours before tood presentation), with the
C-terminal octapeptide of CCK (2, 4 or 8 pg/kg immediately
before food presentation), with both metergoline and each dose
of CCK-8, or with saline, was measured 30 minutes after
refeeding.

CCK-8 alone produced a dose-related suppression of food
intake (2 ug/kg, 36.5% decrease (p<0.05); 4x/kg, 63.4% decrease
(p<0.01); 8p/kg, 79.7% decrease (p<0.001)). When the
administration of each dose of CCK-8 was preceded by metergoline
injection the anorectic effect of CCK-8 was totally blocked. In
addition, injection of metergoline alone produced a 52% increase
in food intake (p<0.01).

These results indicate that the anorectic action of CCK-8 is
dependent upon intact function of serotonergic systems. The
facts that metergoline (a) completely blocked the satiety action
of every dose of exogenous CCK-8 and (b) increased baseline food
intake when administered alone suggest that the increase of
baseline food intake by metergoline alone is the result of a
metergoline-induced blockade of endogenous CCK. Further studies
should clarify the nature of the relationship between SHT and
CCK-8 (whether the serotonergic system is necessary and/or
sufficient for the anorectic action of CCK-8) and the site(s) of
their interaction.

This research was supported by la Fondation pour la Recherche
Médicale and by USPHS RSDA KO2MH70874.
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EVIDENCE FOR SEROTONERGIC MODULATION OF SHAM FEEDING IN THE
GASTRIC-FISTULATED RAT. J.C. Neill* and S.J. Cooper. Department
of Psychology, University of Birmingham, Birmingham B15 2TT, U.K.

Considerable evidence indicates that serotonergic mechanisms
are involved in the control of eating responses. In general,
drugs which increase serotonergic activity decrease food
consumption (Blundell, J.E., Int. J. Obesity, l: 15, 1977). Sham
feeding in the gastric-fistulated rat provides an important model
for investigations of factors involved in the maintenance of"
ingestion. Sham feeding animals exhibit a pronounced satiety
deficit. Our present aim is to investigate serotonergic
mechanisms in the control of sham feeding, with particular emphasis
placed upon the identification of specific serotonin (5-HT
receptor subtype involvement.

Adult, male hooded rats were used (General strain, bred in our
laboratory). Each was prepared with a chronic gastric fistula,
and trained to consume a 5% sucrose over a 2h test period,
according to previously-described procedures (Kirkham, T.C. and
Cooper, S.J., Pharmac. Biochem. Behav., 26: 497, 1987).
D-fenfluramine (which increases 5-HT activity), over the dose-range
1.0 - 10 mg/kg, i.p., produced a pronounced dose-dependent
reduction in sham feeding. The ED50 (dose which produced 50%
reduction in intake) was about 1.75 mg/kg. Interestingly, intact
rats which had been trained to drink the sucrose solution, were
less sensitive to d-fenfluramine's anorectic effect (ED50 > 3.0
mg/kg). The 5~-HT receptor agonist, quipazine, also produced a
dose-related reduction in sham feeding, and, again, nonfistulated
animals were less sensitive. Thus, 3.0 mg/kg quipazine reduced
sham feeding by over 40%, while sucrose consumption in
nonfistulated animals was reduced by about 10%. Hence, an
anorectic effect of 5-HT agonists appears to be enhanced in
animals with a satiety deficit.

The selective 5-HT]p receptor agonist, 8-hydroxy-2-(di-n-
propylamino) tetralin (8-OH-DPAT) may act at 5-HT cell body
autoreceptors when given in small doses, and so decreases
serotonergic activity. In support of this hypothesis, we found
that 0.1 mg/kg 8-OH-DPAT produced a small increase in sham feeding
when injected alone (s.c.). Furthermore, the same dose markedly
attenuated the anorectic effect of 3 mg/kg d-fenfluramine in sham
feeding rats. These data support the view that 5-HT mechanisms
are involved in the control of feeding, and we propose that they
may play a part in the maintenance, as distinct from the satiation,
of feeding.

(D-fenfluramine was kindly supplied by Institut de Recherches
Internationales Servier).

SHT AND CA PRECURSOR LEVELS DURING PROTEIN SELECTION. E.L. Gibson*,
D.J. Barber* and D.A. Booth. Department of Psychology, University
of Birmingham, P.O. Box 363, Birmingham Bl5 2TT, U.K.

Genuinely protein-specific dietary self-selection requires recog-
nition of both bodily cues to protein need and, at the same time,
sensory cues to the protein content of a food (Booth, AEEetite,B: in
press, 1987). Pharmacological manipulation of serotoninergic trans-
mission that has been claimed to affect dietary selection has not
been shown to play a role in protein selection when replicated on
learned protein-specific appetite (Booth et al.,Soc. Neurosci. 12:
593, 1986). Nevertheless, the protein need cuemight be signalled
over neurotransmitter specific pathways or even as changes in SHT or
CA activity induced by plasma amino acid patterns. To explore these
possibilities, we compared rats in the protein need state which
triggers the protein appetite with rats in which the development of
the need had been prevented by protein infusion.

On the day of the experiment, adult male Sprague-Dawley rats were
deprived of maintenance chow for the last 5 hours of the dark period
and gavaged with a 2.5 ml solution at 2 hr, 30 min and 5 min before
test: the solution was either non-nutritive (Sham), 10% maltodextrin
(Starch) or 10% casein hydrolysate (Casein), 3 rats per condition.
We have previously shown that, after learning, rats select protein-
predictive dietary cues in this mildly deprived state when Sham and
Starch preloaded on this schedule, but not when Casein preloaded
(Baker et al., Nutr. Res., in press; Gibson & Booth, Experientia 42:
1003, 1986). Gut and plasma levels of the large neutral amino acids
(LNAAs) were greater following Casein than following Starch (Table
1) or Sham (not shown). The ratio of plasma levels of each LNAA to
those of the other five increased for the three branched-chain LNAAs
(BCA) valine, leucineand isoleucine and decreased for the three mono-
amine transmitter precursors tyrosine (TYR), phenylalanine (PHE) and
tryptophan (TRP) (Tablel). Similarly, brain levels of the precursor
LNAAs decreased while those of the branched-chain LNAAs increased.
There were no statistically significant differences between Starch
and Sham. The results are consistent with other indications
(Gietzen et al., Physiol. Behav. 36: 1071, 1986) of a role for
noradrenaline more than SHT in the learned control of protein
consumption by protein need cues in the rat.

TABLE 1
Site Ventral Blood Ratio Gut Casein
brain? plasmaP to LNAAs lumen® hydrolysateP

Preinfusion Sta Cas Sta Cas Sta Cas Sta Cas

TRP 6 3 59 97 .27 .18 18 157 290
Mean PHE 43 21 23 32 .09 .05 52 388 800
LNAA TYR 63 32 30 48 .12 .08 - - 290
levels*BCA 130 159 164 459 .26 .33 238 2511 4490
*: apmoles/mg Pnmoles/ml Cnmoles/g wet weight

(Partly supported by AFRC FG 6/142)
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DIURNAL RHYTHM OF MEDIAL HYPOTHALAMIC SEROTONIN METABOLISM IN
RELATION TO EATING BEHAVIOR. B.G. Stanley, D.H. Schwartz, L.
Hernandez, S.F. Leibowitz and B.G. Hoebel. Dept. of Psychology,
Princeton Univ., Princeton, NJ and The Rockefeller Univ., New
York, NY.

Evidence suggests that a reciprocal relationship may exist
between brain serotonin (5-HT) activity and feeding behavior,
with increased medial hypothalamic 5-HT activity suppressing food
intake and food ingestion increasing brain 5-HT synthesis. The
present experiment addressed these issues by examining diurnal
rhythms of 5-HT activity, with repeated measures of changes in
extracellular levels of the 5-HT metabolite 5-hydroxyindole
acetic acid (5-HIAA), in the medial hypothalamus of freely-
feeding and food deprived animals.

The subjects were 11 adult male Sprague-Dawley rats, housed in
dialysis test chambers on a 12/12 hr light dark cycle. Micro-
dialysis probes (Hernandez et al. Life Sci., 39, 1986, 2629) were
inserted through an indwelling guide cannula into the region of
the paraventricular hypothalamus, and samples of dialysate (20
p1/20 min) were collected every 2 hrs for 3 days. 5-HT and 5-
HIAA in the samples were measured by HPLC-EC. For the first 2
days the subjects were allowed unrestricted access to food.
Results indicate that the quantity of 5-HT in the samples was
below the threshold for detection (less than 3 pg). In contrast,
S-HIAA levels averaged 156i41 pg across subjects, and there was a
clear diurnal rhythm of this 5-HT metabolite. Specifically,
there was a large and reliable increase in the levels of 5-HIAA
at the beginning of the nocturnal feeding period (1 hr after
lights out), compared to stable levels observed at all other
times during the 2-day test period. The mean levels of 5-HIAA
increased 45% on day 1 and 75% on day 2 relative to values
obtained 1 hr before the beginning of the dark period. This
pattern is virtually identical to that we recently reported for
medial hypothalamic norepinephrine release (EPA, 58, 1987, 9).

On day 3, we food deprived the subjects for 24 hr and
continued to measure 5-HIAA as before. Food deprivation
completely abolished the peak of 5-HIAR observed at the beginning
of the nocturnal period, without affecting the levels of this
metabolite at other times. Subsequent to deprivation, during the
light phase, the subjects were fed and 5-HIAR release was
measured for 4 hr. Eating behavior following 24 hr of food
deprivation had no effect on 5-HIAA release in the medial
hypothalamus.

These findings suggest that medial hypothalamic S5-HT activity
is specifically altered during the early portion of the nocturnal
ﬁeeding period and demonstrate that this change is dependent upon
the presence of food.

ALTERATIONS 1IN NEUROTRANSMITTER METABOLISM BY TOTAL PARENTERAL
NUTRITION OF TUMOR-BEARING RATS. W.T. Chance, L. Cao,* J. Nelson,
T. Foley-Nelson and J.E. Fischer.* Dept. of Surgery, University
of Cincinnati, Cincinnati, OH 45267-0558.

We have observed increases in regional brain concentrations of
dopamine (DA) and serotonin (5-HT) metabolites .in anorectic tumor-
bearing (TB) rats. If these alterations are causes of anorexia,
correction of the nutritional imbalance with total parenteral
nutrition (TPN) should not affect brain levels of these neuro-
transmitters. Therefore we assessed neurotransmitter metabolism
by HPLC in the nucleus accumbens, hypothalamus, corpus striatum
and amygdala of TB (n=6) and control (n=6) rats maintained on rat
chow as well as in TB rats (n=4) maintained on TPN (isocaloric and
isonitrogenous with amount of chow eaten by control rats). The
jugular vein was cannulated 14 days after the induction of methyl-
cholanthrene sarcomas in F-344 rats and TPN was initiated 3 days
later. After 14 days of TPN (day 32 post tumor induction), all
rats were sacrificed by decapitation, the brains were removed,
dissected and frozen in liquid nitrogen prior to biochemical

assay. Alterations in precursors (TYR & TRP) and metabolites of

DA (DOPAC, 3-MT & HVA) and 5-HT (5-HIAA) for the nucleus

accumbens, a representative region, are presented below.

Group TYR 3-MT DOPAC HVA TRP 5-HIAA
(ug/g9)  (ng/g) (ng/g)  (ng/g) (ug/g)  (ng/g)

Control 15.9%0.7 151%*6  1004*31 39011 4.1%0.2 586122

TB-Chow 34.1¥3.3% 120*16 117658** 420%41  5.9%0.5% 68835

TB-TPN  13.443.5T 53%21*Y go2tea*T 277+30*V 7.40.3*Y 804+42*Y

*p<0.01, **p<0.05 vs control; tp<0.01, ¥p<0.05 vs TB-Chow.

Thus, TB rats exhibited elevations in the levels of TYR and DOPAC
as well as in TRP and 5-HIAA, suggesting increased metabolism of
these neurotransmitters. Administration of TPN normalized the
catecholamine alterations, while exacerbating the indoleamine
changes. These results suggest that both DA and 5-HT metabolism
follow precursor availability. The administration of TPN reduced

brain TYR, while increasing TRP availability, probably through
alterations in transport of these amino acids into the brain,
Therefore, increases in DA metabolism may not be of primary

importance in the development of anorexia.

Supported by a grant from the American Institute for Cancer
Research to WTC.

9.8
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INGESTION OF SUCROSE INCREASES HYPOTHALAMIC DOPAMINERGIC ACTIVITY
IN THE 7 DAY OLD RAT. G.P. Smith, M, Albert® R.D.
Shindledecker®, C. Jerome® and S.H. Ackerman, Dept.of Psychiatry,
Eating Disorders Institute and Bourne Lab., NY Hospital-Cornell
Medical Center, White Plains, NY 10605.

In the adult rat, sham feeding of 10% and 40% sucrose for 9
minutes increased hypothalamic dopaminergic metabolism (DOPAC/DA),
but did not change DOPAC/DA in n. accumbens, olfactory tubercle,
frontal cortex, amygdala-pyriform cortex or striatum (Smith et al,
Pharmacol. Biochem. Behav. 26:585, 1987). It was not clear in
these experiments (1) whether the increase in DOPAC/DA was
correlated with the sensory or reinforcing effects of sucrose, and
(2) whether the increase in hypothalamic DOPAC/DA depended on
prior ingestive experience with sucrose. To attempt to answer
these two questions we investigated the neurochemical effect of
ingesting sucrose for the first time in 7-8 day old rat pups.

Anterior sublingual cannulas (PE10) were implanted under light
ether anesthesia, After 4 hours of food and fluid deprivation, 34
rats were tested individually in a warm, humidified chamber. Rats
were infused with water or 10% sucrose for 20 min at a rate of
0.072 ml/min, Volume ingested was inferred from body weight gain.
At the end of the intake test, each rat was decapitated and the
brain was regionally dissected under microscopic control to obtain
hypothalamus, olfactory tubercle, amygdala-piriform cortex and
striatum for measurement of monoamines and metabolites by HPLC and
electrochemical detection.

Although rats drank equal volumes (ml) of water (0.70 + .07)
and 10% sucrose (0.73 + .04), hypothalamic DOPAC/DA was larger
after sucrose ingestion (0.45 + .04) than after water ingestion
(0.33 + .03, p < .05). Sucrose ingestion did not increase
DOPAC/DA in any other brain region and sucrose ingestion had no
effect on 5-HT, 5-HIAA or NE in any brain region.

These results demonstrate that the effect of sucrose ingestion
on hypothalamic DOPAC/DA is independent of prior experience. The
results also demonstrate that the increase of hypothalamic
DOPAC/DA is not correlated with ingestive movements because rats
ingested equal volumes of sucrose and water. Finally, these data
suggest, but do not prove, that the increased hypothalamic
dopaminergic activity is associated with the sensory effect of
sucrose rather than with its reinforcing effect.

Supported by NIMH grant MH15455.

EFFECTS OF PVN CORTICOSTERONE AND NOREPINEPHRINE ADMINISTRATION
ON NATURAL FEEDING PATTERNS. D. Tempel*, L. Tomkow* and S.F.
Leibowitz (Spon: M. Grumet) Rockefeller Univ. N.Y., N.Y. 10021.
The glucocorticoid corticosterone (CORT) is known to be
important in the control of food intake. Evidence indicates that
CORT is also necessary for normal az-noradrenergic receptor
function within the paraventricular nucleus (PVN) and for
norepinephrine (NE)-induced feeding to occur. Further, both CORT
and NE exhibit circadian rhythms, simultaneously peaking at the
start of the nocturnal cycle when natural feeding begins,
suggesting that they may interact at this time to influence food
intake. In support of this hypothesis, we have observed that rats
given pure macronutrient diets exhibit an increased preference
for carbohydrate at dark onset. Further, PVN injection of NE and

peripheral administration of CORT preferentially stimulate
carbohydrate intake.
In light of recent evidence for a dense concentration of

glucocorticoid receptors in the PVN, we examined the possibility
that CORT regulates feeding, as well as PVN az-noradrenergic
activity, by direct action upon PVN receptor sites. In these
experiments, we studied the effects of direct PVN administration
of CORT and NE, in crystalline form, on natural feeding patterns
in animals given pure macronutrient diets. These manipulations
were made just prior to dark onset, and food intake was recorded
for the first hour of the nocturnal cycle.

The reduction of CORT 1levels after bilateral adrenalectomy
(ADX) reduced daily food intake by 28% relative to SHAM-operated
rats. During the first hour of the night, ADX reduced feeding by
more than 50% (p<0.05), due mainly to a strong and selective
decline (-75% p<0.01) in carbohydrate intake. Fat or protein
ingestion was not significantly affected. PVN administration of

crystalline CORT (approximately 200pg) 1in ADX rats produced a
significant increase in food intake by specifically enhancing
carbohydrate consumption (from 0.9 to 5.7 Kcal, p<0.001). Fat

and protein intake was unaltered. Thus, PVN CORT completely
restored the rats' normal feeding pattern, suggesting that CORT
is required for the expression of this pattern at this time.

PVN administration of crystalline NE, in SHAM rats, increased

food intake by selectively enhancing (p<0.05) carbohydrate
ingestion. Consistent with other studies, ADX rats were
unresponsive to PVN NE. However, the administration of NE and

CORT in combination, in ADX rats, increased food intake by a
preferential rise in carbohydrate consumption. This response was
similar to that produced in SHAM rats by PVN NE alone, and was
also comparable to that seen in ADX rats after the administration
of CORT alone. This lack of response additivity suggests that
CORT and NE may act through a common mechanism, within the PVN to
regulate normal feeding patterns.
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RESPONSES OF DIFFERENT TYPES OF PARAVENTRICULAR NEURONS IN VITRO TO
NOREPINEPHRINE (NE) AND OTHER FEEDING-RELEVANT TRANSMITTERS. L.-M.
Kow_and D.W. Pfaff. The Rockefeller University, New York, NY
10021.

In rats, KE infused into the hypothalamic paraventricular area
(PVA) can act through a2-adrenergic receptors to induce feeding
behavior (Goldman et al., '85, Eur. J. Pharmacol., 115:11). To
investigate the NE action at the neuronal level and to see what
type(s) of neurons are responsive, hypothalamic slices were used to
record single-~unit activity from the PVA.

Of 237 units studied, 28% were silent, 25% fired intermittently
or phasically, and the remaining 47% fired continuously. When
subjected to bath application of NE (12.5ull) 62% of the 212 units
responded with excitation (n=61 units), inhibition (n=53), or
biphasic inhibition-excitation (n=18). The excitatory actions of
NE were mimicked in 22 out of 23 units by phenylephrine (PhE, an a1l
agonist), but not (0/12 units) by clonidine (Clon, an a2 agonist),
and were blocked or attenuated by prazosin (an a1l blocker) in 8/8
units. In contrast, the inhibitory actions of NE were mimicked by
Clon (18/18 units), but rarely by PhE (1/27 units), and were
blocked or attenuated by yohimbin (an a2 blocker) in 13/13 units.
B-adrenergic agonist and blocker, isoproterenol and timolol,
respectively, had very little effect or inconsistent effects on NE
responses. The majority of inhibitory responses (40/53) were
observed from continuously-firing units; whereas the majority of
excitatory responses (43/61) were shown by other types of units;
the correlation is statistically significant (Chi-square test,
p<0.001, 2-tailed).

In addition to NE, some neurons were further tested with
histamine (Hist, 12.5-25ul) and serotonin (5HT, 25ul), which
inhibit feeding, and GABA (50uii), which induces feeding, to see
vhether they act preferentially on NE-inhibited neurons. Hist
excited 70% of the 143; and SHT excited 43% and inhibited 16% of
the 74 units tested. None of these responses correlated with any
type of NE responses. GABA inhibited 28% and caused excitation,
perhaps indireetly, in 9% of the 54 units tested. The inhibitory
responses to GABA occurred significantly (Chi-square test, p<0.02,
2-tailed) more often in NE-inhibited than in other types of
neurons.

Thus, extending froum behavioral studies, our results suggest
that in the PVA: 1) NE induces feeding by inhibiting
continuously-firing neurons; 2) WE-inhibited neurons could mediate
feeding-inducing effect of GABA; and 3) the feeding-inhibiting
effects of Hist and SHT and the feeding-inducing effects of NE are
mediated through different neuronal populations.

NEUROENDOCRINE CONTROLS:

9.12

ESTROGEN-CATECHOLAMINE INTERACTIONS: INDEPENDENT AND DEPENDENT
EFFECTS AT ESTROGEN-SENSITIVE BRAIN: SITES IN RATS.
C. WAYNE SIMPSON *(Spon: C. Nyquist-Battie) Div. of Structural and
Systems Biology, Univ. of Missouri-Kansas City, K.C., Mo. 64108i.
Alteration of peripheral estrogen levels in rats is well known
to influence dopamine (DA) and norepinephrine (NE) levels at ante-
rior hypothalamic locations. Stumpf and his colleagues and others
have demonstrated high densities of estrogen sensitive neurons at
lateral preoptic (LPO), stria medullaris (SM) and ventromedial hypo-
thalamic (VMH) sites. Catecholamine injections at these same brain
sites have been shown to increase short term food intakes. Simpson
has shown that high peripheral doses of estradiol benzoate (EB),
inhibit the food intake increases seen following DA injections, at
a SM site, but not following NE injections at the same site. 1In
the present report additional hypotheses concerning estrogen cate-
cholamine interactions that influence feeding and body weight were
investigated. To study the effects of initial body weight on these
effects, 3 different groups of rats at significantly different
levels of body weight, were injected centrally, with DA and NE at
an SM site, with and without concurrent low peripheral doses of EB.
Without estrogen injections, NE and DA elicited significantly
increased feeding in 1-2 hours following central injection but
there was no increase in 24 hr. body weights in all three weight
groups. Peripheral injections of EB did not reduce the short term
increases in food intake following NE or DA central injections but
did produce significant reductions in body weights in all groups.
In a different set of experiments all injections of control materi-
al, cholesterol estrogen and NE or DA were delivered at central
estrogen-catecholamine sensitive sites specifically in the LPO, SM
and VMH. Compared to cholesterol control injections estrogen at
doses >5ug elicited significant reductions in body weights and 24
hour food intakes at all three brain sites. In a final series of
experiments, EB at estrogen sensitive sites was coupled with NE and
DA injections at a SM feeding. NE injections in the SM site elic-
ited 1-2 hour increases in food intakes when EB was placed at three
EB sensitive brain sites. DA elicited short term feeding only when
EB was placed in the LPO site and DA was injected in the SM site.
EB placed in the VMH or SM sites inhibited DA increases in short-
term feeding. One set of experiments demonstrated independent
effects of EB on body weights and DA or NE on short-term food in-
takes. In additional experiments however, when EB and the cat-
echolamines are placed at the same site, ie SM dependent iter-
actions are observed in short-term feeding. The combination of
results from all experiments suggested complex interactions between
estrogen and catecholamines at different brain sites in the control
of food intake and body weight.

PITUITARY I

10.1

EVIDENCE FOR TESTICULAR FEEDBACK AT THE LEVEL OF THE ANTERIOR
PITUITARY IN HYPOPHYSECTOMIZED, PITUITARY-&RAFTED RAT% RECEIVING
PULSAT;%E LHRH. J.E. Levine, C. Gilmore,” R. Simov, and F.J.
Strobl * Dept. of Neurobiology and Physiology, Northwestern
University, Evanston, IL 60201.

The purpose of this study was to examine the extent to which
gonadal negative feedback actions are exerted directly at the
level of the anterior pituitary (AP) gland. To address this
question we developed an in vivo isolated pituitary paradigm to
determine whether castration leads to increased gonadotropin
secretion under "hypothalamic-clamp” conditions, i.e. during
unvarying intermittent LHRH infusionms. Since it was found
previously that LHRH pulse frequency is increased in short-term
castrate rats, we also tested the hypothesis that post-castration
increases in LH result from increased LHRH pulse frequency.
Hypophysectomized male rats received single AP transplants under
the kidney capsule. Animals were fitted with a novel concentric
atrial catheter system which allows for intermittent infusions of
LHRH (250 ng/5 min/h) and chronic blood sampling. Rats received
LHRH infusions for 4-5d before and throughout experimental
sessions. On the day of experiments, blood samples were obtained
2h prior to treatment and at every 2h interval for 24h following
treatment. Treatments at time O were as follows: group 1, sham
surgery; group 2, castration; group 3, LHRH pulse frequency
increased to 1 pulse/30 min. Plasma LH levels in all groups were
determined by RIA using the NIADDK RIA kit (LH RP-2 standard).
In each animal the sella turcica was inspected post-mortem for
completeness of hypophysectomy. Viability of pituitary
transplants was verified histologically. In sham-operated
animals LH levels were 0.3 - 0.7 ng/ml and remained unchanged
throughout the 24h post-surgery period. By contrast, LH levels
in the castrate animals incresed steadily during the 24h
following surgery to a level 3- to 5-fold higher than initial
values (0.58 + .26 ng/ml, pre-castration; 2.00 + .48 ng/ml, post-
castration). The post-castration increase in LH secretion in
these experiments closely resembled that seen previously in
pituitary-intact animals in time-course and magnitude. In group
3, a change in LHRH pulse frequency resulted only in transient
increases in LH secretion within 4-8h following the frequency
shift. Our data demonstrate that most, if not all, of the short-
term effects of castration on LH secretion can be accounted for
by the withdrawal of gonadal negative feedback at the level of
the pituitary gland. Although regulation of the LHRH pulse
generator may also operate as a component of an integrated
gonadal negative feedback system in male rats, our results
support the hypothesis that direct pituitary effects of
testosterone are of much greater importance in the acute feedback
regulation of LH secretion. Supported by NIH grant HD20677.

10.2

EFFECTS OF PULSATILE GNRH ADMINISTRATION ON a-
SUBUNIT AND LHB GENE EXPRESSION AND ON PULSATIL
LH SECRETION DURING LACTATION. -R.*

i * of Physiology,

, Dept.
niv, of Pittsburgh, PA 15261 and Dept. of Internal R'Iedicine, Univ. of
Michigan, Ann Arbor, MI 48109.

In the rat, sucklir}tﬁ{ f 8 pups results in a suppression of pituitar
GnRH receptors (GnRH-R), a-subunit and LHf gene expression, an
pulsatile LH secretion. Twenty-four hr after pup removal from intact
rats, GnRH-R have increased 3-4 times, but there are no changes in a-
subunit or LHB mRNA concentrations nor evidence of pulsatile LH
secretion. These studies were designed to determine whether
administration of pulsatile GnRH could stimulate increases in these
parameters. Intactrats suckling 8 pups were implanted with two right
atria] catheters on day 8 postpartum and pups were removed on day 9.
Blood samples were collected at 10 min intervals for 4 hr at the time of
pup removal and 24 hr after fug removal. Pulsatile GnRH (2 ng/pulse
every 50 min) was begun at 16 hr after pup removal (GnRH-8 hr) or at
the time of pup removal (GnRH-24 hr). After collection of blood
samples, pituitaries were removed and GnRH-R was determined or a-
subunit and LHP mRNAs were measured by an RNA dot blot
hybridization assay. . .

There were few detectable LH pulses in saline-infused animals
24 hr after pup removal. The initial GnRH pulses administered at the
time of pup removal were generally ineffective in stimulating pulsatile
LH secretion. However, by 24 hr after ﬁup removal, significant LH
ﬁulses were observed in response to eac iulse of GnRH. LH peak

eights (10-30 ng/ml) were similar to basal LH pulses observed during
diestrus of the estrus cycle. GnRH-R (fmol/pit) and a-subunit and LHp
mRNAs (pg cDNA bound/100 pg pit DNA) were as follows:

GROUP GnRH-R a-SUBUNIT LH
INTACT + 8 4418 49t2 5104
INTACT - 8 144 £12 43t 2 5+t05
INTACT = 8, GNRH-8 hr —- 44t 4 5108
INTACT - 8, GNRH-24 hr 1395 513 5+06

These studies demonstrate that restoration of GnRH-R alone is not
sufficient to activate LH synthesis. Administration of small pulses of
GnRH results in pulsatile LH secretion after upregulation of GhRH-R
has occurred. However, induction of pulsatile LH is not accompanied
by increased expression of a-subunit and LHB mRNAs. In contrast, the

itui of ovx rats has increased content of LH subunit mRNAs at

4 hr after pup removal and releases large amplitude LH pulses in
response to the 2 ng dose of GnRH. Thus, in intact rats, the elevated
levels of progesterone may inhibit a-subunit and LHp gene expression
(supported by grant HD14643).
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MUS (MBH) ON LHRH RELEASE IN VITRO. C.P. Phelps and P.S. Kalra.
Dept. of Anatomy, Univ. South Florida, Tampa, F1 and Dept. of Ob-
stetrics and Gynecology, Univ. of Florida, Gainesville, FL.

The reproductive consequences of severing MBH pathways on pitu-
itary luteinizing hormone (LH) release are anovulation and acycl-
city in the female rat, whereas changes in basal gonadotropin re-
lease in the male are variable. We and others have observed
growth of immunoreactive LHRH-containing neurons into scar tissue
1-2 months after anterior hypothalamic lesions. We have now com-
pared basal and secretogogue-evoked LHRH release in vitro from the
preoptic area (POA)-MBH of adult male rats at short (10 days) and
long (60 days) intervals after frontal cuts (FC). A Halasz-type
knife (radius 1.5mm) was used to sever medial LHRH pathways immed-
iately behind the optic chiasm. FC was produced by fifteen 180°
rotations of the knife. Additional rats received either sham oper-
ations or no surgery. At 10 or 60d after surgery rats were de-
capitated and the POA-MBH was rapidly removed. Individual POA-MBH
fragments were halved longitudinally and perfused continuously for
6 hr at 37°C with a balanced salt solution (pH 7.4) containing 5
mM glucose, 0.1% BSA and 10-5 M Bacitracin. After a 60 min prein-
cubation period, fractions (200 ul/10 min) were collected for LHRH
determination by RIA. After 100 min of perfusion to estimate basal
LHRH secretion rates, 60 mM KCL was added to the medium for 10 min.
In a second experiment, POA-MBH of rats bearing FC for 60d and of
control and sham operated rats were perfused similarly except that
the opiate antagonist naloxone hydrochloride (1 mg/ml) was added
to the medium for 30 min during the third hr and 60 mM KCL was
added for 10 min during the fifth hour of perfusion. At the end of
the incubation each POA-MBH was weighed and assayed for total LHRH
content. Although there was considerable variation in individual
rats at 10d after FC, the average LHRH release rate (2.9+1.1 pg/l10
min) and concentration (40.5t14.4 pg/mg) were reduced when compared
to shams (5.4%1.4 pg/10 and 78.8%5.8 pg/mg, respectively). At 60d
after FC, the POA-MBH LHRH concentration (29.1*2.6 pg/mg) and basal
LHRH release rate (2.6+0.2 pg/10 min) were also significantly re-
duced as compared to sham operated rats (59.3+7.2 pg/mg, 3.7+0.5
pg/10 min). However, there was no significant difference in LHRH
concentration and release rates in short vs. long term FC rats.
Although naloxone and KCL stimulated at least a two-fold increase
in LHRH output, the response of POA-MBH from 60d and 10d FC rats
was significantly lower than that from their respective sham oper-
ated rats. Higher release rates were associated with higher indi-
vidual POA-MBH LHRH concentrations. In summary, severing the an-
terior neural connections of the MBH not only reduces LHRH content,
but also basal and stimulated secretion rates and there was no evi-

dence of functional recovery. Supported by The Whitehall Fnd. Inc.
and NIH HD11362.

LB SURGE AFTER ESTRADIOL AND PULSATILE GNRH IN HYPOPHYSIAL
STALK-TRANSECTED (HST) FEMALE PIGS. J. S. Kesner*, M, J,
E enne* R ing* and G. B, Rampacek®. (SPON: T. G.
Reigle). R. B, Russell Agricultural Research Center, USDA-ARS,
Athens, GA 30613 and University of Georgia, Athens, GA 30602.

The objective was to determine sites of action whereby
estradiol induces the preovulatory LH surge in pigs. Six domestic
pigs (weight = 118 £ 12 kg; mean * SE) were subjected to HST and
ovariectomy (OVX). Pigs received either 1 ug GnRH pulses iv every
45 min from day -5 to 4 and an injection of estradiol benzoate (10
ug EB/kg BW) im on day O (TRT 1) or GnRH pulses only on days -5 to
0 and 2 to 4 and EB (TRT 2) or oil vehicle (TRT 3) on day 0. Pigs
were reassigned to treatments according to an incomplete latin
square design, so that each treatment was administered to four
pigs, and so that no individual pig received the same treatment
twice. Subsequently, during a third treatment period, all HST
gilts received GnRH pulses only from days -5 to O and EB on day 0
(TRT 4). Four contemporary OVX pigs, ome of which underwent
sham-HST, served as positive controls and received saline pulses
and EB during each of the three aforementioned treatment periods,
which were conducted at 4 week intervals. In stalk-intact pigs,
EB inhibited LH release for 48 h, then induced an LH surge that
peaked 60 to 84 h after EB. Serum LH in HST pigs increased from
undetectable concentrations (<.17 ng/ml) to a plateau at .42 = ,03
ng/ml after 5 days of GnRH stimulation. In TRT 1, LH response to
GnRH was inhibited for 12 h after injecting EB, but then serum LH
concentrations gradually rose for 36 h to .69 = .09 ng/ml;
surpassing those noted before EB (P<0.05). Interrupting the GnRH
pulses immediately after EB (TRT 2), so as to mimic the secretory
hiatus of GnRH/LH observed in intact pigs prior to the LH surge,
rendered serum LH concentrations undetectable. Resuming GnRH
pulses 48 h later stimulated LH concentrations to increase
progressively over 4 h to .71 * .09 ng/ml. When corrected for the
compromised capacity of HST pigs to secrete LH, this response was
comparable to the preovulatory surge in intact pigs. Without EB
treatment, resumption of GnRH stimulation after a 48 h
interruption (TRT 3) elicited a resurgence of LH release that was
quantitatively similar to that of TRT 2, but peaked much more
rapidly; within 1 h. Discontinuing GnRH pulses at the time of EB
injection (TRT 4) caused LH concentrations to drop and remain
below .17 ng/ml for 96 h. These data indicate that estradiol
induces the preovulatory LH surge in pigs by first inhibiting,
then restoring GnRH release, while acting at the pituitary to
moderate the rate at which the resumed GnRH stimulation
asccelerates LH release.

10.4 NOVEL DECONVOLUTION MECHANICS UNMASK THE NATURE OF SPONTANEGUS

10.6

LH SECRETORY BURSTS IN VIVO. J.D. Veldhuis and M.L. Johnson.
Endocrinology & Biophysics, Depts. of Medicine & Pharmacol.,
Univ. of Virginia Medical School, Charlottesville, VA 22908.

The exact nature of glandular secretory events is difficult to
probe in vivo, since underlying patterns of hormone release are
confounded by metabolic clearance (MC). Moreover, MC rates vary
among different individuals. Accordingly, to discern the nature
of endogenous LH secretory events, we propose a deconvolution
model in which circulating hormone concentrations are determined
simultaneously by 4 distinct parameters: (i) the location(s);
(ii) amplitude(s); and (iii) half-duration(s) of all discrete
secretory bursts, which are acted upon by (iv) exponential
clearance kinetics. Secretory bursts are modeled as Gaussian
distributions of instantaneous molecular secretion rates. The
resultant convolution integral that describes the spontaneous
fluctuations in plasma hormone concentrations over time can be
solved by numerical integration. Moreover, non-linear,
least-squares parameter estimation provides mean and bounded
probability estimates of endogenous clearance kinetics and
underlying secretory impulse amplitudes, durations, and
locations. The physiological implications of this model were
examined by analyzing spontaneous LH (RIA) pulsatility in 8 men
sampled every 5 min for 8 hr. Deconvolution disclosed
endogenous LH half-lives (monoexponential) of 87 + 8.5 min (+
SEM), which agreed well with independently determined half-lives
of 44-106 min (67% confidence limits) for exogenous LH
disappearance in 4 LH-deficient men given 35 mcg human LH by IV
bolus injection. Further analysis revealed that underlying LH
secretory impulses exhibited half-durations of only 7.8 + 0.52
min; occurred at a frequency of 6.9 + 0.55 pulses/8 hr
(interpulse intervals of 75 + 6.3 min); and achieved amplitudes
of 0.41 + 0.05 mIU/min/ml. By deconvolution, the calculated
production rate of endogenous LH was 180 + 14 mIU/min, which
accords with that estimated by steady-state LH infusions (228 +
28 mIU/min). In summary, the present analytical deconvolution
model has disclosed discrete Gaussian bursts of LH release that
are temporally delimited (half-duration 7.8 min) and occur
approximately every 75 min. Moreover, this model correctly
estimates endogenous LH production and metabolic clearance rates
from measurements of plasma LH concentrations alone. We
conclude that rates of endogenous LH production, half-times of
native LH clearance, and the nature of spontaneous LH secretory
bursts can be unmasked in vivo by this novel deconvolution model
without injecting radiolabeled or "cold" hormone.

ULTRASTRUCTURAL ANAYLIS OF LHRH NEURONS IN FEMALE
MACAQUE. J.W. Witkin, M. Ferin¥* and A.J.
Depts. Anat. & Cell Biol., Obstet. & Gynecol.,
Univ. Coll. P & S, New York, NY 10032.

Adult long-term ovariectomized rhesus macaques were
perfused with 47 paraformaldehyde and 0.17% glutaraldehyde
through the left cardiac ventricle. A block of tissue
encompassing the preoptic area and hypothalamus was
postfixed for 2 h and cut at 60 um. Ultrastructural
demonstration of LHRH was performed as previously
described (Witkin and Silverman, Peptides 6:263,'85). 1In

RHESUS
Silverman,
Columbia

some cases, the DAB reaction product was
silver-intensified to maximize visualization of
intracellular sites. Comparisons were made:  of LHRH
neurons in 4 areas: (1) medial preoptic (MPOA); (2)

dorsal to the supraoptic nucleus (dSON); (3) the arcuate
region (arc); and (4) medial basal hypothalamus (MBH).
The distribution of reaction product within individual
neurons was not uniform. In some neurons the reaction
product was scattered throughout the cytoplasm, but
always exclusive of the Golgi apparatus. In others,
reaction product was only associated with secretory
vesicles. These variations occurred in all regions,
suggesting that instead of acting in concert, LHRH
neurons are concurrently in various stages of
synthesizing, processing and packaging the neuropeptide.
Reaction product was never associated with the nucleolus,
but in some neurons the nucleus was immunoreactive. This
consistency leads us to believe that the nuclear
staining, though inexplicable, 1is not an artifact. In
addition to subcellular distribution of reaction product,
the synaptic input and amount of glial ensheathment of
LHRH soma and dendrites was measured and compared to
non-identified neurons. Few synapses onto LHRH neurons
were found (none in the MPOA or arc, an average of 0.4
per cell in 5 neurons in the dSON and 0.6 in 5 neurons in
the MBH). Hypertrophied glial processes ensheathed an
average of 547 of the membrane of LHRH <cells in MPOA.
Considerably less ensheathment was found in dSON, arc and
MBH (an average of 17% of the membrane). There were no
synapses onto LHRH dendrites in the MPOA, a few in dSON
and arc and most in the MBH. About 1/3 of LHRH dendritic
membrane in all regions abutted onto glial processes.
Nonidentified neurons and their processes had more
synapses than LHRH neurons in_ all regions and much less
glial ensheathment. A most striking finding were a few
axodendritic and axosomatic LHRH-LHRH synaptic,
interactions in the MBH. USPHS NIH AG05366 and HD10665.
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CELLULAR LEVELS OF MESSENGER RNA ENCODING GONADO-
TROPIN-RELEASING HORMONE (GnRH) ARE ELEVATED AFTER THE LH SURGE
ON THE DAY OF PROESTRUS. R. T Zoeller and W, §, Young, lll. Lab. of Cell
Biol, NIMH, Bethesda, MD 20892.

Gonadotropin-releasing hormone (GnRH) is synthesized by specific
neuronal cells distributed throughout the septum and preoptic area of the
rat brain. We have shown previously that levels of mRNA encoding GnRH in
cells within the OVLT are influenced by estrogen in @ manner suggesting
that GnRH synthesis is coupled to GnRH release. Specifically, GnRH mMRNA
levels are supressed by estrogen under conditions of negative feedback
(Zoeller, Seeburg and Young, Endocrine Abstract #32. 1986). If GNRH mRNA
levels are coupled to GnRH release, then GNRH mRNA levels should rise
after a spontaneous surge release of GnRH to replenish GnRH stores. To
test this prediction, we measured GnRH message levels in 4-day cycling
rats throughout the day of proestrus. Adult female Sprague-Dawley rots
were maintained under temperature and light-controlled conditions; only
females exhibiting two consecutive 4-day cycles, as defined by daily
vaginal smears, were included in this experiment. Five females each were
ether anesthetized and perfused intracardially with 4% formaldehyde at
1000h. 1300h, 1600h, and 1900h on the day of proestrus. Frozen sections (12
um) were prepared and hybridized according to Young et al. (Neurosci.
Lett. 70:198, 1986). Sections were hybridized with an 355-1abelled 48-base
oligonucleotide probe complementary to the mRNA region encoding
GnRH. Sections and “°S-impregnated brain-paste standards were
apposed to emulsion-coated coverslips for 2 weeks; mMRNA levels were
derived by measurement of light reflectance off silver grains using an
image analysis system and normalize as percent 1000h values. GnRH
mMRNA levels on the day of proestrus were: 100+£9.2%. 84+8.6%(ns),
7647.3%(ns). and 123+13%(p<0.01) for 1000h, 1300h, 1600h, and 1900h,
respectively. Since these animals exhibit an LH surge at approximately
1400-1600h, these results demonstrate that GnRH MRNA levels become
elevated after a spontanous surge release of GnRH and suggest that the
same signal stimulating GnRH release may stimulate GnRH synthesis in
order to replenish GnRH stores.

RAPID RELEASE OF SUBSTANCE P AND LHRH FROM SYNAPTOSOMES PREPARED
FROM THE MEDIAL BASAL HYPOTHALAMUS AND SUBSTANTIA NIGRA.

M. Selmanoff and C. Shu*. Department of Physiology, University of
Maryland, School of Medicine, Baltimore, MD 21201.

In the present study we investigated the Caz+-dependenc, depo-
larization-induced release of substance P (SP) and LHRH from medial
basal hypothalamic (MBH) and substantia nigra (SN) synaptosomes in
male rats. SP and LHRH release under basal (5mM K*) and depolari-
zing (75mM K¥) conditions was determined over 1-20 sec time inter-
vals using a rapid filtration technique. Synaptosomes were peri-
fused with a physiological saline solution at 30°C containing 0.2mM
bacitracin, SmM KC1l, 75mM NaCl, 70mM N-methyl-D-glucamine (a Nat
substitute), lmM MgCl,, 10mM glucose, 0.5mM pyruvate, lmM NapHPO4
and 10mM Hepes-HCl buffer (pH 7.4). Basal efflux was measured in
response to a pulse of this 5mM K' solution. Depolarization was
elicited by adjusting the external KCl concentration to 75mM by
iso-osmotic substitution of N-methyl-D-glucamine in the presence of
ImM CaCly. Release medium was exposed to a 95°C water bath and
lyophylized in a vacuum centrifuge. SP and LHRH were quantitated
by specific radioimmunoassays sensitive at 1l-4pg/tube. Fndogenous
neuropeptide content was determined in 2N acetic acid extracts of
sonicated synaptosomes.

Depolarization of MBH synaptosomes evoked release of SP from
13.0%0.7 (5mM K*) to 23.0#1.9 (75mM Kt) pg released/10 sec. In
contrast, LHRH was not released by depolarization (11.6%0.8 to 12.9
$1.1) and also did not occur in the presence of 10-%4 or 10-6M nor-
epinephrine, 10-7M 12-0-tetradecanoylphorbol-13-acetate (TPA),
107°M forskolin or in female rats.

Significant SP release was seen from both MBH and SN synapto-
somes at 20,15,10,5 and only 1 sec of depolarization. The initial
rate (1 sec) of SP release was 4.5-fold greater from SN than from
MBH synaptosomes [kpe1=2.7 (SN) and 0.6 (MBH)]. SP release from
SN synaptosomes was 2-3-fold greater at any given time interval
compared with release from MBH synaptosomes. We have previously
reported that TPA (10‘7M) potentiates evoked 3H-dopamine release
from striatal and median eminence synaptosomes, however, TPA did
not potentiate SP release at this concentration.

Release of LHRH and SP from MBH synaptosomes may occur by
different mechanisms. Evoked SP release was more pronounced from
SN than from MBH synaptosomes. The release kinetics and/or the
readily releasable pools may differ in these two populations of SP
nerve terminals. TPA potentiated dopamine but not SP synaptosomal
release. This suggests that protein kinase C activation potenti-
ates the intrasynaptosomal stimulus-secretion coupling mechanism in
dopaminergic but not SP-containing nerve terminals in these brain
regions.

(Supperted by NIH grants HD-21351, HD-15955 and RCDA NS-00731).

10.8

10.10

CONTROL OF PULSATILE LH RELEASE IN THE OVARIECTOMIZED
GUINEA PIG: ROLE OF OPIATERGIC., SEROTONERGIC AND
ADRENERGIC SYSTEMS. A.C. Gore*, J.A. Keller-Halbe* and E.
Terasawa (SPON: J. Kemnitz). Neurosciences Training Prog. and Wisconsin
Reg. Primate Res. Ctr., Univ. of Wis., Madison, WI 53706.

Despite numerous studies in the rat, monkey and human, little information is
available on the control mechanism ol LHRH release in the guinea pig. In the
present experiment involvement ol opiatergic, serotonergic and adrenergic neu-
ronal systems in control of pulsatile LH release, presumably by their interaction
with the LHRH neurosecretory system, was examined using various agonists and
antagonists. Long-term ovariectomized (OVX) female guinea pigs received an
indwelling catheter and blood samples were obtained through the catheter at 3
min intervals for a 6 h period. Drugs were injected i.v. after 1.5 h of control
samplings. LH release in plasma determined by RIA in OVX guinea pigs was
pulsatile, with mean LH levels. interpulse interval and LH pulse amplitude at
951276 ng/ml, 29.2=1.5 min and 781=127 ng/mi. respectively. In the Ist
experiment effects ol an opiate agonist (morphinc sulfate. 10 mg/kg or fentanyl.
50 wg/kg), opiate antagonist (naloxone, 2 mg/kg) serotonin agonist (quipazine.
15 mg/kg) or serotonin antagonist (methysergide . |5 mg/kg) were tested. Both
fentanyl and morphine sulfate suppressed LH re! :as> completely. while naloxone
significantly enhanced mean LH release 2-3 lold. Although methysergide
suppressed LH release, quipazine did not result in any change in LH release. In
the 2nd experiment a drug-induced LH suppression was reversed by injection of
its corresponding agonist or antagonist 30 min later. The lentanyl-induced LH
suppression was reversed by subsequent nalovone administration, and the
methysergide-induced LH suppression by quipazine. In the 3rd experiment the
interaction of the opiate and serotonin neuronal systems was examined by inject-
ing naloxone 30 min alter methysergide, and quipazine 30 min alter [entanyl.
While naloxone reversed the methysergide-induced LH suppression. quipazine
did not overcome the ellects of fentanyl. In the 4th experiment the effects ol an
«, antagonist (prazosin, 1 mg/kg). an a, agonist (clonidine. 0.1 mg/kg). an a,
antagonist (rauwolscine, 1 mg/kg) or a B antagonist (propranolol. 2 mg/kg) on
LH release in OVX guinea pigs were tested. While both prasosin and rauwol-
scine suppressed LH release, clonidine did not change LH relcase. Propranolol
also did not affect LH release. Morcover. it was lound that, while the
rauwolscine-induced LH suppression was not reversed by clonidine, injection of
clonidine prior to rauwolscine treatment prevented the rauwolscine-induced LH
suppression.  These results suggest that 1) the opiatergic system is inhibitory to
LHRH release; 2) a-adrenergic, but not B-adrenergic systems, are lacilitatory to
LHRH release; 3) the serotonergic system is facilitatory, perhaps by inhibiting
the opiatergic system. Thus, the opiatergic neuronal system appears to be local-
ized more proximally than the serotonergic system to LHRH neurons. Further
experiments investigating interactions between opiatergic and adrenergic systems
are in progress. (Supported by NIH Grants RR00167 and HD15433.)

GONADOTROPIN RELEASING HORMONE ASSOCIATED PEPTIDE (GAP) AND
LUTEINIZING HORMONE RELEASING HORMONE (LHRH) ARE SECRETED AS
INTACT PEPTIDES FROM MEDIAN EMINENCE IN RESPONSE TO DIFFERENT
SECRETAGOGUES IN VIT|
Culle d A. Negro-Vilar. Reprod. Neuroendo. Sect., Lab.
Repr . Tox., NIEHS, NIH, Research Triangle Park, NC 27709.

The sequence for the rat proLHRH has been deduced and found to
contain the decapeptide, LHRH, and a 56 amino acid peptide called
GAP (PNAS 83:179, 1986). Both LHRH and GAP have been localized
in nerve terminals of the median eminence (ME; Nature 316:542,
1985). This location may have functional significance since
recent reports have ascribed biological activity to GAP and an N-
terminal fragment of GAP (Nature 316:511, 1985; JBC 261:16990,
1986). We have used various agents known to activate different
intracellular messenger pathways in LHRH neurons to determine
whether GAP is released in vitro from nerve terminals in the ME.
In addition, we have used high performance liquid chromatography
(HPLC) to characterize all 'LHRH and GAP release products. Adult,
male, Sprague-Dawley rats were decapitated, the ME was dissected,
and the tissue fragments were incubated in a Krebs-Ringer bicar-
bonate glucose buffer. Following a 30 min pre-incubation period,
fragments were incubatad for additional 30 min periods in the
presence of fresh media, either alone or containing prostaglandin
£2 (PGE,), phorbol ester (PDBu), or the depolarizing agent, [K*].
At the end of the experiment, LHRH and GAP were quantitated by
radioimmunoassay. Serial dilutions of a pool of media gave a
displacement curve which was parallel to that of the GAP.g¢
standard. Both GAP and LHRH were secreted into the media under
basal conditions. PGE, was found to significantly enhance the
release of both peptides. PDBu and [K*] stimulated the highest
levels of secretion which were 8- and 4-fold higher than under
basal conditions for LHRH and GAP, respectively. In a separate
expariment, media that were collected under basal or [K*]-
stimulated conditions were injected separately onto an HPLC
apparatus. Peptides were separated according to molacular weight
(MW) on a Toyo-Soda G-2000SW column while absorbance was moni-
tored at 280 nm. A single peak of immunoreactive LHRH eluted at
approximately 1300 MW, at the same position as synthetic LHRH.
Two peaks of GAP immunoreactivity were found. A small peak
eluted in the void volume. The predominant peak eluted at 6500
MW, the same position as synthetic GAP,.gs. These data indicate
that GAP is secreted from median eminence nerve terminals under
basal conditions, that GAP is releasad in response to the same
stimuli which stimulate secretion of LHRH, and that the secreted
forms of LHRH and GAP appear to be the decapeptide and GAP;.gg.
These results emphasize the importance of using both in vitro and
HPLC methodologies to evaluate the changes which may occur in
LHRH prohormone processing and secretion.
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10.11 REPETITIVE TRANSIENT RISES OF CYTOPLASMIC FREE CALCIUM IONS IN A

SUB-POPULATION OF LHRH-STIMULATED PITUITARY GONADOTROPES. D.A.
Leong*, D.M. Benedek*, C.E. Lyons*, Jr., G.L. Mandell*, J.A.
Sullivan*, M.O0. Thorner. Department of Internal Medicine,
University of Virginia, Charlottesville, VA 22908.

The precise role of cytosolic calcium ions in the pituitary
gonadotrope remains to be established. We have recently combined
the new fura-2/AM method for calcium ion measurements using
digital imaging microscopy with immunologic techniques that
permit quantitation of hormone release from single living cells.
This permits the identification of secretory gonadotropes in
mixed-cell pituitary preparations (reverse hemolytic plaque
assay) together with real time measurements of calcium ions in
single cells (fura-2/aM). This approach solves persistent
problems associated with (i) mixed-cell populations: secretory
gonadotropes in rat pituitary cell preparations comprise just
3-4% of all pituitary cells (ii) population averaging: temporally
organised events such as calcium transients can be unambiguously
resolved only in single cells. We have previously shown that
high doses of LHRH (10.0 nM) rapidly triggers (1-2 sec) calcium
mobilization from internal stores in all secretory gonadotropes
lasting for 3-5 min. The initial phase of the calcium response
is common. However, the calcium profile is strikingly different
among individual secretory gonadotropes when stimulation is
maintained for a further 45 min at a saturating LHRH dose. Three
categories of response are evident: thus calcium levels remain
sustained at high levels of calcium (Type I), or plateau to a
level above baseline (Type II), or immediately return to baseline
(Type III). The second phase of the calcium response is
associated with calcium influx through calcium channels, since
the response is completely abolished when extracellular calcium
is withdrawn. The same repertoire of calcium responses was still
obtained in the majority of gonadotropes treated with much lower
doses of LHRH (0.001 and 0.01 nM). We report here on a new
calcium response profile of repetitive calcium transients
triggered in a small sub-population (<10%) of gonadotropes at low
(but not high) LHRH doses. Resting levels of calcium ions were
stable in this gonadotropes subset prior to stimulation. LHRH
activated a striking series of repetitive calcium transients
maintained, in some instances, for the entire stimulus period (50
min). There is a common pulse frequency of 2-3 sec (n=7). For
each gonadotrope, calcium transients were generated as exact
replicas when recordings were analyzed at 100 msec intervals.
These findings demonstrate a new level of complexity regulating
cytosolic calcium ions levels in the gonadotrope. This
phenomenom adds to the accumulating evidence that the mechanism
of signal transduction includes information transfer coded in the
temporal organization of calcium transients.

Supported by NIH grant DK35937 (DAL) and DK13197 (MOT).

10.12 PARTICIPATION OF VOLTAGE-DEPENDENT CALCIUM CHANNELS

IN THE REGULATION OF FOLLICLE STIMULATING HORMONE
SECRETION IN A PRIMARY PITUITARY CELL CULTURE SYSTEM.
hangold*, M.Blotner* *. & R.J.Miller, (Spon: R.

Dinerstein), Dept. Pharmacol. and Physiol. Sciences and Dept.
Obstetrics and Gynecology., Univ. of Chicago, Chicago, ll. 60637:

Calcium channels are clearly important in the control of luteinizing
hormone (LH) release by pituitary cells, but to date little information
exists concerning their role in the secretion of follicle stimulating
hormone (FSH) by these same gonadotroph cells. The present
investigation was undertaken to examine the involvement of voltage-
sensitive calcium channels (VSCCs) in the stimulation of FSH release
by gonadotropin-releasing hormone (GnRH) in primary pituitary cell
cultures. Female, 35-day old, S/D rats were sacrificed to obtain
pituitaries, from which adenohypophyses were dissected and
dispersed in 0.25% trypsin for 20 minutes. After filtration through
organza cloth and centrifugation at 225 g for 10 min., cells were plated
at 500,000/well in Medium 199 with 10% horse and 2.5% fetal calf
serum in 16 mm, 24-well plates. After 2 days, cells were washed 3
times in serum-free media and incubated for 2 hours with test drugs in
HEPES buffer. After removal of media aliquots for FSH assay, cells
were lysed with 0.2% SDS and protein content deter mined. Cell
depolarization with 50 mM K+ resulted in an increase in basal (5 mM
K+) FSH secretion. GnRH (100 nM) produced a significantly greater
release of FSH than did 50 mM K+. Cd+*+ (100 uM) completely
prevented the depolarization-induced increase, and partially blocked
the GnRH-mediated increase in FSH secretion. Depolarization-
induced FSH stimulation was further enhanced by the dihydropyridine
(DHP) VSCC agonist BAY K 8644 (1 uM). The enhancement of FSH
secretion caused by 50 mM K+ with or without BAY K was blocked by
the VSCC antagonist nitrendipine (1 uM). Basal (5 mM K*) secretion
was enhanced to a level equal to that brought about by 50 mM K+ via
Na+ channel activation with 30 uM veratridine. However, neither the
K+- nor GnRH-induced rise in FSH release was inhibited by Na+
channel blockade with 5 uM tetrodotoxin (TTX). We also examined the
effects of the putative regulator of gonadotropin secretion, Neuro-
peptide Y (NPY), in this cell culture system. As reported for LH
secretion (Crowley et al., Endocr, 120:941,1987), NPY (100 nM) had
little effect by itself on basal or depolarization-induced FSH release,
but did enhance the GnRH-mediated increase in FSH secretion.
These results suggest that activation of DHP-sensitive calcium
channels can initiate the secretion of FSH from gonadotrophs. VSCCs
may also play a role in the stimulation of FSH release by GnRH.
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EXPRESSION AND CELL TYPE-SPECIFIC PROCESSING OF RAT
PRODYNORPHIN. L. vi*, J. Douglass* and E. Herbert* (Spon: E
Lewis). Vollum Institute for Advanced Biomedical Research,
Oregon Health Sciences University, Portland, Oregon 97201

The post-translational maturation of a complex precursor
polyprotein, prodynorphin, was studied by transformation of a
mouse pituitary cell line (AtT-20pjgy) and a rat pituitary cell
line (GH,4-Cl) with a recombinant plasmid encoding rat
prodynorphin. This plasmid was constructed by inserting rat
preprodynorphin cDNA downstream from the mouse metallothionein
promoter and was introduced by co-transformation with the G418-
selectable plasmid pKOneo. Stable transformants were isolated
and analysed for the presence of the prodynorphin precursor
Chromatography of the cell extract from the stably transformed
cell line AtT-20/ZRD19 on Sephadex G-75 revealed the presence of
low molecular weight [Leu]enkephalin containing peptides (<2kd)
as well as of larger proteins (up to 30kd). Analysis of the low
molecular weight peptides on reverse phase HPLC showed the
presence of dynorphin A, dynorphin B, R-neo-endorphin and
dynorphin A-(1-8) in addition to authentic [Leu]enkephalin.

In contrast, chromatography of the cell extract from stably
transformed cell line GH4-Cl/ZRD13 on Sephadex G-75 revealed the
presence of two prominant high molecular weight [Leu]enkephalin
containing peaks and a very small low molecular weight peak
representing [Leu]enkephalin pentapeptide.

These results suggest that while AtT-20 cells contain enzymes
that efficiently process at the "Lys-Arg", Arg-Arg",
and single arginine residues of prodynorphin, GH4-Cl cells do
not. The accurate and efficient processing of prodynorphin in
AtT-20 cells and not in GH4-Cl cells suggest that this method of
DNA-mediated gene transfer will provide important information
regarding post-translational control of mechanisms regulating
the expression of neuropeptides and hormones.

11.2

DOPAMINERGIC AND CHOLINERGIC REGULATION OF STRIATAL PROENKEPHALIN
mRNA CONTENT. I. Mocchetti, R. Dal Toso, A. Ritter and E. Costa.
FIDIA-Georgetown Institute for the Neurosciences, Georgetown
University Medical Center, Washington, D.C. 20007

Northern blot analysis for the determination of proenkephalin
(PE) mRNA in combination with radioimmunoassay for PE and
enkephalin (ENK) showed that striatal dopaminergic terminals
exert a tonic inhibition on striatal intrinsic neurons that store
ENK. This effect seems to be mediated by dopaminergic receptor of
the D-1 type since a prolonged treatment with the D-1 receptor
antagonist, SCH 23390, increases ENK synthesis and processing.
However, the effect of dopamine on ENK stores may be indirect
since dopamine also tonically inhibits cholinergic neurons which,
in turn, may regulate the synthesis of ENK in striatal neurons.
Such a possibility is suggested by several independent lines of
investigations: cholinergic agonists, such as diisopropylfluoro-
phosphate, increases Met-ENK content in  striatum while
cholinergic antagonists, such as scopolamine, decreases it (Hong
et al., Psychopharmacol. 1980). We confirmed this decrease and
found it to be associated with a decrease in PE mRNA;
furthermore, scopolamine blocks the increase in ENK and PE mRNA
striatal content elicited by haloperidol. Primary cultures of
striatal neurons were used to study how a signal transduction at
synaptic neurotransmitter receptors modulates mRNA content of
postsynaptic neurons. A 3 hr treatment with 10 uM of SKF 38393 a
specific D-1 agonist, decreases PE mRNA content of these neurons
in primary culture supporting the hypothesis that D-1 receptors
modulate the PE mRNA content. The culture exposure to carbachol
(50 uM) for 12 hr increases PE mRNA content. This effect is
already present after 3 hr of exposure. These results suggest
that dopaminergic and cholinergic receptors might be either
located in enkephalin containing neurons or trans synaptically
linked to these cells. Thus, it appears that in striatal cultures
the activation of cholinergic or D-1 receptors can affect in
opposite direction the content of PE mRNA.
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11.5

CHARACTERIZATION AND SECRETION OF PRO-OPIOMELANOCORTIN-CONVERTING
ENZYME ACTIVITY BY DISPERSED BOVINE INTERMEDIATE LOBE PITUITARY
CELLS. Maria G. Castro* and Y. Peng Loh. Lab. of Neurochemistry
& Neuroimmuaology, NICHD, NIH, Bethesda, MD 20892

Pro-opiomelanocortin (POMC) is synthesized by the anterior and
intermediate lobe (IL) of the pituitary. This prohormone is
processed within the secretory vesicles (SV) to yield active
hormones by cleavages at paired basic amino acid residues, the
wost common being Lys—Arg pairs. An enzyme that cleaves this
prohormone specifically at the paired basic residues has been
characterized and purified from bovine pituitary IL secretory
vegicles. This enzyme, named pro-opiomelanocortin converting
enzyme (PCE) is a Mp 70,000 glycoprotein (Y.P, Loh et al.,
Journal of Biological Chemistry, Vol. 260: 12, pp. 7194-7205,
1985), and has a pH optimum of between 4 and 5. One of the
criteria for showing that this pro-hormone converting enzyme is
physiologically relevant, is to demonstrate that the enzyme is
secreted with the POMC derived peptide products in a co-ordi-
nately regulated mamner. Hence, the secretion of PCE together
with a-MSH from bovine IL dispersed pituitary cells was iaves-
tigated.

The dispersed bovine IL pituitary cells were incubated in
medium with and without 8-Bromo-cyclic-AMP (cAMP: 3 x 107°M).
The medium was collected and assayed for secretion of PCE and
o-MSH., «-MSH was measured by radioimmunoassay and PCE activity
was assayed in pH = 4.0 buffer at 37°C using °[H] phenylalanine
labeled mouse POMC or °[H] arginine-labeled frog POMC as sub-
strates. The processed products formed were identified by immu-
noprecipitation with ACTH and g-endorphin antisera, and by co-
migration with known markers on acid-urea polyacrylamide gels.
With cAMP treatment, secretion of PCE activity and o-MSH was
162.4 + 3.4% and 142 + 11% respectively, when compared to the
controls (without cAMP). The secreted PCE was shown to cleave
POMC primarily to 21-23K ACTH, 13K ACTH, 4.5K ACTH, 16K NH2-
terminal glycopeptide (K = 1000 daltons), g-lipotropin and g-
endorphin peptides, similar to those synthesized by the mouse and
frog IL in situ. This PCE activity was further characterized to
have a pH optimum of between 4 and 5 and an inhibitor profile
similar to that of the purified bovine IL PCE. These data provide
additional support for the presence of PCE in bovine IL secretory
vesicles and a role of this enzyme in the processing of POMC "in
vivo".

REGULATION OF CARBOXYPEPTIDASE H BY PRODUCT INHIBITION.
Vivian Y.H. Hook and Edmund F. LaGamma. Department of
Biochemistry. Uniformed Services University of the Health
Sciences, Bethesda, Maryland 20814 and Dept. of Pediatrics
and Neurobiology & Behavior, SUNY at Stony Brook, N.Y.
Carboxypeptidase H(CPH) is one of several enzymes required
for processing of peptide hormone precursors. In this study,
regulation of CPH by its peptide products through a product
and feedback inhibition mechanism was investigated. CPH
activity in bovine adrenal medulla chromaffin granules and
rat adrenal medulla homogenate was inhibited by the peptides
(Met)- and (Leu)enkephalin, vasopressin, oxytocin, LHRH,
substance P, and TRH, with oxytocin and ACTH 1-14 having the
least effect, at concentrations of 2-20 mM. Inhibition by
amidated peptide products (vasopressin, oxytocin, LHRH,
substance P, and TRH) show that the final products of the
precursor processing pathway can regulate CPH. In contrast,
bovine serum albumin did not inhibit the enzyme. These levels
of peptides are similar to known intragranular peptide concen-
trations, indicating that product and feedback inhibition of
CPH may play a role in the control of neuropeptide synthesis.
The kinetics of CPH peptide inhibition was characterized with
enkephalin peptides, the most abundant neuroactive peptide
products of CPH present in adrenal medulla. CPH in bovine and
rat adrenal medulla showed identical kinetics. 1In addition,
soluble and membrane bound forms of CPH from bovine chromaffin
granules showed similar kinetics. The approximate Ky values
for the proenkephalin-derived geptides (Met)enkephalin, (Leu)-
enkephalin, (Met)enkephalin-Arg -G1y7-Leu8, and (Met)enkephalin-
Arg®Phe’ were 12.0, 6.5, 7, and 5mM, respectively, with compe-
titive inhibition kinetics. It is of interest that the K; for
(Met)enkephalin was significantly greater than those for the
other enkephalin peptides. This may reflect the effects of
higher intragranular concentration of (Met)enkephalin compared
to (Leu)enkephalin, (Met)enkephalin—Arg6-G1y7-Leu8, and (Met)
enkephalin—Argé—Phe since one proenkephalin molecule contains
4 copies of (Met)enkephalin and only one copy of each of the
other enkephalin peptides. Thus, the products from one multi-
valent precursor molecule may equivalently inhibit CPH activity.
Product inhibition of CPH and perhaps other procéssing enzymes
may serve to limit the maximum peptide concentration within
the secretory vesicle. These data support the hypothesis that
precursor processing enzymes may play a significant role in
the regulation of peptide production in neuroendocrine cells.
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CHARACTERIZATION OF PEPTIDES DERIVED FROM PRO-OPIOMELANOCORTIN
(POMC) IN A NELSON’S SYNDROME PITUITARY TUMOR. C.W. Wilkinson,
S.A. Galt*, T.S. Roberts* and S.R. Plymate*. Geriatric Res.,
Educ. & Clin. Ctr., American Lake VA Med. Ctr., Tacoma, WA
98493; Dept. of Clin. Invest., Madigan Army Med. Ctr., Tacoma,
WA 98431; and Univ. of Washington, Seattle, WA 98195.

Several studies have suggested that pituitary adenomas
removed from patients with Cushing’s disease or Nelson’s
syndrome may contain greater proportions of more highly-
processed forms of POMC-derived peptides than do normal human
anterior pituitaries. By means of high-pressure liquid
chromatography (HPLC) and radioimmunoassays (RIA) we have
characterized specific molecular forms of POMC-derived peptides
in tumor tissue from a 46-year old woman diagnosed as having
Nelson’s syndrome. The patient had been adrenalectomized
bilaterally 16 years previously following a diagnosis of
Cushing’s disease and had been maintained on replacement doses
of glucocorticoids. At the time of transsphenoidal surgery,
skin pigmentation was excessive, and plasma concentration of
immunoreactive ACTH was greater than 1700 pg/ml.

A portion of the tumor (64 mg wet weight) was frozen on solid
C0, immediately after removal and was extracted by boiling in
1 ﬁ acetic acid, sonicating, and centrifuging for 30 min at
13,000 g. The supernatant was applied to ODS-silica cartridges,
washed, and eluted with 80% acetonitrile (ACN), 20% aqueous 0.1%
trifluoroacetic acid (TFA). The extract was vacuum-dried and
resuspended in 0.1% TFA and applied to a 5 micron, Cg reverse
phase HPLC column. Separations were attained with a gradient
from 30% to 40% ACN against water while maintaining a constant
TFA concentration of 0.1%. Eluate fractions were collected and
assayed for immunoreactive beta-endorphin, gamma-endorphin,
alpha-MSH, and ACTH.

Of the Tow molecular weight immunoreactive beta-endorphin
that was extracted, approximately 80% co-eluted with
unacetylated human beta-endorphin 1-31; small proportions co-
eluted with forms of beta-endorphin 1-27 and 1-26. Virtually
all of the gamma-endorphin immunoreactivity co-eluted with
unmodified gamma endorphin (beta-endorphin 1-17).

Immunoreactive alpha-MSH eluted in three peaks that appear to
correspond to native alpha-MSH (32%), the des-acetyl form (18%),
and the C-terminally glycine-extended form (50%). Less than
0.1% of the immunoreactive ACTH co-eluted with human ACTH 1-39;
the remainder eluted in a broad peak coincident with
corticotropin-1ike intermediate Tobe peptide (CLIP).

POMC-derived peptides in this Nelson’s syndrome tumor are not
characteristic of those in normal human anterior pituitary.

Supported by the Veterans Administration.

REGULATION OF TRH LEVELS UNDER DIFFERENT PHYSIOLOGICAL CONDITIONS:
mRNA LEVELS AND PEPTIDASE ACTIVITIES. L. Covarrubias*!, R.M.
Uribe¥*, G. Ponce*, J.L. Charli*, and P. Joseph-Bravo* (SPON: A.M.
Colome). ICINVESTAV (IPN) and Centro de Investigaciones sobre Inge
nierfa Genédtica y Biotecnologfa (UNAM), A.P. 70479, México, D.F.
04510, México.

A clear view of neuronal phenotype establishment not only
requires our understanding of those molecular events which occur
during development and differentiation within a cell, but also, of
the molecular events due to cell interaction and extracellular
factor response in the adult animal. On the other hand, homecsta-
sis control involves a precise regulation of the amount of active
components in extracellular fluid as well as their biosynthesis in
the specific cell producers. Our interest has been focused on the
understanding of these important phenomena. Thyrotropin Releasing
Hormone (TRH) metabolism is a good study model since our actual
knowledge and experimental tools will allow us to attack both cell
phenotype and animal homeostasis establishment. As other neuropep-
tides, it is synthesized from a protein precursor an is degraded in
vitro by two solubles (prolylendopeptidase and pyroglutamateamino
peptidase I (PGAI)), one membrane bound (PGAII) and one serum enzyme
(thyroliberinase).

We studied what might be two limiting stages of metabolism: TRH
mRNA levels and TRH degradation. TRH mRNA levels and degrading
enzymes' activities were measured under a variety of physiological
conditions: hypo- and hyper-thyroidism, circadian cycle and
ontogenic development. mRNA was quantified by Northern blot
analysis using nick translated rat hypothalamic TRH cDNA kindly
donated by R. Goodman (Lechan et al., Science, 231:159, 1986). TRH-
mRNA increased 8x from day 5 to 30; during the circadian cycle it
fluctuated 2x between the valley and the peak and in hypothyroid
rats, a significant increase was also observed.

Degrading enzymes were also affected.
was increased in the hyperthyroid rat.
was observed in the adenohypophysis of hyperthyroid rats. This
was tissue specific and enzyme specific (no change for PGAI).
Opposite changes were seen in the hypothyroid animal. These data
suggest biosynthesis and degradation as regulatory events of TRH
metabolism. (Supported in part by grants from CONACYT # ICSAXNA
030915 and # ICCBXNA 021LL and Fondo R. Zevada)

Thyroliberinase activity
A 3-5 fold increase in PGAII
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11.7 BIOSYNTHESIS OF MATURE THYROTROPIN RELEASING HORMONE BY ATT-

20 CELLS TRANSFECTED WITH A CDNA ENCODING PREPROTRH

*# H. Go il Mandel *#
an_d_[xm_M.D__J_agk_sg_n_. Division of Endocrinology, Brown University,
Rhode Island Hospital, Providence RI 02902 and #Division of Molecular
Medicine, Tufts New England Medical Center, Boston MA 02111.

The structure of rat hypothalamic preproTRH has been deduced by
sequencing of preproTRH complementary DNA (cDNA) and consists of a
255 aa sequence containing 5 TRH progenitor sequences , GIn-His-Pro-Gly,
demarcated by paired basic aa sequences. To study the post-translational
processing and packaging of the precursor for thyrotropin releasing hormone
(preproTRH) we have transfected AtT-20 cells with an expression vector
containing preproTRH cDNA .

Cotransfection of AtT-20 cells, a mouse pituitary cell line with a neomycin
resistance plasmid and an expression vector consisting of the CMV IE
promotor (provided by Dr. John J. Kopchick) fused to preproTRH cDNA
resulted in several clones of G418-resistant cells containing preproTRH
mRNA by Northern blotting. These clones were shown both to contain
immunoreactive TRH, (pGlu-His-Pro-NH, iTRH) and release iTRH into
culture media. Untransfected AtT-20 cells do not contain detectable iTRH or
preproTRH mRNA. One of these clones, aKS6.19, was studied further.
Cells were extracted with 1M acetic acid/HCl pH 2,boiled and the extract
lyophilized for TRH assay using a RIA which only recognizes fully processed
TRH. After purification on solid-phase cartridges extracts were also assayed
for immunoreactive pCC (ipCC), using an antiserum directed against the
sequence Cys-Lys-Arg-Gln-His-Pro-Gly-Lys-Arg-Cys, which recognizes
incompletely processed TRH progenitor sequences, and immunoreactive pYT
(ipYT), directed against the N-terminal sequence 52-75 preproTRH. The
estimated cell contents of iTRH, ipCC and ipYT were 6.88, 1.77 and 2.59
pmol equivalents synthetic standard/mg cell protein respectively. Sephadex
G50 chromatography of cell extracts revealed qualitatively similar profiles of
ipYT and ipCC to those seen in extracts of rat brain: namely two peaks of
ipYT of MW ~3Kd and 7Kd and one of ipCC of ~6Kd. Release of iTRH by
aK$6.19 cells was increased by potassium depolarization and by stimulation
with dibutyryl cAMP which releases endogenous ACTH from AtT-20 cells
(basal TRH release 273.3+5.67 pg/well/hr; 50mM K+ 492.3+13.68; 5uM Bt,
cAMP 399.3+26.4. Mean+SEM, n=3). Parallel increases in ipYT release
were also observed.

We conclude that a cell line which can post-translationally process
endogenous proopiomelanocortin to mature ACTH in secretory granules is
also capable of synthesizing mature TRH when transfected with the cDNA for
preproTRH. This suggests that the processing mechanisms for post-
translational processing of peptide neuromodulators and hormones are not
specific for particular peptide precursors. These transfected cell lines provide
systems for further studies on the post-translational processing of proTRH.

PROCESSING OF THE APLYSIA EGG LAYING HORMONE
PRECURSOR. J. sher* R. Newcomb* and
Scheller (SPON: S. Levine). Dept. Biol. Sci.,

Stanford Univ., Stanford, CA 94305.

The characteristic egg laying behavior of Aplysia
californica is thought to be mediated by two clusters

of neurosecretory cells called the bag cells. These
neurons, which sit on top of the abdominal ganglion,
fire preceeding each egg laying episode and release a
battery of neuropeptides into the sheath surrounding
the ganglion as well as the hemolymph. At least four
of these peptides (¥, B ,%BCP and ELH) have distinct
biological activities and are produced through
proteolytic cleavage of a single 28 kd prohormone.
DNA sequence analysis has revealed that the ELH
preprohormone contains a signal sequence, eight
dibasic putative cleavage sites and numerous single

arginine residues. Two system HPLC analysis of crude
bag cell homogenates followed by amino acid
compositions of the resulting pure peptides has shown

that at least seven of the eight dibasic residues, the
signal sequence and one single arginine residue are
used as proteolytic cleavage sites.

The processing pathway of the ELH precursor is
presently under investigation. Intermediates in the
processing pathway have been purified by HPLC and are
being characterized chemically by amino acid analysis,
Edman degradation and tryptic mapping. A series of
synthetic peptides from various regions of the
precursor have been used to generate antisera. These
antibodies are being used for immunoprecipitation
studies of the intermediates in the processing pathway
as well as for immuno EM investigations of the
subcellular localization of the antigens. Pulse chase
studies wusing tritiated amino acids (Phenylalanine,
Leucine and 1Isoleucine) have shown that the amino
terminal 2/3 of the precursor is processed more slowly
than the carboxyl terminal 1/3 of the molecule; this
results in a relatively long lived (apparently 18 kd)
intermediate which contains ¥,8, and possibly «-BCP as
well as several shorter lived, smaller intermediates
which all contain ELH. The pathway and kinetics of ELH
precursor processing may influence the function of its
bioactive peptides in transmission.
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HYPOTHYROIDISM INCREASES proTRH mRNA AND IMMUNOREACTIVE proTRH IN
THE RAT HYPOTHALAMIC PARAVENTRICULAR NUCLEUS (PVN). R.M. Lechan,
T.P. Segerson®, H. Mobtaker®, G. Burke¥®, P, Wu¥®, I.M.D. Jackson,

H. Wolfe®, Div.

situ  hybridization

of Endocrinology and Dept. of Pathology, New
England Med. Ctr., Boston, MA 02111 & Div. of Endocrinology, Rhode
Island Hospital, Providence, R.I. 02902

Recent studies from our laboratories demonstrate that
hypothyroidism increases proTRH mRNA in extracts of the PVN, the
origin of the TRH-tuberoinfundibular system. To further
characterize this response, we have performed semi-quantitative in
histochemistry and immunocytochemistry to
detect proTRH mRNA and TRH prohormone in hypothyroid rats.

Male, Sprague-Dawley rats were studied after three weeks of
hypothyroidism, induced by an initial i.p. injection of
propylthiouracil (0.01 mg/g) followed by p.o. methimazole (0.02%)
in  their drinking water. Hypothyroidism was confirmed by
measurement of serum TSH. The brains were fixed by intracardiac
perfusion with 4% paraformaldehyde and the region containing the
PVN sectioned coronally or horizontally on a vibratome. 20um
ggctions were adhered to glass slides and hybridized with a

S-labeled proTRH cRNA probe transcribed from the rat proTRH
cDNA. The emulsion-coated slides were developed after 5 d of
exposure and visualized by darkfield microscopy. The density of
silver grains accumulating over each hybridized neuron in the PVN
was assessed by computer image analysis, normalized to the mean
density  per cell over hybridizing neurons in the lateral
hypothalamus. Data were expressed as the ratio of individual PVN
cell density to mean lateral hypothalamic density versus number of
cells. Immunocytochemistry was performed on 50 um free floating
sections by the ABC technique using antiserum #351 (1:1000) which
recognizes intact or partially processed proTRH.

In control animals, hybridization was seen in the medial and
anterior parvocellular divisions of the PVN with a tendency for
more intense hybridization in the medial division. The majority of
medial parvocellular neurons had ratios of density between 0 and 2
(median: 0.9). In contrast, medial parvocellular neurons in
hypothyroid animals showed increased hybridization, with a density
ratio range of 0-10 (median: 4.3). Immunocytochemistry showed a
marked increase in the accumulation of immunoreactive proTRH in
medial but not anterior parvocellular neurons in hypothyroid, but
not control animals.

We propose that the simultaneous increase of proTRH mRNA and
immunoreactive proTRH in medial parvocellular neurons of the PVN
suggest that hypothyroidism induces both transcription and
translation of the TRH prohormone. The selective response of
medial, but not anterior, parvocellular neurons to hypothyroidism
provides further evidence that these cells may be under different
regulatory control.

HETEROGENEITY AMONG ACIDIC PEPTIDES ASSOCIATED WITH NEURO-
SECRETORY VESICLES IN THE BAG CELLS. §. Arch, M. Mendelson*

* Biological Laboratories, Reed College, Portland,
OR 97202.

Use of 3H-Leu for biosynthetic labeling of bag cell neuropep-
tides results in the resolution of two major peaks of radiolabel
when the contents of a neurosecretory vesicle (NSV) fraction
are analyzed by isoelectric focusing. These are the acidic
peptide (AP) and the egg-laying hormone (ELH). We have been in-
terested to determine which other peptides are also associated
with the NSV fraction. On the basis of the reported nucleotide
sequence, we chose to label bag cells with 3H-Phe since neither
the ELH nor the putative AP sequences is illustrated as contain-
ing a Phe residue. The IEF profile of Phe-labeled NSV differs
in several respects from that obtained with Leu labeling. How-
ever, although there is relatively little labeling at the pI 9.3
position occupied by ELH, the pI 4.8 position associated with
AP is strongly labeled. To characterize the Phe-labeled acidic
species further, we used the pI 4.8 band from IEF as the
starting material for SDS-PAGE separation. This selective 2-D
approach resolved the Phe-labeled material into two closely
spaced peaks of radiolabel at M,'s of 5.6 kD and 4.5 kD. he
5.6 kD peptide is predominant in this case whereas with
Leu-labeled material, the 4.5 kD peptide-is the major band.

If both these peptides are derived from the neuropeptide
precursor, the larger is likely to arise from the excision of
the a- and y-BCP's from a common intermediate. We have called
this AP-39 to distinguish it from the 27 residue C-terminal

AP sequence (AP-27). On the grounds of its level of labeling
with the two amino acids, we are led to assume that the 4.5 kD
band represents AP-27 and that this peptide contains Phe.
Although both AP's are found in an NSV fraction, the presence
of membranous contaminants in the fraction preclude the
assumption that they are both within the NSV. We, therefore,
determined their solubility in response to a range of
hyposmolal shocks. The outcome of these experiments disclosed
that they show similar solubilities to hyposmolal challenge,
thereby indicating that they are enclosed within organelles
with the same lability, presumably NSV. The implication from
these observations is that the BCP's may be loaded into NSV

in an intermediate form and that they are either cosequestered
with AP-27 or occupy different NSV's of the same osmotic
fragility.
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EXPRESSION OF NEUROPEPTIDE Y mRNA AND PEPTIDE IN
MEGAKARYOCYTES: ENHANCED LEVELS IN CERTAIN AUTOIMMUNE MICE.
H. Persson’, A. Ericsson’, D. Larhammar, M. Schalling*l, K.R.
McIntyre’?, J.M. Lundberg’3>, K. Seroogy! and T. HOkfelt'l.
(SPON: B. Green). Depts. Medical Genetics and Immunology?,
Uppsala University, Uppsala, Sweden and Depts. Histology' and
Pharmacology®, Karolinska Institute, Stockholm, Sweden

Neuropeptide tyrosine (NPY) is a potent vasoconstrictor
agent with a wide distribution in the central and peripheral
nervous systems. We demonstrate that high levels of rat NPY
mRNA are also found in peripheral blood cells, bone marrow,
lung and spleen. Radioimmunoassay revealed high levels of NPY
peptide in these tissues. In mice, splenic NPY mRNA and
immunoreactive peptide levels differed extensively between
strains and were greatly elevated in several strains (NZB,
NZBxW and BXSB) that develop a disease resembling human
systemic lupus erythematosus. Like the rat, the NZB mouse
showed a high content on NPY mRNA in peripheral blood cells
and bone marrow. Immunohistochemical staining revealed NPY-
like immunoreactivity in large cells morphologically
identifiable as meg: es in rat bone marrow and the
spleen of the NZB strain. Expression of NPY mRNA in
megakaryocytes was confirmed by in situ hybridization. These
results demonstrate a synthesis of NPY in megakaryocytes
implying that NPY can be released from platelets and function
as a vasoconstrictor during blood vessel damage. In addition,
the elevation of splenic NPY in certain autoimmune mouse
strains adds to the list of abnormalities associated with
these strains.

RETINA [

12.1

RECTIFYING TRANSMISSION AT THE ROD OUTPUT SYNAPSE OF TIGER
SALAMANDER RETINA. M. Wilsonl, S. Borges!, D. Attwell*? and s

2123. 1Deparcment of Zoology, University of California, Davis, CA
95616, 2De§artment of Physiology, University of London, WCLE 6BT,
England, Cullen Eye Institute, Baylor College of Medicine,
Houston, TX 77030.

Photoreceptors respond to light with a graded
hyperpolarization up to 25 mV in amplitude. It has been
conventionally assumed that all of this response range is

transmitted through the photoreceptor output synapse to second
order neurons in the visual system. We have examined the voltage
input-output relation of rod to horizontal cell transmission
using three different approaches based on simultaneous
intracellular recordings from pairs of rods and horizontal cells.
All three approaches reveal strong rectification in which only
signals coded within 5 mV of the rod dark potential are
effectively transmitted to postsynaptic horizontal cells. The

gain is high for very small hyperpolarizations (7.2 * 4.9,
mean * §.D., n = 6), but is much larger for larger rod
hyperpolarizations. The whole input-output relation can be

approximated by an exponential curve, whose slope decreases e-
fold for each 2.1 mV of rod hyperpolarization (2.10 + 0.44,
n = 6). The limitation of signal transmission to the first 5 mV
of the rod response is consistent with the reported voltage-
dependence of the calcium current in rods (Bader, C.R., Bertrand,
D. & Schwartz, E.A., J.Physiol.lond.,331:253,1982), if it is
assumed that calcium influx promotes transmitter release.

What accounts for this apparent paradox that rods have a 25 mV
response range, while signals greater than 5 mV in amplitude are
clipped ? We propose that the properties of the rod synapse are
related to two other poorly related aspects of early visual
processing viz. the mixing of signals that occurs by virtue of
the strong electrical coupling of adjacent rods, and by virtue of
the weak electrical coupling of adjacent rods and cones. We
argue that the effect of both kinds of photoreceptor coupling is
to offset the limitations imposed by the transmission properties
of the rod synapse. We predict that the strengths of both sorts
of coupling are quantitatively linked to the relationship between
the rod response range and the synapse operating range.
Consideration of the strength of coupling for phototreceptors in
the salamander retina shows that these predictions are upheld.

122 THE EFFECT OF L-GLUTAMATE ON THE ANOMALOUS RECTIFIER

POTASSIUM CONDUCTANCE OF ISOLATED HORIZONTAL CELLS FROM
THE WHITE PERCH RETINA. I. Perlman*, A.G. Knapp and
J.E. Dowling. The Biological Laboratories, Harvard
University, Cambridge, MA 02138.

Isolated horizontal cells from the white perch
retina contain at least three kinds of voltage-depen-
dent potassium channels (E.M. Lasater, J. Neurophysiol.
55, 499, 1986) including the so-called anomalous (or
inward) rectifier (AR) channels that open upon hyper-
polarization of the membrane. L-glutamate, a putative
neurotransmitter between cones and horizontal cells,
may inhibit the inward rectifier (A. Kaneko & M. Tachi-

bana, J. Physiol. 388, 169, 1985). This effect pro-
duces a net outward current which opposes current
flowing inward through glutamate-gated channels, and

thus reduces the apparent glutamate current at hyper-
polarized potentials. We have used whole-cell record-
ing techniques to study the effect of L-glutamate on
cone horizontal cells isolated from the white perch
retina. In every cell studied, the I-V curve recorded
in standard Ringer's showed a pronounced inward current
at potentials below about -70 mvV. This current was
identified as 1Ipp based on its voltage-dependence, its
variation with changes in external potassium concen-
tration, and its blockade by cesium ions. Pressure-
ejection of L-glutamate (100 - 200 uM) evoked an inward
current that reversed at about +5 mV and reached a
maximum at -60 to -70 mV. At more negative potentials,
the inward current decreased and in many cases a net
outward current was observed. This effect was due to a
reduction in Ipgp, because in the presence of external
cst application of glutamate elicited an inward current
that increased linerly as the holding potential was
made more negative. To our surprise, however, pressure
ejection of Ringer's alone also appeared to reduce Ipg.
Moreover, when the recording chamber was perfused
rapidly with Ringer's, Ipg was again reduced, and the
I-V relation for glutamate became similar to that seen
in the presence of Cs’. To explain these observations,
we suggest that, in the absence of perfusion, potassium
accumulates in an unstirred layer around the cells and
enhances Ipg. Pressure ejection lowers the concen-
tration of postassium around the cells, thus reducing
Ipr, and perfusion prevents the local accumulation of
potassium. We find no evidence that L-glutamate itself
directly affects the anomalous rectifier.



Dept. of Pharm. & Physiol. Sci., The University of Chicago, Chicago IL
60637

Cyclic nucleotides are claimed to regulate the conductance of gap
junctions in several tissues. Their effect depends upon the tissue studied.
An increase in cAMP may play a role both in the glucagon-induced
i in coupling observed in cultured rat hepatocytes'and the
dopamine-induced decrease in coupling between teleost retinal horizontal
cells.2 These opposing actions of CAMP suggest an underlying mechanistic
diversity. We have investigated the mechanism whereby coupling is
regulated in horizontal cells of the teleost. Retinas of the channel catfish
(lctalurus punctatus) were dissociated and cultured. Electrical synapses
often formed when processes from neighboring cone horizontal cells were
closely apposed. Trans-synaptic conductance was measured by controlling
the voltage of each cell in a pair with either two switching voltage clamps or
two patch pipette voltage clamps. Micropipettes were filled with (in M) KAc,
3; KC|, 1. Patch pipettes contained (in mM) K-aspartate, 65; Na-aspartate,
10; CsCl, 10; HEPES, 10; EGTA, 10; CaCl2, 1; pH 7.0. Synaptic
conductances of 10-100 nS were observed with either technique and
frequently maintained for more than one hour without significant rundown.
Coupling was decreased more than 90% following brief exposures (100
ms) to dopamine (100 uM) or the D1 agonist, fenoldopam (10 uM).
Uncoupling occured within 30-60 sec; recoupling required 10-20 min.
Neither dopamine nor fenoldopam elicited a membrane current.
Applications of IBMX (100 uM) or forskolin (40 pM) transiently reduced
coupling by the same amount as dopamine. These experiments indicate
that dopamine may uncouple by raising the intracellular concentration of a
cyclic nucleotide. Cyclic nucleotides were introduced into one cell of a pair
via a third patch pipette. First the conductance between a pair was
measured with two pipettes. Then, the membrane occluding the tip of the
third pipette was ruptured allowing cAMP to diffuse into the cell. The abrupt
introduction of 1-0.1 mM cAMP decreased junctional conductance 50-80%
in less than 1 min. Thereafter, a reduced conductance was maintained.
Upon withdrawing the third pipette from the cell surface, full coupling
resumed in less than 2 min. In similar experiments, 0.1 mM c¢cGMP
reversibly reduced junctional conductance 10-40% and 1-0.1 mM 8-Br
cAMP irreversibly uncoupled. 5-AMP (1 mM) had no effect on junctional
conductance.

1Saez, J.C., Spray, D.C., Nairn, A.C., Hertzberg, E., Greengard, P. &
Bennett, M.V.L. Proc. Nat. Acad. Sci. (1986) 83, 2473-2477.

2Lzasater, E.M. & Dowling, J.E. Proc. Nat. Acad. Sci. (1985) 82, 3025-
029.
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123 PROPERTIES AND DOPAMINE SENSITIVITY OF A VOLTAGE-DEPENDENT SODIUM 12.4 DOPAMINE MIMICS LIGHT-ADAPTATION IN HORLZONTAL CELLS OF THE XENCGPUS RETINA. P,
CONDUCTANCE IN ISOLATED HORIZONTAL CELLS FROM THE WHITE PERCH Wi S, § J se*. Dept. Ophthal., New York Univ. Med. Ctr., NY,
RETINA. A.G. Knapp, T. Roe* and J.E. Dowling. The Biological NY 10016 and Dept. Anat. & Cell Biol., Emory Univ. Sch. Med. Atlanta GA 30322
Laboratories, Harvard University, Cambridge, MA 02138. The axon-bearing horizontal cell of the Xenopus retina receives direct synaptic
Isolated horizontal cells from the white perch retina contain a inputs from green-sensitive rods and red-semsitive cones. Intracellular recordings
voltage-dependent, TTX-sensitive sodium conductance, Iy, (E.M. from horizontal cells showed that rod- and cone- initiated signals could be
Lasater, J. Neurophysiol. 55, 499, 1986). The function of this distinguished on the bases of waveform, operating range of light intensity and
conductance is unclear, as horizontal cells do not exhibit sodium- spectral sensitivity. The balance of cone vs. rod input normally is dictated by
dependent action potentials in vivo. It has been suggested that the daily light/dark cycle. We found, however, that even after prolonged
Iy, may enable horizontal cells to depolarize rapidly in response dark-adaptation, addition of 2-10 uM dopamine to the superfusate evoked changes
to the offset of illumination; sodium influx may also affect the usually associated with light adaptation: rod input was suppressed, come input
release of GABA from these neurons (S. Yazulla & J. Kleinschmidt, became larger and faster. In addition, the horizontal cell depolarized by 9.1 +
Brain Res. 263, 63, 1983). 3.8 mV. Dopamine- induced effects took 10-20 min to appear; more than 30 min in
We have used whole-cell voltage clamp techniques to examine dopamine—free Ringer was required to restore the dark-adapted condition. Multiple
additional properties of Iy, in cone horizontal cells isolated cycles of dopamine-induced "light-adaptation" followed by dark-adaptation in
from the white perch retina. Under conditions that minimize dopamine—free Ringer could be induced in single horizontal cells. Intracellular
current flow through other ionic conductances, Iy, appears as a recordings from rods demonstrated that rod threshold and V__ were not altered
transient inward current in response to step depolarizations by exposure to dopamine. b
beyond -50 mV, reaches a maximum amplitude near O mV and has an ine effects on the horizontal cell were imitated by the D, agomust LY
extrapolated reversal potential near +40 mV. Both the activation 171555 at 1 uM. The D, agonist SKF 38393 mimicked light-adaptation at 10-20 M.
and the inactivation of gy,, the conductance underlying Iy,, were Its action was blocked by an equimolar concentration of the D, antagonist, SCH
found to be strongly voltage-dependent, with half-maximal values 233%. Dopamine effects were not blocked either by SCH 23390 or the D, antago-
at approximately -25 mV and -60 mnV, respectively. Double-pulse nist spiroperidol alope, but in combination the two antagonists suppressed
experiments demonstrated that the time-constant of inactivation completely the light adaptive action of dopamine. The light-evoked responses of
was also voltage-dependent. These characteristics are very horizontal cells were not mdified by nor-epinephrine, epinephrine or serotonin
similar to those of Iy, in other types of neurons. (each at 10 u). These pharmacological data indicate that dopemine works through
In the intact perch retina, dopamine (DA) 1is released from a combination of D, and D, dopamine receptors.
interplexiform cells onto cone horizontal cells, where it acts Dopanine act:xol:é in diftal retina thar might play a role in the present results
through its intracellular second messenger cAMP to modulate are: (1? cone retinamtor s (Pierce & Besharse), (2) horizontal cell
several aspects of neuronal function. We have found that pressure uncoupling (Piceolino et al.), and (3? avgmented conductance change induced in the
ejection of DA onto isolated cone horizontal cells consistently hon.zontal cell menbrane by the putative cone transmitter, glutamate (Knapp &
reduced Iy,. In 657 of cells tested, DA reduced Iy, by more than le;.ng). The first of these depends on a D receptor and takes 15-30 min to
20%, and in some cases it was possible to abolish Iy, altogether. complete. Cone elongation under hghtjadapgd conditions can be elicited by
The suppression of Iy, required relatively high concentrations of spixoperidol. Ve found that 5-20 yM spiroperidol slowed the time course and
DA (> 400 uM) and occured more rapidly (maximal effect within 10 reduced the amplitude of cone-initiated signals. The second and third mechanisus
sec) and lasted a shorter time (recovery within 90 sec) than those both are nediated by a D receptor. We observed that exposure to dopamine
effects of DA known to be mediated by cAMP. Moreover, the parrowed the receptxyyzfxelc.l profile of the horizontal cell. Since the length
reduction in Iy, could not be blocked by antagonists of DA, nor ;ons:tant A =.(R)R/R) ’ th1§ result could b? expected from either mechmisn
could it be mimicked by agents that promote the accumulation of (mcrga.se.m s) or mechanism 3 (decrease in R ), or both. The
cAMP in horizontal cells. Thus, this action of DA appears to be a depolarm«.:mn evoked by d(.zpm'lme vould be expected of mechanism 3 but ot of 2.
nonspecific one, perhaps involving a direct interaction between DA The ‘.’mla"“ evidence indicates that, in the Xenopus retina, dopamine
and the sodium channel molecules or adjacent portions of the synthesis and release occur at a greater rate in daytine than at night. Thus, aur
horizontal cell membrane. Because of the relatively large doses ::: suggest that dopamine plays an important role in the daily cycle of light and
of DA required to inhibit Iy,, we doubt that this phenomenon has adaptation
any physiological significance. It does, however, constitute a
potential pitfall in experiments where high concentrations of DA
are applied to neural tissue.
125 cAMP AND cGMP DECREASE THE CONDUCTANCE OF 12.6 TREATMENTS WHICH UNCOUPLE TELEOST RETINAL HORIZONTAL CELLS PROMOTE
ELECTRICAL SYNAPSES BETWEEN HORIZONTAL CELLS OF THE PHOSPHORYLATION OF A MEMBRANE PROTEIN. D.G. McMahon, and J.E.
CATFISH RETINA S.H. Vries* 2* (SPONS J. An) Dowling, The Biological Laboratories, Harvard University,

Cambridge, MA. 02138.

The neuromodulator dopamine, released from interplexiform cells
in the teleost retina, has been shown to have profound effects on
the physiology of cone horizontal cells. For example, treatment
of white perch (Roccus americana) retinas with dopamine or
prolonged darkness reduces the electrical coupling between cone
horizontal cells. In isolated pairs of horizontal cells dopamine,
and its intracellular second messenger cAMP, uncouple these cells
by reducing the junctional conductance, presumably by modifying

the gap junctional channels. Since cAMP usually acts through
protein  phosphorylation we have sought to identify the
phosphoprotein targets of this pathway as a first step in

understanding the biochemical mechanism by which dopamine and cAMP
modulate junctional conductance.

Protein phosphorylation in the perch retina
three conditions which uncouple horizontal cells. Addition of
cAMP (1-100uM) to retinal homogenates consistently induced
phosphorylation of a protein with an apparent molecular weight of
31Kda on SDS-PAGE. Phosphoproteins of 15Kda, 21Kda, 47Kda, and
70Kda were less consistently observed. Incubation of isolated
retinas with dopamine (100puM) resulted in an increase in the
phosphorylation of 31Kda and 35Kda proteins. These effects were
blocked by the dopamine antagonist haloperidol (100uM). Treatment
of retinas with prolonged darkness increased the phosphorylation
of the 31Kda protein but decreased that of the 35Kda protein
compared with retinas maintained in dim room light.

Two results suggest that the 31Kda protein, which is present in
plasma membrane fractions, is of  horizontal cell origin.
Homogenates enriched for horizontal cells show increased amounts
of the 31Kda phosphoprotein compared with homogenates enriched for
retinal cells other than horizontal cells. In addition,
application of the B-adrenergic agonist isoproterenol (100uM),
which increases cAMP levels in the retina but not in horizontal
cells, does not phosphorylate the 31Kda protein.

Taken together these results suggest that the 31Kda protein
resides in the horizontal cell plasma membrane, and is a target of
dopamine's neuromodulatory effects. This protein may be a gap
junctional protein, or a protein involved in the regulation of gap
junctions. Future experiments will focus on more precise
identification of the cellular origin of this protein and its role
in modifying electrical coupling.

was examined under
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12.7 IMMUNOHISTOCHEMICAL LOCALIZATION OF CYCLIC AMP IN THE TELEOST

12.9

RETINA: EFFECTS OF DOPAMINE AND PROLONGED DARKNESS.
Young* and J.E. Dowling. (SPON: A. Adolph) Mass. Eye and Ear
Infirmary, Boston, 2114 and The Biological Laboratories,
Harvard University, Cambridge, MA 02138,

In the fish retina, dopaminergic interplexiform cells serve
as centrifugal neurons; they receive input from amacrine cells
in the inner plexiform layer and they synapse onto cone
horizontal cells in the outer plexiform layer. Horizontal cells
are inhibitory interneurons that mediate the antagonistic
surround responses of bipolar cells and cone photoreceptors.
Many studies have indicated that the lateral inhibitory effects
in the outer plexiform layer are modulated by the interplexiform
cells and dopamine; however, these studies do not provide any
information concerning the mechanisms underlying the effects of
dopamine on horizontal cells, In 1981, using enriched
horizontal cell fractions prepared from Ficoll sedimentation
gradients, Van Buskirk and Dowling provided evidence that
dopamine receptors on horizontal cells are linked to adenylate
cyclase.

The present study provides information on the immunohisto-
chemical localization of cyclic AMP in the white perch retina.
Using a goat anti-cyclic AMP antiserum (gift from Dr. D.
0'Brien) with an indirect immunofluorescent staining technique,
staining was localized mostly to the outer nuclear layer,
proximal inner nuclear layer and ganglion cells in retinas
dark-adapted for 30 min. In the distal inner nuclear layer
where the cone horizontal cells are located, only faint staining
was noted in these short term dark-adapted retinas. Immuno-
fluorescent staining of retinas preincubated for 10 min with
2 mM IBMX followed by a 15 min incubation with 200 uM dopamine
showed a marked increase in staining in the distal inner nuclear
layer, i.e. in the region of the horizontal cells. Similarly,
though to a lesser extent, there was increased staining in this
layer following prolonged (> 2 hours) dark adaptation. The
staining was blocked by preabsorbing the antiserum with cyclic
AMP (Sigma) indicating that the staining was specific to cyclic
AMP. These experiments directly localize cyclic AMP to the
region of horizontal cells in the fish retina and they provide
further evidence that both dopamine and prolonged darkness
promote the accumulation of cyclic AMP in the horizontal cells.

GREEN-LIGHT MODULATES THE COUPLING BETWEEN NON-UNIVARIANT
MONOPHASIC HORIZONTAL CELLS IN CARP (Cyprinus carpio) RETINA.
M. Kamermans*, B. v. Dijk*, R.C.V.J. Zweypfenning* and H.

Spekreijse*. (SPON: European Neuroscience Association) Lab. of
Medical Physics, Univ. of Amsterdam, Meibergdreef 15, 1105 AZ

Amsterdam-Zuidoost, The Netherlands.

In carp retina, two types of monophasic horizontal cells have
been described (Dijk B. van, thesis Univ. of Amsterdam, 1985): the
Univariant Monophasic Horizontal Cells (UMHC) and the Non-
univariant Monophasic Horizontal Cells (NMHC). UMHCs receive input
from red-sensitive cones exclusively, while NMHCs receive input
from both red-sensitive and green-sensitive cones. Experiments
were designed to reveal the nature of the input to the NMHCs from
the green-sensitive cones.

Two types of experiments were used:

A) The dependence of the response amplitude on test spotdiameter
was compared to the dependence of the response amplitude on the
position of a slit projected in the receptive field.

The influence of a steady red and of a steady green background
on the responses to red and green test flashes were regorded.
The results. found can be explained only by assuming that the
resistance of the GAP-junctions between the NMHCs was increased by
the green-sensitive cone system. At high intensities of a green
background, receptive field profiles will be smaller and feedback
more pronounced.

Conclusions: A) The receptive field organization in the horizontal

B

cell layer is not static but changes with the
adaptation state.
B) The green-sensitive cone system can modulate

the coupling resistance of NMHCs.
(Supported by the Netherlands Organization for the Advancement
of Pure Research - ZWO)

128 MODULATION OF CONE INPUTS

12.10

TO HORIZONTAL
CELLS IN THE TIGER SALAMANDER RETINA. Xiong-
Li Yang “and Samuel M. Wu (SPON: W. Strittmatter).
Cullen Eye Institute, Baylor College of Medicine, Houston,
Texas 77030.

We have investigated the effects of illumination on the
synaptic inputs from photoreceptors to horizontal cells (HCs)
in the tiger salamander (Ambystoma tigrinum) retina after
prolonged dark adaptation (at least 2 hours). Under dark-
adapted conditions, HCs receive inputs from both rods and
cones. The HC response to 500 nm test flash was
predominantly mediated by the rods and that to 700 nm flash
was predominantly mediated by the cones. In the presence of
dim background illumination, the HC response to 700 nm
flash was larger and faster than that recorded under dark-
adapted condition. This response enhancement occurred
when the background light preceded the test flash by 50 msec
and the response amplitude reached its maximum level 2-5
seconds after the onset of the background illumination. The
response amplitude in HCs increased with the degree of
hyperpolarization in rods. These results suggest that cone
signals in HCs are probably suppressed by the rods in
darkness, and background illumination reduces this
suppression and results in an enhancement of cone signals in
the HCs. In addition to the response enhancement resulted
from background illumination, HC response to 700 nm flash
became larger and faster after the cessation of prolonged light
exposure. In contrast to the short-term response enhancement
resulted from dim background illumination, this long-term
response enhancement in HC required exposure of brighter
light for at least 10 minutes to reach its maximum amplitude.
It is likely that a cone-mediated mechanism in the tiger
salamander retina is responsible for the long-term
enhancement of the cone signals in the HCs.

This work is supported by grants from the National
Institutes of Health (EY04446) and from the Retina Research
Foundation (Houston).

PDA AND BICUCULLINE RELEASE 3H—DOPAMINE IN THE TURTLE

RETINA. S.D. Critz and R.E. Marc, Sensory Sciences
Ctr., Graduate School Biomedical Sciences, Univ. of
Texas, Houston, Texas. 77030.

The circuitry of dopaminergic cells in the retina of
the red-eared turtle, Pseudemys scripta elegans, is
being studied by observation of the effects of putative
neuro-active substances on dopamine release. Eyecups
from turtles (lighting regimen: 12 hr. dark/12 hr.
light) were removed in dim red light 4 hrs. after light
onset, placed in an experimental chamber in darkness,
and perfused with turtle bicarbonate buffer (110 mM
NaCl, 22 mM NaHCO3, 2.5 mM KC1, 2.0 mM MgCl2, 2.0 mM
CaClg, 5 mM glucose, 0.025 mM pargyline, and 0.010 mM
ascorbate) until stable ERG's were observed. The eye-
cup was incubated in 3H-dopamine (0.2 uM) for 12 mins.
and perfusion resumed to washout label not taken up by
the cells. After 1-1.5 hrs. putative retinal trans-
mitters, their antagonists, and other bioactive sub-
stances were added to the perfusate and effects deter-
mined by liquid scintillation counting of collected
fractions. . .

- The glutamate antagonist PDA, (2,3-piperidine dicarb-
oxylic acid) has a potent effect on 3H-dopamine release.
The concentration used, 4 mM, is reported to block the
response of hyperpolarizing bipolar cells to light
(Slaughter, M.M. and R.F. Miller, Science, 219:1230-32,
1983) and thus is in the physiological range. Further-
more this dose is required to abolish the "d" wave of
the ERG. Other glutamate analogs: APB (20 uM) and
kainate (100 uM) had no effect on dopamine release.

The GABA antagonist, bicuculline (100 uM) caused re-
lease of dopamine in turtle, similar to results reported
in goldfish (O'Conner et al., J. Neurosci., 6:1857-65,
1986). However, this release appears to be calcium-
independent.

Other substances tested: acetycholine, carbachol,
strychnine, GABA, muscimol,nipecotic acid, and exogenous
dopamine, showed no effects on dopamine release.

These findings support a proposed tonic inhibition
of dopaminergic cells by GABA (Marshburn, P.B. and P.M.
Iuvone, Brain Res., 214:335-47, 1981), and suggest an
excitatory input on certain GABA amacrine cells.

Supported by: NIH,NEI #EY-02576.
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12.11 PROLONGED DEPOLARIZING RESPONSES IN TURTLE CONES EVOKED BY 12.12 THE ROLE OF HORIZONTAL CELL COUPLING FOR SUPPRESSIVE
STIMULATION OF THE RECEPTIVE FIELD SURROUND. ROD-CONE INTERACTION. . mkes, N. De X

Wallace B. Thoreson, Jon Gottesman and Dwight A. Burkhardt. Sliwinski*, and _ T. Eysteinsson. Dept. of Psychology,

Departments of Physiology and Psychology,
University of Minnesota, Minneapolis, MN 55455.

Intracellular recordings were made from red- and green-
sensitive cone photoreceptors in the retina of the turtle
(Psuedymys scripta elegans) , maintained via a recirculating,

modified tissue culture medium. Depolarizing influences arising

from the surround of the cone's receptive field were isolated
and studied in quantitative detail by stimulating the retina
with annular flashes in the presence or absence of steady
central spots. Two prominent types of responses were observed:
1) a prolonged depolarization which apparently has not been
reported heretofore and 2) depolarizing spikes. The spikes,

resembling those described by Piccolino and Gerschenfeld [Proc.
Roy. Soc. Lond. B 206, 1980], were 200-300 msec in duration and

not strictly all-or-none. With increasing annulus intensity,
the amplitude of the spike response increased abruptly over a
narrow intensity range. At somewhat higher intensities, the
spike was followed by, and apparently triggered, a prolonged
depolarization of 15-20 mv in amplitude.

In response to either short (0.4 sec) or long (20 sec)

flashes, the prolonged depolarization was maintained at a level

above the cone's resting membrane potential for some 5-10 sec
and then abruptly returned to the level which prevailed prior
to the flash. Injection of a brief depolarizing current pulse
(0.01 to 0.1 nA) evoked a prolonged depolarization virtually
identical to that evoked by light, thus showing that the

response is intrinsic to the cone cell. Whether evoked by light

or current, the prolonged depolarization markedly attenuates
the cone's response to an incremental light flash and also has
a remarkably long refractory period of 1-2 min during which
neither current nor light can reinstate a full-blown
depolarization.

These and additional findings have implications for the role

of surround antagonism in photoreceptor mechanisms of light
adaptation and color opponency.
Supported by N.I.H. Grant EY 00406.

12.13 MOLECULAR CHARACTERIZATION OF GENES REQUIRED FOR
DROSOPHILA PHOTOTRANSDUCTION.
Buhm Bnochemtslry Dept Univenty of California, Berkeley, CA 94720.

The fruitfly, D ter, is an lient system in which to
both study the roles of previously identified photoreceptor cell proteins and
to isolate and characterize the roles of genes and proteins important in
phototransduction that have not yet been identified in any metazoan system.
There are two important advantages of studying phototransduction in the
fruitly. 1) Many of the relevant genes have already been genetically
identified. 2) DNA sequences can be stably and emcnently introduced into
the g by P mediated g ion. Therefore, it is
posslble to identify the DNA sequence encoding a genetlcally defined locus
by complementing the mutant phenotype following introduction of the gene
into the genome by germiine transformation. We are interested in identifying
the DNA sequences encoding these phototransduction genes and
characterizing the roles of the coresponding proteins.

Using the above approach, we have identified two genes, tp (Montell, C. et
al., Science, 230:1040, 1985) and ninaC, by complementing the mutant
phenotypes. Both genes are expressed beginning late in development and
encode proteins localized specifically to the photoreceptor cells. The ninaC
proteins share significant homologies to two types of proteins which define
two nonoverlapping domains. One domain shares amino acid homology to
protein kinases and the other to all of the globular head region of the myosin
heavy chain. The trp protein is not homologous to previously sequenced
proteins but displays a number of very striking internal repeats. Continuing
studies directed at identifying the specific functions of these proteins will be
described.

Using a different approach, we have identified two opsin genes, rh3 and
rh4, expressed specifically in the R7 ultraviolet sensitive subset of
photoreceptor cells (Zuker, C. et al., ., in press; Montell, C. et
al. L Neurosci., in press). Thus, a total of four related Drosophila opsin genes
have now been isolated.

Queens College of CUNY, Flushing, N. Y. 11367

Diffuse, rod-stimulating background fields
markedly enhance cone-mediated responses to spatially
focal, rapidly flickering stimuli. We have called this

effect suppressive rod-cone interaction (SRCI) and have
documented it by means of intracellular recording from
cones and many second and third order neurons, and by
means of ERG and psychophysical procedures. Last year
at these meetings, we reported that SRCI is blocked by
pharmacological agents which block photic responses of
horizontal cells (HCs). In the present study, we
examined the influence of HC electrical coupling on
SRCI by applying the analysis of Lamb (1976). In these
experiments, we either recorded intracellularly from an
amphibian cone or second order neuron, or we used
psychophysical procedures in human subjects: we
assessed the influence of the size, shape, and retinal
position of both stimuli upon the extent of SRCI. We
assume that the background field acts by decreasing a
tonic rod-inhibitory dark signal which is mediated by
horizontal cells (HCs), and the spatial limitations for
SRCI reflect the space constant of the electrically
coupled HC network. Regardless of species and specific
experimental procedures, our analysis sugdests that
SRCI is delcermined by a mechanism with a space constant
of 400-550 um, In amphibian neurons, this value is
often larger than that directly determined with a cone-
stimulating slit in a recorded neuron: but this range
agrees with that reported for HC axon terminals, the
cellular process most likely to feedback onto cones.

¥Supported by Grants from NIH, NSF, and CUNY awarded

to T. E. Frumkes
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13.1 A DIRECT CONNECTION BETWEEN THE BASAL GANGLIA AND THE 13.2 CELLULAR LOCALIZATION OF CALBINDIN-Dygx IN RAT AND MONKEY BASAL
NUCLEUS BASALIS: A  TRACT-TRACING STUDY IN HUMAN GANGLIA. N. Aronin, S. Christakos*, and M. DiFiglia. Univ. Mass.
POSTMORTEM BRAIN. S.N. Haber. Dept. of Neurobiology and Anatomy, Med. Sch., Worcester, MA 01655, New Jersey Med. Sch., Newark, NJ
Univ. of Rochester Sch. of Med., Rochester, NY 14642 07103, and Mass. General Hosp., Boston, MA 02114
Previous studies based on tracing techniques and histochemical methods Calbindin is a 28,000 M.W. protein found in high concentrations
have suggested a direct connection betwen the nucleus accumbens and the in the mammalian kidney and brain. Regulation of renal calbindin-
nucleus basalis (Haber, Neurosci. Abstr., 10:7, 1984; Grove et al, Brain Res. Dygg content is 1,25(0H)p-Vitamin D dependent. Brain and kidney
367:379, 1986). Recently, using immunohistochemical methods to identify calbindins-Dygg are physicochemically identical by peptide mapping
enkephalin-containing striatal efferent fibers projecting to the ventral and chromatography. Function of calbindin-Djgg is unknown. We ex-
pallidum and acetylcholinesterase staining to identify neurons of the basal amined the immunocytochemical localization of calbindin-Djgg in the
nucleus, the overlap of these systems were studied in the human and rat and monkey basal ganglia. Anti-calbindin-Djgg antiserum was
nonhuman primate forebrain. The results indicate that the two systems generated in rabbit against purified calbindin from rat kidney.
tend, anatomically, to avoid each other, with the exception of a particular This antiserum crossreacts equally with brain and kidney calbindin-
subcommissural region in which a precise overlap occurs (Haber, PNAS, Dygk. Brain sections from paraformaldehyde/glutaraldehyde perfused
84:1408). The study presented here reports on the use of the tracer rats(n=7) and monkeys(n=3) were incubated 24-72h with primary anti-
molecule, wheat germ agglutinin conjugated horseradish peroxidase (WGA- serum (1:1000-1:1600 dilution), processed with the biotin-avidin
HRP) in postmortem human basal forebrain to study a direct connection method, and treated with diaminobenzidine in H0p. Specific cell
between the basal ganglia and the nucleus basalis. labeling was absent with omission of primary antiserum and with
Blocks of human basal ganglia, approximately 5 mm thick, were primary antiserum preadsorbed with purified calbindin-Djgg.
removed at autopsy and injected with 0.5-1.0 ul of WGA-HRP, (20% in tris In the neostriatum at the light microscopic level, numerous medi-
buffer, pH 8.6) using a glass pipette with a 30 um inside diameter tip. um sized cells and their emerging processes were darkly stained.
Injections were directed into the nucleus accumbens. Blocks were Nuclear staining often appeared darker than cytoplasmic labeling.
incubated for 24 hr. in calcium-low phosphate buffer, pH 7.2 at 379C. The The caudate neuropil exhibited a dense distribution of immunoreac-
tissue was fixed by immersion in 2% paraformaldehyde, 1.25% tive processes and punctate elements. Regions of the neostriatum
gluteraldehyde in phosphate buffer and cryoprotected in phosphate buffer with sparse labelingwere also observed. In both species at the
with increasing concentrations of sucrose (10%, 20%, 30%). Each block ultrastructural level, reaction product was distributed primarily
was cut (50um) on a freezing microtome and sections were stained with the in somata with unindented nuclei and in spiny dendrites. Particular-
TMB method of Mesulam (J. Histochem. Cytochem. 26:106), which were ly prominent was the dense immunoreactivity for calbindin-Dpgg in
then stabilized with a solution containing 0.05% DAB, 1% colbalt 1% numerous dendritic spines throughout the neuropil. Axon terminals
chloride, 1% nickel ammonium sulfate and 0.3% H202. Several were also labeled but infrequently. Immunoreactive terminals were
compartments were then counterstained for acetylcholinesterase using the filled with round and ovoid vesicles and formed symmetric synapses
Gensgr-Jgnsen gnd Blackstad method. ) . with unlabeled spines. At the light microscopic level, the globus
Injections into the nucleus accumbens showed fibers leaving the pallidus exhibited immunoreactive fibers, which in some locations
injection site and forming bundles as they traveled into the region of the ensheathed unlabeled pallidal dendrites. Large darkly labeled cells
basal forebrain. Individual fibers could be followed as far as 7 mm. In were found in the internal and external laminae of the monkey globus
sections countered stained for acetylcholinesterase, HRP fibers could be pallidus and were continuous with large labeled neurons of the basal
seen to traverse individual cholinesterase-positive neurons. These results nucleus (Meynert). Immunoreactive terminals synapsed with unlabeled
suggest at the light microscopic level, a direct interaction between the pallidal somata and dendrites.
nucleys accumbens and the cholinergic neurons of the basal forebrain may In conclusion, these findings indicate that calbindin-Djgg is
exist in the human forebrain. localized to medium sized spiny neurons in the neostriatum. Its
Supported by NIH NS22511 and NS01071. distribution within the basal ganglia is consistent with a striato-
pallidal projection of calbindin-Dygg containing cells. The prom-
inent immunocytochemical localization of calbindin-D)gyg immunoreac-
tivity in dendritic spines, which receive the majority of synaptic
inputs in the neostriatum, indicates that this protein may play a
role in post-synaptic events.
Supported by NIH NS-16367, NS-20270, NSF PCM8402840, and the
Joseph Healey Fund.
13.3 THE DISTRIBUTION AND STRUCTURE OF LABELED NEURONS AND AXON 13.4 NEUROCHEMICAL COMPARTMENTALIZATION OF THE SUBSTANTIA NIGRA PARS

COMPACTA IN THE PRIMATE. J.JIMENEZ-CASTELLANOS* AND A.M.GRAYBIEL.
Dept. Brain and Cognitive Sci., Mass.Inst.Tech.,Cambridge, MA 02139

Cross-sections through the squirrel monkey's substantia nigra pars
compacta (SNpc) were stained for acetylcholinesterase (AChE) activ-
ity, for tyrosine hydroxylase (TH)-like immunoreactivity, for Nissl
substance, or for tetramethylbenzidine (TMB) reaction product fol-
lowing injection of WGA-HRP into the caudate nucleus or putamen
(with or without accompanying fluoro-gold injections). Both with
AChE and with TH histochemistries, discrete compartmentalization of
the SNpc was observed. There were striking instances in which the
histochemical compartments corresponded to cytoarchitectonic spec-—
ializations seen in Nissl and TMB-stained sections.

In AChE-stained sections at mid-nigral levels, finger-like zones
of low AChE activity appear in the SN in an otherwise AChE positive
neuropil. Some zomes of heightened AChE staining are also present.
The AChE-poor fingers extend ventrally from a horizontal tier which
is darkly stained but itself is divided into a lateral pale part and
a medial darker part. Patches of lower and higher AChE staining oc-
cur within both parts. In TH-immunostained sections, this horizon-
tal tier of the SNpc is sharply divided into a medial half with
densely packed TH-positive cells and neuropil, and a lateral half in
which TH-positive cell bodies and neuropil are more sparsely distrib-
uted. Both the medial and the lateral halves have prominent TH-pos-
itive ventral extensions, some but not all corresponding to AChE-
poor fingers. The horizontal tier of the SNpc is readily identifi-
able in Nissl-stained sections. Its medial half forms a discrete
band of densely packed neurons broken up into clusters of more dark-
1y and less darkly stained neurons. The lateral half contains more
scattered neurons. Ventrally-extending fingers are not as promi-
nent as in the histochemical preparations. Dorsal to the SNpc prop-
er is a tier of pale TH-immunostaining corresponding to the substan-
tia nigra pars mixta (SNpm). The SNpm shows scarcely any staining.
Cell group A8, extending caudally from this zone, has stronger
AChE activity.

In the retrograde experiments, SNpm was labeled only after a tra-
cer injection in the ventral caudoputamen. In SNpc there were al-
ternating clusters of labeled neurons in the horizontal tier follow-
ing injections into either caudate nucleus or putamen (cf. Parent et
al. '83) and there were instances in which these were aligned with
the lighter or darker patches, respectively, of the Nissl prepara-
tions. TMB-labeled neurons and axons also appeared in ventrally
extending fingers. Cells in the AChE-poor fingers were labeled
both after single putamen injections (3 cases) and single caudate
nucleus injections (1 case) but no doubly-labeled neurons were found
after combined caudate nucleus-putamen injection. Supported by the
Seaver Institute, the McKnight Foundation and NSF BNS 8319547.

TERMINALS IN IMMUNOCYTOCHEMICALLY DEFINED STRIATAL, PERICOMMIS-
SURAL AND SUBCOMMISSURAL FOREBRAIN REGIONS IN THE RAT FOLLOWING
INJECTIONS OF WGA-HRP IN THE MIDBRAIN VENTRAL TEGMENTAL AREA: LM
OF THE TMB PRODUCT AND EM/GOLGI-EM OF ITS DAB-CO++ STABILIZED
COUNTERPART. D.S. Zahm. Department of Anatomy and Neurobiology,
St. Louis University School of Medicine, St. Louis, MO 63104.

The mesencephalic ventral tegmental area of pentobarbital
anesthetized, male S-D rats weighing 225-250g was injected
iontophoretically (1-2pA, 7s on - 7s off, 10-20 min) or by
pressure (10-15nl, 1%) with HRP conjugated to wheat germ
agglutinin (WGA). After 24-48 hours the animals were sacrificed
under anesthesia and vibratome sections (50um) through the
forebrain were cut and exposed either to TMB and H,0, in acetate
buffer at pH 3.5 (Mesulam, 1978) or to those reactants at pH 5.0
and subsequently to a DAB-Co++-H,0, solution at pH 7.4 (Rye et
al., 1984). The former sections were mounted for LM. The latter
were further processed for immunocytochemistry (IR) using antisera
against substance P (SP) or neurotensin (NT) with DAB as
chromagen, or, following osmication, were processed for Golgi
according to the method of Freund and Somogyi (1982) or between
glass slides as recommended by Izzo et al. (1987), or were
embedded for EM without further processing. The distribution of
labeled terminals corresponded to published reports (e.g.
Beckstead et al., 1979). Retrogradely labeled neurons were most
numerous in medial nucleus accumbens, and in a broad subcommis-
sural forebrain area extending from posteromedial parts of the
olfactory tubercle through the lateral hypothalamus. The
subcommissural group of labeled neurons was centered where ventral
pallidum (VP), the lateral division of the bed necleus of stria
terminalis (BST) and the lateral preoptic area abut. That
tegmentopetal neurons were numerous in each of these structures
was confirmed by defining the boundaries of VP using SP-IR and
those of the BST with NT-IR in sections containing retrogradely
labeled cells or in adjacent sections. Golgi impregnation showed
that retrogradely labeled, Gogli-impregnated neurons in the n.
accumbens were medium spiny neurons. At this writing double
labeled neurons have not been achieved in the subcommissural
region, but LM and conventional EM indicate that labeled neurons
and proximal dendrites are medium sized (15-20um), spindle-shaped,
and synapse-poor, in contrast to the synapse-rich ventral pallidal
neurons, whose territory they invade. To avoid confusing the
local collaterals of retrogradely labeled neurons with antero-
gradely labeled terminals following these injections, the latter,
to date, have been studied only in ventromedial caudate-putamen,
where labeled neurons were absent. Labeled terminals in this
region contacted dendrite shafts with symmetrical specializations.
Support: NS-23805 and the American Parkinson Disease Association.
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HALOPERIDOL-SENSITIVE SIGMA RECEPTORS IN THE SUBSTANTIA NIGRA PARS
COMPACTA: AUTORADIOGRAPHIC EVIDENCE FOR SPECIFIC ANATOMICAL LOCAL-
IZATION of [3H] DTG BINDING SITES. A.M. Graybiel, E. Weber, M~J.
Besson and K. Karuzis* (SPON: H. Newman-Gage). Dept. Brain and Cog.
Sciences, Mass.Inst.Tech., Cambridge, MA 02139

Findings in anterograde tracer experiments suggest that the dopa-
mine-containing cell groups of the cat's midbrain are divided up ac-
cording to their differential efferent projections to the striosomal
and extrastriosomal matrix subdivisions of the striatum (Jimenez-
Castellanos and Graybiel '85, '86).The TH-rich densocellular zone of
the substantia nigra pars compacta (SNpc) projects strongly to stri-
osomes. Cell group A8 and the cell-sparse zone of the SNpc project
more strongly to the extracellular matrix. We report here auto-
radiographic evidence suggesting that the striosome-projecting den-
socellular zonme of SNpc is the main nigral locus of binding sites
labeled with the sigma selective ligand [3H]-1,3 di-o-tolylguanidine
([3H]DTG) .

Autoradiographic experiments were carried out on transverse sec—
tions cut from unfixed rapidly frozen blocks taken from the cat
brainstem under conditions of deep barbiturate anesthesia. [3H]DTG
binding was performed at room temperature for 45 min in 2nM [3H]DTG
(specific activity 52 Ci/mmol). Non-specific binding was determined
by incubation in the presence of a 10-5 M haloperidol. Autoradio-
graphic [3H]DTG binding patterns were studied after 1-2 month expo-
sure times and were compared with patterns of TH immunostaining, of
AChE staining, and of [3H]SCH23390 and [3H]naloxone binding visible
in adjacent or nearly adjacent sections and, for AChE, in some of
the same sections stained after autoradiographic exposures were
complete.

[3H]DTG binding was generally low in the pars reticulata of the
substantia nigra (SNpr), in cell groups AlO and A8 and in the cell-
sparse zone of SNpc. By contrast, dense [3H]DIG binding appeared
in a restricted caudomedial band of SNpc that corresponded to the
TH-rich, AChE poor demsocellular zone of SNpc observed in adjacent
sections. Binding was nil in control sections incubated in the pre-
sence of 105 M haloperidol. Very different binding patterns were
found following incubations with the Dl-selective ligand [3H]SCH
23390 and with the opiate receptor-selective ligand [3H]naloxone.

In neither case was the densocellular zone of SNpc preferentially
labeled.

This anatomical localization of [3H]DTG binding raises the pos-
sibility that haloperidol-sensitive sigma receptors might modulate
dopamine release in the SNpc and that such effects might be targeted
particularly toward the striosomal system. If so, such specificity
could be important in understanding the neural basis of sigma-active
antipsychotic and psychotomimetic drugs. Supported by the
Seaver Institute, the McKnight Foundation and NSF BNS 8319547.

IMMUNOHISTOCHEMICAL LOCALIZATION OF THE NICOTINIC ACETYLCHOLINE
RECEPTOR TO DISTINCT SUBSETS OF MIDBRAIN DOPAMINE NEURONS. A.Y.
* . Dept.

of Pharmacology and Psychiatry, Yale Univ. Sch., of Med., New Haven,
CT 06510, and NYU Sch. of Med., New York, NY 10016

Presynaptic regulation of striatal dopamine (DA) release via the
nicotinic acetylcholine receptor (NAChR) has been extensively char-
acterized. Implicit in the concept of NAChR presynaptic regulation
of DA release from striatal afferents originating in the midbrain
is the premise that the NAChR is synthesized within DA neurons of
the substantia nigra and axonally transported to the terminal. JIn
sity hybridization histochemistry studies have revealed that the «-
3 gene encoding the neuronal o« subunit of the putative presynaptic
NAChR is present in the ventral tegmental area (VTA) and the sub-
stantia nigra, pars compacta (SNpc; Goldman et al., Cell 48:965,
1987). Ve now report the immunohistochemical localization of the
NAChR to distinect subsets of midbrain DA neurons. Monoclonal
antibodies (mAb) were generated against purifed Torpedo NAChR.
Binding competition studies revealed that one mAb designated 35.74
interacts with the main immunogenic region of the NAChR. Anat-
omical localization of the NAChR in rat brain was undertaken using
this antibody. mAb 35.74 staining was heterogeneously distributed
in rat brain and paralleled the reported distribution of (3H)-
nicotine binding sites, including the deep layers of the cerebral
cortex, anteroventral thalamic nucleus, dentate gyrus, medial
habenula and its efferent targets (interpeduncular nucleus and
median raphe), and a continuum of cells across the ventral mes-
encephalon corresponding in location to the A8 (retrorubral field,
RRF), A9 (SN), and A10 (VTA) DA cell groups. In some regions,
including the ventrolateral medial habenula and the ventral mid-
brain, intense cytoplasmic staining of neurons and processes was
observed. Ventral mesencephalic neurons stained with mAb 35.74
corresponded in morphology to the tyrosine hydroxylase (TH)-
positive neurons of the A8-A10 cell groups. 6-hydroxydopamine
lesions completely abolished mAb 35.74 staining of SNpc DA neurons,
Further immunohistochemical studies revealed that while most of the
SNpe DA neurons stained for the NAChR, certain other midbrain DA
neurons did not. DA neurons in both the medial aspects of the VTA
(the nuc. interfascicularis, rostral linear and central linear
nuclei, and dorsal extension of TH-positive neurons to the cerebral
aqueduct) and the ventral diffuse portion of the A8 cell group were
not stained with mAb 35.7A4. Thus, the NAChR appears to be
synthesized in discrete subsets of midbrain DA neurons, These data
suggest that ACh may regulate the functional activity of distinct
subsets of midbrain DA neurons via interactions with nicotinic
AChR, and may provide clues to the sites where nicotine may exert
its behavior rewarding properties. Supported in part by MH14092,
GM32629, APDA, MDA, TSA, and the AHA.

13.6

A CHOLINERGIC PROJECTION FROM THE PEDUNCULOPONTINE TEGMENTAL
NUCLEUS TO THE SUBSTANTIA NIGRA IN THE RAT: A LIGHT AND ELECTRON
MICROSCOPIC IMMUNOHISTOCHEMICAL STUDY. M.Beninato*, and R.F.
Spencer. Dept. of Anatomy, Medical College of Virginia, Richmond,
VA 23298-0001.

Putative cholinergic afferents of the rat substantia nigra (SN)
were identified by double-labeling with retrograde transport -of
horseradish peroxidase (HRP) combined with the immunocytochemical
localization of choline acetyltransferase (ChAT). The cholinergic
projection to the SN originates from neurons located predominantly
in the ipsilateral and rostral portions of the pedunculopontine
tegmental nucleus (PEN). Other cholinergic neurons that were also
retrogradely-labeled with HRP were located in the caudal PPN and
lateral dorsal tegmental nucleus (LDIN). A non-cholinergic
projection from the PPN was also identified. These findings
indicate that the PPN, and to a lesser extent, LDIN are extrinsic
sources of acetylcholine to the basal ganglia (cf. N.J. Woolf and
L.L. Butcher, Brain Res. Bull., 16:603-637, 1987).

ChAT-immunoreactive axons and synaptic endings were demonstrated
in the SN by light and electron microscopy. The distribution of
ChAT-immunoreactivity in the was compared to that of acetylcholin-
esterase (AChE), demonstrated histochemically, and tyrosine hy-
droxylase (TH) immunoreactivity. Both AChE and TH-immunoreactivity
were confined to the pars compacta of the SN (SNc) and SNc den-
drites extending into the pars reticulata (SNr). The distribution
of ChAT immunoreactivity in the SN as demonstrated by light micro-
scopy revealed a modest network of ChAT-immunoreactive beaded axons
in the SNe¢, as defined by AChE and TH localization, in comparison
to a relatively sparse distribution to the SNr. These axonal pro-
files were most dense in the middle of the rostral-caudal extent of
the SNc and appeared to be concentrated in the middle third of the
medial-lateral extent. These findings are consistent with those
recently described in the ferret (Z. Henderson and S.A. Greenfield,
Neurosci. Lett., 73:109-113, 1987). Electron microscopic examina-
tion of ChAT-immunoreactive profiles in the SN was confined to the
SNc. Unmyelinated small diameter (0.25 pm) ChAT-immunoreactive
axons were observed interspersed among numerous other non-immunore-
active axons. ChAT-immunoreactive synaptic endings in juxtaposi-
tion to small caliber (0.5 um) non-immunoreactive dendrites con-
tained numerous spheriodal synaptic vesicles and occasional mito-
chondria. Synaptic contact zones were characterized by an accumu-
lation of synaptic vesicles along the presynaptic membrane, and a
prominent postsynaptic densification producing an asymmetrical pre-
/postsynaptic membrane profile typical of excitatory synapses.

These findings provide direct evidence for a cholinergic
innervation of the SN, and suggest that this input may have an
excitatory effect on neuronal elements in the SNc.

This work was supported by U.S.P.H.S Research Grant 5 EY02191.

SYNAPTOLOGY OF IMMUNOCYTOCHEMICALLY-IDENTIFIED GABAERGIC AND
ENKEPHALINERGIC TERMINALS IN MONKEY SUBSTANTIA NIGRA.

Gay R. Holstein and Pedro Pasik. Depts. of Neurology and Anatomy,
Mount Sinai School of Medicine, CUNY, New York, NY 10029.

Observations of immunocytochemically-identified GABAergic ele-
ments in the substantia nigra (SN) from 2 adolescent (1 M. mulatta
and 1 M. fascicularis) and one 4-week-old monkey (M. mulatta) were
performed on 50 pm vibratome sections which were incubated in a
GABA antiserum and processed with the PAP technique. A fourth
monkey (M. fascicularis) was studied by a preembedding double
label immunocytochemical method where the same procedure as above
was combined with an anti-leu enkephalin (ENK) ascites fluid and
the avidin-biotin complex technique with avidin-ferritin conjugate
as the marker. Similar results were obtained in all subjects
treated alike, and no immunostaining was observed in control
sections.

Using serial section electron microscopy, a differential
distribution of GABAergic inputs to SN cell bodies was apparent.
GABAergic boutons occasionally were observed to contact GABA-
immunoreactive somata, primarily forming symmetric synapses,
whereas such input to GABA-negative cell bodies was rare.

A preliminary analysis of the double labeled material revealed
that some of the myelinated and unmyelinated GABA-positive fibers
were leu-ENK-immunoreactive as well. Boutons which were labeled
for both of these substances were also present. These elements
contained densely packed vesicles and formed synaptic centacts
with dendrites of SN neurons. In addition, some axonal and
dendritic profiles showed the GABA immunostain only.

The observations using single label immunocytochemistry,
together with our previous report on the pattern of dendritic
innervation by GABA-immunoreactive boutons (Neurosci. Lett., 1986)
suggest that the GABAergic input to GABA-positive elements in SN
is sparse and more uniformly distributed to dendrites and somata.
In contrast, GABA-negative elements throughout SN receive a more
dense GABAergic input, which is restricted -to the dendritic field.
The results of the double label procedure indicate that at least
a subpopulation of the GABA-positive boutons in SN, namely those
profiles with small dark mitochondria and densely packed vesicles,
may also contain leu-ENK, and form synapses with neuronal elements
in this structure. These boutons resemble the extrinsic afferent
terminals which take origin in the neostriatum, pallidum and
nucleus accumbens septi.

Aided by NIH grants #NS 07245, NS 11631, NS 18657 and EY 01857.
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13.9 NADPH-DIAPHORASE POSITIVE NEURONS IN THE STRIATUM CONTAIN THE
MESSENGER RNA (mRNA) FOR SOMATOSTATIN BUT NOT FOR GLUTAMIC
ACID DECARBOXYIASE (GAD): AN IN STTU HYBRIDIZATION STUDY.
M.-F. Chesselet and Elaine Robbins* The Medical College of
Pennsylvania, 3200 Henry Ave., Philadelphia, PA 19129.

The presence of a high level of NADPH-diaphorase activity
characterizes a subset of striatal neurons resistant to a
variety of neuronal injuries; in particular, these neurons
are spared in local injections of quinolinic acid and in the
striatum of patients with Huntington's Disease. Striatal
NADPH-diaphorase positive neurons contain somatostatin-like
immunoreactivity, suggesting that they are medium aspiny
interneurons with an indented nucleus, characteristics
described for scmatostatin-positive cells. Striatal neurons
exhibiting similar density and morphological features as the
somatostatinergic neurons have recently been shown to express
significantly higher 1levels of GABA and GAD like
immunoreactivities as well as of GAD mRNA than the more
numerous GABA-ergic striatal efferent neurons. It is
unclear, however, whether somatostatin and GABA coexist in
these neurons or whether this subset of striatal GABA-ergic
cells form a distinct neuronal population.

In the present study, we sought to confirm that the
neuropeptide somatostatin can be synthesized in the NADPH-
diaphorase positive neurons of the striatum by demonstrating
the presence of the mRNA for preproscmatostatin in these
neurons by in situ hybridization cytochemistry. In addition,
we have examined whether these neurons also express high
levels of GAD mRNA. Frozen sections of rat brain were fixed
in paraformaldehyde, stained for NADPH-diaphorase activity,
acetylated, dehydrated, and hybridized with 35S-labelled RNA
probes transcribed from cDNA coding for preprosomatostatin
(R. Goodman, Tuft U.) and GAD (A. Tobin, UCIA). After post-
hybridization washes and treatment with RNAse, the sections
were dehydrated and processed for autoradiography using Kodak
emulsion. An intense labelling was observed with the
preprosomatostatin  RNA probe in most NADPH-diaphorase
positive neurons in the striatum. In contrast, striatal
neurons labelled with GAD RNA did not express NADPH-
diaphorase activity. The results suggest that NADPH-
diaphorase neurons in the striatum produce somatostatin but
not GAD, the necessary for the formation of GABA. In
light of the available immunchistochemical data, this
suggests that neurons engaged in intense GAD and GABA
synthesis constitute a population of medium sized striatal
interneurons distinct from previously described peptidergic
interneurons. Supported by the Hereditary Disease
Foundation, MH and BSN.

13.11 ELECTROPHYSIOLOGICAL EVIDENCE FOR THE FORMATION OF A
CORTICOSTRIATAL PATHWAY IN NEOSTRIATAL TISSUE GRAFTS.
C.J. Wilson,P. Emson and C. Feler * Department of Anatomy and
Neurobiology, School of Medicine, Univ. of Tennessee, Memphis TN 38163
USA, and Institute of Animal Physiology, Babraham, Cambridge, CB2 4AT,
UK.
Extracellular and intracellular recordings were used to study
responses recorded from neurons within neostriatal grafts in rats. Grafts
were made using cell suspensions from embryos of gestational age between
15 and 18 days. The neostriatum of young adult recipients of the same
strain was damaged unilaterally by injection of kainic acid or ibotenic acid
to form a lesion approximately 1 mm in diameter. Between 3 and 6 days
later an injection of suspended embryonic neostriatal tissue was made
stereotaxically into the same position. Recording experiments were
performed between 6 weeks and 6 months of surgery. The grafts produced in
this way were very reliable in their placement in the neostriatum, making it
possible to stereotaxically place recording electrodes into the graft.
Stimulating electrodes were placed in the medial agranular field of the
frontal cortex, which projects very heavily to the area of neostriatum into
which the graft was placed. Animals were anesthetized with urethane and
ketamine.

Recordings from the intact neostriatum show a characteristic pattern
of initial excitation, inhibition, and rebound excitation following
stimulation of the cerebral cortex. Recordings taken from within the graft
showed this same pattern of excitation and inhibition. The initial
excitatory phase of the response, which has previously been shown to be due
to the monosynaptic excitatory effect of corticostriatal afferents, was
reliably observed in neurons within the graft, and was normal in amplitude
and duration. The inhibitory phase of the response, which is believed to
result primarily from the removal of a powerful tonic excitatory synaptic
input from the cortex, was also present in the graft.

Intracellular injection of HRP was used to localize neurons from which
the recordings were made. Neurons stained in this way were observed to be
located within the graft.

These findings indicate that neostriatal tissue grafts can receive an
innervation from the cerebral cortex that is comparable to that of the
normal neostriatum.

Supported by grant NS 20743, and RCDA NS01078 from NIH, and a
collaborative research grant from NATO.
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DOPAMINE RECEPTOR-MEDIATED REGULATION OF DOPAMINE TURNOVER IN RAT
FETAL SURSTANTIA NIGRA TRANSPLANTS. R. Meloni*, N. Hayman* and K.
Gale.(SPOM: D.Stoff). Dept. of Pharmacology, Georgetown University
Schools of iledicine and Dentistry, Washington, D.C. 20007.

Rats receiving solid grafts of fetal substantia niyra piaced
into a cortical well over one striatum (previously denervated by
6-hydroxydopamine) and their non-transplanted (6-hydroxydopamine
lesion and cortical well only) and non-lesioned (cortical well
only) controls, were used to assess (by HPLC) levels of dopamine
(DA) and its metabolites (DOPAC and HVA) in different regions of
the striatum following haloperidol (HAL) (1 mg/kg ip 60 min before
sacrifice). The transplant racipient rats, when tested 4 wo after
transplantation, showed a 50-100% reduction in turning behavior to
both ‘apomorphine and amphetamine, as compared to the pre-tran-
splant baseline, while the lesioned rats without transplant had a
slightly elevated turning behavior,

The DA and DOPAC concentrations in the regions of host striata
that were well-innervated by the grafts were 8-10 fold higher than
those of the non-innervated regions of the same striata, where DA
was less than 1% of normal.

Significant (*) effects of HAL on DOPAC/DA and HVA/DA ratios
were as follows:

STRIATUM ON TRANSPLANT SIDE STRIATUM ON NON-OPERATED SIDE
DOPAC/DA HVA/DA DOPAC/DA  HVA/DA

SALINE .54 .18 .26 .05
HALOPERIDOL .98 .32% .61% .19*%
% INCREASE 81% 78% 1342 257%

These data indicate that although DA turnover is higher in the
terminals of the grafts than in the non-lasioned striata, it is
neverthelaess subject to increase in response to DA receptor blo-
ckade by HAL. In addition, in HAL-treated rats the transplant
itself showed a significant (*) increase (by 100%) in both the
DOPAC/DA and HVA/DA ratios: from 0.21 to 0.43* and from 0.05 to
0.10* respectively, indicating that DA turnover intrinsic to the
transplant is also subject to regulation by DA receptors. The pro-
portional increases induced by HAL in metabolite/DA ratios asso-
ciated with the transplant and its projections were not as great as
those observed in the intact striata, indicating either that 1) the
impact of DA receptor blockade on transplant DA turnover is less
than that on the intact nigrostriatal circuitry, or 2) the apparent
rate of accumulation of metabolites may be altered by differences
in acid transport in the vicinity of the transplant.

Our data suggest that the transplant is not acting only as a
"reservoir" releasing DA at a constant rate, but that feedback
control of transplant DA utilization exists. In the event that
host neurons may partecipate in this feedback regulation, this
could allow for a dynamically active transplant, responsive to
changes in host neural activity.

ONE-YEAR SURVEY OF C.N.S. RECEPTOR ADAPTIVE RESPONSIVENESS IN
WISTAR RATS BEARING UNILATERAL NIGRAL 6-OHDA LESIONS.
A. C. Rossi, G. Achilli%* C. Caccia} M. Carpentieri} M. A. Cervini}
R. Maj*% L. Pegrassi*and M. Buonamici*
Farmitalia Carlo Erba R.& D., C.N.S. Line, 20014 Nerviano, Italy

The time-course of the modifications of the main neurotransmis-
sion systems in male Wistar rats bearing unilateral nigral 6-OHDA
lesions (Ungerstedt, U.et al.,Brain Res.,24: 485, 1970) is reported.
The more relevant times for this analysis were chosen basing on
the evolution of dopamine-agonist-induced rotational behavior (apo-
morphine: 0.5 mg/kg s.c.). Rotational behavior contralateral to the
lesion does consistently appear one month after the lesion, increas-
ing in intensity up to one year. Binding assays were performed with
the following ligands: 3H-SCH 23390, 3H-spiperone and 3H-QNB re-
spectively for D-1, D-2 and muscarinic receptors in caudate-putamen
(CP); 3H-prazosin for a-1, 3H-yohimbine for @-2 and 3H-dihydroalpre-
nolol for ﬂ receptors in sensory-motor cortex (SMC); SH-serotonin
for S-1 receptors in hippocampus (HP). Dopamine (DA) and DOPAC,
norepinephrine (NE), serotonin (5-HT) and 5-HIAA were simultaneously
determined using reverse-phase HPLC with electrochemical detection.
The results are expressed as % variations of the lesioned cerebral
side as compared with the intact one. Only Bpax values are reported
no variations in Kp values being evident.

Area (receptors % of contralateral values (= 100%)

and transmitters) 1 month 3 months 12 months
D-1 no change + 40 + 30
D-2 + 15 + 20 + 15
cp muscarinic no change no change no change
DA - 97 - 94 - 95
DOPAC -100 - 80 - 80
a-1 + 40 + 24 + 30
sMe -2 no change no change no change
+ 66 + 20 -
NE - 90 - 80 - 85
S-1 no change no change no change
HP 5-HIAA no change no change no change

Our results indicate that this focal lesion leads to long-lasting
and quite complex modifications of the considered cathecolaminergic
systems in CP and SMC of the lesioned cerebral side which are
consistent with findings reported for human brain tissues from
parkinsonian patients (Cash, R., et al.,Brain Res.,322: 269, 1984).
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13.13 STRAIN-DEPENDENT  DIFFERENTIAL EFFECTS OF MONOAMINE  OXIDASE

INHIBITIQN ON DOPAMINERGIC NIGROSTRIATAL FUNCTIONING IN MICE
R. Bose and C. Pinsky (SPON: L. Wilson). Department of
Pharmacology and Therapeutics, University of Manitoba, 770
Bannatyne Avenue, Winnipeg, Manitoba, Canada R3E OW3.

Invertebrates lacking active monoamine oxidases (MAQ)
metabolize biogenic amines by formation of gamma-glutamyl
conjugates. These neuronally-inactive conjugates are present also
in MAO-containing mammalian neurons. MAO inhibition speculatively
could result in an increased degree of gamma-glutamylation of
monoamines, thereby diverting glutamyl moieties from biosynthesis
of glutathione and rendering the neurons vulnerable to free
radical damage. We have examined the acute effects of clorgyline
and pargyline, two MAO inhibitors of differential selectivity, in
two strains of mice on dopamine-mediated vertical climbing
activity (VCA). Also examined were the total glutathione and
lipid peroxidation in striatum, cerebral cortex and cerebellum of
these mice.

The selective MAO-A inhibitor clorgyline significantly
decreased VCA in Swiss-Webster mice (p £ 0.01) while
significantly increasing VCA in the Belknap strain (p < 0.05).
The much less selective agent, pargyline, did not alter VCA in
Swiss-Webster but decreased VCA numerically in Belknap mice. In
rodents, both serotonin and dopamine have been shown to be
metabolized by MAO-A. Serotonin, being the preferred substrate
for this enzyme, would be better protected and the resulting
relative increase in serotoninergic tone would inhibit, by
feedback, dopaminergic neurotransmission leading to the reduced
VCA seen in Swiss-Webster mice. The Belknap strain, however
appears to differ in showing increased VCA following MAO-A
inhibition, possibly due to preferential protection of dopamine
or to a lack of serotoninergic inhibitory feedback in the basal
ganglia. The reduced lipid peroxidation seen in the striatum of
mice treated with MAO inhibitors may be a reflection of reduced
H, 0, formation consequent on MAO inhibition. Total glutathione
content was not significantly altered in the brain regions
studied here. Glutamylation or other glutathione conjugate
formation therefore does not seem 1likely as an alternative
metabolic pathway for monoamines after acute treatment with MAO
inhibitors in these two strains of mice. Further studies with
repeated administrations of MAO inhibitors, corresponding to
clinically effective regimens, are being carried out.

This study was supported by the United Parkinson Foundation
(Chicago), Medical Research Council of Canada and the Centre on
Aging of the University of Manitoba.
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ASPARTAME WITH CARBOHYDRATE FAILS TO AFFECT FOOD INTAKE, APPETITE

MOTIVATION, MOOD, LEARNING AND BEHAVIOR IN CHILDREN. S. Saravis*.

R. Schachar*. S, Zlotkin*, L. Leiter*, and G.H. Anderson.
Hospital for Sick Children and Dept. of Nutritional Sciences,
University of Toronto, Toronto, Ontario, Canada.

Aspartame (the methyl ester of phenylalanine and aspartate) is
a sweetener in wide use in foods and drinks available to children.
The objective of the present study was to test the hypothesis that
aspartame combined with carbohydrate will induce neurobehavioral
responses in children. A double-blind crossover design was used
to examine the effects of a challenge of aspartame ingested with
carbohydrate on food intake (energy and macronutrient selection)
at lunch time, on subjective feelings of hunger and mood, on
performance on a conditional associative learning task, and on
selected measures of motor behavior and social interaction.

Ten female and ten male subjects (C.A.: 9.8 +/- 0.8 years)
participated in two morning sessions. After an overnight fast,
they were given a standardized breakfast at 08:30 and the
treatment at 10:30. The treatment consisted of an ice slurry of
strawberry Kool-Aid with either the test dose of aspartame (34
mg/kg) or the equivalent sweetness as sodium cyclamate and amino
acids as alanine. Both slurries contained polycose to provide
each child with 1.75 g/kg of carbohydrate. The dependent
variables were measured from 25 to 115 minutes after the slurries
were consumed.

No treatment effects were found for any of the dependent
measures. Significant time-dependent effects were found for
subjective feelings of hunger and for activity level. It is
concluded that in comparison with sodium cyclamate, aspartame in
doses of 34 mg/kg combined with carbohydrate does not affect
short-term energy or macronutrient intake, subjective feelings of
hunger or mood, or learning and behavior, in normal 9 and 10 year
old children.

This research was supported by the International Life Sciences
Institute-Nutrition Foundation, Washingtonm, D.C.

14.2 ELECTROPHYSIOLOGICAL STUDIES OF THE FUNCTIONAL ROLE OF SIN-

GLE, IDENTIFIED SEROTONERGIC NEURONS IN THE LOBSTER VENTRAL
NERVE CORD. P.M. Ma*, B.S. Beltz and E.A. Kravitz, Dept. Neurobiology, Harvard
Medical School, Boston, MA 02115
The injection of certain amines and peptides into the systemic circulation of the lob-
ster has profound modulatory effects on posture and behaviour. Serotonin produces a
long-lasting postural change characterized by an over-all flexion of the abdomen, walk-
ing legs and cl posture ent of the stance taken by dominant lobsters.
Several lines of evidence suggest that this results from serotonin promoting the read-out
of central motor programs resulting in postural flexion. Direct recording from abdomi-
nal postural les in intact animals during the " in posture” shows that there is
an increase in excitatory junctional potentials (ejps) in flexor muscles and a decrease in
ejps in extensor muscles. Recordings from motor nerve roots or from motoneurons in
isolated nerve cord preparations superfused with serotonin show that the amine
increases the rates of firing of flexor excitatory and extensor inhibitory motoneurons
while it decreases the rates of firing of flexor inhibitory and extensor excitatory
motoneurons As a next stage in examining the role of serotonin in postural control in
hemical methods were used to search for individual serotonergic
cells that might be involved in these circuitries. Within the abdominal and thoracic
nerve cord of the lobster, there are several sets of morphologically identifiable sero-
tonergic neurons. One of these sets contains seven pairs of homologous, rostrally pro-
jecting neurons, one pair each in each of the six abdominal and the last thoracic ganglia.
Among these cells, the pairs in the last th and the first abd 1 ganglia are par-
ticularly large (roughly 100 um in dxameter), and can be identified and impaled reliably
for intracellular lation and g. Intracellular recordings show several umque
physiological features of these serotonergic cells. Unlike most neuronal somata in the
central nervous system of the lobster, large (up to 60 mV), fast action potentials can be
recorded from these cells. Most of these cells are active spontaneously, firing action
potentials at a steady rate of about 1 Hz. The serotonergic cells receive inputs from at
least two major sources: sensory and command inputs. The former are mostly excita-
tory. The latter are more diverse: flexor command fibres usually excite, while extensor
command fibres usually inhibit the serotonergic neurons. In isolated nerve cord
preparations, direct intracellular activation of the serotonergic cells has no effect on
motor output in recordings from motor nerve roots or from postural muscle fibres.
Facilitating interactions are seen, however, with simultaneous activation of the sero-
tonergic cells and flexor command fibres. When the serotonergic cell is activated along
with the flexor command, the functional efficacy of the command fibres is enhanced.
‘When the serotonergic cell is inhibited while stimulating the command fibres the ability
of the latter to activate motoneurons is reduced. Serotonin may act, therefore, by facili-
tating transmission between flexor command fibres and their target motoneurons,
thereby potentiating the read-out of motor programs resulting in postural flexion. If so,
one role of serotonergic neurons may be to act as "gain-setting" elements in postural
circuitries. (Supported by MDA and NIH)
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14.3 DOPAMINERGIC (D2) MEDIATION OF RAT 22 kHz POSTEJACULATORY

14.5

ULTRASONIC VOCALIZATION. R. Cagiano*, R.J. Barfield, N.R.
White*, E.T. Pleim* & V. Cuomo* (SPON: T.R. McGuire). Dépt. of
Biol. Sci., Rutgers University, New Brunswick, N.J. 08903 USA
and]Institute of Pharmacology, University of Bari, 70124 BARI,
Italy.

The role of ultrasonic vocalization in the sexual behavior
of rats has been studied extensively. 'There are two types of
calls: 1) a 50 kHz mating call emitted by both male and female
and 2) a 22 kHz postejaculatory vocalization (PEV) produced
only by the male. The 50 kHz calls are associated with sexual
arousal in both sexes and are accompanied by an alert, aroused
"theta" EEG pattern. The 22 kHz PEV, on the other hand, is
associated with the period of sexual refractoriness following
ejaculation. During the PEV the rats characteristically
display a sleep-like spindling EEG pattern and are behaviorally
suppressed.

The neurochemical control of ultrasonic vocalizations is
complex and may involve several neurotransmitters. The
research reported here was designed to investigate the role of
dopamine receptor subtypes in the regulation of ultrasonic
vocalization and masculine copulatory behavior. Intact
sexually experienced male Long-Evans rats were treated with
either saline or selective dopamine D1 (SKF 38393; Smith Kline
& French) and dopamine D2 (LY 171555; Eli Lilly) receptor
agonists, 15 min before a 30 min mating encounter with sexually
receptive ovariectomized female rats injected with estradiol
benzoate and progesterone 48 and 4 h before the test session,
respectively. A significant decrease in the number of
intromissions required for the first ejaculation was found in
animals treated with SKF 38393 10 mg/kg/ip and with LY 171555
at doses ranging from 0.01 to 0.5 mg/kg/sc. Rats treated with
LY 171555 at the highest dose displayed no postejaculatory
vocalization. This phenomenon was found to be dose-dependent
because the vocalization reappeared as doses were reduced.
Raclopride, a new selective dopamine D2 receptor antagonist
(0.5 mg/kg/sc), given 30 min before the test session,
antagonized the suppressive effects of LY 171555 on
postejaculatory vocalization whereas SCH 23390 (a dopamine D1
receptor antagonist; Schering), at the dose of 0.01 mg/kg/i.p.,
did not. Finally, raclopride given alone at the same dose
drastically suppressed all behavioral activity. Results to
date suggest that the dopamine D2 receptor plays an important
role in the regulation of the 22 kHz postejaculatory
vocalization, and that it has little or no involvement with
ot?er aspects of masculine copulatory behavior or 50 kHz mating
calls.

DIFFERENTIAL EFFECTS ON SPONTANEOUS MOTOR BEHAVIOR, FEEDING, AND
ORAL STEREOTYPY FOLLOWING AMPHETAMINE MICROINJECTION INTO
ANATOMICALLY DEFINED SUBREGIONS OF RAT STRIATUM. A.E. Kelley and
A. Gauthier* Department of Psychology, Harvard University,
Cambridge, MA 02138

The neurotransmitter dopamine (DA) has been implicated in a wide
range of motor and motivational behaviors. Many of these behaviors
are thought to be mediated by the striatum (including nucleus
accumbens and caudate-putamen), the major projection target of mid-
brain DA neurons. Although cytoarchitectually consistent throughout,
lesion and anatomical studies of the striatum's afferent connec-
tions have suggested functional heterogeneity. However, there have
been few studies of discrete DA stimulation of striatal subregions.
This study analyzed the behavioral effects of amphetamine injec-
tions into striatal sites chosen on the basis of differential
afferent fiber systems. These sites were the nucleus accumbens,
which receives its primary input from hippocampus,the vemtrolateral
striatum, which is heavily innervated by amygdala and perirhinal
cortex, and dorsolateral striatum, which is afferented by sensori-
motor cortex. Three groups of rats were implanted with cannulae
aimed at these sites., They were maintained with food and water ad
libitum throughout the experiment. On test days, rats received
either saline, 0.1lpg, 1.0pg, or 5.0pg in 0.5 pl every two days.
Rats were returned to the home cage immediately after infusion,
where their behavior was recorded over a 40 min. period by obser-
vation and an automated event recorder. The session was also video-
taped. Behaviors measured were locomotion (center crossings), rear-
ing (frequency and duration), feeding and drinking (duration,bouts
and intake). Two further categories were analyzed from videotape
following the experiment: stereotyped biting and ‘oral behavior
(combined scores of feeding and biting). When injected into nucleus
accumbens, amphetamine produced a dose-dependent increase in loco-
motion and rearing, and a decrease in average duration of rears
(total duration/frequency). There were no effects on feeding or
drinking. In contrast, amphetamine injected into ventrolateral
striatum enhanced feeding, and at higher doses an intense, stereo-
typed biting of the forepaws was observed. Combined scores of oral
behavior were dose-dependently increased by amphetamine in this
site. Locomotor and rearing scores were decreased in the first part
of the session, indicated by significant dose x time interactioms.
Amphetamine injected into dorsolateral striatum produced no
measurable effects on the behaviors recorded. These findings
provide evidence for differential behavioral effects of amphetamine
within subareas of "limbic-afferented' striatum, which are in
addition distinguishable from effects within 'non-limbic" striatum.
A specific ventrolateral site may be linked to the motor circuitry
underlying feeding and oral behavior.

14.4

INVOLVEMENT OF THE AMYGDALA IN STIMULUS-REWARD
ASSOCIATION : INTERACTION WITH THE VENTRAL STRIATUM.
M.Cador®, B.J. Everitt"* and TW.Robbins", Depts. of Experimental
Psychology and *Anatomy , University of Cambridge, Cambridge,
England. (Spon: C. Dourish)

The nucleus accumbens as part of the ventral striatal complex, has a
pivotal neuroanatomical position between the limbic system and the
basal ganglia which has led to the proposal that it is an "interface
between motivation and action".The dopamine (DA) agonist
d-amphetamine (AMPH) injected into the nucleus accumbens
enhances the control over behaviour exerted by conditioned
reinforcers (CR). This effect is blocked by DA depletion from the ventral
striatum effected by intra-accumbens 6-hydroxydopamine (Taylor &
Robbins, Psychopharm., 90,390,1986). The ventral striatum receives
projections from the basolateral nucleus of the amygdala, an area
which has been implicated in stimulus-reward association. In the
present study, we examine the involvement of the amygdala in the
potentiation of responding for conditioned reinforcers following
intra-accumbens AMPH injections.Thirsty rats were trained to associate
a light (CR) with water and then implanted with permanent guide
cannulae aimed at the nucleus accumbens. Half of these rats received
excitotoxic lesion of the amygdala (AMY) by infusions of
N-methyl-d-aspartate (0.12 M in 0.3 ul phosphate buffer) into the
basolateral region whereas the other half received control infusions of
the vehicle. In the test phase, water was no longer presented but
responding on one of two novel levers produced the light (CR lever),
whereas responding on the other lever (NCR lever) had no effect. The
two groups received four counterbalanced intra-accumbens infusions
of AMPH (3,10,30 ug/t1ul) or vehicle over four test days.
Intra-accumbens AMPH infusions dose-dependently increased
responding on the CR lever but had no significant effect on responding
on the NCR lever. Compared with controls, the AMY group exhibited a
significant, selective reduction in responding on the CR lever, with no
change on the NCR lever, irrespective of drug or control treatment.
Control experiments showed that the AMY group were not hypodipsic
and exhibited similar levels of locomotor activity compared to the
vehicle group.The hyperactivity response following either i.p. or
intra-accumbens AMPH was also unchanged. These results indicate a
role for the amygdala in mediating the effects of stimulus-reward
associations on behaviour, via DA-dependent mechanisms of the
ventral striatum.

NEUROCHEMICAL CONSEQUENCES OF CONDITIONED CIRCLING IN LOCALIZED
REGIONS OF THE STRIATUM. C. Szostak*, A. Jakubovic, A.G.
Phillips and H.C. Fibiger. Div. Neurol. Sci., Dept. Psychiatry,
Univ. British Columbia, Vancouver, B.C. Canada V6T 1WS.

High rates of circling established and maintained by operant
procedures have been associated with increased dopamine (DA)
utilization within the striatum (STR) (J. Neurosci. 6, 1986).
The observation that conditioned circling is associated with
bilateral increases in DA utilization is in contrast with the
hypothesis that circling is dependent upon a hemispheric
imbalance in striatal DA activity. Given that the STR is not a
homogenous structure in terms of its neuroanatomical
connections, neurochemistry or behavioral functions, the
detection of behaviorally-induced neurochemical asymmetries may
be facilitated by fine-grained dissections of the STR.
Accordingly, the effects of conditioned circling on
concentrations of DA and its metabolites in 10 discrete sub-
regions of the STR were determined.

Spraque-Dawley rats were trained to circle in their
preferred direction for water according to a Fixed Ratio 2
schedule of reinforcement. The neurochemical consequences of
conditioned circling were determined upon attainment of stable
levels of responding. The STR was sectioned into 3 consecutive,
1 mm thick coronal slices. The first 2 slices were both
dissected into 4 quadrants (dorsolateral, dorsomedial,
ventrolateral, ventromedial) while the tail of the STR (3rd
slice) was divided into dorsomedial and ventrolateral
subregions. DA metabolism, as determined by metabolite
concentrations and metabolite to DA ratios, was enhanced
bilaterally within the anterior dorsolateral and dorsomedial
STR, relative to non-circling, water-deprived control rats. No
other neurochemical effects were detected.

The present results confirm that conditioned circling is
associated with a bilateral augmentation in DA utilization. No
evidence of behaviorally-induced neurochemical asymmetries was
obtained even though rats were trained to circle in their
preferred direction, a procedure which should enhance the
likelihood of detecting asymmetrical effects. The present
results are consistent with the suggestion by Joyce, Davis and
van Hartesveldt (Eur. J. Pharmacol. 72, 1981) that the dorsal
STR critically underlies rotational behavior.

Supported by the Medical Research Council of Canada. CS is a
NSERC post-graduate scholar.



32

MONOAMINES AND BEHAVIOR I

TUESDAY AM

14,7 HYPERRESPONSIVITY OF LOCUS COERULEUS IS ASSOCIATED WITH STRESS-INDUCED

149

BEHAVIORAL DEPRESSION. J.M. Weiss, P.E. Simson, J.A. Knight, & C.D, Kilts.
Dept. of Psychiatry, Duke University Medical Center, Durham, NC 27710.

Depression of active behavior occurs in rats after they have been
exposed to highly stressful, uncontrollable events. Evidence from various
sources indicates that this behavioral effect is mediated by a large fall
in the concentration of norepinephrine (NE) in the locus coeruleus (LC)
region of the brain, resulting in decreased availability of NE for release
in that brain region and, consequently, an understimulation of alpha-2
receptors that normally respond to this transmitter. Since LC alpha-2
receptors inhibit firing of LC cells, reduced stimulation of these
receptors should disinhibit LC cells. Therefore, firing (depolarization)
of LC cells should be elevated after animals have been exposed to
stressful conditions that depress active behavior.

A recent observation increases our ability to assess the influence of
alpha-2 receptors on LC activity. Simson and Weiss (J. Neurosci., in
press) found that LC cells considerably increase their firing to excit-
atory stimuli when alpha-2 receptors are blocked; in fact, the response of
LC cells to excitatory stimuli is a much more sensitive index of alpha-2
receptor blockade in the LC than is a change in baseline firing rate.
Therefore, responsivity of LC cells to stimulation should be particularly
indicative of whether a "functional alpha-2 blockade" is present in the LC
after exposure to stressful conditions that depress active behavior.

As in previous experiments, animals exposed to uncontrollable shock
(N=11) showed less active behavior in a 15 min. swim test given 1.5 hours
after shock. Using an Activity Score [AS] computed by subtracting seconds
of floating from seconds of struggling, shocked animals showed less
activity (mean AS = ~306.4 + 67.0) than did animals given no shock (N=7;
mean AS= -91.2 + 24.9; p¢.01) Immediately after the swim test, animals
were anesthetized with chloral hydrate and LC activity recorded. Baseline
LC activity was elevated in shocked animals (mean firing rate 2.0 + 0.4
per sec) in comparison to unshocked animals (1.2 # 0.1), although this
difference did not reach statistical significance (t=1.7, df=16).

However, responsivity to paw compression (PC), an excitatory stimulus to
the LC, was markedly, and significantly, elevated in shocked animals. In
response to PC, average firing rate was 7.4 + 0.7 per second in shocked
animals and 4.4 *+ 0.5 in animals given no shock (p¢.001).

The results described above indicate that LC cells of stressed animals
showing depression of active behavior are hyperresponsive to an excitatory
input. That increased activity of the LC is involved in stress-induced
behavioral depression was also supported by correlational findings. For
the individual animals in this study, we correlated (a) the average
increase in response of LC cells from baseline produced by PC and (b)
Activity Score in the swim test. The correlation was r=-.70 (p<¢.001).

In summary, responsivity of LC units to excitatory stimulation was
found to be elevated in stress—induced behavioral depression, and the
degree of LC responsivity observed in individual animals correlated with
the magnitude of depression seen in these animals.

LATERAL DIFFERENCES IN MONOAMINE CONTENT OF DISCRETE

BRAIN NUCLEI 1IN AMPHETAMINE-SENSITIZED RATS. J.M.
Rivet*, G.J. LaHoste*°, P. Morméde* and M. Le Moal
INSERM U-259, rue Camille Saint Saéns 33077 Bordeaux
Cedex, France;°Dept. Psychobiol., Irvine University,

Irvine, CA, USA.

Recent studies suggest that the preferred direction
of rotation shown by rats following peripheral adminis-
tration of amphetamine is due to an endogenous asymme-
try of striatal dopamine (DA). This has been confirmed
in female but not male rats. In addition, sensitization
to amphetamine has been shown to result in enhanced
release of DA following amphetamine challenge. In
order to pursue these phenomena further, we measured
monoamines and their metabolites in discrete brain
nuclei in amphetamine-sensitized male and female rats
which has been categorized as left- or right-turning
(LT or RT). d-Amphetamine sulfate was administered
(1.2 mg/kg in males; 0.85 mg/kg in females) three
times at 10-day intervals and rotation was observed.
Four to six weeks following the last injection, rats
were placed in a novel environment for 15 minutes
and decapitated. Brains were quickly removed and frozen
at -80°C. Punches of discrete nuclei from the left
and right hemispheres were taken from cryostat sec-
tions. Monoamine levels were measured by HPLC-EC.

Neurochemical differences were found in the lateral
striatum of male rats according to their behavioral
lateralization, DA and 5HT being higher in left
turners. No such difference was found in females or
in the medial striatum. Furthermore transmitter levels
were equally distributed in both sides of these brain
regions so that there was no neurochemical correlates
of behavioral asymmetry. This is in contrast to what
has been previously reported for female rats when
amphetamine was administered prior to sacrifice.

Hypothalamic areas were also investigated for neuro-
chemical asymmetries. The arcuate nucleus of both
male and female rats showed a striking asymmetry in
DA distribution, the 1left side having the highest
DA concentration. However, the DOPAC/DA ratio, an
index of DA turnover was the same in both sides. The
paraventricular nucleus of male rats showed a diffe-
rence in indole distribution, S5HT and S5SHIAA levels
being higher in the right side. However there was
no relationship between neurochemical and behavioral
lateralization. Little is known about functional signi-
ficance of such differences.

14.8

14.10

PHENYLALANINE AND SPONTANEOUS BEHAVIOR IN THE RAT: ANALYSIS USING
COMPUTER PATTERN RECOGNITION. P.J. Mullenix, M.S. Tassinari* and
W.J. Kernan*. Toxicology Dept., Forsyth Dental Center, Boston,

MA 02115 and Veterinary Diagnostic Lab., Iowa State University,
Ames, IA 50011.

The effects of phenylalanine on the spontaneous motor behavior
of the rodent have not been clearly defined. Increased, decreased
and unaffected locomotor activity have all been reported (Thurmond
et al., Pharmacol. Biochem. Behav. 12:525-532, 1980; Snodgrass,

J. Pharm. Pharmacol. 26:931-936, 1974; Gibson et al., Psychophar-
macology 76:118-121, 1982). The extent to which differences in
behavioral methodology contribute to this confusion is unknown.
Therefore, a new computer pattern recognition system (Kernan et
al., Pharmacol. Biochem. Behav. 27:in press, 1987), which auto-
matically classifies behavioral acts and determines the structure
of motor cutput, was used to analyze the acute effects of phenyl-
alanine in rats.

Fifteen male Sprague-Dawley rats (250-300g) were dosed orally
with 281 mg/kg L-phenylalanine (PHE) suspended in a vehicle com-
prised of .5% w/v methylcellulose, .1% v/v polysorbate and dis-
tilled water. An additional fifteen male rats received the vehi-
cle only. Both treated and control rats were fasted overnight
prior to gavage. One hour subsequent to treatment, a control and
an experimental rat were placed simultaneously on opposite sides
of a divided, Plexiglas, novel environment which they explored for
15 minutes. All tests were conducted during the animals' diurnal
period between 9:00 A.M. and 12:00 Noon. Movements were monitored
from horizontal and vertical views using two video cameras. Be-
havior sampling rate was at 1 frame per second, and the frames
were transfered to computers for analysis in real time. The be-
haviors recorded and the parameters quantified were more extensive
than previously possible with other techniques. The frequency,
duration and distribution in time of 16 different motor acts, as
well as the velocity of movement, horizontal and vertical move-
ments, circling and time spent in any sub-area of the test chamber,
were determined for each rat. Immediately following the behavioral
test, blood samples were obtained by cardiac puncture, and plasma
PHE concentration was determined using HPLC.

The concentration of PHE in the plasma of control rats was
117.3 + 9.8 umol/1 (SE, N=6), and PHE concentration in the plasma
of treated animals was 246.4 + 37.9 umol/1 (SE, N=6). Despite the
relatively high concentration of PHE in the plasma of the treated
rats, no significant signs of abnormal spontaneous behavior could
be related to PHE treatment. Among the parameters tested, no
pattern or trend characteristic of hyperactivity, an overt sign of
CNS stimulation, was observed.

CSF NOREPINEPHRINE AND MHPG, BUT NOT CSF HVA, IS UNDER STATE DEPEN-
DENT CONTROL IN SCHIZOPHRENIA. D.P. van Kammen, W.B. van Kammen*,
J. Peters*, M. Linnoila*, J. Yao*, and N. Nugent*. VA Medical
Center, Highland Drive, Pittsburgh, PA 15206

In spite of the considerable evidence of dopaminergic involve-
ment in schizophrenia, disturbances in the noradrenergic system
have repeatedly and consistently been reported. In this study
we examined our previous findings of increased CSF NE in schizo-
phrenic patients. We have reported relationships between psychosis
and CSF NE and MHPG, that could not always be replicated. In this
study we controlled for changes in clinical state by comparing
CSF monoamines in drugfree patients who were stable with those
that relapsed. After we obtained informed consent, we studied
29 schizophrenic patients (DSM III) (age 20-50 yrs.) who were
chronically treated with haloperidol (20 mg/day), received an LP
according to standard procedures. After placebo replacement 14
patients relapsed and 15 did not in an 8 week placebo replacement
trial. At the time of meeting relapse criteria patients received
a second LP. Psychosis ratings (Bunney-Hamburg scale) of the day
before and the hours of sleep of the night before the LP's were
recorded. CSF NE, MHPG, HVA and 5HIAA were measured with HPLC.

RESULTS: Haloperidol treated patients, who would relapse later,
had higher CSF NE levels (0.742+0.33 vs. 0.425+0.27 pg/ml, p<.01),
but CSF HVA, MHPG and SHIAA, sleep and psychosis ratings were iden-
tical compared to those patients who would not relapse after halo-
peridol withdrawal. After haloperidol withdrawal CSF NE, (0.875%
.478 vs. 0.419+.26 p<.007), CSF MHPG (47.5%16.8 vs. 34.8+9.1,
p<.03), psychosis (10.3%1.7 vs. 4.2+1.7, p<.0001) were significantly
higher in the patients who relapsed than in the patients who did
not. Relapsing patients slept considerably less the night before
the LP (5.0%2.2 vs. 7.3%0.6 hours, p<.003). Similarly, correlations
between these variables among the relapsers showed CSF NE to inter-
correlate highly with sleep, and psychosis (r's.from -.55 and -.59
to .52 and .74). The relationship between CSF NE and MHPG were
identical in both groups (r=.50, p<.05).

DISCUSSION: Our data indicate that increased NE is already
present in haloperidol treated schizphrenic patients who will
relapse after haloperidol withdrawal and that NE activity is further
increased around the time of relapse. This increase in NE may
contribute to psychotic worsening rather than be the result of
the stress of psychosis exacerbation. Longitudinal sleep and behav-
ioral, and weekly plasma data will be presented at the meeting
as well.
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DOPAMINE AND NOREPINEPHRINE AILTER SENSORY PHYSIOLOGY IN
SCHIZOPHRENTA AND MANIA BY DIFFERENT MECHANISMS. L. Adler, G.
Gerhardt, R. Franks*, N. Baker*, H. Nagamoto*, C. Drebing* and R.
Freedman., Depts. of Psychiatry and Pharmacology, Univ. Colo.

"Hith. Sci. Ctr., Denver, CO 80262.

Neurcphysiological recordings show a comon deficit in an
inhibitory gating mechanism which regulates sensitivity to
repeated auditory stimuli. Dopamine and norepinephrine are
hypothesized to have major roles in these illnesses, but how they
might cause aberrant sensory processing has not yet been
elucidated. In this study, gating of auditory evoked potentials
(as measured by the P50 auditory evoked potential conditioning-
testing paradigm) dQuring treatment of both illnesses was
correlated with plasma dopamine and norepinephrine metabolites.
Schizophrenics were found to have a fixed deficit in inhibitory
auditory sensory gating, which is a familial trait unchanged by
medication. During acute illness, they have an additional
transient hypersensitivity to stimuli, manifested as smaller
evoked potential waves, which is mediated by dopamine. Plasma
HVA in treated schizophrenics decreased significaantly from
baseline (18.9 + 4.7 to 13.1 + 3.2 ng/ml s.d., p < 0.01, by
paired t-test). Manics have only the deficit in inhibitory
gating, which is transient and mediated by norepinephrine.
Plasma MHPG in manics decreased from 5.6 + 1.3 to 3.4 + 0.05
ng/ml sd.(p < 0.01 by paired t-test) with a corresponding
improvement auditory sensory gating. Thus, the cammon
neuromysiological deficit in the two psychoses arises from
different biochemical abnormalities, which may explain
similarities in acute symptoms and differences in lifetime
course.

14.12 EVIDENCE THAT BETA-ADRENERGIC ACTIVITY INHIBITS RATHER THAN

FACILITATES LORDOSIS BEHAVIOR IN THE FEMALE RAT. S.D. Mendelson
and B.B. Gorzalka. Dept. of Psychology, Univ. of British
Columbia, Vancouver, B.C. V6T 1Y7, Canada.

Observations of inhibition of lordosis hehavior following
central (Foreman and Moss, Pharmacol. Biochem. Behav., 9:235, 1978)
and neripheral (Fernandez-Guasti et al., Pharmacol. Biochem. Behav.
22:279, 1985) administration of racemic pronranolol have led to
the hypothesis that activation of central beta-adrenergic recentors
facilitates lordosis behavior in female rats. In the nresent study
both (=) propranolol (9 mg/kg) and (+) nronranolol (9 mg/ke) were
found to inhibit lordosis when administered peripherally to ovari-
ectomized rats that had received estrogen and nrosesterone. Of the
two ontical isomers of nronranolol, onlv the (-) form is known to
be active at heta-adrenergic receptors, whereas hoth (=) and (+)
isomers nroduce stabilization of neural :'embranes (Fitzgerald,
Clin. Pharracnl. Ther. , 10:292, 19A0), These data sugpest that
the stabilization of neural memhranes rather than heta-adrenergic
blockade was resnonsible for the lordosis-irhibiting effects of
pronpranolol. Consistent with this rossibilitv are our findings
that the centrallv active heta-adrenergic antagonist metonrolol
( Cowen et al., Br. J. Tharmacol. , 7f:265, 1982) (n-75 me/ke)
had no effect on lordosis behavior, whereas the memhrane stahiliz-
ing drug lidocaine (30 mg/kp) inhibited lordosis resmonding.
Perinheral administration of the centrallv active beta-adrenergic
agonist salbutamol (6-20 mg/kg) was found to inhibit lordnsis, and
this effect was reversed by the co-administration of metonrolol
(20 mg/kg). These data suggest that stimulation of central beta-
adrenergic recentors mav inhibit rather than facilitate lordosis.
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cDNA CLONING OF A SEROTONIN 5-HT,, RECEPTOR USING
ELECTROPHYSIOLOGICAL ASSAYS OF mRNA INJECTED XENOPUS
OOCYTES

H. *, B.J. ,gp_mm*, .P. Snutch®, T. van
Dyke ", A.J. Levine P.R. Hartig®, H.A. Lester, and

N. Davidson™ (Spon: Z. Annau) . DlVS. of Blology and
Chemistry, Caltech, Pasadena, CA 91125, Depts of
Biology and Env. Health Sci., ,Johns Hopkins
University, Baltimore MD 21205, *Dept. of Mol.
Biology, Princeton University, Princeton, NJ 08544.

We have designed a strategy for the cloning of
neurotransmitter receptor and ion channel cDNAs which
is based on electrophysiological assays of mRNA
injected Xenopus oocytes. This procedure circumvents
the purification of these membrane proteins which is
hindered by their low abundance and their hydrophobic
nature. It involves methods for RNA fractionation by
high resolution gel electrophoresis, directional cDNA
cloning in a single-stranded vector, and screening of
the cDNA library by voltage-clamp measurements of
currents induced by serotonin in mRNA injected
oocytes.

We used this approach to isolate a serotonin
receptor cDNA clone from mouse choroid plexus
papilloma. The clone was identified by hybrid
depletion and hybrid selection procedures. The
receptor expressed in oocytes injected with hybrid
selected RNA is fully functional, indicating that it
is composed of a single subunit encoded by a 5 kb
RNA. The pharmacology of the hybrid selected receptor
confirms that we have successfully cloned a 5-HT,q
receptor cDNA.

ANALYSES OF CLONED SEROTONIN S-HTlc RECEPTOR cDNAs

B.J. ﬂgﬁﬁmag, H. L_u_gb,g;ﬁ , ggxen*"’, P.R. Hartig,
H.A. Lester”, and N. Davidson '. Depts. of Biology and
Env. Health Sci., Johns Hopkins University,

Baltimore, MD 21205 and *pivs. of Biology and
Chemistry, Caltech, Pasadena, CA 91125.

Serotonin (5-HT) induces conductances in Xenopus
oocytes :m]ected with rat brain mRNA. Although there
are at least six subtypes of serotonin binding sites
in the mammalian central and peripheral nervous
systems, we have shown that only the 5-HT,. receptor
is functionally expressed in mRNA injecte g oocytes.
This receptor opens an endogenous Ca dependent Cl
channel in the oocyte membrane via inositol
trisphosphate (IP,;) release. We have shown that 5-
HT3 ¢ receptors me&late an increase in phosphoinositide
turnover in intact rodent and pig choroid plexi. The
richest source of 5-HT;. binding sites is the choroid
plexus while other regions of the brain, for instance,
hippocampus, cortex and striatum, express lower
densities of these receptors. Using serotonin-induced
currents in mRNA injected oocytes as a bioassay, we
have isolated a cDNA clone for the serotonln 5-HT3 ¢
receptor.

We will present preliminary sequence data for a 5~

c receptor and compare computer analyses of our
da%a to other receptors and transmembrane proteins.
Using Northern blot analysis, we have determined the
abundance and size distribution of serotonin 5-HT;
receptor mRNA in various brain reglons and in severaf
peripheral tissues which receive serotonergic
innervation. Since these receptors are present in all
mammalian species examined, we have analyzed the
homology between 5-HT receptor genes in rat, mouse,
pig and human by Southern blotting.
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153 MUTATIONAL ANALYSIS OF A CYCLIC AMP-RESPONSIVE

15.5

ENHANCER ELEMENT IN THE HUMAN VIP GENE. ]S Fink.,
M N 9 o 2

Division of Molecuiar Me cin, New Englad Medical Center,
Boston, MA 02111 and Dept. of Neurology, Massachusetts
General Hospital, Boston, MA 02114,

Transcription of the human VIP (hVIP) gene is regulated by
cyclic AMP (cAMP). We have previously identified a 17 base
pair (bp) region within the 5'-flanking sequences of the hVIP
%ene that is important for transcriptional reﬁulation by cAMP.

hese sequences are capable of conferring cAMP-responsiveness
to a heterologous viral fromotor. In this study we sought to
determine (1) if the VIP cAMP regulatory element (CRE) has
characteristics of an "enhancer”, i.e. the ability to confer cAMP-
regulation to a heterologous promotor in an orientation and
distance-independent manner, and (2) the critical nucleotides
necessary for activity of the VIP CRE.

Fusion genes containing portions of the 5'-flanking region of
the hVIP gene linked to the Rous sarcoma virus (RSV) promotor
and the chloramphenicol acetyltransferase (CAT) reporter gene
were introduced into PC12 or C6 glioma cells and tested for
responsiveness to forskolin, an activator of adenylate cyclase.
The VIP CRE conferred cAMP regulation when introduced in
either orientation, or when placed 300 bp upstream from the
RSV promotor or 3’ to the CAT coding sequences. S1 nuclease
mapping demonstrated that the VIP faithfully regulated
transcription from the heterologous RSV promotor. ~ Using
Vntheuc oligonucleotides containing base changes within the

IP CRE we determined that mutation in the 3’ or 5’ ends of
the VIP CRE resulted in a 40-75% loss of cAMP responsiveness.
Mutation of bases in a middle region of the VIP CRE (nucleotides
-78 to -80 from the VIP transcription initiation site) preserved
cAMP responsiveness.

We conclude: (1) the hVIP CRE is a regulatable enhancer, such
as is present in the interferon, phosphoenolpyruvate
carboxykinase, proenkephalin and c-fos genes, and (2)
sequences contained within the VIP CRE form 2 functional
domains which are necessary for full activity.

REGULATION OF EXPRESSION OF A NEURON SPECIFIC GENE:
NEUROPEPTIDE Y
Janet M. Allen, Joseph B. Martin and Gerhard Heinrich
Department of Neurology and Medicine
Mass General Hospital and Howard Hughes Medical Institute
Boston, MA 02114

Neuropeptide Y (NPY) is a 36 amino acid amidated peptide that
is produced exclusively by neural tissue. It is present in
abundance in mammalian brain and in a subset of sympathetic
neurons. The peptide meets some of the criteria required for
neurotransmitter status. It is a potent vasoconstrictor
peripherally and has been implicated in the central control of
blood pressure, circadian rhythms and feeding behavior.

The PC 12 clonal cell line has been used extensively as a
model of neuronal differentiation. Nerve growth factor (NGF)
induces these cells to undergo changes to neuronal morphology.
We have used this cell line to investigate the molecular
mechanisms involved in the regulation of expression of the NPY
gene. In particular the effect of NGF on the levels of NPY has
been determined by Northern blot hybridization analysis. Low
levels of NPY mRNA were identified in resting naive PC 12 cells
which was indistinguisable from NPY mRNA extracted from rat
brain. Levels were induced five fold by the addiction of NGF to
the medium at a dose of 30ng/ml, whereas lower doses had no
effect. The effect of NGF on NPY mRNA was rapid in onset and
reversible, preceeding the NGF induced changes in morphology by
several days. A smaller twofold rise in NPY mRNA was observed in
cells treated with epidermal growth factor but no effect was
found following treatment with fibroblast growth factor,
bradykinin or dexamethasone. These results indicate that NPY
gene expression is regulated in PC 12 cells at the level of NPY
mRNA.

To identify the cis and trans factors that regulate NPY gene
expression, the NPY gene was cloned from a rat genomic library.
Structural analysis revealed 4 exons and 3 introns residing in a
15kb fragment of rat genemic DNA. The organisation is very
similar to that of pancreatic polypeptide gene and identical with
the human gene, such that exons encode functional domains in the
mRNA and NPY precursor. The promoter regions of human and rat
NPY are highly homologous suggesting important cis elements are
present that meidate cell-specific and transcriptional
regulation.

15.4 TRANSCRIPTIONAL CONTROL OF THE RAT CORTICOTROPIN RELEASING HORMONE
GENE. A.F. Seasholtz*, R.C. Thompson*, E. Herbert*, and J.O.
Douglass* (SPON: R. Nishi). Vollum Institute for Advanced
Biomedical Research, Oregon Health Sciences University, Portland,
OR 97201.

The rat corticotropin releasing hormone (CRH) gene has been
isolated and characterized by DNA sequence analysis (Thompson,
R.C., Seasholtz, A.F., and Herbert, E., Mol. Endo., 1:363,.1987).
RNA blot analysis demonstrates the expression of the CRH gene in
numerous regions of the rat brain as well as the spinal cord,
adrenal gland, pituitary, and testis. The rat CRH gene exhibits
a structural organization similar to that of the human gene
(Shibahara, S. et al., EMBO 2:775, 1983), having two exons
separated by an intervening sequence. Analysis of the nucleotide
sequence homology between the human and rat CRH genes reveals
several highly conserved regions (greater than 90% homology)
including the CRH peptide-encoding sequence and the 5' flanking
sequence. Studies with a variety of other genes have shown that
DNA sequences 5' to the mRNA cap site often contain transcriptional
control sequences including enhancer (or silencer) elements,
tissue-specific elements, or DNA elements responsible for regula-
tion by cAMP, phorbol esters, or glucocorticoids. The 335 bp of
DNA immediately 5' to the putative mRNA cap sites for the human
and rat CRH genes show 947 homology, suggesting that this region
may contain regulatory elements which have been conserved through
evolution. In order to test for transcriptional control elements,
1.4 kb of 5' flanking DNA from the rat CRH gene has been fused to
the coding sequence of the E. coli chloramphenicol acetyltransfer-
ase (CAT) gene to create the plasmid CRHCAT. In this fusion gene
construct, the amount of CAT enzyme activity reflects the amount
of protein produced under the control of the linked CRH regula-
tory region. The CRHCAT plasmid DNA has been transfected into a
variety of cell lines including PC-12 (rat pheochromocytoma),
AtT-20 (mouse anterior pituitary), and CV-1 (monkey kidney) cells.
We have been able to demonstrate regulation of CAT gene expression
by cAMP analogues and glucocorticoids, suggesting the presence
of these regulatory elements in the 5' flanking sequence of the
rat CRH gene. The exact locations of these transcriptional
control elements are being determined using deletion analysis.

15.6 NERVE GROWTH FACTOR GENE EXPRESSION: REGULATION Oa
TRANSCRIPTION AND mRNA STABILITY.
and G.Heinrich, Lab for Mol. Endo., Howard Hughes Med.
Inst., Dep. Med., Mass. Gen. Hosp., Boston, MA 02114

Nerve growth factor (NGF) is essential for the
survival of specific neurons. During development and
adulthood NGF production by neuronal targets is
limited to minute amounts under basal conditions but
can be rapidly and substantially modulated by injury
and hormones. Inasmuch as NGF production is limited by
cellular levels of NGF mRNA we are focusing on the
molecular mechanisms that regulate NGF gene
transcription and NGF mRNA stability, the two crucial
determinants of NGF mRNA levels and NGF production.

To structurally and functionally identify the cis
elements that regulate NGF gene transcription, we
cloned and analyzed the promoter and 5' flanking
regions of mouse and rat NGF genes, and fused these
regions to a reporter gene encoding human growth
hormone. Comparison of the nucleotide sequences of rat
and mouse NGF genes revealed >90% homology in exon 1
and the promoter region, but <70% further upstream,
suggesting that important regulatory elements are
close to the promoter. Transcriptional initiation
sites were mapped by -Sl-nuclease protection and
reverse transcription. Deletion analysis, gel delay,
and footprinting experiments are being carried out to
characterize the cis and trans factors that act on the
NGF gene.

To determine NGF mRNA stability, transcription was
inhibited with actinomycin D in L929 fibroblasts, and
slices of mouse salivary gland and rat heart, and NGF
mRNA decay measured by Northern blot hybridization.
NGF mRNA was unstable in L929 cells and heart (T1/2
> 1h), but stable in SMG (T1/2 > 12h). Dexamethasone
rapidly reduced NGF mRNA levels in L929 cells, but had
no effect on T1/2. Puromycin had no effect on T1/2 in
1929 cells or SMG. The short T1/2 of NGF mRNA in
target tissues may account in part for the low tissue
levels of NGF. To identify the region(s) of NGF mRNA
that determine stability, segments of NGF mRNA were
spliced into the stable human growth hormone mRNA.
Analysis of the stability of the chimeric mRNAs by
transient expression of the chimeric genes in L929
cells will delineate the region(s) of NGF mRNA
involved in regulation of its stability.
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15.7 CLONING AND SEQUENCE ANALYSIS OF cDNA FOR RAT CARBOXYPEPTIDASE E

15.9

(ENKEPHALIN CONVERTASE). L.D.Fricker Department of Molecular
Pharmacology, Albert Einstein College of Medicine, Bronx NY 10461

Many peptide hormones and neurotransmitters are produced from
larger precursors which contain pairs of basic amino acids
surrounding the bioactive peptides, and the sequential action of
trypsin-like and carboxypeptidase B-like enzymes would liberate
the peptides. Carboxypeptidase E (CPE, also designated enkephalin
convertase, carboxypeptidase H, and EC 3.4.17.10) is thought to be
the carboxypeptidase B-like enzyme involved in the production of
many different peptide hormones and neurotransmitters. Two
enzymatically active forms of CPE, a soluble and a membrane-bound
form, are present in peptidergic secretory granules. The two
forms have similar enzymatic and physical properties, as well as
an identical N-terminal amino acid sequence. Recently, a cDNA
clone encoding CPE has been isolated from a bovine pituitary cDNA
library (Fricker,L.D., et al, Nature 323:461, 1986). This cDNA
clone was not full length, and no information regarding the
precursor structure of the enzyme was provided from the nucleotide
sequence. In order to obtain a full length clone, the bovine cDNA
was used to screen rat brain cDNA libraries. A clone which
appears to code for the complete CPE protein was isolated and
sequenced. This initial translation product contains an
additional 42 amino acids on the N-terminus of the active forms of
CPE. Of this N-terminal peptide, the first 25 amino acids
resemble a signal peptide, and there are several potential signal
peptide cleavage sites in positions 17-25. The remainder of this
N-terminal peptide contains several charged amino acids, and does
not fit with the predicted structure of signal peptides.
Furthermore, there are five adjacent arginines immediately
preceding the N-terminus of the active forms of CPE. This
suggests that a trypsin-like endopeptidase is involved in the
production of enzymatically active CPE.

The predicted amino acid sequence for rat CPE is 94%
homologous with bovine CPE. Rs with bovine CPE, the rat CPE
sequence contains several pairs of basic amino acids. One of
these pairs is 20 amino acids from the C-terminus of the initial
translation product, and this region is completely homologous with
the bovine sequence. The predicted secondary structure of this C-
terminal region is an amphipathic a-helix, which may interact with
the lipid bilayer. This could contribute to the binding of the
enzyre to the membranes. Since the soluble form of CPE is 3000 Da
smaller than the membrane-bound form, cleavage of this C-terminal
peptide at the pair of basic amino acids near the C-terminus would
be consistent with the difference in molecular weight of the two
forms. Biochemical studies that address this possibility will be
presented.

BC1 RNA IS ENCODED BY A UNIQUE GENE WHICH IS EXPRESSED
HETEROGENEOUSLY IN THE RAT NERVOUS SYSTEM. H. Tiedge*,

t
and J, Brosius*, Columbla University College of Physicians and Surgeons,
722 W 168th St., New York, NY 10032

BCl is a small non-messenger RNA that is subject to developmental and
tissue-specific gene expression. This cytoplasmic RNA was initially identified
by Sutcliffe and coworkers (PNAS U.S.A. 79: 4942, 1982) based on its
ability to hybridize to the 75 nucleotide repetitive ID element. cDNA sequence
analysis demonstrated that BC1 RNA is homogeneous and is transcribed from
only one gene (DeChiara, T. M., and Brosius, J., PNAS U.S.A. 84: 2624,
1987). BC1 RNA is comprised of three domains: (1) the 5' ID element which
includes an internal RNA polymerase III promoter, (2) a central A-rich
region, and (3) a 3' unique sequence.

To begin to understand the possible functions of BC1 RNA in the nervous
system, we examined 1ts cellular localization in rat brain and selected
peripheral tissues by hybridization in siru.. The unique part of the molecule
was used as a probe. Within the brain, BC1 RNA is expressed
heterogeneously. High levels of expression were found in the thalamus, the
hypothalamus, the zonal layer of the superior colliculus, the dorsal cortex of
the inferior colliculus, the dorsal and medial central gray, the dorsal
tegmentum, and the amygdaloid complex. Intermediate levels were detected in
certain layers of the neocortex and the hippocampus. Low levels were
detectable in the cerebellum and the striatum. Only background labelling was
observed overlying the corpus callosum, the anterior commissure, and the
choroid plexus. Brain stem levels were generally low except for the area
postrema, the nucleus tractus solitarius, and the spinal trigeminal nucleus. In
the spinal cord BC1 RNA was found exclusively in the central gray matter.
BC1 RNA has also been found to be expressed in peripheral nervous tissues
such as the dorsal root ganglia, the superior cervical ganglia, the retina, and
the anterior lobe of the pituitary. No specific labelling was observed in liver,
kidney, and spleen, or in any section hybridized with a sense-strand probe.

During embryogenesis, BC1 RNA was detectable at a low level as early as
day el1.5, mainly in the developing spinal cord. By day €16, significant
amounts of BC1 RNA were detectable in a distinct area of the
myelencephalon. By postnatal day 8, the pattern of BC1 expression in the
brain was very similar to that found in adult.

Investigations of the molecular mechanisms underlying the temporal and
spatial regulation of the BC1 gene will be presented.

15.8

15.10

THE COMPLETE NUCLEOTIDE SEQUENCE AND STRUCTURE OF THE GENE ENCODING
BOVINE ADRENAL PHENYLETHANOLAMINE N-METHYLTRANSFERASE D.K. Batter
S.R. D'Mello*, L.M. Turzai*, H.B. Hughes*, A.E. Giojo*, and B.B.
Kaplan Molecular Neurobiology Program, Department of Psychiatry,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213

Phenylethanolamine N-methyltransferase (PNMT) is the terminal
enzyme of the catecholamine biosynthetic pathway, catalyzing the
conversion of norepinephrine to epinephrine. Importantly, the
expression of the PNMT gene, in part, defines the adrenergic cell
phenotype. To determine the molecular genetic mechanisms controlling
selection of the catecholamine phenotype, we have initiated
studies on the regulation of adrenal PNMT gene expression. 1In
this communication, we report the complete structure and nucleotide
sequence of the gene for bovine adrenal PNMT.

A cloned PNMT cDNA probe was used to screen a Charon 28 bovine
genomic library. After screening approximately 1.0 x 10° pfu,
one recombinant phage (APl) was identified which included the entire
PNMT gene within 17 kilobases of genomic DNA. A restriction
endonuclease map of APl was constructed and exon-containing
fragments identified by Southern blot analysis. These fragments
were sub-cloned into M13 vectors, and sequenced by the Sanger
dideoxy method. Analysis of these fragments, and several more
further upstream, indicates that the bovine PNMT gene is 1594
base pairs (bp) in length, consisting of three exons interrupted
by two introns. The transcription initiation site was identified
by conventional primer extension analysis and a recently published
method using T4 DNA polymerase (Hu & Davidson Gene 42:21-29,
1986). Results of both these experiments indicate that transcription
is initiated at a ‘'C’ residue, located 12 bp upstream from the
ATG translation start site. The 3’ untranslated region is 88 bp
in length and contains the expected polyadenylation signal (AATAAA).
A putative promoter sequence (TATA box) is located 25 bp upstream
from the transcription initiation site. Genomic Southern blot
analysis indicates that the PNMT gene is probably present in a
single copy per haploid genome. Additionally, computer comparison
of the nucleotide sequence data with consensus sequences of known
regulatory elements revealed possible binding sites for glucocorticoid
receptors, and for the Spl regulatory protein. Interestingly,
whereas the location of putative Spl binding sites are restricted
to the 5’ flanking region of the gene, those for the binding of
glucocorticoid receptors appear both in 5’ and 3' flanking regions
and within the third exon of the PNMT gene. The functional
significance of these putative regulatory sequences, with respect
to PNMT gene expression, remains to be elucidated. Comparison of
the sequence of the bovine PNMT exons to cDNA sequences encoding
several biogenic amine-synthesizing enzymes revealed no significant
regions of homology.

MOLECULAR CLONING OF A cDNA ENCODING RABBIT MYELIN Pj PROTEIN

V. Narayanan*, E. Barbosa*, R. Reed* and G. Tennekoon*. Depts. of
Neurology and Molecular Biology and Genetics, Johns Hopkins Univ.
Sch. of Med., Baltimore, MD 21205. (SPON: R. Johnson)

Myelin basic protein P; causes experimental allergic neuritis
(EAN)., Although it was initially thought to reside exclusively
in the PNS, immunocytochemical studies have shown its presence
also in the rabbit CNS. Amino acid sequence of P has shown that
Py is homologous with other fatty acid binding proteins, with the
closest homology being to adipocyte fatty acid binding protein.
Although the adipocyte fatty acid binding protein was cloned
(Bernlohr 1984), we were unable to use this cloned cDNA (pAL 422)
for investigation of expression of myelin Py, so we proceeded to
clone myelin P; protein.

Total RNA was isolated from the sciatic nerves of 9 to 10-
day-old New Zealand white rabbits followed by selection of polyA+
RNA. In vitro translation of polyA+ RNA using the rabbit
reticulocyte system followed by immunoprecipitation with rabbit
anti-bovine Py antibody gave a single band of M.W. 14,800. The
polyAt RNA was then used to construct cDNA as described by Gubler
and Hoffmann, and the library construct in the bacteriophage
gtl0. From 1 ng of DNA 106 recombinants were obtained. An
oligonucleotide mixture was synthesized based on the amino acid
sequence of rabbit myelin P; protein from positions 14 to 22 (N-
Glu-Asn-Phe-Asp-Asp-Tyr-Met-Lys-Ala-OH). After purification by
HPLC, the oligonucleotides were end-labeled with (32p) -ATP and
used to screen the library. From about 15,000 clones, 6 positive
clones were identified after plaque purification and re-
screening. Cross-hybridization with the probes suggested that
all six clones belonged to the same family. One of the phage
clones containing a 1.2 kb insert was subcloned into Bluescript
vector -~ pSN 2.9B. Sanger dideoxy sequencing revealed a single
open reading frame corresponding to the published Pp amino acid
sequence. RNA blots using the nick translated pSN2.9B recognized
a 2 kb mRNA in rabbit sciatic nerve and spinal cord. However, no
signal was detected on RNA blots containing total RNA from liver
and heart. These tissues are known to contain other fatty acid
binding proteins.

The developmental profile of P mRNA levels in sciatic nerves
and CNS as well as the full length nucleotide sequence will be
presented.

(This work was supported by a grant from the National
Institutes of Health ROl NS21700. V. N. is a recipient of a
fellowship in Neurosciences by the Charles A. Dana Foundation.)
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15.11 MUTATION IN THE GENE FOR MYELIN PROTEOLIPID PROTEIN

(PLP) AND DM-20 IN THE DYSMYELINATING JIMPY MOUSE.

- v it ilner. Research Institute
of Scripps Clinic, and Depts. of Neuroscience and Biology, University
of California, San Diego, La Jolla, California 92037.

Proteolipids (PLP and DM-20) are the major integral membrane
proteins of CNS myelin and are implicated in the formation and
maturation of the myelin sheath. We show that the DM-20 protein of
myelin derives from an alternatively spliced PLP gene transcript and
differs by the internal deletion of 35 amino acids from the 276
residue PLP sequence. DM-20 specific mRNA splicing results from
the selection of an alternative 5' splice site located 105 base pairs
within the third exon of the PLP gene.

The mutant mouse jimpy, which has a developmental defect in the
formation of CNS myelin, lacks immunoreactive PLP but has
demonstratable expression of PLP mRNA on Northern blot analysis. We
have characterized PLP cDNAs obtained from 20 day old jimpy mouse
brain mRNA and found a deletion of 74 nucleotides in the protein coding
region. Additionally, this deletion causes a frameshift of translation
and predicts that jimpy -PLP has a truncated and altered C-terminus,
which is unlikely to be functionally inserted into the myelin
membrane. DM-20 mRNA in jimpy shows the same deletion, which
further demonstrates that both proteins are derived from the same
X-linked gene.

Genomic Southern blotting experiments and sequence analysis of the
jimpy PLP gene, however, show that the 74 nucleotide sequence is not
deleted in the mutant gene but corresponds to a separate exon. We
suggest that a mutation affecting a consensus splice site of the PLP gene
and leading to the loss of the fifth coding exon from both PLP and
DM-20 mRNA is the primary defect of the jimpy mutant.

Supported in part by grants from NIH (NS 21815), NIAAA (AA
06420) and McNeil Pharmaceuticals.

15.13 Interspecies Comparison of the Promgter Region of the Putative

Drosophila Sodium Channel. C. Smith and L. Salkoff (SPON: L.
Salkoff). Dept. Anat. & Neurobio., Washington Univ. Sch. Med., St.
Louis, MO 63110.

Unlike the vertebrates,the expression of the voltage-
sensitive sodium channel in the invertebrates, such as Drosophila,
is limited to neural tissue. Thus, the promoter of the Drosophila
sodium channel gene must contain elements that direct its
expression uniquely to neurons. Ve are seeking to identify those
promoter elements that specifically address the expression of the
voltage-gated sodium channel gene to neurons. The deduced amino
acid sequence of a Drosophila melanogaster ion channel, with high
homology to the vertebrate sodium channel, has been determined,
(Salkoff et al, Soc. Neuro. Sci. Abst., this issue). This deduced
sequence encompasses all four homology units, containing all the
intramembrane elements assumed to be essential for correct channel
function. This includes 24 putative membrane spanning units (6
per homology unit) and 24 presumed gating charges having the same
location as the gating charges of the vertebrate sodium channel.

The genomic DNA sequence for these regions as well as the
promoter region 5’ to the coding regions has been determined. Ve
are conducting an interspecies comparative study of the promoter
region of this possible sodium channel gene. Sequences located 5’
to the transcriptional start site may be involved with controlling
the expression of the gene so that it is expressed in the
appropriate tissue type (neuron but not muscle), at the proper
time in development and in the correct amount. We are using a
second species, D. virilis, in this study to take advantage of the
fact that Drosophila DNA drifts at approximately 1% per 1,000,000
years. D. virilis is about 50,000,000 years distant from
melanogaster. Consequently, there is a high probability that any
highly conserved regions in the promoter sequences of these two
species will be of functional significance. This supposition is
supported by the findings of Scholnick et al (Science 234:998-1002
(1986)) in their study of the melanogaster dopa decarboxylase
promoter. A-portion of this work compares the promoter regions of
melanogaster and virilis. Many of the conserved sequences were
shown to be essential for tissue specific expression and for
controlling the level of expression in different tissues.

Our sequence data of the virilis promoter show several areas
of very highly conserved DNA; in some instances the homology to
the melanogaster sequence exceeds 90%. To begin our analysis of
the significance of these conserved regions, ve will link the
virilis promoter to beta-galactosidase and, after p-element
transformation of wild type Drosophila with this construct, we
will study beta-galactosidase expression in response to specific
alterations made to the conserved sequences in the promoter.

15.12 EXPRESSION OF A HOMEOBOX GENE IN THE CNS OF NORMAL
AND TRANSGENIC MICE. J Zakany*, M. Patel*, C. M.
Nguyen-Huu* (SPON: C. Noback) Depts. of Urology and
Microbiology, College of Physicians and Surgeons,
Columbia University, New York, NY, 10032.

Several mouse homeobox containing genes are
expressed in specific regions of the developing
central nervous system. We have isolated a murine
homeobox containing gene localized on chromosome
6 designated Hox-1.3. The longest open reading frame
in the cDNA sequence predicts a protein of 269 ami-
noacid residues with the homeobox located very close
to the carboxyl terminus. The sequence of the genomic
DNA shows the presence oftwo exons separated by an
0.95 kb intron positioned 20 bp upstream of the hom-
eobox. RN-ase protection experiments indicate that
the 5 end of the Hox-1.3 transcript is located at
0.25 kb upstream of the first ATG initiation codon.
In the adult, Hox-1.3 transcripts are detected at
high levels in the spinal cord and at lower levels
in other tissues such as brain, testis, liver and
kidney. In the midgestational embryo, the gene is
mainly expressed in the lower myelencephalon and
the cervical spinal cord.

In order to identify cis-acting regulatory sequ-
ences of the Hox-1.3 gene we have generated several
lines of transgenic mice containing putative Hox-1.3
promoter/regulatory sequences fused to indicator se-
quences. The first fusion gene (Hox-1.3-hGh) conta-
ins about 3 kb 5 flanking sequences, the first ex-
on, the intron and part of the second exon of
Hox-1.3 fused in frame to human growth hormone gene
sequences. The second fusion gene (Hox-1.3-lacZ)
contains the complete Hox-1.3 gene with the struc-
tural gene for E. coli -galactosidase iserted im-
mediately downstream of the initiation codon. The
indicator sequences have been arranged to ensure
their transcription into a hybrid message and tran-
slation into a hybrid Hox-1.3-hGH protein or a fun-
ctional -galactosidase protein. Thus the expres-
sion of the transgenes can be analyzed at the mole-
cular as well as histochemical levels. The results
of the comparative analyses of the expression of the
transgenes and the endogenous Hox-1.3 gene in the
central nervous system wiil be presented.

TUESDAY AM



TUESDAY AM

TRANSMITTERS IN INVERTEBRATES I

37

16.1

16.3

SEROTONIN FACILITATES A NON-CHOLINERGIC SYNAPSE IN THE BUCCAL
MASS OF APLYSIA. D.P, Lotshaw and P.E. Lloyd, Dept. of Pharmacological and
Physiological Sciences, Univ. of Chicago, Chicago, IL 60637.

Sensitization of defensive reflex behaviors in the marine mollusk Aplysia has been

attributed to heterosynaptic facilitation of central sensory neuron to motor neuron

synapses. Serotonin (5-HT) can mimic heterosynaptic facilitation at these synapses
and 5-HT released from the metacerebral cell (MCC) has also been found to mediate

arousal of feeding behavior by potentiating cholinergic buccal muscle contractions
(Weiss et al., JJ. Neurophysiol. 41:181-203). In the present study 5-HT or MCC

stimulation was found to facilitate a non-cholinergic neuro-muscular synapse in the

buccal mass, demonstrating the existence of peripheral serotonergic
heterosynaptic facilitation.

The motor neuron employed was one of the large ventral neurons of the
symmetrically paired buccal ganglia. The neuron was located on the rostral border
of the ventral cluster between the identified neurons B15 and B8 and was readily

characterized by the absence of inhibitory synaptic input from the identified buccal

neurons B4 and BS. The motor neuron innervated the most rostral I3 muscle
bundiles of the buccal mass. The I3 muscle consists of several paraliel bundles
which encircle and close the jaws upon contraction. Bursts of action potentials at
frequencies greater than 15 Hz are required to induce muscle contractions.
Contractions were not affected by the cholinergic antagonist hexamethonium.
Motor neuron induced muscle contractions exhibited long lasting potentiation and
the interval between motor neuron spike bursts was generally in excess of two

minutes. Stimulation of the MCC or brief perfusion of 1uM 5-HT over the 13 muscle
transiently increased isotonic contractions between 100% and 200% over controls.
Muscle post-synaptic potentials (PSP) were recorded intracellularly in response to

brief bursts of motor neuron spikes evoked at 20 to 25 Hz because the PSP
exhibited pronounced facilitation whereas single spike PSPs were not detectable.

Perfusion of the muscle with 1 uM 5-HT or MCC stimulation induced multiple effects

on the muscle membrane and synaptic transmission: the muscle fiber membrane
potential usually hyperpolarized by a few mV, the muscle fiber input resistance

decreased, the magnitude of the PSP increased, and the relaxation rate of the PSP

increased. A post-synaptic site of action may partially explain these serotonergic
effects. If the muscle membrane hyperpolarization may be attributed to an
increased ion conductance, possibly K+, the corresponding decreased input
resistance would be expected to increase the relaxation rate of the PSP by
decreasing the membrane time constant. The magnitude of the muscle fiber
hyperpolarization was insufficient to account for the increased PSP amplitude,

which was observed to increase by 50% to 100% over controls in response to 1 pM

5-HT or MCC stimulation. It remains to be determined whether the 5-HT induced
increase in the PSP reflects an increase in transmitter release or an increase in the
sensitivity of the post-synaptic membrane to the transmitter. (Supported by NIH
NS23569 and Whitehall Foundation grants).

BUCCALIN: A NOVEL MODULATORY NEUROPEPTIDE
COLOCALIZED TO THE SCP-CONTAINING CHOLINERGIC
MOTONEURON B15 OF APLYSI/A. r
* i Cntr.
Neurobiol. & Behav., N.Y. State Psychiat. Inst., and
Columbia Univ., N.Y.,N.Y. 10032
Recently we demonstrated that the cholinergic motor
neuron B15 contains the two neuropeptides, SCPp and
SCPg. These neuropeptides, when exogenously applied,
potentiate motor neuron evoked contractions of the ARC, the
muscle Innervated by B15. B15s labeled with 35-S
methionine, and fractionated using RP-HPLC, are however,
characterized by a peak of radioactivity in addition to those
which coelute with synthetic SCPp or SCPg. To determine
whether B15 synthesizes a novel neuropeptide the non-SCP
peak of radioactivity was added to material extracted from
ARC muscles, and the peak was purified using four stages
of sequential RP-HPLC, followed by gas phase sequence
analysis. A peptide with the proposed structure for the B15
peptide was then commercially synthesized, and its
chromatographic properties compared to those of the non-
SCP peak of B15 radioactivity. From these experiments we
determined that B15 does indeed contain a novel
neuropeptide, buccalin, and that its structure is: Gly-Met-
Asp-Ser-Leu-Ala-Phe-Ser-Gly-Gly-Leu-amide. To test its
bioactivity buccalin was applied to ARC neuromuscular
preparations. In contrast to the SCPs, buccalin decreased
the size of motor neuron elicited contractions of the ARC.
Also unlike the action of the SCPs, the change of
contraction size was not associated with a change of
relaxation rate, suggesting that buccalin is acting primarily
presynaptically. Consistent with this idea we found that
buccalin decreased ARC EJPs, but had no effect on the size
of muscle contractions produced by direct application of
ACh to the ARC.
in summary, we have purified and sequenced buccalin, a
novel neuropepide; colocalized it with SCP5 and SCPg to
the cholinergic motor neuron B15, and demonstrated that
when exogenously applied to the ARC it decreases ARC
contraction size without affecting rate of relaxation. We
have thus characterized an experimentally advantageous
system for the behaviorally relevant study of peptide
cotransmission.

16.2

16.4

STRUCTURE AND BIOLOGICAL ACTIVITY OF
MYOMODULIN, A NOVEL NEUROPEPTIDE PRESENT IN AN
IDENTIFIED CHOLINERGIC BUCCAL MOTONEURON OF
APLYSIA. i .

Cntr. Neurobiol. & Behav., N.Y. State
Psychiat. Inst., and Columbia Univ., N.Y., N.Y. 10032

The accessory radula closer muscle (ARC) has provided
a useful model for the study of motor control, specifically
modulatory processes involved in the expression of food
induced behavioral arousal. Food-arousa! is a behavioral
state that is expressed in part via modulation of the
properties of muscle contractions. ARC contractions are
known to be modulated by several substances, including a
peptide factor, termed myomodulin, which is present in
cholinergic ARC motoneuron B16. To help define the
complement of potential modulatory peptides in the muscle
we used HPLC to fractionate extracts of ARC muscle, and
then tested the various fractions for bioactivity on the
muscle. These studies have shown that the ARC contains
numerous bioactive substances that either enhance or
depress ARC contractions, and we have purified and
sequenced a number of these substances. Inhibitory peaks
include some unidentified substances as well as FMRFa
and a novel peptide termed buccalin (Cropper et al., these
abstracts). Two of the potentiating substances consist of
SCPp and SCPg. Gas phase sequencing of a third
potentiating substance established a putative sequence for
a novel peptide. It was found that only the amidated
replica had chromatographic and biological properties
identical to that of the native peptide present in the muscle.
The structure of this peptide is Pro-Met-Ser-Met-Leu-Arg-
Leu-amide. In additional experiments utilizing 3 stages of
HPLC, we found that this peptide precisely coelutes with
the 35S labeled peptidic factor myomodulin extracted from
B16 neurons. We therefore conclude that the newly
sequenced peptide is identical to the previously
unsequenced factor-myomodulin, and that this peptide is
present in the cholinergic motoneuron B16.

In conclusion, sequencing the SCPs and myomodulin
from the ARC muscle and the localization of these peptides
to the cholinergic motoneurons for the ARC muscle,
coupled with our knowledge of the modulatory role of the
serotonergic innervation of this muscle creates an exciting
opportunity to study the role of multineuronal convergent
modulation in a behavioral context.

TRANSPORT OF NEUROPEPTIDES FROM CENTRAL GANGLIA TO
MUSCLES INVOLVED IN FEEDING IN APLYSIA. Philip E, Lloyd,
Dept Pharm Physiol Sci, Univ Chicago, Chicago IL 60637

A number of neuropeptides with modulatory actions on feeding
(buccal) muscles have recently been identified and sequenced. These
peptides include FMRFamide (Fa), the two small cardioactive peptides
(SCPs), myomodulin (Mm; Cropper et al., PNAS In Press), and
bucculin (Bn; Cropper et al., these abstracts). These peptides
modulate the efficacy of synaptic transmission between motor neurons
and buccal muscle. Complements of these peptides are also found in
motor neurons along with conventional transmitters. If these peptides
are modulatory transmitters, it should be possible to demonstrate that
they are transported from their sites of synthesis in the neuronal cell
bodies to their presumed release sites in buccal muscle. To determine
if such transport occurred, buccal or cerebral ganglia were incubated
with 35S-methionine in a small sub-chamber. Intact nerves ran
through a vaseline barrier into a second larger sub-chamber
containing the buccal mass. The outer chamber contained 100uM
cold methionine to inhibit incorporation of leaked labelled methionine.
After a 24 h label period, both chamber were chased with saline
+1mM methionine for 24 or 48 h. At the end of these periods,
individual muscles or muscle groups were dissected, extracted in the
presence of cold peptides, and run on RP-HPLC (counter-ion: TFA)
and aliquots of the samples counted. Remaining aliquots of peaks
were run on a different RP-HPLC system (counter-ion: HFBA) to
support tentative peptide identifications. The resuits can be
summarized as follows: i) All 5 peptides were transported from buccal
ganglia to buccal muscles; ii) In overall quantities of transport, the
peptides were ranked Mm >SCPs >Fa >>Bn; iii) Different
complements of the peptides were reproducibly transported to
different muscles e.g. peptides transported to the ARC muscle were
ranked Mm ~SCPs ~Bn >>>Fa; iv) Mm was the predominant peptide
transported via the radula nerves; v) No measureable peptide
transport from the cerebral ganglia to buccal muscle was observed.
However, Mm was the predominant peptide transported from the
cerebral to the buccal ganglia suggesting that this peptide may have
important central actions. These results indicate that these peptides
are all likely to be transmitters and that peptide complements should
vary from muscle to muscle. (supported by NIH NS23569 and the
Whitehall Foundation)
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16.5 PURIFICATION AND SEQUENCING OF TWO 16.6 PRIMARY STRUCTURE OF APLYSIA ATRIAL GLAND AND BAG CELL PEPTIDES.
NEUROPEPTIDES CONTAINED IN NEURON Ri15 OF G.T. Nagle, S.D. Painter, J.E. Blankenship and A. Kurosky*
APLYSIA. _1. Kupferman * Marine Biomedical Institute and *Department of Human Biological

* * i Chemistry and Genetics, University of Texas Medical Branch,

(SPON: L.D. Mitchell) Cntr. Neurobiol. & Behav., N.Y. State Galveston,TX 77550.
Psychiat. Inst., and Columbia Univ., N.Y.,N.Y. 10032 The role of the neuroendocrine bag cells in the initiation of
A peptidic factor contained in the neuron R15 increases egg laying has been intensively investigated in the marine
the water content of Aplysia suggesting that peptides mollusc Aplysia californica. In vivo and in yvitro
released from the cell regulate water balance (Kupfermann electrophysiological studies of A. brasiliana bag cells, .
& Weiss, 1976). We now report the purification and however, have contributed significantly to our knowledge of the
sequence analysis of two R15 peptides, one of which bag-cell  system. We therefore purified and chemically
mimics the bioactivity of the peptidic factor. characterized the egg-laying hormone (ELH) from the bag cells of
Peptides were extracted from 820 dissected cells and A. brasiliana. Amino acid compositional and sequence analyses
separated by two steps of reverse-phase HPLC. The demonstrated that it is a 36-residue peptide whose sequence is
purification yielded a single bioactive peptide (R15 a1) identical to that of A. californica ELH. This is consistent
which was analyzed for amino acid content and subjected with earlier observations that suggested extensive sequence
to sequence analysis, suggesting the structure: homologies between the two peptides: (1) bag-cell extracts from
either species induce egg laying when injected into the other
Asp-Val-Ser-Asp-GIy-Ser-AIa-Glu-Arg-Arg-Pro-Tyr-Thr-Arg- species; and (2) A. brasiliana genomic DNA hybridizes with an
A. californica ELH cDNA probe.
Met-Gly-Ser-Gly-Gly-Leu-Lys-Leu-His-Cys-Gin-Val-His-Pro- While the bag cell egg-laying hormones of A. brasiliana and
A. californica are chemically identical, they differ from
Ala-Asn-Cys-Pro-GIy-Gly-Leu-Met-VaI-Thr. three ELH-related peptides expressed in the A. californica
atrial gland, an exocrine organ secreting into the oviduct (Nagle
The peptide failed to react with lodoacetate indicating et al., J. Biol. Chem. 261:7853, 1986; Rothman et al., J.
that the two cysteines are connected by a disulfide bridge. Biol. Chem. 261:1616, 1986). Unlike bag cell jLH, each of
To confirm the assigned structure the peptide was the ,ghree) atrial gland peptides (A-ELH, [Ala" ]JA-ELH, and
synthesized, with a disulfide bridge. The chromatographic [61n"",Ala" ]A-ELH) is disulfide-bonded to an identical
properties and bioactivity of the synthetic material were 18-residue acidic peptide (A-AP). A small proportion (20%) of
identical to those of the native peptide. Interestingly, the the atrial gland peptide complexes are further cleaved in vivo.
peptlde contains the sequence Arg-Arg, a potential site for In addition to the ELH-related sequences, we have isolated and
proteolytic processing. chemically = characterized several other peptide products of
Several other HPLC peaks were inactive In the bioassay ELH-family genes expressed in the atrial gland. These include
for water uptake. The sequence of one of these peptides peptide A, A-AP and a l3-residue peptide whose amino acid
(R15 |3) is: composition matches a sequence predicted from genetic analyses of
an A gene cDNA clone. We have also isolated peptide B and a

13-residue peptide whose amino acid composition matches a
sequence predicted from genetic analyses of a genomic B clone.

The two 13-residue peptides define the precise site of signal
Ser-Ser Tyr Gly Leu-Pro-Ser. Arg ASP Met-Ser-Thr-Ala Tyr' sequence cleavage in the peptide A and B precursors. Supported
by NSF BNS85-17575, NIH 22079, & NIH 11255.

Ser-Asp-Leu-Leu-Gly-Ala-Leu-Leu-Ser-Arg-Asn-Ser-Pro-

Both peptide sequences are encoded within a single,
recently sequenced, cDNA (Buck et al.).

16,7 FRESHLY DEPOSITED EGG CORDONS AND ATRIAL GLAND FACTORS INDUCE 16.8 SYNTHETIC NEUROPEPTIDE EGG-LAYING HORMONE (ELH) OF APLYSTA
COPULATORY1 BEHAVIOR IN  APLYSIA. S.D. Painter, A.R. CALIFORNICA INDUCES NORMAL EGG;}AYING: STRUCTURE-ACTIVITY STUDIES.
Gustavson* ,V.K. Kalman, G.T. Nagle and J.E. Blankenship. The F. Strumwasser, D. L. Schiller and S.B.H. Kent . Marine
Marine Biomedical Institutg, University of Texas Medical Branch, Biological Laboratory, Woods Hole, MA 02543 and Division of Biology,
Galveston,TX 77550 and ~“Dept. of Psychology, University of California Institute of Technology, Pasadena, CA 91125,

Southern California, Los Angeles,CA 90089. ELH in Aplysia is synthesized by the bag cell neurons of the
Egg-laying activity in the marine mollusc Aplysia appears to abdominal ganglion and controls egg-laying (EL) and associated
be regulated by a small family of genes, each of which encodes a behaviors. ELH contains 36 amino-acid residues and has an amidated
polyprotein precursor containing a peptide sequence homologous to carboxy-terminal lysine (Chiu et al., '79). The primary structure
egg-laying hormone (ELH). The ELH-family genes are expressed in of the preprohormone for ELH has been deduced from a cDNA clome.
an organ-specific manner within the animal. Thus, for example, The prohormone has 271 amino-acid residues and ten putative cleavage
the ELH gene is expressed in the neuroendocrine bag cells of the sites (Scheller et al., '83). There is good evidence that a number
abdominal ganglion. The peptide products of this gene induce egg of peptides, besides ELH, are released during a synaptically
release from the ovotestis and have well-defined effects on both initiated electrical discharge of the bag cells, ELH and an acidic
neuronal and behavioral activity. In contrast, at least three peptide (pI 4.8) are released (Stuart et al., '80) as well as two
other genes of the ELH family are expressed in the atrial gland, forms of & -bag cell peptide (Sigvardt et al., '86). Other as yet
an exocrine organ secreting into the oviduct of Aplysia. The unidentified peptides are also released during the bag cell
peptide products of the atrial gland genes have no known discharge. These findings raise the possibility that the integrated
physiological function. Our experiments were designed to test behavior of EL is due to the action of several peptides rather than
the hypothesis that the atrial gland gene products might serve a ELH alone, although purified ELH induces EL. Our studies were
pheromonal role and coordinate reproductive activity among directed at addressing whether synthetic ELH is sufficient to induce
(rather than within) individuals. Our studies show that there is normal EL and to determine what portion of the peptide is necessary
a shorter latency to copulation when an Aplysia is paired with for EL. ELH and its fragments were synthesized by either manual or
an animal that is actively laying eggs than when it is paired automatic stepwise solid phase peptide synthesis on a
with a sexually mature but non-laying animal. Moreover, the benzhydrylamine-resin and purified by reverse-phase HPLC on a Vydac
effect of egg deposition on latency to copulation can be mimicked C4 column. Purity, as judged by analytical HPLC, was 92-98%.
by the addition of either acidic or neutral extracts of the Synthetic ELH 1-36 amide induced normal EL when injected at doses of
atrial gland to the bathing medium. In contrast, addition of 70-200 ug in 7/7 animals. Locomotion was inhibited, eggs were
extracts of other regions of the reproductive tract, including extruded in the egg string, the string was properly attached to the
the oviduct, do not influence the latency to copulation.  These substrate and wound, and the weight of egg string produced and the
results suggest that atrial gland products, secreted onto the egg latency to onset of EL were normal. Thus we conclude that ELH is
cordon as it passes through the oviduct, may play a pheromonal sufficient to induce all the presently known components of EL.
role and influence reproductive behavior among individuals. Although purified ELH is reported to induce EL at approximately 2.5
Experiments are in progress to determine whether or not the nanomoles (11 ug), we used approximately 10 to 100 times this
active factor(s) are products of the ELH-family genes expressed quantity when testing fragments. Removal of either the
in this organ. Supported by NIH Grants NS-22079 and NS-11255, amino-terminal or carboxy-terminal 7 amino-acid residues resulted in
and by NSF Grant BNS 85-17575. a peptide unable to elicit EL. Thus ELH 8-36 amide (1500 ug), ELH

14-36 amide (1250 ug) and ELH 1-29 amide (1500 ug) did not induce
EL. This implies that both relatively intact amino- and
carboxy~termini are essential for EL. This fact is particularly
interesting in that there is specific charge conservation in the
position of residues 6, 8, 12, 17, 21, 22, 24, 28, 30, 32 and 36
when the sequences of A. californica and A. parvula (Nambu

and Scheller, '86) are compared. Specific charge conservation is
also present in the ELH of the fresh water snail Lymnaea
stagnalis except at residues 21, 28 and 36 (Ebberink et al., '85).
Subtle changes such as ELH 1-35 amide (200 ug) allow normal EL in
A. c. (Supported by NS21046 to F.S. and NSF DMB85-00298 to S,B.H.K.)
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16.9 STRUCTURE AND FUNCTION OF A NOVEL NEUROPEPTIDE (CALFLUXIN) GENERATED

16.11

FROM THE EGG-LAYING HORMONE PRECURSOR OF LYMNAEA. R.H.M. Ebberink*,
W.J.A.G. Dictus® and J. Joosse® (spon: European Neuroscience Asso-
ciation). Department of Biology, Vrije Universiteit, Amsterdam, The
Netherlands, NL-1007 MC.

Recent studies on the role of Ca2* as an intracellular messenger
in the regulation of the secretion process in a female accessory sex
gland (albumen gland) of the freshwater snail Lymnaea stagnalis have
shown that the glandular cells contain in a particular stage of the
egg-laying process a relative high concentration of intracellular
Ca?*. Subsequent in vitro studies indicated that the increase in
intracellular Ca2* concentration is induced by a neuropeptide (cal-
fluxin). This peptide could be extracted from the cerebral commis-
sure, the neurohaemal area of the caudo dorsal cells, which regulate
the complex processes of egg-laying and the associated behavior.

Calfluxin has been purified and the structure elucidated (Arg-
Val-Asp-Ser-Ala-Asp-Glu-Ser-Asn-Asp-Asp-Gly-Phe-Asp). The chromato-
graphical and biological behavior of the synthetic peptide is iden-
tical to that of the native peptide. Calfluxin appears to be one of
the peptides generated from the egg-laying hormone precursor of
Lymnaea. Beside calfluxine at this moment five other peptides of
the precursor are of interest: the ovulation hormone (egg-laying
hormone), three R-CDCPs (pentapeptides) and a-CDCP (nonapeptide).
Calfluxine is situated between the B-CDCPs and a-CDCP region of the
precursor.

Comparison of the egg-laying hormone precursors of Lymnaea and
Aplysia show significant homology in the egg-laying hormone regions
(50%), the aCDCP/aBCP region (70%) and the 3-CDCP/R-,x-BCP regions
(80-100%). The region converting the 8-CDCP with a-CDCP {the cal-
fluxin region) is much shorter than the counterpart of the ELH pre-
cursor. However, the amino acid sequences 4-7 and 8-12 of calfluxin
are located uninterrupted on the counterpart of the 4plysia precur-
sor.

Signal-respons coupling was studied with calfluxin, and these
studies indicate that mobilization of intracellular Ca2t ismediated
via the protein kinase C stimulated activation of the Nat/H*-
exchange, thus leading to an increase of the internal pH. IP3 may
have a role in the mobilization of Ca2+ from internal sources,
whereas the influx of extracellular Ca2* is mediated by protein
kinase C independent Ca2*-channels.

INACTIVATION OF ALPHA-BAG CELL PEPTIDE IN THE ABDOMINAL GANGLION
OF APLYSIA. B.S. Rothman, G.A. Phares* and T.A. Groves*. Dept. of
Biology, San Francisco State University, San Francisco, CA 94132.

We are using the isolated abdominal ganglion of Aplysia to study
in detail the inactivation of a single peptide neurotransmitter,
alpha-bag cell peptide (a-BCP[1-9]1). a-BCP and a group of 4-9
ather peptides are synthesized and released by the bag cells, two
clusters of 400 homogeneous neuraendocrine cells located in the
rostral margin of the ganglion. a-BCP mediates bag cell-induced
inhibition of left upper quadrant (LUR) neurons L2, L3, L& and Lé&.

Sigvardt et al. (J. Neurosci. &: 803) showed that after elertri-
cal stimulation of the bag cells, recovery from perfusate of LUQ
inhibitory activity depended on a battery of protease inhibitors,
and recovery of a BCPL1-91 and its derivative, «-BCPL1-8],
strictly depended on the presence of diprotin A, a dipeptidyl-
aminopeptidase inhibitor. These findings suggested that both a-
BCP[1-91 and a-BCP{1-8]1 were inactivated by a membrane-bound
peptidase located within the extracellular space of the ganglion.
Furthermore, since «a-BCP[1-8] was also recovered, and this peptide
is 30-fold more active than «-BCP[1-91 on LU@ neurons, it seemed
likely that o-BCPL[1-9] underwent both activation and inactivation
by separate peptidases.

To further test these hypotheses, we mimicked release of a-BCP
without the concomitant release of the other bag cell peptides by
arterially perfusing synthetic «-BCP[1-9]1 into the ganglion.
Specifically, an isolated abdominal ganglion was mounted in a low
dead-volume sealed chamber, and continuously perfused with an
artificial sea water solution containing «a-BCP plus 40 Hg/ml of
praotein carriers. The perfusate was collected on ice and analyzed
by a reverse phase-HPLC system that can resolve all a-BCP frag-
ments tested. When a-BCP[1-91 was perfused at concentrations of
1-10 KM, 40% to B80% of intact «-BCP was recovered, and two
fragments, «-BCP{3-9] and a-BCP[1-8], were generated respectively
at about 10% and 5% the levels of «-BCP[1-9]. These products were
identified by comigration with chemically synthesized standards on

HPLC under isocratic conditions. Diprotin A inhibited generation
of a-BCP(3-9] in a dose dependent manner, with an IC50 of 2 pM,
but had little effect on the generation of «-BCP{1-8B]. Arterial
perfusion of «-BCPL1-8], under conditions identical to those

above, generated «-BCP[3-8] and «-BCPL1-71, fragments analogous to
those derived from perfusion of «-BCPL1-9].

These results provide additional evidence that «-BCP[1-9] is
both activated and inactivated by membrane-bound peptidases.
Combined with the findings of Sigvardt et al., the results suggest
that inactivation is the dominant process. These processes may
provide a means by which a-BCP{1-9] can produce short-lasting but
intense actions limited to the abdominal ganglion.

Suppor ted by NIH grants RO1-NS-264046 (BSR) and KO4-NS-01177 (BSR).

16.10 ACTIVATION OF THE BAG CELLS BY ELH/BCP-IMMUNOREACTIVE NEURONS

16.12

IN THE RIGHT PLEURAL GANGLION OF APLYSTIA CALIFORNICA. R.O. Brown
and E. Mayeri. Div. of Neuroscience, Dept. of Physiology,
University of California, San Francisco, CA 94143-0444

The bag cells are 800 neuroendocrine cells in the abdominal

ganglion of Aplysia which control egg-laying. They fire in

episodic discharges to release multiple neuropeptides, including,

egg-laying hormone (ELH) and alpha-bag cell peptide ( &C-BCP),
derived from a common precursor. Immunoreactive ELH and OC-BCP
have also been co-localized to small clusters of 12-24 neurons in
the cerebral ganglion and 4-16 neurons in the pleural ganglion.
The electrophysiological properties and functions of these head
ganglia ELH/BCP cells, and their relationship to the bag cells,
have not previously been described.

We identified a cluster of white cells in the right pleural
ganglion which resemble the bag cells morphologically and physio-
logically. Intracellular recordings were made from 18 of these
cells in 12 preparations. In 2 preparations they were injected
with Lucifer Yellow, and subsequent immunocytochemical processing
with OC-BCP antiserum confirmed they were ELH/BCP cells.

Intracellular electrical stimulation of ELH/BCP cells in iso-
lated right pleural ganglia caused depolarizing afterpotentials
and synchronous afterdischarges (N=4 out of 4 preparations).
This indicates that the pleural ELH/BCP cells, like bag cells,
posess an intrinsic positive feedback mechanism to produce
regenerative discharges.

In combined right pleural plus abdominal ganglia preparations
with the right pleuroabdominal connectives intact, activation
of pleural ELH/BCP cells by intracellular stimulation caused
depolarizations and afterdischarges in the abdominal ganglion
bag cells (5/5). Direct stimulation of bag cell discharges
in the abdominal ganglion caused depolarizations (2/3) but not
discharges (0/3) in the pleural ELH/BCP cells. These results
indicate a bidirectional, but asymmetrical, functional connection
between the pleural ELH/BCP cells and the bag cells.

OC -BCP, and the structurally related ﬁ -BCP and Y-BCP, have
autoexcitatory effects on the bag cells, and are candidate
neurotransmitters for the spread of activation between pleural
ELH/BCP cells and the bag cells.

The ELH/BCP cells in the pleural ganglion are the first
identified cells found to activate the bag cells. They, and by
extension the cerebral ELH/BCP cells, may comprise a descending
neuronal pathway which normally triggers bag cell discharges.
In addition to activating the bag cells, neuropeptides released
by these ELH/BCP cells might also act directly on neurons in the
head ganglia to mediate aspects of egg-laying behavior.

This work was supported by NIH grant NS16490.

THE BAG CELL PEPTIDES ALPHA-BCP AND ELH MODULATE THE
EXCITABILITY OF TARGET NEURONS IN THE ABDOMINAL
GANGLION OF APLYSIA BY CHANGING Ca2+- AND K+-CURRENTS.
Rene F. Jansen* and Earl Mayeri. Department of Physiology, University of
California, San Francisco, CA 94143.

The neuropeptides egg-laying hormone (ELH) and alpha-bag cell peptide
(alpha-BCP) are putative neurotransmitters derived from a common precursor
protein, and are released by the bag cells in the abdominal ganglion of Aplysia
californica. ELH is the neurotransmitter that mediates the long-lasting
excitation of the left lower quadrant (LUQ) neurons, and alpha-BCP mediates
inhibition of the left upper quadrant (LUQ) neurons. We here report further on
the voltage clamp analysis of the ionic mechanisms of long term regulation of
neuronal excitability by ELH and alpha-BCP.

Pressure application of alpha-BCP onto surgically isolated LUQ neurons
causes a hyperpolarization which interrupts ongoing pacemaker activity in
these neurons. The slow inward current that underlies pacemaker activity is
partly blocked by Ca2+-channel blockers and partly by TTX. Experiments
indicate that alphd-BCP closes the slowly inactivating Ca2+-channel. In
Ba/TEA/4AP-containing seawater, the alpha-BCP evoked current has a U-
shaped I-V characteristic that peaks at about- 10 mV. It is blocked by adding
the Ca-channel blockers Co2+, Cd2+ or Ni2+ to the medium, and is
unaffected by removing external Na+ or adding TTX.  Alpha-BCP additionally
causes an increase in K+-conductance. This K+-current is blocked completely
by external Rb* (5 mM), and partially by external Cs+ (10 mM).

ELH induces hours-long repetitive firing in LLQ neurons without
substantially changing the resting membrane potential. The currents evoked
by ELH in these neurons include: i) a hyperpolarizing, inwardly rectifying
K+-current that is blocked by Rb+ (5 mM) and Cs+ (10 mM), and which has a
chord-conductance that shifts with the external [K+}], ii) a small, steady
depolarizing current and iii) a depolarizing current activated at membrane
potentials above -40 mV

The second current is Na+-dependent, present at all membrane potentials
tested, and is the only current that remains after prolonged exposure (typically
1hr.) to 0 mM Ca2+/ 10 mM Ni2+-containing medium. The third current is
apparently unaffected by adding Ni2+ (10 mM) to Ca2+-containing medium
(10-15 min.), and is not blocked by 0 mM Na+ or 100 mM TEA/ 0 mM Nat;
we are currently investigating the nature of this current. The ionic mechanism
of action of ELH on the LLQ neurons is apparently different from that of ELH
on the buccal motorneuron B1¢ described by Kirk and Scheller
(Proc.Natl.Acad.Sci. 83:3017 ).

We conclude that alpha-BCP and ELH are neurotransmitters that use
multiple and apparently distinct ionic mechanisms to modulate the excitability
of their respective target neurons.

Supported by NIH grants NS16490 and NS16033.
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16.13 MODULATION OF IONIC CURRENTS 1IN THE IDENTIFIED
MOTORNEURON B1S5 OF APLYSIA BY 5-HT, SCPD, AND
FMRFamide. Ronald Taussig* and Richard H. Scheller,
Dept of Biol. Sci. Stanford Univ., Stanford, Ca 94305

The accessory radular closure muscle in Aplysia is
inervated by two identified buccal ganglion
motorneurons, Bl5 and Bl6. Previous studies have
demonstrated that several neurotransmitters have
direct affects on the electrical activities of these
neurons. Egg-laying hormone and the biogenic amine
serotonin (5=HT) both excite Bl6, while small
cardioactive peptide b (SCPb) and 5-HT. depolarize B15.
Both motorneurons are inhibited by the amidated
tetrapeptide Phe-Met-Arg~Phe-amide (FMRFamide). Using
the two electrode voltage clamp technique, we have
identified ionic currents in B15 which are modulated
by 5-HT, SCPb, and FMRFamide.

5-HT, SCPb, and FMRFamide were bath applied to an
axotomized B1l5 under voltage clamp. In normal saline
containing 20 mM Cobalt, both 5-HT (50 uM) and SCPb
(10 uM) induced or enhanced a voltage dependent slow
inward current. Replacement of sodium with N-Methyl D-
Glucamine abolished this response but uncovered two
additional currents which were affected by application
of either 5-HT or SCPb. Both of these currents were
sensitive to varying extracellular potassium
concentrations.

Bath application of FMRFamide (5 uM) to B15
modulate currents in opposite directions to those of
the excitatory transmitters 5-HT or SCPb. FMRFamide
reduced the voltage dependent slow inward carried by
sodium, while simultaneusly increasing a current
resembling the S-current.
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17.1 CYTOCHALASIN D SUPPRESSES SOUND EVOKED POTENTIALS IN THE GUINEA 17.2 THE ORIGIN OF PHASE LOCKING IN THE AUDITORY RESPONSE IN THE PIGEON.
PIG COCHLEA. S.E. Barron, R.P. Bobbin, P.S. Guth, and C.H. Norris, K.G. Hill*, Jianwu Mo* and G. Stange*. SPON: (Eldon E. Ball).
(Dept. of Pharmacology, Tulane Medical School and Dept. of Research School of Biological Sciences, Australian National
Otorhinolaryngology LSU Medical School, New Orleans, LA 70112) University, GPO Box 475, Canberra City, ACT 2601, Australia.

Although actin has been localized in hair cells, evidence for Recordings were obtained of spike potentials in single fibres
its role in intact cochlear preparations is lacking. The present in the VIIIth nerve of the pigeon (Columba livia) in order to study
study was undertaken to test the hypothesis that actin is properties of phase locking to a sinusoidal stimulus waveform. In
involved in cochlear function (e.g. the active process) by response to closed-field, monaural sound presentation, tuning and
observing the effects of a potent inhibitor of actin polymerization, intensity functions of spike responses were determined. From
cytochalasin D, on evoked cochlear potentials. Perilymphatic measures of spike time to 4 ps accuracy, period histograms were
spaces of guinea pig cochlea were pergused wigh Ringer solutions constructed and characterized in terms of vector strength and
containing either cytochalasin D (107° to 1072 M) or DMSO phase angle of response. Intensity functions also were determined
(0.00005% to 0.05%) at a rate of 2.5 ul/min for 10 min (Bledsoe for vector strength and phase angle of response for individual
et al., Hear. Res. 4:109, 1981). Immediately after each period of fibres at several frequencies.
perfusion, the compound potential (CAP), N, latency, cochlear Typically, response-frequency profiles showed a single peak,
microphonics (CM), and summating potential (SP) evoked by 10 kHz denoting fibre characteristic frequency (CF), bordered at
tone bursts of varying intensity were recorded from an electrode adjacent higher and lower frequencies by areas of suppression of
in the basal turn. Cytochalasin D suppressed CAP, N; latency and background firing rate. With increasing sound pressure level (SPL)
SP in a dose-dependent fashion but had only slight effects on CM. the response peak widened and suppression bands shifted to higher
DMSO had no effect. These results provide pharmacological evidence and lower frequencies. Spike rate intensity functions at CF
that actin is involved in cochlear function. . . possibly the showed monotonic increase, whereas at adjacent lower and higher
active mechanical process of the organ of Corti. (Supported by frequencies, spike rate initially declined then increased with
Grants from NSF, NINCDS, the Southern Hearing and Speech Foundation, increasing SPL. Vector strength intensity functions monotonically
Kresge Foundation and the LA. Lions Eye Fnd.) increased at both CF and at adjacent frequencies, starting below

excitatory rate threshold or at suppression thresholds, indepen-
dent of increasing or decreasing spike rate.

At low SPL up to about 50dB, intensity functions for phase
angle of response to different frequencies were rather flat. The
phase angle of response to frequency below CF, however, was
greater than that at CF, indicating relative phase lag, whereas,
phase angle for frequency above CF was less than that at CF,
indicating relative phase lead. Phase angles of response in a
single fibre to three frequencies, at, above and below CF, closely
match measurements of group delay in the basilar membrane (BM)
velocity response (Gummer, A.W., Smolders, J. and Klinke, R.
Hearing Research, in press.

The independance of vector strength intensity functions from
spike rate functions imply that phase locking of spikes does not
depend on transsynaptic excitation of afferent fibres in accord
with hair cell receptor potentials. Close correspondence between
phase angle of spike response and group delay of BM mechanical
response at CF suggests that the factor responsible for phase
locking has a frequency-dependent locus on the BM. It is suggested
that this factor is the cochlear microphonic potential.
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17.3 THE EFFECTS OF NOISE ON PHASE-LOCKED DISCHARGES OF AMPHIBIAN

AUDITORY NERVE FIBERS. P,M, Narins. Dept. of Biology, Univ. of
California at Los Angeles, Los Angeles, CA 90024,

Amphibian auditory nerve fibers fire in a phase-locked
fashion in response to sinusoidal stimuli of frequencies up to
1.2 kHz at 22°C. For many species of frogs this range
includes not only sounds of biological significance (predators,
prey, etc.) but communication signal frequencies as well. In
this study the degree of phase-locking was quantified for 65
single units in the Puerto Rican coqui, Eleutherodactylus coqui,
both in response to tones presented alone, and in the presence
of continuous, broadband masking noise of various levels.
Detailed studies of the low-frequency, suppressible fibers and
the mid-frequency, non-suppressible fibers from the amphibian
papilla (a.p.) and high frequency, non-suppressible fibers from
the basilar papilla (b.p.) revealed that fibers from all three
populations exhibit clear phase-locked responses to pure tones.
B.p. units only phase-lock to test frequencies (TFs) below the
fiber's characteristic frequency (CF). The phase-vs.-intensity
functions for all fibers are complex; they show level-
independence near threshold intensities, follow no consistent
pattern at middle intensities (10-40 dB>CF-threshold), but at
higher intensities another pattern emerges. For TFs»CF,
increasing intensity results in an increased phase lead relative
to CF, and for TFs<CF raising intensity results in an increased
phase lag relative to CF. This pattern is most easily seen for
a.p. fibers.

Wideband noise presented-at increasing levels progressively
reduced the phase-locking of auditory nerve fibers to tones.
Specifically, the vector strength (VS, a quantitative measure
of phase-locking) falls off with increasing levels of masking
noise. The noise level required to produce a fixed reduction
in VS was clearly related to the fibers CF-threshold. However,
on the average, TFs<CF showed a steeper rate of VS falloff with
masking noise level than do TFs»>CF. Moreover, TFs<CF showed
either phase-independence or a slight phase lag with increased
masking noise level whereas those TFs>CF exhibited a pronounced
phase lead in the presence of masking noise. These effects
were observed for all a.p. fibers tested, suggesting that the
underlying mechanisms do not necessarily involve two-tone
suppression.

(Supported by NIH/NINCDS grant no. NS19725).

17.5 EFFECT OF TEMPERATURE ON THE TUNING OF ORTHOPTERAN HAIR CELLS.

B.P. Oldfield* (SPON: J.D. Pettigrew). Neuroscience Laboratory,
Dept. of Physiology and Pharmacology, Univ. of Qld., St. Lucia,
4067, Qld. Australia.

Despite recent evidence of intrinsic electrical tuning in some
vertebrate hair cells (reviewed in 1) such mechanisms are not
thought to be responsible for the tuning of hair cells, such as
those of mammals with characteristic sound frequencies greater than
1 kHz (2). Orthopteran hair cells, however, are tuned to sound
frequencies greater than 1 kHz without the assistance of peripheral
mechanical filters (3,4,5). The nature of the intrinsic tuning
mechanism in these auditory receptors is yet to be identified. A
primary tool in discriminating between intrinsic and extrinsic
tuning mechanisms has been the quantification of the effect of
temperature on the tuning of hair cells (6,7). This tool has been
applied to the hair cells of the locust Valanga irregularis
(Orthoptera, Acrididae) where I show that the tuning mechanism is
even more temperature-dependent than that of vertebrate hair cells
known to be intrinsically-tuned.

The auditory organs of locusts contain up to 70 auditory
receptors and are tuned to sound frequencies between 1 and 18 kHz.
By isolating the auditory organ and recording from receptors with
glass microelectrodes I have shown that the characteristic sound
frequency of individual hair cells undergoes a reversible increase
for temperature increases between 1 and T°C. The average change in

characteristic frequency (n=16) was 0.1% octaves/°C, which
corresponds to a thermal Q of 2.T. This value exceeds that
expected from temperature-dependent changes in the mechanical
properties of a simple mechanical resonator. The extreme

temperature-dependence of the tuning properties thus supports other
evidence that these hair cells are tuned intrinsically, and not by
virtue of the mechanical properties of peripheral filters. This
finding confirms that auditory receptors can be tuned to sound
frequencies in excess of 1 kHz as a result of intrinsic, possibdbly
electromechanical, properties.

1. Hudspeth, A.J. Science 230, TiS5, 1985.

2. Sellick, P. et al. J. Acous. Soc. Am. T2, 131, 1982.

3. Oldfield, B.P. Hearing Res. 1T, 2T, 1985.

Oldfield, B.P. J. Ezp. Biol. 116, 493, 1985.

5. Oldfield, B.P. et al. J. Comp. Physiol. 159, 457, 1986.

6. Gummer, A.W. and Klinke, R. Hearing Res. 12, 367, 1983.

7. Batock, R.A. and Manley, G.A. J. Comp. Physiol. 142, 219, 1981.

Work supported by the Australian National Health and Medical
Research Council.
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17.6

DERIVED AUDITORY POTENTIALS IN THE ALLIGATOR ;IZARD (Gerrhonotus
multicarinatus). T.A. Jones and T.N. Decker”, Depts. of Oral
Biology, UNMC and Special Education and Communication Disorders,
UNL Lincoln, NE 68583,

In birds and mammals, a vibration of the basilar membrane
travels from the base to the apex of the cochlea at a velocity
which decreases as a function of distance. The time of its arrival
at any particular position will depend on the traveling wave
velocities encountered and the distance traversed during travel.
Through the use of a high-pass subtractive masking paradigm (Teas
et al., 1962 . Don and Eggermont 1978 ) derived potentials can be
recorded that temporally relate the latency of neural activation
as a function of place of stimulation on the membrane. Typically
in the mammal the relationship shows that as progressively more
apical portions of the basilar membrane are masked, the remaining
far-field components evoked by the click are shifted later in
time. The progressive latency shift is thought to be indicative of
the traveling wave on the basilar membrane. This hypothesis has
not been explicitly tested in an ear that does not have a
travelinf wave phenomenon. The auditory system of the alligator
lizard (Gerrhonotus multicarinatus) has been shown to have a
relatively wide frequency response and neurons show relatively
sharp tuning curves between 100 and 5KHz. Yet the ear does not
employ smoothly graded mechanical tuning in the periphery to
accomplish frequency analysis (Weiss et al.. 1978). Therefore. it
does not have a continuous preeminent cochlear traveling wave. In
the present study derived far-field auditory responses were
recorded in the alligator lizard using broad band stimuli
(acoustic clicks) and maskers (high pass cutoffs: half octave
steps, 250-8000Hz, slopes: -96dB/octave). Clicks were presented
at a repetition rate of 10/sec. Auditory responses were obtained
using subcutaneous electrodes (vertex-Gl, ipsilateral neck=G2,
contralateral neck = ground). Electrical signals were led to an
amplifier (10,000X; LF=100; HF=10,000) and in turn to a computer
and digitized. Threshold was determined and 20dBSL clicks used to
elicite responses thereafter. The level of unfiltered wide-band
noise sufficient to mask far-field responses was determined.
Without changing intensity levels, far-field responses to 20 dBSL
clicks were recorded in the presence of high-pass-filtered noise.
Maskers were presented in descending order according to frequency
cutoff (8000 Hz to 250 Hz). The narrow-band contributions to
auditory responses were generated by successively substracting the
response waveforms obtained in the presence of noise at each half-
octave cutoff. Peak-to-peak amplitudes and latencies of the
response onset were measured.

Tonotopic groups making substantial amplitude contributions
to the far-field response included those between 500 and 8000 Hz.
The progressive shifts in onset latency normally associated with
these tonotopic groups in mammals were essentially absent in
lizard derived responses from 1000-8000Hz. These findings support
the hypothesis that the latency shifts normally associated with
tonotopic groups in mammels do reflect the temporal behavior of a
traveling wave.

Supported by the Nebraska Dept. of Health grant #87-26. by
the UNML Research Council and NIH Biomed. Res. sup. (RR-07055)

COCHLEAR PERFUSION TO STUDY NEUROCHEMICAL MECHANISMS
AT A MULTITRANSMITTER SYNAPSE. D.W. Hoffman, K.L.
Jones* and A.E. Stinnett* (SPON: E.J. Walsh).
Neurochemistry Lab, SIU Sch. of Med., Springfield, IL
62708

We are using the chinchilla cochlea as a model
system to study neurochemical interactions of co-
localized transmitters. The cochlea is innervated by
brainstem neurons which terminate under both inner
and outer hair cells. Those which innervate eighth
nerve dendrites under inner hair cells have been
shown to contain enkephalins (Fex and Altschuler,
PNAS 78:1255, 1981) dynorphins (Hoffman et al.,
Hearing Res., 17:47, 1985) and acetylcholine (ACh)
(Norris and Guth, Acta Otolaryngol., 77:318, 1974).
We use this preparation as an in situ perfusion
chamber to study neurochemical interactions of these
co-localized transmitters.

The auditory bulla is approached ventrolaterally
to avoid disruption of the ossicular chain and
tympanic membrane. The bulla is opened, and a hole
is drilled into the scala tympani of the cochlea near
the base, using a fine pick and root canal file.
Glass.-capillary tubing drawn out to a fine tip is
cemented into the hole with cyanoacrylate ester. PE-
10 tubing connects the pipette to a microliter
syringe driven by a syringe pump, which can provide
flow rates of as low as 1 microliter/min. A second
(efflux) pipette is placed near the first, but in the
scala vestibuli, to provide complete perfusion of the
perilymphatic space. We use this preparation to
study neurotransmitter release, and transmitter
interactions in this natural perfusion chamber.

Met- and leu-enkephalin, dynorphin B and ACh are
all released by high potassium or veratridine.
Peptides are measured by HPLC-RIA, and ACh by
radioenzymatic assay. These results expand the data
on the neurotransmitter/neuromodulator role of these
neuropeptides in the inner ear, and confirm the
earlier identification of ACh in inner ear perfusates
by bioassay. We are now seeking to determine the
effects of neuropeptides and ACh and each other's
release processes.

Acknowledgements: This work supported by NIH AGG5499
(DWH) 'and NSF BNS-8606910 (DWH).




42

AUDITORY SYSTEM I

TUESDAY AM

17.7 ISOLATION OF NEUROACTIVE SUBSTANCES FROM HAIR CELL
EXTRACTS. W. F. Sewell and E. A. Mroz *. Eaton-Peabody Labora-
tory, Massachusetts Eye and Ear Infirmary, Departments of Otolaryngol-
ogy and Physiology, and the Program in Neuroscience, Harvard Medical
School, Boston, MA. 02114.

Hair cells, the sensory cells of the inner ear, release a yet-
unidentified neurotransmitter to excite primary afferent - neurons.
B itter does not appear to be one of the known

E this neurotrar
neurotransmitter candidates, our strategy for its identification is to
extract and purify substances from hair cell tissue that can excite
afferent fibers innervating hair cells.

We have previously reported (Assoc. Res. Otolaryngol. Abstr. 9:
114, 1986) that aqueous extracts of goldfish (Carassius auratus) inner
ears excite afferent fibers innervating the hair cells of the lateral line
organ of Xenopus laevis. Gel-filtration chromatography (Sephadex G-
10) of such extracts yields two peaks of excitatory activity, one eluting
with low-molecular-weight substances (ca. 200) and one eluting with
high-molecular-weight substances (> 700). Both peaks are well
separated from glutamate and aspartate.

We now report that further purification of the high-molecular-
weight peak by gel-filtration chromatography (Sephadex G-25) suggests
that it is due to a substance with a molecular weight of about 4000. We
have identified calcitonin gene-related peptide (molecular weight of
3800) as a candidate to be the high-molecular-weight active substance,
based upon similarities in molecular weights, tissue distributions, and
biological activities.

We also report that the low-molecular-weight peak can be resolved
into two excitatory components by further purification with cation-
exchange chromatography. Each component elutes with a peak of
ninhydrin-positive material. The chromatographic behaviors of these
components suggest that they are due to zwitterions. The values of pH
at which the components elute suggest that one zwitterion has a titrat-
able anionic group with a pK of 2.3 and that the other has a titratable
anionic group with a pK of 2.8.

17.9  TWO-TONE SUPPRESSION IN INNER HAIR CELL RESPONSE PATTERNS.
M.A. Cheatham* and P. Dallos. Auditory Physiology Lab.
Northwestérn University, Evanston IL 60201.

In an attempt to understand the processing of complex stimuli
by the peripheral auditory system, we have measured ac receptor
potentials (RP) from individual inner hair cells (IHC) in the
guinea pig organ of Corti. The purpose of the experiment was
to characterize a phenomenon known as two-tone suppression (2TS)
in which the addition of a second sinusoid to a single tone in-
put decreases the response to the latter. Although many exper-
iments have documented the magnitude changes which result from
interactions between the two inputs, phase changes have received
little attention. Since phase behavior is important to the
understanding of underlying mechanisms, we have studied 2TS to
ask whether the magnitude and phase changes resulting from the
introduction of a suppressor differ from those to be expected
by simply reducing stimulus level.

Data obtained from the third turn where characteristic fre-
quencies (CF) range between 800 and 1000 Hz indicate that RPs
for single tone stimuli are level dependent. For example, when
frequency response functions are obtained to define response
areas at several levels, frequency selectivity is enhanced as
input level decreases. This occurs because of a strong com-
pressive nonlinearity at CF, which results in the steepening of
high and low frequency slopes as stimulus level is decreased.
This behavior is reflected in the accompanying phase shifts
which go through a lead/lag transition at CF which moves to a
slightly higher frequency as input is reduced. Thus, by com-
paring the magnitude and phase changes occurring during suppres-
sion with predictions made on the basis of the well-documented
nature of level-dependent responses to singie-tone stimuli, it
should be possible to determine whether 2TS operates by simply
attenuating input to the cell.

To ascertain the magnitude and phase changes resulting from
the presence of a high frequency suppressor (1500 Hz), frequency
response functions were measured for IHCs. Results indicate
that the effects are not predicted by a simple attenuation model.
Although the suppressor causes a decrease in the magnitude of
the ac RP, the largest deviations are measured at the CF of the
cell causing the frequency response functions tc become broader.
The CF also moves to a lower frequency and the phase goes through
a lag/lead transition exactly opposite to the results expected
by simply decreasing input to the cell. Consequently, a simple
attenuation model does not adequately describe basic features
of 2TS in the apex of the cochlea for high-side suppressors.
(Supported by NIH Grant NS08635).

17.8

17.10

SOUND-EVOKED EFFERENT EFFECTS ON THE DISCHARGE PROPER-
TIES OF SINGLE, AUDITORY-NERVE FIBERS. EH. Warren, I* 1% and
M.C. Liberman* 123 (SPON: N.Y.S. Kiang). ! Program in Neuroscience, and 2
Department of Otolaryngology, Harvard Medical School; and 3 Eaton-Peabody
Laboratory, Massachusetts Eye and Ear Infirmary, Boston, MA 02114,

The mammalian cochlea is supplied with an efferent innervation that ori-
ginates in the region of the superior olivary complex (Rasmussen, J. Comp.
Neurol., 84:141, 1946). The recent observation that these efferent neurons
respond to sound, even in barbiturate-anesthetized animals (Liberman and
Brown, Hearing Res., 24:17, 1986), suggests that this efferent activity may
affect the response properties of auditory-nerve (afferent) fibers as described in
many different preparations. Since roughly 1/3 of the efferent neurons project-
ing to each cochlea respond best to contralateral acoustic stimulation (Liberman
and Brown, ibid., ), one test for influences of sound-evoked efferent activity on
auditory-nerve discharge is to compare the response properties of single afferent
fibers with and without contralateral stimuli (Bufio, Exp. Neurol., 59:62, 1978).

We find that the sound-driven response of single auditory-nerve fibers in
barbiturate-anesthetized cats can be suppressed by contralateral tones at levels
as low as 30 dB SPL. Contributions of middle ear muscles are eliminated by
cutting their tendons on both sides prior to recording from single units. Ipsila-
teral stimuli are tone bursts at the characteristic frequency of the afferent fiber,
roughly 10 dB above threshold. Discharge rates to this probe tone with and
without contralateral tones of different frequencies and levels are compared.
The suppression is strongest 1) when the contralateral stimulus is continuous
(rather than bursted), 2) when the contralateral tone is near the unit’s CF, and
3) among units with CF near 1.5 kHz. All of these characteristics are predict-
able based on existing knowledge of the properties of olivocochlear efferent
neurons.

Contralateral acoustic stimulation is similar to electrical stimulation of the
efferent bundle (e.g. Wiederhold and Kiang, J. Acoust. Soc. Am., 48:950, 1970)
in many respects. Both show relatively slow onset of suppression (200 msec to
maximal effect). For both conditions, the effeft on the ipsilateral rate-level
function at CF for units with high ( > 18 sec ") spontaneous rates (SRs) can
reasonably be described as a simple translation of the function along the
sound-level axis toward higher tone levels, whereas the effects on low-SR units
often include a reduction in the saturated discharge rate, as well.

The strongest evidence that contralateral suppresion is mediated by the
olivocochlear efferents is that the effect disappears immediately after sectioning
the efferent bundle within the inferior vestibular nerve. In all our experiments
the completeness of the cuts is confirmed histologically.

The finding that contralateral-sound stimulation can influence cochlear
activity suggests a rapid method for assessing the overall physiological state of
the olivocochlear efferent system in an animal. Comparisons of gross cochlear
potentials with and without a preceding contralateral stimulus can conceivably
provide an index of efferent activity which might prove helpful in studies of
auditory system function.

CHANGES IN CAT EAR CANAL ACOUSTIC DISTORTION-PRODUCT
SIGNALS PREDICT NEURAL-RESPONSE THRESHOLD INCREASES
AFTER OVEREXPOSURE. M.L. Wiederhold, J.W. Davis*, C.E. Sheridan*
and G.A. Schulmeier*. Div. of Otorhinolaryngology, Univ. of Texas
Health Science Center, and Audie L. Murphy Memorial Veterans’ Hospital,
San Antonio, TX 78284.

Previous studies have shown that when two tones were presented
simultaneously, distortion-product signals can be observed in
responses of auditory-nerve fibers, the cochlear microphonic and in
the sound field in the external ear canal. These indicators of non-
linear cochlear mechanics are vulnerable to a number of physiological
insults, including noise exposure. With primary-tone stimuli at
frequencies f] and f, a prominent distortion-product (DP) signal at
2fy - fo can readily be detected in the sound pressure measured in
the cat ear canal. Using a fast-Fourier-transform spectrum analyzer,
f1 levels (L)) needed to generate DPs at -10 dB SPL ranged from
approximately 40 to 70 dB SPL. For all animals in which DPs were
seen with low primary-tone levels, there was a sharp dip in the
growth function near Ly = 70 dB SPL, with rapid growth above this
dip. Below the dip, the DP level is maximized when Lp is 10 dB below
L. Using primary frequencies of 4.0 and 5.2 kHz, the low-level
portion of the DP growth function is reduced more (in dB) by acoustic
overstimulation than is the portion above the dip. Several measures
of change in the DP growth function have been correlated with short-
term increases in Nj threshold (TTS) caused by exposure to either 4
kHz tones or 500 Hz octave bands of noise, over a range of levels and
durations.  Either reduction of DP level at a fixed level of primary
tones (vertical measure) or increase in primary-tone level needed to
produce a criterion DP level (horizontal measure) is highly corre-
lated with peural threshold increases. Changes in DP are minimal
after exposures which caused neural threshold increases less than 20
dB, but increase 1 to 2 dB for each dB of Nj threshold increase,
beyond 20 dB. Nomarski light-microscopic examination of plastic-
embedded surface preparations of the exposed cochleas revealed little
disruption of hair-cell stereocilia which could be correlated with
either exposure or threshold shift. Prominent vacuolization was seen
in afferent-fiber dendrites beneath inner hair cells. The extent of
vacuolization along the basilar membrane is related to the amount and
frequency range of threshold increases.
(Supported by Veterans Administration Medical Research Funds.)
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17.11 THE DEPENDENCE OF SPONTANEOUS ACTIVITY OF LATERAL LINE

AFFERENTS ON CALCIUM, MAGNESIUM, AND COBALT. S.L.
Guth* and D.G. Drescher (SPON: J. Benjamins). Lab. of
Bio-otology, Wayne State Univ. Sch. of Med., Detroit,
MI 48201.

The afferent neurons of the mechanoreceptive lateral
line (and other acousticolateralis organs) have a
significant 1level of activity in the absence of
mechanical stimulation. The source of this spontaneous
activity has been attributed to the vesicular release
of afferent neurotransmitter from the mechanosensory
hair cells onto primary afferent dendrites (Flock and
Russell, J. Physiol. 257:45, 1976). Such release of
neurotransmitter is believed to be a calcium-dependent
process which can be perturbed by altering the
composition of the solution bathing the synaptic side
of skin containing lateral line organs. Concentration-
effect curves were determined for the action of ca*?,
Mg*t, and co*t (0.1 - 8 mM) on lateral line organs of
post-metamorphic Xenopus laevis. Spontaneous activity
was inversely proportional to the concentration of each
divalent cation in the absence of others. High
concentrations of divalent cations were capable of
suppressing spontaneous activity completely. For any
given concentration of divalent cation, spontaneous
activity was higher in the presence of Mg'* than either
ca*t or co*t. Remarkably, the concentration-effect
curves for Catt and the calcium channel blocker, Cot¥,
were very similar. It is difficult to reconcile these
results with the hypothesis that spontaneous activity
depends entirely upon voltage dependent calcium current
and alternative hypotheses are suggested (Drescher and
Drescher, Life Sci. 40:1371, 1987).

(Supported by NIH Grant NS 16166.)

17.12  SYNAPTIC MORPHOLOGY AND VESICLE MORPHOMETRY OF HAIR CELLS IN THE

TELEOST SACCULAR MACULA. M.J. Drescher*, D.G. Drescher, J.S.
Hatfield* and C.M. Seitz*.” Lab. of Bio-otology, Wayne State
Univ. Sch. of Med., and Dept. of Pathology, Harper Hospital,
Detroit, MI 48201.

The hair cells of the teleost saccular macula are of a single
type, thought to be similar to vestibular type II hair cells of
higher vertebrates. Saccular maculae of the rainbow trout, fixed
in 1% glutaraldehyde, 4% formalin, 0.1 M sodium phosphate, pH 7.2,
and postfixed in osmium tetroxide, have been examined by electron
microscopy and analyzed with Bioquant II (R and M Biometrics).

Numerous clear vesicles were observed in hair cells, particu-
Tarly below the level of the nucleus. Electron-dense synaptic
bodies, similar to those described for the goldfish by Hama and
Saito (J. Neurocytol. 6:361, 1977), were present at presynaptic
sites and Tn the infranuclear cytoplasm at a distance from the
plasma membrane ("heterotopic" bodies). The synaptic bodies were
surrounded by halos of clear vesicles which appeared to be
connected to the bodies by thin, radiating filaments. Synaptic
bodies occurred singly and in clusters of 6-15 or more,
reminiscent of the "ribbon fields" of pinealocytes (Vollrath, L.,
Z. Zellforsch. 145:171, 1973).

" Morphometric analysis yielded diameters from perimeters for
three populations of vesicles. Vesicles encircling synaptic
bodies in hair cells had diameters of 47.5 # 0.6 nm, vesicles in
hair cells unassociated with synaptic bodies had diameters of
47.3 £ 0.5 nm, while vesicles in presumptive efferent endings on
hair cells had diameters of 55.4 * 0.5 nm (mean * SEM).
Presumptive efferent vesicles were significantly larger than hair
cell vesicles (for both populations; p < 0.001), while no
significant difference in diameter was determined between the two
vesicle populations within the hair cells. Similar differences
between efferent and hair cell vesicles were observed for
glutaraldehyde and osmium tetroxide-based fixatives. Roundness
factors (4nArea/Perimeter?) were approximately 0.9 for all three
populations of vesicles. In summary, the hair cell synaptic
vesicles appear to be smaller than the presumptive efferent
synaptic vesicles.

(Supported by NIH Grant NS 16166.)

INTERHEMISPHERIC RELATIONS

18.1

AN INVESTIGATION INTO THE EFFECTS OF LEFT AND RIGHT HEMISPHERE
REMOVAL ON RELEASE CALLING IN FROGS. R.H. Bauer, C.A. McCandlish*
and V.D. Douglas*. Dept. Psych. Mid. Tenn. St. Univ., Murfreesboro,
TN 37132,

Over 100 years ago Broca demonstrated that the left hemisphere
plays a major role in articulation of speech. Since this initial
observation, a wide variety of evidence has supported the finding
that language is lateralized in the left hemisphere. Attempts to
demonstrate hemispheric dominance in animals were for the most
part unsuccessful, and for a time hemispheric dominance was
thought to be a major distinction between the human and animal
brain. However, Nottebohm (Science, 167:95, 1970) clearly
demonstrated that singing in male canaries is lateralized to the
left hemisphere. Thus, lateralization is not a major difference
between the human and animal brain but, at least for vocalization,
lateralization occurs early in evolution. The major purpose
of the present study is to examine the possibility that vocali-
zation of a species farther down the evolutionary scale is also
lateralized to the left hemisphere. frogs and toads are the
earliest species to exhibit true vocal cords and vocalization is
produced by neural control from higher brain areas. Furthermore,
calling behavior is known to alter the behavior of other members
of the species in socially significant ways. For example, when
a male mounts another male or a nongravid female the mounted frog
emits a sharp, rapid call until they are released, hence the name
release call.

Adult male frogs (Rana pipiens) approximately 8 cm long were
housed in two compartment cages with water on one side. Release
calling was produced by lightly holding the frog behind the front
legs, caudally along the thorax. Baseline release calling was
recorded during two 30 sec periods, 5 days a week for 10 weeks.
Four groups of six frogs each were formed by matching frogs on
the number of croaks in the baseline. These groups were as
follows: (a) right telencephalic ablations, (b) left telen-
cephalic ablations, (c) sham operations, and (d) nonoperates.

The telencephalon from the olfactory bulb to the dorsal groove
was removed by aspiration. Testing resumed 7 days after treatment
for 6 weeks postoperatively.

Release calling was not significantly altered by left or right
hemispheric ablations, indicating that this behavior is not
lateralized in either hemisphere. The mating call, as
distinguished from the release call, increases during the breeding
season and appears to be involved in territoriality and
attraction of females. Calling of this type can be induced by
hormone injections. We are currently investigating the effects
of hormone injections on the mating call by frogs with left and
right hemispheric ablations.

18.2 SEXUAL DIMORPHISM OF LATERALIZATION IN MICE SELECTIVELY

BRED FOR DEGREE OF FUNCTIONAL ASYMMETRY: INTERACTION OF
SEX, HANDEDNESS AND GENOTYPE

Robert L. Collins.

Jackson Laboratory, Bar Harbor; ME 04609.

Sex differences in the degree of lateralization, but
not in its direction, were reported in C57BL/6J inbred
mice tested for handedness (Collins, Science, 187:181-
184, 1975). In ’'unbiased worlds’ female mice were more
strongly lateralized than males. To demonstrate that
differences in degree of lateralization were heritable
according to an autosomal pattern, a selective breeding
program was initiated. A genetically heterogeneous, 8-
way cross, foundation population was formed and 11 gen-
erations of bidirectional selection was practiced for
extremes of lateralization. This produced two lines of
mice that differed markedly in strength of handedness
(Collins, in S. D. Glick (Ed.), Cerebral Lateralization
in Nonhuman Species, Academic Press, 41-70,1985). Fol-
Towing a period of random within line mating, selection
was reimpressed during S28-S30 generations.

The degree of lateralization according to handedness
direction, sex, and line was examined in mice for S7
through S10 (n = 1749) and S28-S30 (n = 1123). Lateral-
ity by Sex by Handedness interactions were found in both
data sets (p = 0.003 and 0.07). In the strongly la-
teralized HI line, sinistral females were more lateral-
ized than sinistral males (1.52 vs 1.31 logit
transformed PPE score, unweighted means), whereas the
pattern was nonsignificantly reversed for dextral mice
(1.32 vs 1.35). 1In the weakly lateralized LO line, sin-
istral males were more lateralized than sinistral fe-
males (0.71 vs 0.64), and dextral females were more la-
teralized than dextral males (0.66 vs 0.56). The la-
terality by sex pattern of the HI line was reversed in
the LO line. Thus, in lines selected for extremes of
lateralization, sex differences in degree of asymmetry
interact with the direction of laterality and genotype
or evolutionary history.

This selective breeding program, based originally on
a sex difference observed in inbred mice, may have al-
tered normal sexual characteristics of the lines. HI
line females seem somewhat 'masculinized’. For example,
they are aggressive fighters and show greater absolute
asymmetries of orbitofrontol cortex and hippocampus. LO
males appear somewhat ’'de-masculinized’--they are hypo-
gonadal with lowered circulating testosterone level.
This suggests that developmental effects of gonadal
steroids may play a role in affecting differences in de-
gree of asymmetry as well as sexually dimorphic forms of
hemispheric lateralization distinguishing the lines.
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18.3 NEOCORTICAL SYMMETRY AND ASYMMETRY IN THE RAT:

18.5

DIFFERENT PATTERNS OF CALLOSAL CONNECTIONS. G.D. Rosen,
AM. Galaburda, and G.F. Sherman. Neuroanatomical Dyslexia Lab, Beth
Israel Hospital and Harvard Medical School, Boston, MA 02215.

Histological analysis of area 17 in the rat has revealed that volume
asymmetries of this area reflect side differences in neuronal numbers.
Furthermore, brains with symmetrical visual cortices have a greater bilateral
number of neurons in this area than brains with asymmetrical visual cortices;
asymmetrical visual areas, moreover, show a relative reduction in neuronal
numbers on one side, rather than an increase on the other side. We have
suggested that asymmetry may reflect the unilateral enhancement of ontogenetic
cell loss in the cortex, and symmetry the interference with this process
(Galaburda er al., Neuropsychologia, 1987, in press). The purpose of this
study was to determine whether the suggested preservation of neurons in
symmetrical brains is accompanied by preservation of callosal patterns that
antedate developmental cortical cell death.

Eight 90 day-old Wistar rats received midsagittal callosal sections. After one
week's survival, animals were sacrificed and brains removed, fixed,
embedded, sectioned at 30 um and stained using the Fink-Heimer method for
degenerating axon terminals. Adjacent sections were stained for Nissl
substance with cresyl violet. Somatosensory area 2 was parceled on the Nissl
sections; the Fink-Heimer sections were digitized under darkfield illumination
on a Gould FD-5000 interfaced with a VAX 11/750 minicomputer; the Nissl
sections and digitized images were overlayed and the architectonic borders on
the former transferred onto the latter. The volume of each architectonic area and
its mean total density of terminations were quantified. Qualitative assessment
involved determination of the degree of columnar and laminar distribution of
the terminal boutons.

The mean total density of axonal terminals in area 2 was inversely
proportional to the degree of asymmetry of this area. Visual examination
suggested that this was so because the brains with more symmetrical area 2's
had fewer projection-weak regions. Further analysis revealed that the pattern
of callosal projections in brains with asymmetrical sensorimotor/somato-
sensory areas was significantly more restricted to discrete regions than that in
brains with symmetrical areas (t =12.65, df=6, p<0.001). In the rodent at
birth the pattern of callosal projections is relatively diffuse throughout the
cortex, and subsequently establishes an appearance of discrete areas of
projection by withdrawal of axons. This pruning process appears to occur to
a lesser extent in brains with symmetrical areas than in those with established
asymmetry. (Supported by NIH grant HD 19819 and a grant from the Hood
Foundation).

RELATIVE CONTRIBUTION OF THE CORPUS CALLOSUM TO THE BILATERAL
RECEPTIVE FIELD OF CELLS IN S-11. J.P. Guillemot, D. Petit* and
F. Leporé. Dept of kinanthropologie and PsychoTogie, UQAM and
Univ. de Montréal, C.P. 6128, Succ A, H3C 3J7.

The corpus callosum contributes to the interhemispheric transfer
of somatosensory information. Since the somatosensory pathways
are essentially crossed, many studies have postulated that the
corpus callosum may be responsible for the presence of bilateral
receptive fields (RFs) in cortical area S-11. On the other hand,
subcortical structures as well as commissures other than the cor-
pus callosum, may also contribute to the bilateral nature of these
cells. In order to assess the relative contribution of the corpus
callosum, this study compared corpus callosum-sectioned cats to
normal cats. The location and RF properties of cells with bilate-
ral RFs were compared. Single cell recordings in anesthetized

and paralyzed cats were carried out with glass micropipettes and
responses were amplified by conventional methods. Stimuli used
to elicit responses within RF were: 1light touch, pressure, air
puffs and passive movements of the limbs.

Results showed that the corpus callosum makes an important contri-
bution to bilateral activation of cells in S-11, since less than
half the number of cells with bilateral RF is found in corpus
callosum-sectioned cats as compared to normal cats. The decrease
in proportion of bilateral RF is found for all body regions with
the exception of the face. However, the substantial proportion
of bilateral RFs remaining in callosotomized cats indicate that
this structure is not the only contributor to bilateral activa-
tion of cells in S-11. The relative importance of the callosal
contribution to bilateral RFs to different body regions is also
assessed and discussed with respect to the roles normally attri-
buted to the corpus callosum.

18.4

MORPHOLOGICAL STUDY OF HEMISPHRERIL ASYMMETRIES I . AND ACALLOSAL MICE .
S.L.Schmidt*,E.1.A.Caparelii-Daquer®,E.Volchan*(SPUii:L .R.C.3rito). department  of
Neurobiology,Institute of Biophysics C.C.F2, U.F.R.J.; Inst. of Biolog»,U.E.R.J.
Rio de Janeirc , Brazil

It has been suggested that the normal development of the corpu: callosum ( C.C. )
is responsible for the establishment of brain asymmetries.Cerebial asymmetries have
been described in several species.In particular,right-left anatomical differences
have been reported in male rodents. As the C.C. fails to develop in many mice of ihe
BALB/<CF  strain we decided to look for morphological asymmetries in® the brain of
these abnormal animals, reasoning that their occurence would disproof the determinant
participation of the C.C. Forty - six adult males of the BALB/cCF strain were intra-
cardially perfused under ether anesthesia with saline ( 0.9% HaCl ) followed by a 4%
solution of formaldehyde. After several weeks postfixation , the brains were removed
from the skull and photographed from above. The dorsal area of each hemisphere was
neasured from the photographic prints, with the aid of a computer. The cerebral
hemispheres uere split apart by cutting the brain through the midsagittal plane and
weighed on a digital balance. The left hemispheres were embedded in paraffin and cut
into 10 pm parasagittal sections. These sections were stained with cresyl-violet and
charted with a camera lucida.The midsagittal area of the C.C. was measured from these

chart ( =46 ) in order to descriminate normal from abnormal animals. The C.C. was
considered normal if its area exceeded 0.64mn’ ( n=24 ) and abnormal if its area was
below O.44mn° ( n=12 ). In normal animals the mean difference between left and right

dorsal areas demonstrated a significant absolute asynmetry the left hemisphere being
consistently greater than the right hemisphere. The same was true for weight,the left
hemisphere being heavier than the right hemisphere. In nice with cal aszl deffects,
‘owever tiere uas no significant mean difference between dorsal areas as well as
between weights of the hemispheres.Our results suggest that the C.C. does play a role
in the development of morphological asymmetries. We do not know if these anatomical
differences are related with functional asymmetries. The indication that the C.C. is
implied in the establishment of laterality is supported by neuropsychological studies
of human patients with callosal zgenesis,but interpretation of these results is still
controversial.Furthermore the use of anatomical measures for assessing asymmetiry
and establishing structure - function correlation, should be approached with caution,
since recent studies have showed that they cannot predict reliably the occurrence of

functional asymmetry in particular cortical areas.

ASSYMETRIC PREFERENCE IN FOUR SPECIES OF CAPTIVE APES
J. E, Heestand™. (SPON: J.S. Lockard). Univ. of Wash., Seattle,
WA. 98195,

Interest in the evolution of neural lateralization in Man has
led investigators to employ the comparative method to examine
asymmetry in other primates, both on a neurologic and behavioral
level., One theory maintains that the origin of language was
gestural in nature and was preceded by hand preferences developed
through the performance of bimanual tasks requiring asymmetrical
use (Hewes, G., Cur, Anthro., 14:5-24, 1973). It has been
suggested that the development of hand preferences was fostered by

asymmetrical orienting during foraging (Sanford et al.,
Brain Beh, Evol,, 25:217-224, 1985) when one limb performs a

strength and the other a dexterous function. This leads to a
prediction that the degree of preference should be related to the
extent to which strength is an integral part of the foraging
pattern.

Studies on monkeys have typically made extensive use of lesions
or commissurotomy and few studies, using either monkeys or apes,
have focused on observations of naturally occurring behavior in
social groups. In the present study 70 apes representing four
species [Gorilla gorilla, Pongo pygmaeus, Pan troglodytes and
Symphalangus syndactylus] were observed in social groups in semi-
natural captive environments at six zoos, Using the focal animal
sampling technique the behavior in which the animal was engaged,
the limb being used and the nature of the limb usage were recorded
for a total of 12 hours. Direct-testing for eating involving fine
manipulation was conducted with 11 animals.

Results revealed that there were significant species-typical
hand/1limb preferences (walk/run category) for orangutans (p=.04),
siamangs (p=.05), chimpanzees (p=.001) and gorillas (p=.01). 1In
addition, the bias for each species was in the same direction,
namely a right preference that was significant (p<.05). Also,
hand preferences were obtained for a significant number of the
individuals under direct-testing although no preference was
evident during free feeding.

Unlike human populations, non-human primate populations have
not demonstrated the presence of a genetic component to handedness
since, from population to population, consistent left-right
proportions have not been found. This inconsistency has led many
investigators to state that hand preferences in monkeys is a
learned trait with no specific underlying neurologic correlate.
Notably, in the present study, the four species of apes evinced
the same hand/limb preference for a single behavioral category.
These findings indicate that a limb preference is important in
locomotion. As such, the findings of the present study suggest the
presence of a neurologic correlate in apes.
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18.7 THE HUMAN CORPUS CALLOSUM:

18.9

AN MRI STUDY VARYING SEX, HANDEDNESS
AND AGE. RM_Harris, JW Sundsten* and RA Fischer-Wright*.
University of Washington, Seattle, WA 98195.

Several recent studies have investigated variations in the
cross-sectional area of the human corpus callosum or of its
parts, especially the splenium, with respect to gender or
handedness. Although initial studies using autopsied brains
showed significantly larger values in females over males and
left-handers over right-handers, later studies using magnetic
resonance imaging (MRI) have failed to confirm these differences.
In order to evaluate the effects of both gender and handedness
simultaneously, as well as age, we have undertaken an MRI study
of 24 normal human volunteers. These included equal numbers
(12 each) of males and females, left and right-handers, and ages
Tess than or greater than 30. Midsagittal spin-echo images 5 mm
thick were obtained and the region of the corpus callosum
magnified by a factor of 3. Cross-sectional areas were dlg%tued
for the entire corpus callosum (average value 6.34 + .99 cm¢) and
its posterior fifth, the sp'lemum (1.83 + .31 cm ), as weH as
the maximal splenial width in the dorsal-ventral direction
(1.62 + .23 cm). An analysis of variance for the factors gender,
handedness and age showed no statistically significant variations
for any of the three callosal variables (p > .16 for all cases).
For each variable, however, the average va]ue for females was
larger than that for males, for left-handers larger than for
right handers, and for older subjects larger than for younger
subjects. In an attempt to correct for differences in brain
size, each variable was divided by the cross-sectional area of
the cerebral cortex, obtained from the mid-sagittal scan. An
analysis of variance for these ratios again showed no significant
differences, with the exception of the splenial width divided by
the cortical area, in which females were larger than males
(0.020 + .003 vs. 0.017 + .002) at the p = 0.02 level.

The most obvious feature of these data was the large natural
variations in callosal measurements within groups. For exampls
the total callosal area varied between 4.36 and 9.45 cmf.
Although the average values for the callosal measurements were
somewhat larger for females and for Tleft-handers, the Targe
variability makes it unlikely that these are significant differences.

USE OF THE INTRACAROTID SODIUM AMYTAL PROCEDURE TO PREDICT SIDE
AND SITE OF FOCAL LESION. Peter J. Snyder, Robert A. Novelly*,
and Maria D. Lifrak*, Dept. of Psychology and Neuroscience
Program, Michigan State Univ., E. Lansing, MI 48824-1117

Although the intracarotid sodium amytal procedure (ISA) was
developed to determine hemispheric dominance for speech in humans
(Wada, 1949), the procedure was later expanded by Branch, Milner &
Rasmussen (1964) in order to discern patency of memory in the
hemisphere contralateral to the side of proposed surgery. Their
extended procedure was designed to evaluate the risk of inadvertent
production of an amnestic syndrome following unilateral temporal
lobectomy.

We propose that standardized administration and quantification
of ISA memory assessment in each hemisphere may lead to the
further development of this procedure for independent diagnosis
of side and site of focal epileptogenic lesions. Our data suggest
that patients with epileptogenic lesions of the left (L) versus
right (R) temporal lobes, and frontal versus temporal lobes can
be differentiated with this procedure.

Of 70 epilepsy surgery patients seen at the Yale - West Haven,
CT., VAMC Epilepsy Center, 67 met criteria for a single focal
epileptogenic lesion (determined by a combination of scalp EEG,

CT scan, and/or chronic depth EEG). Site and side of lesions

were: Temporal - R=26 / L=25; Frontal - R=10 / L=6. A standardized
and quantifiable TsA memory procedure, developed by the 2nd author,
was administered to all subjects. No differences were found
between the four groups with regard to amount of sodium amytal
administered, age of onset of the discharging lesion, or Wechsler
IQ indices.

A 2x4 factorial ANOVA, with hemisphere assessed and side/site
of lesion as the 2 factors, was conducted on the memory data. A
significant 2-way interaction effect was obtained, F(3,126)=21.576,
p<.001. A posteriori analysis (Newman-Keuls, p<.001) showed
significantly lower memory values for the lesioned hemisphere of
both R and L temporal lobe patients compared to the non-lesioned
hemispheres of these two groups. In contrast, no significant
differences were observed between memory values for the lesioned
vs. non-lesioned hemisphere of either R or L frontal lobe patients.

Despite individual exceptioms, a pactern of memory preservation
emerges that could extend the use of the ISA beyond its classical
applications, mentioned above. Since it is often difficult to
discriminate frontal vs. temporal seizure foci via standard
diagnostic techniques, an adjunct and independent methodology,
such as the ISA memory procedure, could be of considerable
practical value.

18.8

18.10

SIMPLE REACTION TIMES TO LATERALIZED LIGHT FLASHES IN NORMAL
SUBJECTS, FOUR COMMISSUROTOMIZED PATIENTS, AND A CALLOSAL AGENESIS
BOY: VARIETIES OF INTERHEMISPHERIC COMMUNICATION ROUTES.

J. M. Clarke* and E. Zaidel* (SPON: D. Zaidel). Dept. of Psychology,
Univ., California, Los Angeles, Los Angeles, CA 90024-1563.

In 1912, Poffenberger (Archives of Psychology, 23:1, 1912) first
demonstrated that simple reaction times to lateralized light flashes
are a few milliseconds longer when the responding hand and the
visual hemifield in which the light flash appears are on opposite
sides (crossed condition) than when they are on the same side
(uncrossed condition). The crossed-uncrossed difference (CUD)
appears to be a measure of interhemispheric transmission time across
the corpus callosum in normal individuals.

Using a computerized tachistoscope, we had subjects respond to 10
blocks of 80 trials. To assess whether visual information was being
transferred, two different light intensities were used. Intensity
and visual field of presentation varied randomly within blocks of
trials, while response hand alternated after each block. For 20
undergraduates the mean CUD was 2.1 ms (SD=3.7), which was invariant
over light intensity despite a significant main effect of light
intensity on overall reaction times. The absence of an effect of
light intensity on the CUD suggests that motor rather than visual
information was transferred.

Sergent and Myers (Perception & Psychophysics, 37:571, 1985) found
notably larger mean CUDs (30 & 50 ms) in two commissurotomized
subjects. However, the two light intensities they used were not
sufficiently differentiated to affect overall reaction times.
Therefore, it was not clear whether the CUDs represented visual
transfer across the superior colliculus, subcallosal transfer of a
motor code, or ipsilateral motor control.

In the present study, the overall CUDs from four completely com-—
missurotomized subjects varied from 34 to 61 ms, and the intensity
manipulation had significant effects on reaction times. The CUDs
remained invariant over the two intensities for patients L.B. and
A.A., suggesting a motor route. The CUD was inversely affected by
light intensity for patient N.G., probably representing transfer of
visual information across the superior colliculus. Surprisingly, the
CUD for patient R.Y. was significantly larger for brighter flashes.
However, R.Y. exhibited an unusual inability to respond to many of
the light flashes that appeared in the right visual hemifield when
he was using his left, but not right, hand. An idiosyncratic route
of noncallosal transfer may be responsible for this latter result.

An eight-year old boy (M.M.) with callosal agenesis had an overall
CUD of 20 ms, which is comparable to CUDs observed in similar
patients (eg. Milner, A. D., et al., Neuropsychologia, 23:323,
1985). However, contrary to previous findings, the CUD for M.M. was
unaffected by different light intensities, despite a main effect of
intensity, suggesting a nonvisual route.

ASYMMETRIES 1IN NEGLECT AND PATTERN OF RECOVERY FOLLOWING LEFT VS.
RIGHT MEDIAL PRECENTRAL PREFRONTAL CORTEX LESIONS IN RATS. J.M.
VARGO*, J.V. CORWIN*, V. KING* AND R.L. REEP (SPON: J. McLean)

Dept. of Psychology, iv. ; ot
and Depts. of Physio.
Gainesville, FL 32610.

Human brain organization is characterized by lateralization of
function. An increasing number of studies are now documenting
lateralization of nonhuman brain organization. Previous research
has indicated that behavioral asymmetries are produced by uni-
lateral destruction of medial precentral prefrontal cortex (MPP)
in rats (J.V. Corwin et al., 1986, Soc. Neurosci. Abst., 12:1537).
The present parametric study is a further examination of the
patterns of behavioral asymmetries and recovery of function from
multi-modal neglect produced by unilateral destruction of MPP.

The subjects were 42 male Long-Evans hooded rats: 12 received
unilateral lesions of the left MPP (L-MPP), 18 received unilateral
lesions of the right MPP (R-MPP), and 12 were controls. Nine of
the controls had an equal amount of cortex removed unilaterally at
a location just lateral to MPP, the remaining 3 subjects received
skull removal only. Total neglect scores were calculated using
"blind" ratings of the degree of orientation to the presentation
of visual, somatosensory and auditory stimuli to each side of the
body. Testing was conducted 3 times a week for a winimum of 3
weeks or until recovery (2 consecutive test days with the ratio of
neglect side/non-neglect side > 0. 60).

There were no signlficant differences between the lesion
extents of any of the surgical groups. Significant differences
were found in each paired comparison between L-MPP operates, R-MPP
operates and pooled controls for total neglect scores and for
scores within each modality during weeks ome (all p”s<0.01) and
two (all p~s<0.05), with the exception of R-MPP and control
somatosensory scores during week two. L-MPP operates demonstrated
significantly more severe neglect than R-MPP operates during week
one (p<0.05). The L-MPP group showed consistent coantralateral
neglect. In contrast, 12 of the 18 R-MPP operates showed
consistent ipsilateral neglect, and the remaining six exhibited
ipsilateral or contralateral neglect ome day and opposite~sided
neglect on subsequent test days. These animals "switched" neglect
sides from one to three times before recovery. In contrast to our
previous findings, no R-MPP animals exhibited exclusively
contralateral neglect. There was no significant difference in the
rate of recovery between the L-MPP and R-MPP operates.

These results are in accord with both anatomical (Van Eden et
al. (1984) Dev. Brain Res., 12:146-153) and neurochemical
(Slopsema et al. (1982) Brain Res., 250:197-200) findings
indicating asymmetries in the MPP of rats..

Supported in part by a grant from the E.G. Schlieder Foundation.

Sci. and Neurosci., Univ. of Florida,
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THE ISSUE OF BRAIN WEIGHT AND NEW MEASURES OF SEXUAL DI-
MORPHISM IN STUDIES OF THE HUMAN BRAIN.  T. Adesanya*,
D. J. Woodward & M-C de Lacoste (SPON: R. J. Kosinski).  Dept. Cell Biol-
ogy and Anatomy., UTHSCD, Dallas, Tezas 75835.

The advent of Nuclear M: tic R I ing techniques has made it
possible for investigators to obtain gross brain measurements in vivo and attempt to
correlate those with neuropsychological profiles [e.g., sex, handedness, lateralization
of function] and/or psychiatric history [e.g., schizophrenia]. However, one of the
determinants of gross measurements is overall brain size and, hence, unless one is
assured that there is no variation in brain weight in a particular sample, it must
considered as one of the variables in the data analysis. Since complete series for
each brain of MRI images are usually difficult and expensive to obtain, investigators
have had to depend on select linear measurements or single-section surface areas to
estimate sample variation in brain size. This study was undertaken to isolate a set
of gross brain measurements that could readily be identified on mid-sagittal MRI
scans and used to accurately predict brain weight. A second aim was to determine
if a subset of these measurements [exclusive of callosal area] could function to study
sex differences in the brain in normal populations or hormonally aberrant groups.

Whole brain [N=80] perfused in situ with embalming fluid and stored in 10%
buffered formalin were acquired from the UTHSCD Willed Body Program. Brain
weights were recorded at different time periods but those utilized in this study
were obtained immediately prior to the compilation of an extensive battery of
gross measur ts. Mid-sagittal sections were photographed and these were used
to obtain surface areas of the entire section and of select regions [e.g., cuneus]
using the laboratory CARP software. Our sample size was statistically age- and
sex-matched and evinced the expected sex difference in brain weight[p = .003]. As
anticipated a number of measures were statistically correlated with brain weight
although none had a Pearson r of greater than .70. Multiple regression techniques
further isolated six of these variables [including total surface area, inferior-superior
frontal dimensions, etc. but not anterior to posterior distance] as the most useful
for predicting brain weight [Multiple R=.9238]. However, not one of the selected
variables reflected the observed sex difference in brain weight. In other words,
measures that could be used to reliably estimate brain weight were nearly identical
between the sexes. Yet, ANOVA techniques d trate a istent sex and brain
effect on the size/area of a number of brain measurements. In practical terms, this
means that in examining the relationship between sex and the size of individual
brain structures, one must obtain an accurate measurement of brain weight to
control for the influence of that variable. Perhaps, better estimates of brain weight
can be acquired from a number of serial MRI sections or from skull measurements.

We were able to isolate a subset of variables that appear to be consistently sta-
tistically sexually dimorphic These include distances between the callosal sulcus
and the superior aspect of the brain and between the rostrum and splenium and,
respectively, the frontal and occipital poles. Additionally, we observed that the
calloso- marginal sulcus is more likely to bifurcate or radiate in the female right
hemisphere. Finally, although we did confirm Papez observation of sex differences
in the direction and degree of asymmetry in the cuneus, these differences were not
statistically significant in this sample.

Supported by NIH HD 21711-01 [MCL] and the Biological H: ics Foundati

ANALYSIS OF THE MAGNETIC ALPHA RHYTHM IN SIGNAL SPACE.

R.J. llmoniemi and S.J. Williamson. Neuromagnetism Laboratory, Depts. of

Physics and Psychology, New York University, 4 Washington Place, New York,
Y 10003.

We have investigated the magnetic field produced by spontaneous alpha
activity using two seven-channel SQUID gradiometers positioned bilaterally
over the occipital head of normal subjects. This provides 14 simultaneous,
independent measures, which are sufficient to determine a wide variety of
possible source configurations. Nevertheless, we have analyzed the data in a
more general sense by exploiting the advantages of a 14-dimensional signal
space. The analysis is therefore independent of any specific models of the source
configuration.

Each of the several trials in a session consisted of eighteen 16-second
epochs of data collection, with a two-second separation between epochs.
Subjects were instructed to keep eyes closed except for three 18-second periods
in each trial, during which the characteristic suppression of alpha activity could
be observed when the subject looked at a visual pattern. In some trials, hemifield
visual presentation was applied. To facilitate the handling of the large amounts
of data collected in this study, an automatic detection scheme for alpha spindles
was developed. Each detected spindle was characterized by its duration,
frequency, time of occurrence, and by the rms-amplitudes in the 14 signal
channels; these characteristics formed the basis for subsequent analysis. Since
there may be multiple simultaneous sources distributed over large areas of
cortex, we look at the behavior of the field pattern from spindle to spindle or
within spindles, thus avoiding uncertain assumptions about the sources.

The measured field values are conveniently represented as coordinates of a
vector in the 14-dimensional signal space. Using methods of cluster analysis, we
observed that there are intervals of time when the signal vector is confined to a
small region of signal space, implying that these spindles are produced by nearly
identical source configurations. At other times, possibly contingent on the
experimental situation, locations of spindles in signal space appear to bear little
relation to their predecessors. We will show how representing each spindle on a
two-dimensional surface allows us to observe dependencies of various
characteristics of the spindles on source configuration. Similarly, this
representation reveals dependencies of the source configuration on experimental
conditions.

In order to infer regions of activity that give rise to the observed spindles,
we represent the source of each spindle by an equivalent current dipole and
show relationships between source position in the occipital-parietal regions and
characteristics of the spindle.

Supported in part by Aerospace Medical Research Laboratory Contract SCEE-
HER/86-14.
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SEX DIFFERENCES IN THE HUMAN MASSA INTERMEDIA. Laura S. Allen* and
Roger A. Gorski (SPON: A. Adinolfi). Dept. of Anatomy and Lab. of
Neuroendocrinology, UCLA School of Medicine, Los Angeles, CA 90024.
Several neuroanatomical sex differences have been identified in
birds and mammals which could underlie functional sex differences
in reproductive behavior and physiology. However, relatively little
is known about sexual dimorphism in the human brain. Sexually di-
morphic cell groups in the preoptic-anterior hypothalamus (Swaab,
D.F. and Fliers, E., Science, 228:1112, 1985; Allen L.S. et al.,
Fndocrinology Suppl., 11 33, 1986) are larger in men and, at the
midsagittal plane of the brain, several structures may be larger in
women. The massa intermedia is more often present in females than
in males (Morel, F., Acta Anatomica, 4:203, 1948), and the cross-
sectional area of the anterior commissure (Allen, L.S. and Gorski,
R.A., Anat. Rec., 214:3A, 1986) and the corpus callosum (DeLaCoste-
Utamsing, C. and Holloway, R.L., Science, 216:1431, 1982) are great-
er in women than in men. We examined the possibility that the mid-
sagittal cross-sectional area of the massa intermedia (MI) in post-
mortem human tissue is also sexually dimorphic. The region of the
brain containing the thalamus was sectioned midsagitally. There-
fore, the MI, if present, protruded from the thalamic wall of the
third ventricle. The midsagittal surface of each MI was placed
against a glass, with an adjacent ruler taped at the same plane,
and photographed. The image was projected onto white paper at a
magnification of 12X, and the border of the MI was traced. The
area of each tracing was determined using a bioquant hipad digi-
tizer. Our results are based on analysis of the brains of 48 fe-
males which ranged in age from 1 to 87 years (X=63+21), and 36
males from 1 to 81 years (X=54+22). The massa intermedia was pre-
sent in the brains of 40 (83%) of the females and in 26 (72%) of
the males. The area of the MI in females, which ranged from 0 to
1.279 cm2 (X=.354+.341) averaged 68% larger than the area of the MI
in males, which ranged from O to .814 cm? (X=.211+.183) (p=.026).
The more frequent presence of the MI in females does not account for
this sex difference since in these 40 individuals the MI is 45%
larger (X=.42+.330) than in the 26 males with an MI (X=.292+.150).
These differences are present despite the fact that the male brains
were an average of 14% larger in weight than the female brains.
Since the role of gonadal hormones on the sexually dimorphic struc-
tures in the human brain cannot be determined by experimental mani-
pulation of humans, as has been demonstrated in other animals, it
is possible that radiological techniques such as magnetic resonance
imaging in humans with abnormal hormone exposure, may further eluci-
date the role of sex hormones in influencing the structure of the
human brain as well.
(Supported by NIH HD-01182 and AG-00122.)

COMPARISON OF RIGHT- VS. LEFT-HAND SOMATOSENSQRY ACTIVATION: A
POSITRON EMISSION TOMOGRAPHIC, STUDY. F. Yosh;i . M.D. Ginsberg,
R.E. Kelley , J.Y. Chang , W. Barker , G. Ingenito ,
A.M. Apicella , R. Duara, and T.E. Boothe . Cerebral Vascular
Disease Research Center, Department of Neurology, University of
Miami School of Medicine, Miami, FL; and Section of Positron
Emission Tomography, Department of Radiology, Mount Sinai Medical
Center, Miami Beach, FL.

The 1left brain and right brain are differently organized.
Speech is a left-hemisphere function and visuospatial function is
related to the right hemisphere. Anatomical hemispheric asym-
metries, such as a larger left than right planum temporale and a
longer and lower left than right sylvian fissure are well known.
However, functional differences of the somatosensory cortices of
the two hemispheres have not been studied. We compared the
activation capacity of the right and left somatosensory cortices
in normal right-handed volunteers using positron emission tomogra-
phy (PET) and the double-injection kinetic model of

18-F) fluoro-deoxyglucose (Chang et al, J Nucl Med, 1987). This
model allowed us to use each subject as his own control; thus,
cerebral metabolic rate for glucose (CMRglc) could be assessed in
two behavioral states -- rest and activation.

Ten subjects were males and 6 were females.
activation was performed by palpation and sorting of mah-jongg
tiles with one hand (Ginsberg et al, Neurology, in press). In 8
subjects (mean age + SD: 50.8 # 21.0 y/o) who used the right hand
for activation, CMRglc in the left (contralateral) somatosensory
cortex (SSC) increased 16.2 + 6.1% during the activation task,
while the CMRglc increase in the right (ipsilateral) SSC was 3.8 +
4.8%. In 8 subjects (40.0 + 20.1 y/o) who used the left hand for
activation, the MRglc increase in the right (contralateral) SSC
was 12.1 + 2.9% and that in the left (ipsilateral) SSC was 5.4 #
2.3%. In both groups, activation of the contralateral SSC was
significantly higher than that of the ipsilateral SSC (for the
left hand, P <0.05; for the right hand, P<0.0l). Thus,
contralateral SSC stimulation did not differ significantly between
the left- and right-hand groups. However, when an index of
interhemispheral activation asymmetry was computed by dividing the
CMRglc increase in the ipsilateral by that of the contralateral
SSC, the index in subjects using the right hand was 0.23 + 0.22,
while in subjects using the left hand it was 0.45 + 0.20. Our
findings suggest that, in right-handed individuals, right- and
left-hand somatosensory stimulation gives rise to equal degrees of
contralateral SSC activation, while the tendency  toward
ipsilateral/contralateral symmetry of activation is greater when
the left hand is stimulated. (Supported by USPHS Grants NS21720,
NS05820 and NS 22603.)

Somatosensory
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18.15 BRAIN WEIGHT AND CORPUS CALLOSUM SIZE IN MICE SELECTED FOR HIGH AND

18.17

LOW DEGREES OF PAW PREFERENCE. B. Cassells, R.L. Collins, and
D. Wahlsten. Dept. of Psychology, Univ. of Waterloo, Waterloo, ON
Canada, and Jackson Laboratory, Bar Harbor, ME 04609.

Mice (n=109) from the 29th generation of lines selected for high
and low degrees of paw preference were tested for direction and
degree of paw preference at 6 to 10 weeks. At 10 to 14 weeks,
they were perfused intracardially with 0.9% saline followed by 10%
buffered formalin and their brains removed. The myelin staining
intensity of the genu of the corpus callosum and morphometric
indices of all major myelinated forebrain commissures were assessed
from 25u frozen midsagittal sections stained with Sudan Black B.
All measures were adjusted to a perfusion age of 90 days. A step-
wise discriminant analysis followed by a path analysis based on
multiple regression revealed that the data were consistent with the
following causal model:

line; 31 >

» corpus callosum area
ns .68 77
~

body weightﬁé> brain weight
.77 .68

gender anterior commissure area

Positive coefficients indicated high> low and male » female or
positive covariation of measures. The nonsignificant (ns, p>.01l)
effects remaining in the diagram were included for theoretical
reasons. Gender significantly influenced body weight only. The
brains of the high line mice were relatively larger (by 45 mg or
11%). No significant effects on anterior commissure area
independent of brain weight were evident. However, the callosal
areas of the low line mice were larger (by .092 mmé or 12%) rela-
tive to their brain weights. Because the lines did not differ on
myelin staining intensity of the genu, selection for high degree of
paw preference may have produced an increase in relative brain size
that surpassed the increase in the number of callosal axons linking
the two cerebral cortices and, perhaps, greater hemispheric indep-
endence and functional specialization. However, in the total sam-
ple, relative brain weight (but not relative callosal area) was
significantly related (positively) to degree of paw preference.
This suggests that relative brain weight (but not degree of inter-
hemispheric connectivity) is an important influence on degree of
functional lateralization. No differences between lines or gen-
ders in percentage of area in or shape of the posterior fifth of
the corpus callosum or in the absolute or relative areas of the
hippocampal or dorsal fornical commissures were evident.

VISUAL SEARCH IN HYPOTHETICALLY PSYCHOSIS-PRONE QOLLEGE
STUDENTS. J. W. Jutai  (SPON: R.E.\Walley ). Dept. of
Psychology, Univ. of Alberta, Edmonton, Canada Té6G 2E9.

This research examined the possibility that a lateralized
cerebral hemispheric abnormality is present in individuals at
risk for the development of psychotic disorder, and that this
abnormality is the same as that hypothesized to underlie
cognitive dysfunction in schizophrenia. It has been suggested
that the primary, initial disturbance in schizophrenia occurs in
the right cerebral hemisphere and results in damage to a
cortical network involved in attention. A key aspect of
attention particularly sensitive to right-hemisphere damage is
its distribution within extrapersonal space. Eight hundred
college students were screened using psychometric measures of
psychiatric vulnerability. Experimental subjects (n=51) were
those with extreme high scores on at least one of four
psychosis-proneness scales developed by Chapman and colleagues
at the University of Wisconsin. Other research has shown that
many of these individuals show cognitive deficits similar to
those of adult diagnosed schizophrenics. Control subjects
(n=21) scored with 0.5 S.D. of the mean on all scales. Subjects
were tested using letter/shape cancellation tasks designed by
behavioral neurologists to detect abnormalities in the spatial
distribution of attention. If the prepsychotic period in the
development of psychotic disorder is associated with dysfunction
of right hemisphere mechanisms of attentional control, it was
expected that experimental subjects would show evidence of
deviant visual search on the cancellation tasks. This
hypothesis was supported by the data. More than 50% of
experimental subjects employed an erratic search strategy
typically observed inright-brain damaged patients, compared
with less than 20% of controfs. Also presented will be the
results of further analyses which examined search strategy as a
function of type of prepsychotic indicator. Discussion will
place the findings in the context of the existing body of
research which has demonstrated ’‘schizophrenic-like’
information-processing abnormalities in hypothetically
psychosis-prone young adults.

18.16 EEG COHERENCE AND INTELLIGENCE IN CHILDREN. R.S. Hernandez, A.T.

18.18

Arenander _and R.W. Boyer*. Dept. of Physiol., and Dept. of Psych.,
Maharishi Int'1 Univ., Fairfield, IA 52556. .

EEG coherence (COH) is considered to be an estimate of the
stability of the phase relationship between any two scalp recorded
signals within a given frequency band. COH is thought to reflect
the amount and strength of cortical connectivity, and thus, high
COH is considered to represent a state of low functional neural
differentiation. During periods of high COH neurons may be
functionally more coupled corresponding to periods of lower, per-
haps less independent, information processing. Current research
has indicated apparent paradoxical conclusions regarding the rel-
ationship between standardized IQ scores and measures of COH
during eyes-closed (EC) conditions: a robust inverse correlation
in children, and a positive correlation in adults. The purpose
of the present study was to examine the correlation across a range
of cerebral function; from low to high levels of excitation. A
sequence of different task conditions were employed to modify
brain state in order to create a dynamic range of activation.

EEG was recorded from 48 right handed normal children aged 10 to
16 years during the following sequence of conditions: rest/EC,
rest/eyes-open (EQ), mental arithmetic/EC, word generation/EC,
Transcendental Meditation (TM) practice/EC, rest/EO, rest/EC. TM
was included because this mental procedure is reported to produce
substantially de-excited brain states, and high COH. Raw EEG from
16 scalp locations was digitized at 120 Hz, and 25 artifact-free
seconds of data were analyzed using complex demodulation, giving
phase and power spectrum information across standard EEG frequency
bands. COH, the ratio of the square of the cross spectrum to the
product of the autospectrum, was computed for all combinations of
lead pairs. The Weschler Intelligence Scale for Children-Revised
(WISC-R) test was also administered.

Preliminary polynomial regression analyses, using full scale
IQ as the dependent variable, indicate an inverse correlation
between IQ and COH in frontal derivations in alpha and theta
frequencies across all conditions, with rest/EC, rest/E0 and
mental arithmetic sigificant at the p » .005 level.

ANALYSIS OF SPECIALIZED COGNITIVE FUNCTIONS IN DEAF AND HEARING
SIGNERS. D. MCKEE* AND H.W. GORDON. Department of Special
Education, California State University, Northridge, CA 91330.

This study analyzed the performance of deaf adults on special-
ized cognitive functions which are associated with the left and
right hemispheres, and explored the relationship between the
cognitive profile and a number of variables: etiology, age of
onset and degree of hearing loss, and age of sign language ac-
quisition. Two sequential tests in the Cognitive Laterality
Battery (CLB), developed by Gordon (1986), were modified so that
deaf subjects could process the sequential stimuli by the visual
modality instead of the auditory. There was significant corre-
lation betwen the original auditory and modified visual tests
(r=.62, p<.001), although the scores on the modified tests were
higher than the scores on the original tests. Using the norms
for the hearing tests would overestimate a subject's perfor-
mance. The other tests on the CLB were adapted directly using
videotaped instructions in Sign and 35mm slide projector for
presentation. Nevertheless, deaf subjects performed below the
norms on these modified sequential tests. For the deaf sample
as a whole, cognitive function was below average for the verbal
and sequential s8kills associated with the left hemisphere
(p<.001) and above average on the visuospatial skills associated
with the right hemisphere (p<.05). In other words, the cogni-
tive profile of the deaf sample significantly favored processing
associated with the right hemisphere by one-half standard
deviation.

When the variables related to deafness, i.e., age of sign
language acquisition, were examined in terms of cognitive func-
tioning among deaf subjects, there were no significant differ-
ences among groups categorized by language acquisition. The
results were inconclusive as to whether sign language acquisi-
tion affects cognitive functioning, partly due to insufficient
information on fluency skills and codes of sign language.
Hence, further investigations were recommended in this area.
Hearing subjects whose parents were deaf and who used American
Sign Language exclusively at home, performed nearly normally in
comparison to the norms but performed significantly better than
deaf subjects of deaf parents on left hemisphere function
(t=2.77), p<.05). Use of Sign as a first language was ruled out
as a factor in cognitive functioning. It is concluded that lack
of auditory experience may have an influence on the cerebral
development and organization of certain higher cognitive
functions such as temporal processing and visuospatial skills.
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18.PO HAND PREFERENCE AND SEX DIFFERENCES IN THE ISTHMUS OF THE CORPUS

CALLOSUM. S. F. Witelson. Department of Psychiatry, McMaster
University, Hamilton, Ontario, Canada, USN 3Z5.

The size and morphology of the midsagittal section of the
corpus callosum in individuals varying in hand prefereace and sex
were further evaluated by subdividing the callosum into seven
divisions, roughly representing functionally differeant cortical
regions. Geometric divisions along the maximal anteroposterior
axis of the callosum were used to divide the callosum into the
genu, rostrum, splenium and four trunk regions. Area measures of
these subdivisions were made on brains obtained from 56 con-
secutive autopsies from adults who underwent neuropsychological
testing prior to death. The total sample analyzed was 51, with
five cases excluded due to incomplete data. This sample includes
the 42 cases reported previously (Witelson, Science, 229:665,1985;
Neurology & Neurobiology, 17:117, 1986) to show hand differences
in total area but no hand or sex differences in the splenium.

Hand preference was now found to vary with size of the
callosum, particularly in the region of the isthmus, the posterior
part of the trunk, which houses the callosal fibers connecting the
right and left parjetotemporal cortical regions. Hand preference
was Aichotomously classified into consistent-right-handers (a =
33) and non counsistent-right-handers (including all mixed and left
handers, n = 18). The non consistent-right-handers had a larger
overall callosal area, mainly due to larger anterior and mid
regions, with no difference in the splenium. The most marked
difference occurred in the isthmus (X scores = 72.4 vs 61.5 mmz,
F =6.9, p=.0l)., Moreover, there was a significant interaction
between hand prefereance and sex (F = 10.1, p = .003), which
indicated that the difference bhetween the hand groups was more
marked in males than females.

Sex differences were also found in callosal ‘size and morpho-
logy. Absolute area of the total callosum was statistically
larger in males than females. The splenial area was almost
significantly larger in men (X scores = 186.8 vs 173.6 mmz, F =
3.0, p = .09), comparable to the results of most previous reports
(reviewed in Witelson & Kigar, Wenner—Gren Int. Symp. Series, 47:
466, 1987). In coatrast, in the isthmus, females had a
significantly larger absolute area than males, among right haanders
(X scores = 64.4 vs 54.0 mm2, t = 2.29, p = .03). Analyses
controlling for sex difference in brain size and total callosal
size highlighted the sex differences 1in callosal anatomy. The
variation 1in size of the callosum, in particular the region
serving the parietotemporal cortex, and its correlation with hand
preference and sex will be discussed in terms of differences in
patterans of hemisphere specialization and cognition between right
and left handers, and males and females.

(Supported by NIH contract NS 62344 and grant NS 18954)

BIOLOGICAL RHYTHMS I

19.1

THE EFFECTS OF HYPERGRAVITY ON THE ClRCADIAy RHYTHM OF
CONIDIATION IN NEUROSPORA CRASSA. H,u._glru_m 1, C.A, Fuller?,
EM. Sulzman®3 and LS. Ferraro! (SPON: E. Barea). 1Dept. of Biol. Sci.,
SUNY-Binghamton, Binghamton, NY, 13901; 2De:pt, of Animal Physiol.,
UC-Davis, Davis, CA 95616; 3Div. of Life Sci., NASA, Washington, DC 20546.

To determine whether the circadian rhythm of conidiation in
Neurospora crassa is endogenously derived or is driven by some
geophysical time cue, an experiment was conducted on space shuttle
flight STS-9, where inoculated race tubes were exposed to the
microgravity environment of space. The results demonstrated that the
rhythm can persist in space. However, there were several minor
alterations noted; an increase in the period of the oscillation and the
variability of the growth rate and a diminished rhythm amplitude,
which eventually damped out in 25% of the flight tubes. On day seven
of the flight, the tubes were exposed to light while their growth fronts
were marked. It appears that some aspect of this marking process
reinstated a robust rhythm in all the tubes which continued throughout
the remainder of the flight.

We have hypothesized that the damping found prior to the marking
procedure on STS-9 may have been a result of the hypergravity pulse of
launch and not due to the microgravity of the orbital lab; furthermore,
that the marking procedure, by exposing the samples to light, had
reinstated rhythmicity. To test this hypothesis, we conducted an
investigations into the effects of acute and chronic exposure to
hypergravity. The acute studies consisted of a 10 minutc 3G exposure
(similar to launch). A chronic (7 day) 3G exposure was used in order to
determine if there were any long term effects of hypergravity. Both
BND and CSP strains of Neurospora were used. The onset of both the
acute and chronic exposures to the 3G force was evenly distributed
through-out the circadian cycle; i.e. packages filled with inoculated
race tubes were placed on the centrifuge at circadian time (CT) 3, 9, 15,
& 21. Two groups of the acute exposure group were exposed to light
shortly after being removed from the centrifuge to determine whether
the effects of the 3G force could be reversed through the use of a light
pulse as had been suggested.

While chronic exposure of Neurospora to a 3G force had no damping
effect, an acute exposure to hypergravity causes significant damping of
the circadian rhythm of conidiation. Furthermore, a brief light pulse
given 36 hours after the acute exposure eliminates any effect of the
acute 3G exposure on damping. BND was more susceptible to the
hypergravity perturbation than CSP.  The average free-running period
increases with chronic hypergravity similar to what was seen during
spaceflight.  Moreover, the period of each individual cycle continues to
increase throughout the exposure period. It is not known whether this
increase in cycle length possesses a threshold, since the period
continued to increase for the entire length of the experiment. These
results suggest that most, if not all, of the aberrant effects observed on
STS-9 spaceflight can be explained by the hypergravity encountered
during launch and not due to the lack of geophysical zeitgebers in
space. Supported by NASA Grant NAG236 (JSF).

19.2

DEVELOPMENT OF CIRCADIAN RHYTHMS IN THE LIMULUS
VISUAL SYSTEM. R.B. Barlow, Jr. Institute for Sensory Research,
Syracuse University, Syracuse, NY 13244,

Circadian rhythms characterize the Limulus visual system. They are
generated by a circadian clock which transmits efferent optic nerve activity
from the brain at night to all major visual organs. The clock’s input to the
lateral eye produces pronounced circadian changes in retinal anatomy,
physiology and metabolism that adapt the eye for diurnal changes in
ambient illumination. (Barlow, R. B., Jr., J. Neurosci., 3:856, 1983).

How do the circadian rhythms develop? Is the clock programmed
genetically or environmentally? To answer these questions, we fertilized
eggs and raised them in the laboratory under three conditions: cyclic
lighting (LD), constant light (LL), and constant dark (DD). Most eggs
haiched after one month. After about 6 months, the animals reached the
third juvenile stage (4 to 5 mm across the carapace). At this stage, the
lateral eyes were large enough to produce stable electroretinographic
responses (ERGs) when the animals were placed in darkness. Changes in
the ERG amplitude were used as indicators of circadian rhythms in retinal
sensitivity.

All LD 12:12 animals exhibited circadian rhythms in retinal sensitivity,
but LL animals did not. DD animals had degenerate eyes and did not yield
recordable ERGs. Animals raised on non-24 hr light cycles of LD
15.5:15.5 and LD 8.5:8.5 exhibited either a damped circadian rhythm in
retinal sensitivity or no rhythm at all.

Circadian rhythms could be generated in most LL animals by exposure to
multiple LD 12:12 cycles. In some animals, sustained circadian rhythms
could be triggered by just a single light pulse of 6 hr or less in duration.

In sum, both genetic and environmental factors influence the
development of circadian rhythms in the Limulus visual system. The
genes set the length of the period to approximately 24 hr. Environmental
lighting triggers the rhythm, perhaps by synchronizing the activity of
multiple oscillators.

Supported by NSF grant BNS-8320315 and NIH grant EY-00667.
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19.3

19.5

A CIRCADIAN RHYTHM RECORDED IN VITRO FROM THE OPTIC LOBE OF THE
COCKROACH, Terry L. Page, Department of General Biology,
Vanderbilt University, Nashville, TN 37235.

The timing signal that regulates the circadian rhythm of
locomotor activity in the cockroach Leucophaea maderae originates
in the optic lobes of the protocerebrum. Results from previous
studies have shown that the pacemaking system is composed of two
mutually coupled oscillators, one located in each optic lobe. One
remaining issue is whether or not the optic lobe can independently
generate a circadian oscillation in the absence of neural or
hormonal communication with the rest of the animal.

To answer this question optic lobes were removed from male
cockroaches and maintained in either Mark's M-20 medium (J. Insect
Physiol. 18:847, 1972) or the "5+4" medium of Chen and
Levi-Montalchini (PNAS 66:32, 1970). Results were similar for both
media. Spontaneous multiunit activity was recorded from the cut
end of the optic tract with a suction electrode which was also held
the optic lobe at the surface of the medium. Action potentials
were electronically counted and printed to paper tape every hour.
The tissue was maintained in constant dim light at constant
temperature (23 + O.ZOC).

In these conditions optic lobes exhibited spontaneous neural
activity for up to 10 days, with usual survival times of 3-5 days.
Multiunit activity was recorded from a total of 26 lobes for 3 or
more days. Activity was judged to exhibit a circadian rhythm if
plots of activity vs. time subjectively appeared periodic and if
times of peak activity Days 1 and 2 and Days 2 and 3 were approxi-
mately 24 h apart (dissection on Day 0). Based on these criteria,
activity in 6 of 11 optic lobes maintained in 5+4 medium and 7 of
15 optic lobes in M-20 medium was rhythmic. Analysis of freerunning
period and phase with respect to the prior light cycle was also
based on the time of the maximum hourly activity in each cycle.
The average value of the period of the rhythms was 23.8 + 1.90 h
(N=13). Peak activity generally occurred during the early
subjective day. For optic lobes of animals that had been maintained
in a light cycle (LD 12:12) with lights-on at 08:00, average peak
time was 12.0 + 2.19 h on Day 2 and 11.8 + 3.56 h on Day 3 (N=6).
For optic lobes from animals from a light cycle with lights-on at
22:00 time of peak activity was 21.8 + 3.77 on Day 2 and
23.2 + 3.89 h for Day 3 (N=5).

These data indicate that the isolated optic lobe is able to
generate a circadian oscillation in the frequency of action
potentials in the optic tract, and that the phase of the rhythm is
dependent on the prior lighting conditioms. Supported by NIH
Grant No. GM30030.

19.4

PHASE-RESPONSE CURVE OF THE ISOLATED PINEAL GLAND OF ANOLIS
M.Max® S.Wisner®M.Menaker, Dept Biol, U of Va, Ch'lle, Va 22901
The isolated pineal of the iguanid lizard, Anolis carolinensis
has been shown to display the three main properties of a
circadian clock/system: It is rhythmic in constant conditions
(freeruns), it synchronizes to a light:dark cycle (entrainment),
and its period of oscillation is only slightly dependent on
ambient temperature (temperature compensation)(Menaker and Wisner
83). Here we report that it possess another classic property of
circadian systems, phasic response to single light pulses.
Isolated glands superfused for four days in the dark are exposed
to single light pulses delivered at specific times during the
second day of culture. Alloquiots of superfusate from individual
glands are collected every 90 minutes throughout the four days of
‘culture, and assayed by RIA for melatonin. Phase shifts are
determined by comparing the time of the fourth peak of light
pulsed glands with controls that have received no light pulse.
We find that glands shift their peak of melatonin secretion to an
earlier time (advance) in response to a light pulse given late in
the subjective night (CT 15-22), to a later time (delay) in
response to light pulses early in their subjective night (CT
12-14), and do not shift in response to light pulses given during
their subjective day. Single light pulses of durations from
15min. to 6hr given during the late subjective night (CT 18-19)
produce equivalent 6hr. phase advances. A light pulse of
6hr. given early in the subjective night (CT 13) produces a
6hr. delay while a 3hr. light pulse given at the same circadian
time results in a delay of only 3hr. While it is clear that the
duration of the light pulse is not important in determining the
magnitude of the advancing phase shift, we are less sure that
this is true for delaying light pulses. Further experiments
employing short duration light pulses around CT 13 will answer
this question. The phase-response curve shown below is a
composite of the mean phase shifts produced by single light
pulses of varying durations.
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CIRCADIAN RHYTHMICITY OF BEHAVIORAL RESPONSES TO LIGHT IN THE
CRAYFISH. F. Ferndndez de Miguel* and H. Aréchiga, Depto. de Fi-

siologia, Biofisica y Neurociencias, CINVESTAV, México, D. F.

Light is known to affect crustacean behavior in a variety of
ways, ranging from attraction induced by low levels of illumina-
tion, to avoidance reactions under strong light pulses. Little is
known however, about the physiological mechanisms involved in
these behaviors. In the present work, we analyse the effects of
light intensity on locomotor behavior, as a function of the 24-
hour cycle, and provide some information on possible neurophysiolo-
gical mechanisms involved.

The experiments were conducted in adult crayfishes Procambarus
clarki, of either sex and in intermolt. Locomotor activity was
recorded from freely moving animals, placed in actographic two-
compartment chambers, similar to those used by Aréchiga and
Atkinson (Mar. Biol. 32: 63, 1975). Light intensity was externally
controlled in the chambers and the position and rate of movement
of individual animals was detected by means of a multichannel
interface. Recordings of electrical activity from retinal elements
and visual neurons were conventionally made. Two types of locomo-
tor responses were detected: a) Tight attraction, as defined by
displacement of the animals from a dark compartment to the illumi-
nated one and b) light avoidance, when the movement was in the
opposite direction. In either case, the time alloted as latency
of the response was shorter than the average interval between
spontaneous changes of compartment in darkness. Light attraction
was induced in dark-adapted animals at day-time at 0.8 + 0.1 Tux,
whereas at night, the threshold value was 0.3+ 0.2 lux. Above that
level of intensity, the average latency of the response remained
constant. The threshold for avoidance reaction was 15 lux at day-
time and 9 lux at night. In animals kept during several days
under recording, the changes in responsiveness to light closely
paralielled the circadian rhythm of locomotor activity, which
displayed a periodicity of t=22.3 + 0.8 hs. in D:D and 24.52 +
0.8 hs in L:L, with two peaks of activity at subjective night.
Light responsiveness showed the shortest latency at that time of
day. The light intensity values for the switch from one behavior
to the other also vary along the 24-hour cycle. The threshold for
the avoidance reaction corresponds to the necessary intensity to
promote the dispersion of proximal shielding pigments within
retinal photoreceptors. The whole range of both the attraction
and avoidance reactions falls within the dynamic range of the V-
log I curve of electroretinogram and the F-log I curve of the
Tight responses in sustaining fibers in the optic peduncle,
suggesting that this neural pathway may subserve the light-input
of both reactions.

OSCILLATION OF CYCLIC AMP AND MELATONIN RELEASE IN CHICK PINEAL
CULTURES. S. S. Nikaido and J. S. Takahashi. Dept. of Neuro-
biology and Physiology, Northwestern Univ., Evanston, IL 60201.

Dissociated chick pineal cells express a circadian oscillation
of serotonin N-acetyltransferase (NAT) activity and of melatonin
release in vitro. The cell cultures are photosensitive and the
melatonin oscillation can be entrained by light cycles in culture.
Previous studies have suggested that cAMP may be involved in the
regulation of NAT in the chick pineal.

To determine whether cAMP levels oscillate, dispersed chick
pineals were grown on Cytodex 3 beads for 2 days and then were
transferred to a flow-through culture system (about 2 pineal
equivalents per culture). Both melatonin and cAMP were measured
by radioimmunoassay from the same samples collected every two
hours over a period of 6 days. Chick pineal cultures expressed an
oscillation of cAMP efflux on a LD 12:12 light cycle. The cAMP
oscillation was in phase with the rhythm of melatonin release.

The level of cAMP efflux oscillated with trough values around 0.3
pmol/hr during the day and peak values of 0.6-0.8 pmol/hr during
the night. Corresponding melatonin release levels were 20 pmol/hr
during the day and 200-400 pmol/hr during the night. In the
presence of 0.25 mM isobutylmethylxanthine (IBMX), a phosphodies-
terase inhibitor, the levels of cAMP efflux increased about 10-
fold with trough values of 1-2 pmol/hr and peak values of 2-8
pmol/hr while melatonin release oscillated between 50 pmol/hr and
400-800 pmol/hr.

We have also found a day-night oscillation in cAMP content in
chick pineal cell cultures. Dispersed chick pineal cells were
plated at 1.25 x 10 cells per well and cultured for 36 hrs before
the first sample was taken. Under these conditions, the day value
for cAMP content was 6.89 + 1.32 fmol/well (mean + S.E.; n=8) and
the night value for cAMP content was 22.5 + 2.44 fmol/well. The
CAMP content was correlated with cAMP efflux during the previous
6-hr interval (day: 7.69 + 1.20 fmol/well; night: 34.8 + 2.6
fmol/well). With a 15-min pretreatment with IBMX, day content
value increased to 11.3 + 2.34 fmol/well and night content value
increased to 45.7 + 1.35 fmol/well.

In order to investigate the mechanisms controlling the oscil-
lation of cAMP, we have initiated a series of experiments studying
the role of G-proteins. Pertussis toxin treatment of static cul-
tures during the light phase of a LD 12:12 cycle resulted in a
dose-dependent elevation of melatonin release during the day.
Whereas, pertussis toxin treatment during the dark phase did not
elevate melatonin release. These results indicate a differential
effect of pertussis toxin with time of day and suggest a possible
role for pertussis-toxin sensitive processes in the regulation of
the melatonin rhythm. (Supported by NIMH grant MH39592, Searle
Scholars Award 85-H-107 and NSF PYI award DCB-8451642)
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EFFECTS OF PERTUSSIS TOXIN ON LIGHT-INDUCED REDUCTION IN MELATONIN
RELEASE AND PHASE-SHIFTING RESPONSE OF CIRCADIAN OSCILLATOR IN
CHICK PINEAL CELLS. L.M. Robertson and J.S. Takahashi. Neurobiol-
ogy & Physiology, Northwestern University, Evanston, IL 60201.

Chick pineal cells express a circadian oscillation of melatonin
release. Light regulates the melatonin rhythm by the process of
entrainment (which involves control of phase and period) and acute
exposure to light causes a reduction in melatonin release. The
mechanisms underlying phototransduction in the avian pineal gland
are poorly understood. In retinal photoreceptors, the G-protein,
transducin, is neccessary for phototransduction: ADP-ribosylation
of transducin by pertussis toxin (PT) blocks the effect of light.
We explored the effects of PT on both the acute and phase-shifting
effects of light in cultured chick pineal cells. Cells were plated
on 48-well dishes in medium-199 with serum and were maintained on
LD 12:12. Beginning at circadian time (CT) 14 or 17 (lights off at
CT12) of the 5th night in culture, cells were exposed to 0, 100,
or 300ng/ml of PT. Medium was changed at CT20 with the same doses
of PT. One~half of each group was exposed to 3 hr of light (125
lux) beginning at CT20. Control cultures were maintained in dark-
ness. Medium was sampled at the end of the 3-hr and assayed for
melatonin by RIA. Exposure to light caused a reduction in mela-
tonin release relative to dark controls. Treatment with 100 or
300ng/ml PT from CT14-23 completely blocked the light-induced
reduction in melatonin. A partial block was also observed with 100
or 300ng/ml PT from CT17-23. We used a flow-through culture system
to determine whether PT treatment also blocked the phase-shifting
effects of light. Chick pineal cells were cultured and light-
induced phase shifts measured as previously described (Robertson
and Takahashi, Soc. Neurosci. Abst. 12:221, 1986). Previous exper—
iments showed that a 3-hr 125 lux light pulse caused a submaximal
phase shift of the melatonin rhythm relative to dark controls.
Cultures exposed to a 3-hr light pulse (125 lux) beginning at CT20
were advanced 4.95 + 0.37 hr (X + SEM) relative to dark controls.
PT (100ng/ml) treatment for 9 hr (CT14-23) had no effect on the
phase of the rhythm in constant darkness. Cultures treated with PT
(100ng/ml) for 9 hr (CT14-23) and exposed to a 3-hr light pulse
(CT20-23) were phase advanced 5.05 + 0.39 hr relative to dark con-
trols. Therefore, PT did not block the light-induced phase shift.
However, analysis of melatonin release during the light pulse re-
vealed that PT blocked the light-induced acute reduction in mela-
tonin release in the same experiment. In summary, treatment with
pertussis toxin can block the acute reduction of melatonin without
blocking the phase-shifting effect of light. These results suggest
a differential effect of pertussis toxin on the acute and entrain-
ing effects of light. (Supported by NIMH grant MH39592, Searle
Scholars award 85-H-107 and NSF PYI award DCB-8451642 to JST and
NIMH award F31 MH09465 to LMR).

TEMPORAL ORGANIZATTON OF CRITICAL PROTEIN IN THE
BIOLOGICAL CIOCK IN THE APLYSIA EYE. S. J. Yeung and A.

Eskin (SPON: G. F. Gwilliam). Biol. Dept., University of
Houston, Houston, Tx 77004.

Protein synthesis seems to be a general requirement for
circadian timing. We have attempted to define when proteins
important for timing are synthesized in the Aplysia eye.

Rothman and Strumwasser (1976), Jacklet (1977) and
Lotshaw and Jacklet (1986) generated phase-response curves
(PRC) for relatively long pulses (6hr) of anisomycin and
puromycin.  Although recovery of protein synthesis after a
pulse of anisomycin was reported to be rapid in cultured
cells, Lotshaw and Jacklet and we found that recovery was
slow (2.5hr to recover to 40% of control and more than 8hr
to fully recover) in Aplysia eyes. Therefore, it is
difficult to infer accurately when protein synthesis is
important from the anisomycin PRC's. Thus, a protein
synthesis inhibitor whose effect reverses quickly needs to
be identified.

We studied recovery from inhipgtion of protein synthesis
after 2hr pulses of emetine (2X10 “M) and O-methylthreonine
(4mM). Both emetine and O-methylthreonine seemed to reverse
no faster than anisomycin. Cycloheximide (CHX) reversed
faster than the o s. CHX 10mM (1hr) produced 89+4% (N =
4) inhibition of “H-leucine incorporation and within 3 hr
after the pulse, the recovery was 85+22% (N = 4).

We obtained a PRC using 1hr pulses of CHX (10mM). The
magnitudes of the phase shifts were small (largest phase
shift: -1.2+40.6hr, N = 7). CHX produces no phase shift from
CTM1 to CI21. There may be a small advance phase shift at
about CI09. Delay phasé shifts occur fram CT18 to CT09. Can
the CHX PRC be explained by different kinetics of recovery
at different phases? Slow recovery (longer duration of
inhibition) at certain phases may produce phase shifts
whereas fast recovery at other phases may not produce phase
shifts. No difference in the recovery time was ocbserved when
recovery from inhibition by CHX was measured at two phases
(a phase when CHX produces no phase shift and a phase when
CHX delays the circadian rhythm). Synthesis of proteins
important for the timing mechanism seems to occur during
late subjective night and most of the subjective day (i.e.
from CTM8 to CT09). We are searching for proteins
synthesized only during that time period and comparing them
with proteins whose synthesis is modified by phase-shifting
treatments of light and serotonin.

Supported by NSF BNS8216756 and NIMH MH41979.
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FURTHER CHARACTERIZATION  AND REGIONAL DISTRIBUTION OF
2-[1251]-10DOMELATONIN BINDING SITES IN HAMSTER BRAIN MEMBRANES.
M.J, Duncan, J,S,Takahashi and M.L. Dubocovich, Dept. Pharmacol.,
Northwestern Univ. Med. School, Chicago, IL 60611 and Dept.
Neurobiol. and Physiol., Northwestern Univ., Evanston, IL 60201

We have previously characterized a high affinity
2-[12511-iodomelatonin binding site in membrane preparations from
Syrian hamster whole brains (Duncan, M.J. et al., Eur. J.
Pharmacol. 132:333, 1986). The present studies determined the
subcellular and regional localization of 2-[12511-iod0melatonin
binding sites and the potencies of various compounds that act at
monoaminergic sites to compete for 2-{1251]-jodomelatonin binding
in hamster brain membranes. Membranes from hamster whole brains
were prepared in ice-cold assay buffer (50 mM Tris-HCl, pH=7.7 at
25'0%. Assays containing membranes (150-250 ug protein),
2-[1 51]-iodomelaconin (85-125 pM) and various drugs were
incubated at 0°C for 1 h. Binding was terminated by filtration.
Specific binding, defined as the difference between binding in the
absence and presence of 10 uM 6-Cl-melatonin, was 65-75% of total
binding. When specific binding (fmol/mg prot) of
2-[12511~iodomelatonin (85 pM) was measured in three membrane
fractions (N=3), the highest amount of binding was found in the P,
fraction (1.29 + 0.23) as compared to the Py fraction (0.37 ¢
0.03% or the total washed membrane fraction (Py + Py).
2-[1 51]-1odomelatonin binding sites (fmol/mg prot) were found to
be unevenly distributed in eight brain regions (N=3) examined:
hypothalamus (6.20 + 0.24), brainstem (5.87 % 0.36), retina (5.24
+ 1.43), striatum (4.25 * 0.89), olfactory bulbs (3.44 % 0.08),
cerebral cortex (2.96 + 0.38), cerebellum (2.74 + 0.41) and
pituitar{ §1.88 + 0.11). The affinity (Kj) of 6-Cl-melatonin for
the 2-[ 2 I]-iodomelatonin binding site was 15.8 + 2.3 nM (N=6).
Compounds known to act at serotonin, dopamine and alpha receptor
sites were markedly less potent than 6-Cl-melatonin in competing
for 2-[1251}-iodomelatonin binding [(IC5q, M) ketanserine (600),
bufotenine (1,590), fluphenazine (1,800), spiperone (2,000),
serotonin (4,000), propranolol (5,000), yohimbine (>70,000) ;
methysergide, cinanserine, cyproheptidine, phentolamine, dopamine,
norepinephrine and epinephrine were inactive at concentrations up
to 100,000 nM]. These results suggest that 2-[1251]-iodome1aton1n
does not bind to monoaminergic receptor sites and in conjunction
with our previous report indicate that 2-{ 51]-iodomelatonin can
be used to selectively label melatonin binding sites in the brain.
Furthermore, the presence of a high level of
2-[*471]-iodomelatonin binding in the hypothalamus is consistent
with previous studies suggesting that this region is a target site
for the photoperiodic effects of melatonin.

Supported by NIH grants NS-07909 and DK-38607.

PHASIC DISCHARGE OF NEURONS IN THE RAT SUPRACHIASMATIC
NUCLEUS. L. D. Miller and C. A, Fuller. Department of Animal
Physiology, University of California, Davis, CA 95616.

This study reports data from a subpopulation of single suprachiasmatic
nucleus (SCN) units recorded in ongoing electrophysiological
investigations of SCN neurons and their afferent inputs. Male albino
rats (Wistar, x = 263 * 23 g) were anesthetized with urethane and
catheterized in the femoral vein. Standard electrophysiological
techniques were used to record the activity of single units in the SCN
and adjacent areas (e.g., medial preoptic and retrochiasmatic areas). A
fiber optics light source was used to apply photic stimuli directly to the
eye (85 Lux). In approximately 19% of fast green labelled placements in
the SCN and immediately adjacent optic chiasm (OC), but not in adjoining
peri-SCN  regions, we observed phasic discharge (bursting) with a
period of approximately 3 min (n = 11, X = 199 * 28 sec). The action
potential waveforms were either biphasic (n = 5) or triphasic (n = 6),
with an average duration of 3.0 * 0.3 msec. These parameters differ
considerably from the characteristics of chiasmatic fibers (monophasic
waveforms with durations typically <1 msec). Interspike interval (ISI)
histograms were generated for these cells for sequential periods of
rapid (active state) and slow (inactive state) discharge. These cells
periodically decreased their firing rates _from a relatively active state
(ST = 87.3 + 31 msec) to an inactive state (ISI = 233 + 68 msec) by 147% (t
for related measures = 4.4, df = 10, p <0.01). This population was also
examined for burst activity in the msec range. Burst length averaged 3
to 4 spikes/burst in the active or inactive states. Decremental bursting
was not observed. The mean percent change in bursts/total spikes
increased by 18.6 + 7.1% (t = 2.6, n = 11, p <0.05) from the active state
(mean % bursting = 15.7 + 6.1%) to the relatively inactive state (mean %
bursting = 34.3 + 6%). No parametric differences were observed between
placements in the SCN proper and placements in the OC. Only VIP and
GRP immunorcactive ncurons have been observed in the dorsal OC.
Through the period augmenting effects of strong coupling mechanisms
as proposed in some mathematical models, a relatively small number of
SCN neurons could be sufficient to generate circadian periodicity. It is
possible that bursting neurons such as the ones described, with
ultradian periodicity approximating that of many well-known
biochemical reactions, may be the ultimate substrate of the circadian
clock of the SCN.

This research was supported by NIMH Grant 7RO1-MH41477-01.
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ELECTRICAL AND METABOLIC ACTIVITY OF THE SUPRACHIASMATIC NUCLEUS
(SCN) OF THE GOLDEN HAMSTER IN HYPOTHALAMIC SLICES. S. Shibata*

R.Y. Moore (SPON: A.Rosen). Depts. of Neufology and
Neurobiology, SUNY-Stony Brook, Stony Brook, NY 11794 and Dept.
of Pharmacology, Kyushu University, Fukuoka 812, Japan

The evidence for the SCN as a circadian pacemaker in the
mammalian brain includes observations of circadian rhythms in
glucose metabolism in vivo (Schwartz et al, 1980) and in vitro
(Newman and Hos ) ) and electrical activity 'E@ vivo
(Inouye and Kawamura, 1979) and in vitro (Shibata et al, 19827.
These observations have been obtained primarily from studies on
the rat but, in contrast, the hamster is the species most often
chosen for behavioral investigation of the functional properties
of the circadian system. In this context, the present study was
undertaken to determine whether a circadian rhythm in SCN
metabolism and single unit activity can be shown in hamster
hypothalamic slices in vitro.

Adult male golden hamsters weighing 120-150 g maintained in a
normal or reversed light-dark cycle were used. After
decapitation, the brain was quickly removed and coronal
hypothalamic slices (400 um), including the SCN and the anterior
hypothalamus (AHA), were prepared using a tissue chopper.
Preparations were pre-incubated for one hour and transferred
either to a recording chamber for electrophysiology or an
incubation chamber for analysis of glucose metabolism using the
14C-2-deoxyglucose technique. Neuronal activity was recorded
extracellularly through glass electrodes. Incubations with
isotope were carried out for 20 min and then removed from the
chamber and rinsed for 30 min. These slices were
cryostat-sectioned at 20 um, and the sections exposed against
X-ray film for 2 weeks. The autoradiographs are then analyzed
by densitometry and a simple estimate of local glucose
utilization (LGU, w mole glucose/100g tissue/min) was obtained.

Single unit activity is highest at circadian time (CT) 4-6
(CT00.00 is the time of lights on) with a mean firing rate of
8.6+1.0 imp./sec (Mean + S.E.). It is lowest at CT16-18,
2.3+0.4. Although we compared the neuron activity between
ventrolateral and dorsomedial SCN, no difference was observed in
the firing rates between these areas. Autoradiographs of SCN and
AHA were obtained from slices during subjective day (CT0600) and
subjective night (CT1800). The SCN appears as a pair of densely
labeled areas above the optic chiasm during subjective day but
are lightly labeled or not evident during subjective night. The
LGU of SCN is approximately three times higher during subjective
day than subjective night whereas the LGU of AHA is nearly
identical at these time points.

Since apparent circadian rhythms are demonstrated in SCN
single unit activity as well as in SCN 2-DG utilization, we
conclude that the brain slice method is useful for analysis of
circadian function in the hamster SCN. Supported by NS-16304.

PROGRESSIVE AND DIFFERENTIAL DEGENERATION OF CIRCADIAN
RHYTHMS IN AGING FEMALE RATS. B. Tate-Ostroff. Depart-
ment of Anatomy and Cellular Biology, Harvard Medical
School, and Department of Psychiatry, Mclean Hospital,
Belmont, MA 02178.

The virgin, aging female rat experiences a loss of
normal estrous cyclicity and the onset of persistent
vaginal estrus (PVE) at approximately 8 months of age.
PVE appears similar to that induced by disruptions of
normal circadian rhythmicity, for instance by lesions
of the suprachiasmatic nuclei or by exposure to constant
bright light. It has been suggested that PVE in aging
females is the result of age-related alterations in the
circadian system. However, we have examined the circad-
ian rhythms of gross motor activity and body temperature
in rats undergoing the transition to PVE and found no
alterations in circadian rhythms in animals exposed to
normal lighting schedules (Tate-Ostroff and Bridges,
1986) . Our initial studies were performed in animals
exposed to a regular lighting schedule (LD14:10) and it
is possible that rhythmicity was induced by this alter-
nating environmental cue instead of being endogenously
generated. We therefore extended our studies to PVE
females free running in costant conditions. Middle-aged
female rats (N=5, 7-9 months of age) that had entered
PVE within the month preceding data collection and
young females (N=3, 3 months of age) showing normal
estrous cycles, were transferred from ID14:10 to dim,
constant light of less than 4 lux (LL). Body tempera-
ture and gross motor activity data were simultaneously
collected from each animal via implanted telemeters
(Mini-mitters). Daily vaginal smears were also taken
from each animal. Both PVE, middle-aged females and
normally cycling, young females showed free running
circadian rhythms. We conclude that PVE is probably the
result of age-related alterations in the reproductive
system and not a secondary effect of age-related altera-
tions in the circadian system.

Since other laboratories have reported abnormal cir-
cadian rhythms in PVE rats, some PVE animals were moni-
tored for months after the onset of PVE. These animals
did eventually showed abnormal rhythms, with abnormal-
ities in activity rhythms being displayed before abnor-
malities in body temperature. The sequence of loss of
normal activity rhythms before the loss of normal body
temperature rhythms may be a consequence of the strenght
gftcoupling between these rhythms and the primary oscil-

ator.

19.12 EFFECTS OF IONIC MANIPULATION ON THE CIRCADIAN RHYTHM
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OF NEURONAL FIRING RATE IN THE SUPRACHIASMATIC BRAIN
SLICE. Martha U. Gillette. Department of Physiology &
Biophysics and Neural & Behavioral Biology Program,
University of Illinois, Urbana, IL 61801.

Understanding of the circadian pacemaking properties
of the mammalian suprachiasmatic nuclei (SCN) has been
enhanced by study of their physiology in vitro.
Circadian rhythms of neuronal firing rate and vaso-
pressin secretion can be measured in rat SCN maintained
in culture demonstrating that a circadian oscillator is
endogenous to this tissue. As a prelude to examining
cellular mechanisms which underlie nighttime entrain-
ment, we have examined the effect of in vitro depolar-
izing pulses of K* on the subsequent cycle of firing
rate in SCN neurons.

Hypothalamic slices (500 u thick) containing the SCN
were prepared from Long-Evans rats at a phase-neutral
time (CT 10-11), and maintained in a brain slice
chamber perifused with HEPES-buffered Earle's Balanced
Salt Solution. In order to determine the sensitivity
of the oscillator to depolarization, three 10 min
pulses of 50 mM KCl, separated by 10 min periods with
normal media (KCl= 5.4 mM) were applied to the tissue.
This stimulation regime has been shown to relieve
general depressive effects on neuronal excitability of
long-term K* exposure (Hartter & Ramirez, Endocr. 107:
375, 1980). High K* medium was maintained isosmotic by
adjusting the NaCl content and was preheated and
oxygenated for >5 min before use.

50 mM K+ pulses applied during CT 17-19 had no
effect upon the viability of the slices, nor upon the
ability of SCN neurons to generate their circadian
rhythm in firing rate (n=6). The peak of this oscilla-
tion occurred at CT 1.53+40.82 in K* treated slices.
This represents a mean phase advance of 6.7 hr from the
unperturbed time of peak in vitro at CT 7.87+0.36.

These investigations demonstrate that this regime of
depolarizing K+ pulses is a potent phase-shifting
treatment to the isolated oscillator. We are now in a
position to test the ability of other medium replace-
ments to permit or antagonize depolarization-induced
phase changes. Further, these data support the notion
that dissection-induced K+ release may have contributed
to the phase-shifting effects of slice preparation dur-
ing the animal's night (Gillette, Br., 379:176,

Res.
1986). Supported by PHS Grant NS22155,

INFLUENCE  UF AGE AND ACTIVITY RESTRICTION ON SLEEP-WAKE  AND
DRINKING RHYTHMS IN THE MOUSE. L. M. kdgar, V. 5. Kildutf and W.
L. _Dbement. Sleep Kesearch Lenter, Stantord University School of
Medicine, Stanford, CA 94305

Previous studies in this laboratory have implicated activity as
an i1mportant determinant ot sleep and vaketulness consolidation in
the mouse. Activity restriction, 1mposed by locking an othervise
treely rotating running vheel, decreases consolidation ot wakeiul-
ness during the subjective day and dampens the amplitude of the
circadian sleep-wake cycle. These altered sleep-wake patterns are
remarkably similar to that observed in aged animals. In the
present study, we investigated the generality of activity restric-
tion etfects by simultaneousiy monitoring drinking patterns and
arousal states. We have also compared the effects ot activity
restriction in young (< b6 mos.) and older (18-22 mos.) mice.

Young and old male Mus musculus (CS57BL/6Nnia) were surgically
prepared with chronic aimplants which permitted EEG and EMO
recording. Animals were individually housed in filter-top cages,

each equipped with a swivel commutator and running vheel. Ambient
temperature was malntained at 24-25°C, lighting vas LD 12:1%, ana
both food and water vere avallable ad libitum. Urinking and sleep-
vake stages (avake, slow wvave, and paradoxical sleep) were
monitored 1in 10 sec epochs using a recently developed micro-
computer based sleep scoring system. Parity between human and
computer based sleep-wake determinations vwas validated in excess
of 97%. Mice were monitored 2U-30 d with treely rotating running
vheels, tor 16-24 d vith wheels locked, and then for an 14 d of
free wheel running opportunity.

With running vheels unlocked, young mice exhibited robust
circadian rhytnms 1n sleep-vaketulness and drinking vwhich were
entrainea to the light-dark cycle. Ulder mice exhibited circadian
rhythms lover 1n amplitude and less stable 1in wavetorm. When
running vwheels were locked, all animals exhibited an 1initial
diminution of circadian amplitude ot the sleep-vaketulness and
drinking rhythms. Fartial restoration of sleep-vake rhythm
amplitudes and total restoration ot the drinking rhythm was
observed 6-10 days atter wheel locking vas initiated. After vheel
avallability was reestablished, sleep-wake rhythm amplitudes were

completely restored. Total sleep time per day did not diiter
appreciably between old and young animals vhile vheels vere locked
tabout /50 min/24 hrs). However, the patterns ot waketulness
observed 1in the older animals during the vheel lock period shoved

noticeabiy greater wake tragmentation. These observations support
the notion that activity plays an important role 1in sleep
consolidation, but may have less influence on the drinking rhythm
ln addition, activity may be ot particular importance 1or the
consolidation o: sleep-vake rhythms in older animals (Supported by
NRSA AGUS397 to DME, AGUB490, and MHUS804 to WCD).
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19.15 CIRCADIAN EFFECTS AND AVOIDANCE LEARNING IN GENETICALLY DEFINED

19.17

MICE., D. F. Peeler, Department of Neurosurgery, University of
Mississippl Medical Center, Jackson, MS 39216

Circadian rhythms characterize a variety of behaviors and have
been reported to be at least in part a function of genetic influenc-
es. The genetically defined mouse strains C57BL/6 and BALB/c have
been shown to exhibit variation in several activity measures as a
function of both strain and time of day. Genetic but not circadian
influences have been reported for these strains on another behavior-
al measure - shuttle box avoidance. It consistently has been re-
ported that C57BL/6 mice are inferior to BALB/c in rate and degree
of acquisition. Recent attempts to replicate earlier findings from
this and other laboratories of superior performance in a shuttle
box task by BALB/c have given mixed results. Examination of the
data revealed that C57BL/6 and BALB/c adult male mice which were
trained to avoid shock by crossing a hurdle in a shuttle box at
times primarily late (after about 15:00 hours) or earlier (before
about 11:00 hours) in the working day produced the typical pattern
of avoidance response acquisition (i.e., BALB/c acquire the response
more readily and to a greater proficiency than C57BL/6). (Animals
are maintained on a 12 hr. light/dark cycle, with light on from 6:00
to 18:00.) However, if training is conducted at an intermediate
time (between about 13:00 and 15:00), this relationship between
strains is changed: the C57BL/6 exhibit a considerable, statistical-
ly significant improvement in both rate and final level of acquisi-
tion., They achieve essentially the level of the BALB/c tested at
earlier or later times. BALB/c at the 13:00 to 15:00 period show a
non-significant trend toward performance decrement. The seven RI
strains derived from these progenitor strains give mixed results:
those RI strains having poorest performance at the earlier or later
times tend to improve, while those having good acquisition tend to
remain in this category. Thus, the distribution of scores for
avoidance performance is in part dependent upon the time of day (or
position in the light/dark cycle) at which testing is conducted.

C57BL/6 mice have been reported to have a trough of tyrosine hy-
droxylase activity at about this (intermediate) point in the light/
dark cycle, while they and the BALB/c show out of phase levels of
tryptophan hydroxylase, serotonin and its metabolites in selected
brain sites at this time. Also, this change in performance occurs
at approximately the same time of day that BALB/c and some of the
RI strains (but not C57BL/6 and the other RI strains) exhibit an in-
crease in emotionality (measured as defecation during initial ex-
posure to activity testing), and show a reduction of investigatory
but not locomotor activity.

Thus, several behavioral and neurophysiological variables exhibit
comparable, in phase circadian cyclicity. The implication is that
some of these characteristics may be manifestations of genmetic
determinants at the same or linked loci.

CORTICAL COMPONENTS OF THE EEG REVEALED BY REAL-TIME
OPTICAL IMAGING OF NEURONAL ACTIVITY IN CAT CORTEX. A.
Arieli®, R.D. Frostig, E.E. Lieke, R. Hildesheim®, and A. Grinvald. The
Weizmann Institute of Science, IBM Thomas J. Watson Res. Ctr., and
Laboratory of Neurobiology, The Rockefeller University.

Optical imaging of fast cortical activity in vivo provides information
about electrical activity of neuronal assemblies with millisecond time reso-
lution, and a few hundred microns spatial resolution. Since the optical sig-
nals are restricted to their site of origin within the upper cortical layers,
comparisons between electrically recorded EEG waves and spatio-temporal
optical maps provides a new approach for analysing the origin of individual
EEG components, event related potentials, and interactions among distant
neuronal assemblies.

The exposed cat visual cortex was stained for 90-120 min prior to opti-
cal imaging. We used a 12x12 diode array and found that the styryl dye
RH-795 provides relatively large signals in the cat cortex. To investigate the
cortical components of the EEG, two types of experiments were performed.
In the first one, spontaneous epileptiform activity was induced in the cortex
by topical application of bicucculine. In the amplitude domain the activity
was relatively uniform. However the foci of activity and propagation of the
epileptic waves was determined by analysis of the millisecond temporal
domain (similar to rat experiments by Orbach et al. 1985, London et al.
1986). The spatio-temporal patterns of repetitive epileptic bursts were
mapped for 30 seconds continuously, and such measurements repeated up to
10 times (the fractional change in fluorescence was 0.3%). A comparison
with surface recording of the EEG indicated that only negative waves with
a distinct time course originated from the upper layers of the stained cortex.
Therefore, optical imaging can determine the cortical origin of components
of the EEG waves.

In the second experiment, normal spontaneous activity of stained cor-
tex was optically monitored. Although the optical signals were much
smaller in this experiment, they were resolved without averaging when
large sleep spindles occurred. The spatial distribution of the optical signals
which correlated in time with the largest sleep spindles was nonuniform:
large optical signals were observed at different sites. In addition the partic-
ular nonuniform patterns varied from one spindle to the next. These obser-
vations suggest that optical imaging can reveal the spatial and temporal
organization of interacting neuronal assemblies.

An alternative way to analyse the data would be to calculate the cross
correlation between all possible pairs from 128 sites. The results of such an
analysis, which is likely to increase the sensitivity and spatial resolution,
will be discussed.

We thank Dr. L.B. Cohen for computer programs. Supported by NIH

grant NS-14716, a Fellowship from the Feinberg Graduate School and by
IBM.

19.16¢ SENSORIMOTOR BIASING OF SYNCHRONIZATION TIMING. H. Kim, D. Hary,

and G.P. Moore*. School of Engineering, University of Southern
California, Los Angeles, CA 90089-1451.

In studies of temporal tracking behavior, subjects were asked
to synchronize the sound produced by tapping a Morse key with the
sound from a loudspeaker driven by a periodic metronome source
(interval 700 ms). The sound produced by the Morse key was a
click delivered through a second loudspeaker. The Morse key
itself was silent in operation. The tap-triggered sound was sub-
ject to selected delays, ranging from 0 to 60 ms. When the delay
was set to 0 ms, all subjects led the metronome (mean 21 ms, 6 ms
s.d.), confirming numerous earlier studies (Hary and Moore, Human
Neurobiology, 4:73, 1985). As the delay time between tap and the
tap-evoked sound increased, subjects would have to tap earlier in
the metronome cycle in order to maintain the same relative
synchrony. 6 of 14 subjects did this. The remaining 8 subjects,
although also tapping earlier in the cycle, all achieved near-
synchrony ( an average of 0 ms, 4 ms s.d.) when the delay between
tap and sound was made large enough, some achieving synchrony
when the delay was as small as 30 ms. We hypothesize that these
latter subjects, by dissociating the proprioceptive/motor com-
ponents of their response from the auditory product of the re-
sponse were able to attend to the audio error and correct it to a
value not significantly different from zero. The inability of
the other subjects to achieve synchrony is a matter of continuing
investigation.

(Supported by NIH Grants RR-01861 and BRSG SO7RR07012-19. Mr.
Kim was a participant in the Summer Science Training Program at
UsC).

19.18 ENDOGENOUS POSTICTAL ANTICONVULSANT SYSTEMS THAT CONTROL SEIZURES

IN GERBILS AND HAMSTERS. Paul L. Prather* and W. B. Iturrian,
Pharmacology, Univ. of Georgia, Athens, GA. 30602.

In epileptics, a postictal phase prevents seizure recurrence for
several days. In rodents, paired electroshock shows a two phased
postictal period consisting of a brief period of hyperexcitability
in which a second tonic extensor seizure can be elicited, followed
by a prolonged period of depression and anticonvulsant effects.
The spontaneous seizures of the gerbil model of epilepsy do not
appear to occur randomly but rather show a periodicity across days.
Each individual possesses its own rhythm suggesting that seizure
diathesis involves an oscillator of brain excitability modified by
postictal mechanisms. The neurological basis for a long term
oscillator or postictal protection is not known but endogenous
anticonvulsant chemical(s) are attractive possibilities since they
can be modified by genetic, behavioral, and pharmacological
methods. We suggest that several different endogenous systems are
activated by seizure and that they act in cascade-like sequence.
Furthermore, deficits in different parts of the cascade contribute
to the hereditary spontaneous seizure of gerbils and hamsters.

Our inbred, genetically epileptic, black gerbils have brief
explosive tonic-clonic seizures elicited by handling but become
refractory with optimal anticonvulsant effects occurring
biphasically at 15 min and at 2 to 3 days. In contrast, our
genetically epileptic sz hamster (derived from Bio 86.93) have BDZ
deficits. Therefore, their seizures are bouts of increasing
severity becoming tonic by 30 minutes and persist for 3 hours
without an apparent postictal protective phase. Although sound
does not precipitate seizure in either species, it can either
increase or decrease brain excitability depending upon the temporal
relationship between sound and seizure testing. Brief (sec) sound
(100dbA) blocks gerbils' postictal effect occurring at 15 min but
then protects both gerbils and hamsters from seizure for many days.
Indomethacin (10 mg/kg) also blocks the 15 min postictal event.
Although the sz hamster outgrows spontaneous seizures, deficits in
postictal inhibition persist since paired electroshock elicits a
2nd tonic extensor seizure without any depression phase. Morphine
sulfate (10 mg/kg) reduces the incidence of 2nd seizure by 39%
without significantly altering the initial seizure. This
protective effect was reversed by the opiate antagonist naloxome.
In hamsters without the sz trait, naloxone (4 mg/kg) blocks the
postictal anticonvulsant effect of paired electroshock and
incidence of 2nd tonic extensor seizure increased to 887. Indo-
methacin is anticonvulsant for sz hamsters but blocks postictal
effects in controls. Numerous endogenous chemicals are released
following a seizure (or auditory stimulation) that regulate brain
excitability but short term and long term effects may differ
dramatically.
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20.1

20.3

REPRODUCTIVE OUTPUT OF PAIRED MALE RATS AS A FUNCTION
OF SOCIAL DOMINANCE. J.A. Witcher*, W.R, Bachman* and N.T. Adler,
Dept. Psychology, Univ. Pcnnsylvania, Philadclphia PA, 19104,

Dominant rats sire more offspring in a competitive mating situation
than submissive rats. To investigate the mechanisms of these effects a
number of reproductively relevant variables were investigated. Thesc
variables included mating behavior during the first ejaculatory series,
number of sperm cjaculated and transported, and copulatory plug within
female reproductive tract after the first ejaculatory series.

Virgin Long-Evans and Spraguc-Dawley male rats (90 days) were
initially housed, alonc in hanging metal cages (43X25X18cm; 14L:10D
lights on 0600). An cstrous female was introduced into each male’s cage
and remained until the malc ejaculated. Twenty min after ejaculation
sperm within the female reproductive tract were counted and copulatory
plug assessed. This was rcpcated four times with each male with no less
than 3 days betwcen mating scssions. Each male was given 4 mating
sessions.

Pairs of males were established by introducing a Sprague-Dawley malc
from onc cage into thc homc cage of a Long-Evans male of matched
weight or vice versa. Following observation of agonistic behavior,
dominant and submissive status was assigned to each male. After one week
of thc male’s co-habitation estrous females were introduced one at a time
to each pair of males until each member of the pair had attained an
cjaculation. Sperm counts were performed 20 min after cjaculation. This
was rcpeated for each pair until cach malc had mated with five females,
with no pair being tested within less than 3 days of a previous mating
scssion.

I herefore, data from 4 mating scssions in a non-compctitive mating
situation and 5 mating sessions in a competitive mating situation werc
obtained. In the non-competitive situation no differences existed between
rats that were to be dominant, as opposcd to submissive, with respect to
mating efficiency, sperm output, or copulatory plugs. However, after thc
first competitive mating, sperm recovery in females mated with dominant
males was slightly clevated when compared to the four non-competitive
matings; while spcrm recovery from fcmales mated with submissive males
dropped by more than 50%. Over thc ncxt 4 compctitive matings the
submissive animals’ spcrm output gradually rose to non-competitive mating
levels while, the dominant males’ sperm output was maintained at non-
competitive mating levels. In addition, submissive males’ copulatory
efficiency and copulatory plug weight was reduced when compared to that
of dominant males. Copulatory efficiency and plug weight did not display
recovery over the mating sessions, unlike sperm output which did recover.

Pairing of adult malc rats rcsults in a dominance relationship.
Dominance appears to confcr a reproductive advantage via both acute and
chronic mcchanisms. The acutc mechanism is reflected in a transient
lowering of sperm output by a submissive male while a more chronic
mechanism is manifest in behavior and copulatory plug characteristics.

BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF DIHYDROTESTOSTERONE AND
TESTOSTERONE IN CASTRATE RATS MATCHED FOR CIRCULATING LEVELS OF
ANDROGENS. K. J. Streator*, P. K. Westfahl* and J. A. Czaja.
Miami University, Oxford, Ohio 45056

It has been suggested that, compared to its parent compound
testosterone (T), the relative ineffectiviness of dihydrotestos—
terone (DHT) on male rat sexual behavior may relate to differ-
ences in bioavailability of these androgens. If this is so,
then administration of larger doses of DHT should be sufficient
in themselves to increase levels of male rat sexual behavior.

A dose-response study was run to assess this possibility. Male
Long-Evans rats were castrated and then injected for 34 days with
either oil vehicle or dihydrotestosterone propionate (DHTP,
either 316 g, 1000 g, or 3160 yg). For comparison, additional
groups of rats were treated with testosterone propionate (TP,
either 3.16 pg, 10 g, 31.6 yg, 100 ug, or 316 ug). At the end
of this treatment schedule, animals were tested for mating be-
havior and then killed for autopsy.

Compared to injections of oil alone, the DHTP treatments
maintained significantly higher levels of sexual behavior
(Log[1/latency to ejaculation], F[3,45]=9.870, p<.001), accessory
tissue weights (Log[mg seminal vesicle weight], F[3,45]=847.637,
p<.001), and circulating androgens (Log[pg/ml DHT], F[3,45]=
74.832, p<.001), and did so in a dose-dependent manner. At the
same dose level (316 ug), TP injections were more effective than
DHTP injections in maintaining seminal vesicle weights (t[23]=
2.497, p<.0S) and sexual behavior (t[23]=3.894, p<.001). However,
radioimmunoassay of serum for T and DHT revealed that the TP
injections induced significantly higher circulating levels of
androgens than did the DHTP injections (Log[pg/ml], t[23]=2.921,
p<.01). Data were therefore reanalyzed for 19 pairs of animals
matched for levels of circulating androgens. Matched this way,
given levels of circulating DHT were found to be significantly
more effective than the same levels of circulating T in maintain-
ing peripheral organ weights (t[18]=6.860, p<.01), although DHT
was still less effective than T in maintaining mating behavior
(Log [1/latency to ejaculation], t[18]=3.518, p<.01).

The same dose of DHTP and TP did not result in comparable cir-
culating levels of these hormones, a difference in biocavaila-
bility which was reflected in the effects of these treatments on
peripheral target tissues. It is possible that similar factors
may produce even greater differences in bioavailability of these
hormones to the brain, differences which would at least partially
account for the reduced effectiveness of peripheral DHTP treat-
ments on sexual behavior of male rats.

20.2

20.4

RETENTION OF SEXUAL BEHAVIOR AFTER CASTRATION : ENVIRONMENTAL
INFLUENCES. B. E. F. Wee, K. L. Sinchak*, and L. G. Clemens.
Department of Zoology and Neuroscience Program, Michigan State
University, East Lansing, MI 48824.

The extent to which sexual behaviors are retained after
castration varies among different strains of mice, as well as
among individuals of the same genotype (Wee et al., Neurosci
Abstr. 1985). Two groups of castrated B6D2F1 mice were
distinguished on the basis of their behavioral response to
castration. The males designated as the "continuers” (C) retained
the ejaculatory reflex for 25 weeks after surgery; the
"noncontinuers” (NC) did not retain this reflex. These two groups
of castrates did not differ in their levels of plasma testosterone
or nuclear estrogen receptors in the medial preoptic area (Clemens
et al., submitted). These results ruled out the possibility that C
had higher levels of non-gonadal androgens or estrogens than NC.

An alternative hypothesis is that the behavioral differences
between C and NC are due to environmental factors. The present
study examined the role of the amount of behavioral testing after
castration and the testing environment in the retention of
masculine sexual behaviors after castration by B6D2F1 (Fl) mice.
EXPERIMENT 1 Male F1 mice received six weekly sex behavior tests

n gallon aquaria converted to testing arenas, followed by
either sham operation or castration. Weekly testing resumed one
week later for half of the animals (the continuously tested (CT)
group); the other animals (the delay tested (DT) group) received
six additional weekly tests only after a 12 week delay

Approximately 40% of all the castrates continued to display the
ejaculatory reflex 18 weeks after surgery. No significant
differences were observed between the CT and DT castrates for any
of the behavioral latencies or for the percent of tests with
ejaculation. Further, the percent of males designated as C varied
between the two groups of castrates: 9 out of 48 (19%) CT versus
17 out of 45 (38%) DT. Sham operated CT and DT males continued to
show high levels of copulatory behavior throughout the experiment
These results indicate that continuous behavioral testing after
castration is not necessary for the retention of sexual behaviors.
EXPERIMENT 2 The animals from Expt. 1 received an additional
Tour behavior tests in either the test arenas or the animal's home
cage. The percent of tests with behaviors was not significantly
different between home and arena tests for the sham operated males
or the continuers for any of the behaviors. In contrast, among NC
(castrates that stopped showing sex behavior when tested in the
arena), those tested in the home cage had significantly more tests
with sex behavior (MWU, p < .01) than the arena-tested mice. These
results suggest that among arena-tested castrates, NC are more
sensitive than C to possible inhibitory influences from the test
arenas.

Thus, the retention of copulatory behaviors by some, but not
all, Fl castrates appears to be related, at least in part, to
environmental factors.

TESTOSTERONE REINSTATES THE LATERALIZED HYPERACTIVITY
SECONDARY TO CORTICAL LESIONS IN CASTRATED MALE RATS.
S.E. Starkstein*, T.H. Moran, J.A. Bowersox*, L.

Shnayder*, R.G. Robinson (SPON: P.R. McHugh). Dept. of
Psychiatry, Johns Hopkins Univ., Balt., MD 21205.

In adult male rats, focal suction lesion of the right
frontal cortex (FC) produce hyperactivity, while similar
lesions of the left hemisphere fail to produce this
behavioral change. This lateralized phenomenon is
gender-related, as female rats do not develop
hyperactivity after a right FC suction lesion, and age-
related, as prepuberal male rats do not develop
hyperactivity after similar lesions (Soc Neurosci Abst,
12:841, 1986). Sexual maturation also plays an important
role as prepuberally-castrated adult male rats do not
develop hyperactivity after receiving a right suction FC
lesion. In the present experiment, we examined the role
of steroid hormones in the production of this
lateralized behavior. Male rats were castrated prior to
puberty and placed in running wheel cages. Following
when puberty would normally occur, rats were divided
into the following groups: FC suction lesion with
testosterone implant, FS suction lesion with sham
implant, sham lesion with testosterone implant and sham
lesion with sham implant. Lesion or sham procedures were
performed on the right or left hemispheres. Testos-—
terone implants were made to mimic normal circulating
testosterone levels. Post-operative activity was
monitored for 30 days. Overall, testosterone increased
activity levels. Rats with right FC suction lesions and
testosterone implants showed a significantly higher
degree of hyperactivity (F(1,23)= 5.23, p<.05). For the
left hemisphere group there were no differences in
activity between rats with a FC suction lesion and
testosterone implants and rats with sham lesions and
testosterone implants. These results demonstrated that:
1) testosterone reinstates the hyperactivity phenomena
in prepuberally castrated adult male rats after a FC
suction lesion. 2) this is a lateralized phenomena, as
only rats with right hemisphere lesions showed this
response, and 3) this is also a gender-related
phenomena, as female ovariectomized rats with a right FC
suction lesion and testosterone implants do not develop
hyperactivity (Soc Neurosci Abst 12: 841, 1986). This
study suggests that lateralized hyperactivity is the
consequence of a specific interaction between steroid
hormones and brain structures.
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LOCAL SITE OF ACTION FOR TESTOSTERONE'S ANABOLIC EFFECT
ON RAT BULBOCAVERNOSUS. M.N. Rand and S.M. Breedlove,
Psychology Department, U.C. Berkeley, Berkeley, CA 94720.

Testosterone has an anabolic effect on muscle, and lack of
testosterone decreases the size of many muscles, including the
bulbocavernosus (BC) and levator ani (LA) of rats. It is not known
whether testosterone exerts this influence directly upon muscle cells
or whether it acts elsewhere, e.g. via motoneurons. We attempted to
determine the general site of testosterone action in adult male rat BC
muscles and their motoneurons comprising the spinal nucleus of the
bulbocavernosus (SNB).

Adult male rats 60-90 days of age were castrated and implanted
with two capsules, one containing testosterone (Sigma) and the other
anti-androgen (SCH16423, Schering Corp.). These ca&sules had a
single small diffusible Silastic surface (approx. 2 mm“) and were
sutured one on each side of the BC so that the diffusible surface
faced the muscle. After 30 days the animals were sacrificed and the
BC, spinal cord, and seminal vesicles were dissected out. The muscles
were trimmed, cut in half medially and then weighed without know-
ledge of their steroid treatment. Muscle half weights were compared
using a repeated measures t-test.

Muscle halves receiving local testosterone treatment were found to
be significantly heavier than those receiving local anti-androgen
treatment (n = 11, p < 0.01).

The difference in BC half weights cannot be due to central effects
of testosterone and anti-androgen since the laterality of steroid
treatment could not have been retained at the distance of the SNB
cell bodies which innervate the BC. Testosterone must therefore act
at or near the muscle for its anabolic effect.

Rat BC muscles and SNB motoneurons are sexually dimorphic and
mediate sexual function in males. Rat SNB dendritic length is also
increased by administration of testosterone in adulthood (Kurz et al.,
Science 232:395, 1986). We are currently measuring SNB motoneuron
dendrites filled with cholera-toxin HRP conjugate to see if there is a
unilateral effect on dendritic length in the adult male rat SNB with
the peripheral, lateralized administration of testosterone to the BC.
In any case, the direct anabolic effect of androgen on the BC
muscles themselves may play an important role in male copulatory
behavior.

Supported by NSF #BNS 8451367 and the McKnight Foundation.

EFFECTS OF INTRATHECAL TESTOSTERONE ADMINISTRATION ON
PENILE REFLEXES IN RATS. R. P. Horodnic*, B. D. Sachs
and R. E. Leipheimer* (SPON: R. L. Gilliland).

Dept. of Biol. Sci., Youngstown State Univ., Youngs-
town, OH 44555.

Actions of the perineal muscles are known to
regulate specific components of penile reflexes in
rats. Studies have demonstrated that these reflexes
are dependent on androgens. However, the specific
effects of testosterone (T) on the spinal motor nuclei
in regulating penile responses remain unclear. Hart
(Physiol. Behav. 3:735-738, 1968) reported an increase
in penile reflexes following spinal implantation of
(T) into the cauda equina of the spinal cord in
castrated, spinally transected rats, suggesting a
direct action of (T) on spinal neurons mediating
penile responses. In order to test this hypothesis in
spinally intact animals, male rats known to respond in
ex copula tests were implanted with cannulae in the
subarachnoid space terminating in the L5-L6 spinal
segments. Four weeks after castration penile
responses declined and the rats were injected with 250
ug testosterone benzoate (TB) sc to increase their
baseline penile reflex activity and tests were done 3
and 6 days later. Latency to first glans response
decreased 3 days after sc injection (P< .001). The
mean number of glans responses increased during this
same interval (P< .01). By 6 days after sc injection
penile responses began to decline: Latency increased
(P< .05); and mean responses decreased (P< .05).
Because penile responses had declined, rats received
intrathecal (IT) injections of 10 ng TB on day 7, and
were tested on day 10. Latency decreased on day 10
(P< .02), and mean responses increased to levels
comparable to those seen after sc injection of 250 ug
TB. By day 13 (6 days after IT injection), penile
responses again declined: Latency increased (P< .05);
and mean responses declined (P< .05). To test whether
the effects of IT injection of TB were due to systemic
absorption, the rats were injected sc with 10 ng TB.
Penile reflex tests conducted 3 days after sc injec-
tion of 10 ng showed that mean responses were less
than those seen 3 days after IT injection (P<.05).

Therefore, these results suggest that the
facilitatory effects of IT injection of TB are due to
actions on the spinal neurons which regulate penile
reflexes and not to systemic effects.

Supported by URC #602 from YSU to REL.

20.6

20.8

SPINAL BLOCK REVEALS ROLES FOR BRAIN AND SPINAL CORD IN MEDIATION
OF MALE RAT SEXUAL REFLEXES. B. D. Sachs and D. Bitran*.
Dept. of Psychology, U-20, Univ. of Connecticut, Storrs, CT 06268.

The potential for penile erection varies as a function of
antecedent copulation. As measured by erection latency in ex
copula tests, the erectile potential of rats increases after 1-3
ejaculations and is depressed after 6 or more ejaculations. The
contributions of spinal and brain sites in mediating these
changes are unknown. Surgical transection of the thoracic spinal
cord reduces erection latency and increases the number of penile
reflexes during ex copula tests. We explored these phenomena
further with a reversible "functional" spinal transection.

Tetracaine (TET; 1.4 mg/5 ul saline) or the vehicle alone (SAL)
was infused into the intrathecal space of adult male rats via
catheters terminating at the T9-T10 spinal segments. In penile
reflex tests immediately after infusion, TET males had much
shorter latencies than SAL males to the first penile body
erection (X = 1.5 min vs 11.1 min, p < .0001) and to first
glans erection (X = 3.0 min vs 11.0 min, p ¢ .0005). However,
the number of responses displayed by the two groups of males was
similar. Thus, TET treatment mimicked the accelerative but not
the "productive" effects of surgical tramsection, partially
supporting previous conclusions of supraspinal inhibitory
influences on penile erection.

The anatomical specificity of the effect of TET in the spinal
cord was explored in another study by delivery of TET or SAL to
the L5-L6 spinal segments known to regulate penile reflexes ex
copula. The proportion of TET males responding in this condition
(2/9) was lower than when TET was delivered to the thoracic cord
(10/13; p < .025). Hence, the effect of TET in the spinal cord
is site-specific. :

In a third experiment, males copulated to sexual exhaustion
(6-12 ejaculations) prior to infusion with TET or SAL directed at
T9-T10. None of the 5 males in each group displayed penile
reflexes in subsequent tests. From these data we infer (1) that
the presumed release from supraspinal inhibition effected by
intrathecal TET could not override the depressive effects of
repeated ejaculations on penile reflex potential, and (2) that
these depressive effects are largely endogenous to the
lumbosacral cord.

These experiments establish for the first time that the spinal
cord mediates some changes in reflex potential consequent to
ejaculation, and support the view that the brain and the spinal
cord interact in modulating the effects of copulation on penile
reflex potential.

[Supported by research grant HD-08933 to BDS.]

GABAERGIC MEDIATION OF SEXUAL REFLEXES IN LUMBOSACRAL SPINAL CORD
IN MALE RATS. D. Bitran*, S. A. Miller*, D. B. McQuade*,

R. E. Leipheimer*?, and B. D. Sachs (SPON: M. Wilson). Dept of
Psychology, University of Connecticut, Storrs, CT 06268 and #Dept
of Biology, Youngstown State University, Youngstown, OH 44555

Systemic administration of baclofen (BAC), a GABAs receptor
agonist, was previously reported (Leipheimer & Sachs, Soc Neurosci
Abst, 1986) to inhibit ex copula penile reflexes but not to affect
copulatory behavior. In contrast, treatment with GABAa agonists
did not affect penile responses either in or ex copula. The spinal
cord is a likely site of action for the observed effects of BAC on
penile reflexes, since GABAergic terminals and receptors have been
located in the cord, including the L5-L6 spinal segments that
contain the motoneurons innervating penile muscles.

In the first experiment, intrathecal injection of 0.8 ug BAC
aimed at the L5-L6 spinal cord decreased the proportion of animals
displaying penile reflexes (0/8 BAC vs 5/8 saline, p ¢ .02).
A_smaller dose of BAC (0.2 ug) decreased the number of erections
(X = 5.8 vs 22.0, p < .03) and number of reflex clusters (X = 3.0
vs 6.6, p ¢ .02) relative to saline controls. An intermediate dose
of 0.4 ug BAC had intermediate inhibitory effects. None of these
doses prevented rats from copulating to ejaculation.

A potentiation of penile reflexes occurs after 1 to 4
ejaculations as reflected by a shorter latency to the first reflex.
Apparently copulation acts to reduce a source of tonic inhibition.
In a second study, we found that antecedent ejaculation eliminated
the inhibitory effects of low doses of intrathecal BAC (0.2 and
0.4 ug) but not a high dose (0.8 ug). Thus, copulation prior to ex
copula tests for penile reflexes shifted to the right the dose-
response curve of BAC. The anatomical specificity of this
inhibition was then tested by intrathecal injection with 0.8 ug BAC
directed at the T9-T10 spinal segments. In contrast to the effects
of lumbosacral injection, BAC onto the thoracic cord did not affect
any measure of penile reflexes following an ejaculation.

The role of spinal GABAa receptors on penile reflexes was
assessed by intrathecal injection of THIP (0.5, 1, 2 ug) onto the
lumbosacral spinal cord. Hints of facilitative effects at 1 ug
proved to be unreliable, and a weak inhibitory effect was observed
at 2 ug. Specifically, a decrease in the number of erections
(X = 5.8 vs 14.3, p < .05) and erections per cluster (X = 1.4 vs
2.8, p ¢ .05) were observed.

In summary, the data indicate that stimulation of GABAs
receptors in the lumbosacral spinal cord inhibits penile reflexes
in a context-sensitive and dose-related fashion. We can not rule
out a potential role for GABARa receptors, but it appears that
spinal inhibition of penile reflexes by GABA is mediated to a
greater extent by GABAs receptors.
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20.9 EVIDENCE FOR OXYTOCIN INNERVATION OF PERINEAL MOTOR

20.11

NEURONS IN RATS. E. P. Monaghan and S. M. Breedlove.

Psychology Dept., U. C. Berkeley, Berkeley, CA 94720.

Swanson and McKellar (J. Comp. Neurol., 188: 87-106, 1979) found
oxytocin (OT) innervation throughout the spinal cord of rats. oT
injections i.c.v. elicit penile erections in male rats (Melis, et al.,, Soc.
Neurosci, Abstr. 12:223, '86) and plasma concentrations of OT are
elevated after ejaculation (Stoneham, et al,, J. Endocrinol. 107:97 '85).
In rats, the bulbocavernosus (BC) muscles are involved in producing
erections and in copulatory behavior. We decided to take a detailed
look at OT innervation at the level of the spinal cord containing
motor neurons which innervate the BC muscles, namely the spinal
nucleus of the bulbocavernosus (SNB).

Adult male rats received six hourly intra-gastric infusions of tap
water prior to being sacrificed and perfused with 0.9% saline and 4%
paraformaldehyde. The hydration procedure enhances the OT
immunoreactivity in the spinal cord (Swanson & McKeller, 1979). The
area of the spinal cord between L5 and L6 was cut into 50 um
sections.  Labelled fibers were localized using rabbit anti-OT (Immuno
Nuclear Group, Stillwater Minn.) as the primary antibody in -ABC
immunohistochemistry using diaminobenzidine as a chromogen.

Immunoreactive fibers were found between lumbar levels 5 and 6,
including the region of the SNB. The paraventricular nucleus (PVN)
has been implicated as a possible afferent to the SNB (Monaghan &
Breedlove, Soc. Neurosci. Abstr. 12:1219, '86); these findings that OT-
like fibers are present in the area of the SNB support the possibility
that the PVN provides input to the perineal motoneurons. Such OT
innervation of perineal motoneurons may play a significant role in
male reproductive behavior.

Supported by NSF #BNS 8451367 and the McKnight Foundation.

MICROINJECTION OF CIS-FLUPENTHIXOL, A DOPAMINE ANTAGONIST, INTO
THE MEDIAL PREOPTIC AREA IMPAIRS SEXUAL BEHAVIOR OF MALE RATS.
E. M. Hull, E. A. Pehek*, R. K. Warner*, T. J. Bazzett*, D,
Bitran*, L. C. Band*, and R. C. Eaton*. Dept. of Psychology,
SUNY at Buffalo, Amherst, NY 14260.

We have previously shown that microinjection of the dopamine
(DA) agonist apomorphine (APO) into the medial preoptic area (MPOA)
of male rats facilitated several measures of sexual behavior. If
DA receptors in the MPOA are important for the control of male
sex behavior, then blocking DA receptors with cisflupenthixol (FLU)
should impair copulation. Furthermore, concurrently administered
FLU should block the facilitative effects of APO.

In Experiment 1 male rats received 0, .2, 2, or 10 ug FLU,
microinjected into the MPOA 5 min before each of four weekly tests
with a receptive female. These doses of FLU did not significantly
affect copulation.

In Experiment 2 doses of 0, 20, or 40 ug FLU were injected into
the MPOA. Both 20 and 40 ug dramatically reduced ejaculation
frequency. Fewer males mounted, intromitted, and ejaculated after
FLU. Furthermore, among those animals that did copulate following
FLU, ejaculation frequency was reduced, and copulation was slowed.
Thus, higher doses of FLU dramatically impaired copulation.

Experiment 3 tested the ability of FLU to block the facilita-
tive effects of APO. FLU (10 pg, ineffective alone in Experiment
1), APO (.5 pg, previously shown to facilitate copulation), the
combination of the two, or vehicle were microinjected in counter-
balanced order. APO injected alone increased ejaculation
frequency, as before. FLU completely blocked this facilitation,
but had no effect of its own on this measure. However, FLU
injected alone slowed the rate of copulation. Neither drug
produced major changes in activity or nonsexual motivation in
home cage tests in the absence of a female.

These experiments support our hypothesis that DA receptors
in the MPOA are important for the facilitation of sexual behavior
of male rats.

20.10 APOMORPHINE AND HALOPERIDOL, BUT NOT DOMPERIDONE, AFFECT PENILE

REFLEXES IN RATS. E. A. Pehek*, R. C. Eaton*, T. J. Bazzett* and
E. M. Hull (SPON: C. J. Smith). State University of NY at
Buffalo, NY 14260.

Other investigators have shown that dopamine (DA) agonists have
a biphasic effect on penile erection in rats, with low to moderate
doses facilitating, and high doses inhibiting, erection. These
studies did not distinguish between erection and seminal emission.
One aim of the present studies was to examine the effects of
apomorphine (APO), a DA agonist, and haloperidol (HAL), a DA
antagonist, on penile reflexes and seminal emission in the supine
rat. A second aim was to determine whether the effects on penile
responses were mediated by actions on the central nervous system
(CNS). This question was investigated by comparing the actions of
HAL and domperidone (DOM), a DA antagonist that does not cross the
blood-brain barrier. Penile reflexes were evoked via retraction of
the penile sheath, and usually occurred within ten minutes follow-
ing retraction.

A moderate dose of APO (100 ug/kg) decreased reflex latency
whereas a higher dose (500 ug/kg) decreased the total number of
reflexes. Both doses increased the incidence of seminal emission.
HAL (300 ug/kg) reduced the number of reflexes and increased reflex
latency. APO administration antagonized the effects of HAL on
reflex latency and reflex number. HAL antagonized both the facil-
itative effect of 100 ug/kg APO on seminal emission and the inhib-
itory effect of 500 ug/kg APO on reflex number. DOM produced no
effects on its own, and did not block any of the actions of APO.

These results demonstrate that APO has a biphasic effect on
penile reflexes, with a moderate dose facilitating, and a higher
dose impairing, penile reflex potential. APO facilitated seminal
emission at both doses, suggesting that separate populations of
dopamine receptors may regulate penile reflexes and seminal
emission. These effects appear to be pharmacologically specific
to the DA receptor, since HAL and APO have antagonistic actions.
Furthermore, since DOM administration did not affect penile
responses, the present results suggest that the effects of dopa-
minergic agents on penile responses are mediated by actions on the
CNS.

20.12 EFFECTS OF CASTRATION, STEROID REPLACEMENT AND COPULATORY

EXPERIENCE ON SEXUAL AROUSAL AND MESOLIMBIC DOPAMINE J. B.
Mitchell and J. Stewart, Center for Studies in Behavioral
Neurobiology, Psychology Department, Concordia University, 1455
de Maisonneuve Blvd. W., Montreal, Quebec, Canada, H3G 1M8.

A number of studies have implicated dopamine (DA) in the
control of male sexual behavior (e.g. Malmnas, J. Endocrin
73:187, 1977; Baum and Starr, Pharm, Biochem & Behav, 13:57,
1980; McIntosh and Barfield, Behav Brain Res, 12:267, 1984).
Alderson and Baum (Brain Res, 218:189, 1981) have reported that
concentrations of DA and its metabolites are decreased 30 days
post-castration. However, they have also reported a failure to
replicate this finding (Baum, Melamed, and Globus, Brain Res
Bull, 16:145, 1986). The present studies were undertaken to
investigate the effect of castration on the concentrations of DA
and the DA metabolites dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA) in the mesolimbic and nigrostriatal DA
systems using the brain microdissection technique of Palkovits
(Palkovits and Brownstein, 1983) and HPLC with electrochemical
detection. Behavioral tests for sexual arousal and copulation
were undertaken to determine if changes in DA content could be
related to deficits in sexual behavior. Measures of sexual
arousal included precopulatory behavior as well as the latency to
initiate mounting (Grant and McIntosh, Behav, 21:246, 1963;
Heimer and Larsson, Brain Res, 3:248, 1966; Stewart and
Kaczender-Henrik, Hormones and Behav, 2:255, 1971).

DA and DOPAC concentrations in the nucleus accumbens, but not
the caudate putamen, decreased by as much as 30 % after castra-
tion, falling to their lowest levels U4 weeks after gonadectomy.
Castrated animals also displayed significantly less precopulatory
behavior. Both the decrease in mesolimbic DA and the deficits in
sexual behavior were prevented by post-castration androgen ad-
ministration. Neither castration nor steroid administration
affected the concentrations of norepinephrine, serotonin, or the
serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in any
brain area assayed. In males allowed post-castration copulatory
experiences the castration-induced deficit in sexual arousal was
attenuated; once copulation had been initiated the two groups of
castrates did not differ significantly.

These findings indicate that androgens are important for the
maintenance of sexual arousal and the initiation of copulation,
but that sexual experience can partially compensate for the
absence of androgens. Furthermore, the biochemical data suggest
that the mesolimbic DA system is affected by androgens and that
it may be involved in mediating sexual arousal.
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20.13 EFFECTS OF AN OPIATE ANTAGONIST MICROINJECTED INTO THE

MPOA ON MALE COPULATORY BEHAVIOR. Linda C. Band*_and
Elaine M. Hull (SPON: R. McIsaac). Psychology
Department, SUNY at Buffalo, NY 14260.

We have previously reported that a hydrophilic form
of the opiate antagonist naloxone microinjected into
the medial preoptic area (MPOA) of male rats
facilitated copulatory rate in poor copulators.
Morphine microinjected into the same site produced a
delayed cessation of copulation.

In subsequent studies, naloxone microinjected into
the MPOA of average copulators produced a dose-related
impairment of copulatory rate: .1 ug produced no
effects; .5 ug reduced intromission rate and
intromission ratio; 1 ug decreased ejaculation
frequency, slowed intromission rate, and tended to
lengthen ejaculation latency and the postejaculatory
interval; 10 ug reduced intromission rate and
frequency. Maximal effects on copulatory rate were
seen approximately 15 minutes after injection.

Apparently contradictory data both within and
between laboratories, concerning the effects of opiate
receptor blockade on copulation, may be resolved by
noting baseline performance, hormonal state, drug
dosage, and site of injection.

20.15 TEMPORAL ASPECTS OF THE NUCLEAR UPTAKE OF *H-TESTOSTERONE

AND ITS METABOLITES IN THE BRAIN OF THE MALE RAT. R.W. Bonsall*H.D.
Rees and R.P. Michael. Department of Psychlatry, Emory University School of
Medicine, Georgia Mental Health Institute, 1256 Briarcliff Rd, Atlanta, Georgia
30306.
In male mammals, testoslerone (T) is secreted by the gonads in an episodic
in P timulation by gonadotropins. To Investigate the
slgnlﬁcance of eplsodlc secretion for the nuclear uptake of T and its
metabolites in target organs, including the brain, 24 adult male rats (250-330
g) were adrenalectomized and castrated. Three days later each rat was
injected with SH-T (1 pCl/g body welght) as a bolus via the jugular vein. Four
rats were killed at each of the following Intervals after injection: 30, 60, 90,
120, 180 and 240 min. Brains were rapidly removed and dissected to obtain
the following blocks: hypothalamus and preoptic area (HYP/POA), amygdala
(AMG), parietal cortex (PCX), and cerebellar cortex (CBL). Samples from each
animal were analyzed separately (168 samples). Braln blocks, as well as
y gland, Inal vesicles (SV) and prostate (PRO) were homogenized
and centrifuged to obtain punﬂad nuclear fractions. Ether extracts of the
nuclel were chr hed on rev phase, high performance columns
and fractions representlng estradiol (E), T and dlhydrolestosterone (DHT) were
analyzed for radioactivity. In the brain, >H-E was detected In HYP/POA and
AMG, but not in PCX or CBL, and levels declined from a maximum at 60 min
(HYP/POA: 5,780 + 630 dpm/mg DNA, mean + SEM; AMG: 8,997 + 1,088
dpm/mg DNA) to a minimum at 240 min (HYP/POA 691 + 691 dpm/mg DNA;
AMG: 3,618 + 474 dpm/mg DNA). Unchanged 3H-T was present in the brain
cell nuclei of HYP/POA and AMG, but not of PCX or CBL and declined from a
maximum at 30 min (HYP/POA: 2,962 + 304 dpm/mg DNA; AMG: 2,722 + 465
dpm/mg DNA) to undetectable levels at 90 min. >H-DHT was present only as a
minor metabolite of *H-T In nuclel from HYP/POA and AMG of some males. In
pituitary gland, unchanged 3H-T was the major form of radioactivity; maximum
fevels occurred at 30 min (13,689 + 2,385 dpm/mg DNA) and concentrations
declined rapidly thereafter. In genital tract structures, 3H-DHT was the major
form of radioactivity and was highest at 90 min after the injection (SV: 918,550
+ 122,618 dpm/mg DNA; PRO: 944,698 + 257,446 dpm/mg DNA) while *H-T
concentrations, in contrast, were highest at 30 min (SV: 64,046 + 3,244
dpm/mg DNA; PRO: 52,824 + 3,862 dpm/mg DNA) and declined with a half-life
of about 30 min. Thus, in brain, pituitary gland and genital tract, the nuclear
uptake of 3H-T was much shorter-lived than that of its metabolites. However,
T Is more effective In restoring the sexual activity of castrates than either iis
estrogsnlc or androgenlc metabolites, and the present resuits suggest that the
poral ts of the 1 take of unchanged T may be
slgnulcant for the behavioral actions of this potent hormone.
This work was supported by USPHS grant number MH 19506, the Emory
University Research Fund and the Georgia Department of Human Resources.

20.14 COPULATORY AVOIDANCE IN MAIF RATS: AITERATIONS IN SERUM IEVELJ

CF TESTCHTERCYE AND LUTEINIVING HORMCNE. G, J. lawrence, S. W.
Xiefer, & C. ¥. Metzler*, Dept. of Psychology, Kansas State
University, Manhattan, KS 66506,

¥ale rate demonstrate conditioned avoidance to mating behavior
when illness is paired with copulatory encounters with estrous
females that have been sprayed with a novel almond odor; orly a
weak avoidance is noted when male rats are conditioned without
the almond odor (lawrence & Kiefer, Rehav. Neuro., 1987, 101)
Tevels of serum testosterone and luteinizing hormone (IH) were
measured in two experiments in the present study to determine
what changes occur in the hormone levels (a) in untrained male
rats following ejaculation and (b) in conditioned males that
display copulatory avoidance behzvior,

Pollowing each encounter with an estrous female, experimental
male rats were made i1l with lithium chloride (LiCl) by
intubation immediately following ejaculation or at the termination
of a 2C-min session. COne-half of the experimental males
(cdor-sex/I11 group) were trained with estrous females that had
been sprayed with a 2% almond solution; the remaining experimental
males (Sex/I11 group) were trained with estrous females without
the almond odor. Controls were included for the effects of
almond odor, illness, test environment, and ether anesthesia.
Rlood samples were collected by cardiac puncture within 90 s
after the induction of light ether anesthesia, immediately
following the copulatory encounters. In Experiment 1, control
males were yoked to experimental males, and blood was collected
at baseline, after first ejaculation, and after the second
consecutive trial in which experimental males failed to ejaculate.
In Experiment 2, blood was collected at baseline, and after
Trials 4 and 8.

Serum levels of both hormones showed significant surges
following ejaculation. Fowever, in the males that exhibited
avoidance to copulatory behavior, serum levels of both hormones
wvere significantly decreased from baseline values. Results
indicated that male rats conditioned to avoid copulatory behavior
exhibited significant decreases in serum levels of testosterone
an¢ IH, reductions which were correlated with the behavioral
changes.

20.16 MEASUREMENT OF CYTOSOLIC AND CELL NUCLEAR ANDROGEN RECEPTORS IN

MICRODISSECTED RAT BRAIN NUCLEI. C.E. Roselli, R.J. Handa*, and
J.A. Resko*. Department of Physiology, Oregon Health Sciences
University, Portland, OR 97201 and Oregon Regional Primate
Center, Beaverton, OR 97006
Androgens are important regulators of neuroendocrine .function

and reproductive behavior in male rats. The binding of
androgens to specific high affinity receptor sites in brain
tissue is postulated as an initial event in the mechanism of
central androgenic action. In vivo autoradiography has
established that androgen receptors (ARs) are distributed
heterogeneously throughout the hypothalamus and amygdala.
However, it is important to establish not only the Tocation, but
also the concentration of ARs in the central nervous system so
that an accurate representation of the functional capacity of
this system can be obtained under various physiological
conditions. As an initial part of this effort, we have measured
the concentration of both cytosolic (ARc) and nuclear androgen
receptors (ARn) in microdissected brain samples from intact male
Sprague-Dawley rats. Twelve individual nuclei were bilaterally
removed from 300-um frozen sections and pooled from 6 rats for
each determination. The content of AR was measured with single
goint in vitro assays that used saturating concentrations of
H-dihydrotestosterone (S.A. 141 Ci/mmol) and either the 105,000
x g cytosol or a nuclear extract. Nuclei were purified by
centrifugation through 2.15 M sucrose at 50,000 x g. Androgen
receptor was then extracted from the purified nuclei with 0.8 M
KCl. We found that ARc and ARn were distributed similarly
throughout the hypothalamus and amygdala. The highest levels of
both were measured in the ventromedial nucleus of the
hypothalamus (ARc = 16.8 * 4.2 [SEM] fmol/mg protein; ARn =
235.6 + 23 fmol/mg DNA). High levels of receptor were also
detected in the medial amygdala (ARc = 8.6 + 1.5 fmol/mg
protein; ARn = 153 + 21 fmol/mg DNA); periventricular preoptic
area (ARc = 7.2 fmol/mg protein; ARn = 145 + 6.9 fmol/ mg DNA);
and arcuate nucleus - median eminence (ARc = 6.6 * 1.2 fmol/mg
protein; ARn = 138 + 18 fmol/mg DNA). Low but detectable ARc
levels were measured in the lateral preoptic area (1.7 * .2
fmol/mg protein) and cortical amygdala (2.0 + 0.3 fmol/mg
protein), however, we did not consistently measure ARn in either
of these nuclei. Our results provide a quantitative profile of
AR concentrations in specific hypothalamic and 1imbic nuclei of
the rat brain. These data show that in intact males the
distributions of ARc and ARn are similar.

(Support by HD 18196).
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NUCLEAR UPTAKE OF *H-TESTOSTERONE AND ITS METABOLITES IN THE
BRAIN AND PITUITARY GLAND OF MALE CYNOMOLGUS MONKEYS: A
COMBINED AUTORADIOGRAPHIC AND CHROMATOGRAPHIC STUDY. H.D.
Rees, R.W. Bonsall* and R.P. Michael. Department of Psychiatry, Emory
University School of Medicine, and Georgia Mental Health Institute, 1256
Briarcliff Road, Atlanta, GA 30306.

Administration of testost

to castrated male macaques restores sexual
behavior and retards the frequency of luteinizing hormone pulses. To
Investigate how these effects may be mediated, autoradiography was used to
map target cells and high perf liquid chr phy (HPLC) was used
to dioactive metabolites In the brain after the administration of °H-
testosterone to male cynomolgus monkeys. Two adult males (5.2 and 5.3 kg)
castrated 3 days earlier were injected l.v. with 3 mCi [1,2,6,7-"H]testosterone
(92 Ci/mmol) and killed after 30 min. The left halves of the brains were frozen,
and 4-micron sections were tha ted on Ision-coated slides and
processed for autoradiography. A cell was considered labeled If Its nucleus
had a silver grain density at least twice that of adjacent tissue. In the brain, all
labeled cells appeared to be neurons. The highest percentages of labeled
neurons were found in the ventromedial nucleus (n.) (mean 34%), anterlor
hypothalamic area (27%), accessory basal amygdaloid n. (26%), medial preoptic
n. (23%), bed n. of stria terminalis (21%), and cortical amygdalold n. (21%).
Fewer neurons were labeled in the arcuate n. (18%), lateral septal n. (16%),
medial amygdaloid n. (14%), and paraventricular n. (9%). In the pituitary gland,
labeling was found in only about 0.5% of pars distalis cells. Samples of 14
brain reglons were dissected from the right halves of these same brains and
homogenized. Purified cell nuclel were prepared and ether extracts were
analyzed by reverse-phase HPLC on Spherisorb 5-ODS columns using 50%
aqueous acetonitrile. Unchanged 3H-testosterone was present in nuclear
fractions from all brain areas. “H-Estradiol was a major metabolite In nuclei
from three areas: hypothalamus (38%), preoptic area (47%), and amygdala
(55%). The proportion of the total extracted radioactivity represented by H-
dihydrotestosterone was highest in the mammillary body area (27%) and
thalamus (9%) and did not exceed 6% In any other brain region. In the pituitary
gland, 96% of the extracted nuclear radioactivity was in the form of 3H-
testosterone and 2.6% was in the form of *H-estradiol. These results in male
Yy Ig: L are in agr t with those in male rhesus monkeys.
The autoradiographlic data indicate that target neurons for testosterone are
located primarily in circumscribed reglons of the hypothalamus, preoptic area
and amygdala. The biochemical data suggest that in these brain areas the
actions of testosterone depend on unchanged testosterone or on estradiol
formed locally by aromatization, rather than on dihydrotestosterone. These
results may help explain behavioral data showing that testosterone is much
more effective than dihydrotestosterone in restoring the sexual behavior of
castrated males (Michael, R.P. et al., 1986, Physiol. Behav., 36: 349-355).
Supported by USPHS grant MH 19506 and the Georgla Department of Human
Resources.

STEROID MODULATION OF MONOAMINE LEVELS AND TURNOVER IN THE VOCAL
CONTROL SYSTEM AND HYPOTHATAMUS OF THE MALE ZEBRA FINCH.
S.R.Barclay, A.Gardner and C.F.Harding. Biopsychology Program,
Hunter College, C.U.N.Y., New York, N.Y. 10021.

In many vertebrate species, testosterone plays a critical role
in the activation of male sexual behavior. Singing behavior in
passerine birds serves multiple reproductive functions including
attracting females (courtship behaviors) and helping to repel
other males from the vicinity (territorial behaviors). Courtship
behaviors, including singing are abolished by castration and can
be restored by testosterone administration. Behavioral and
biochemical studies indicate that most of male courtship behavior
requires the combined action of estrogens and androgens. These
steroids are concentrated in specific vocal control nuclei and
induce changes in neural functioning which activate behavior. A
growing body of evidence suggests that one mechanism by which
steroids exert their effects is through modulation of neural
transmission. Considerable evidence from marmalian species
indicates that steroid effects in modulating male sexual behavior
are mediated by steroid-induced changes in catecholaminergic (CA)
neurotransmission.

The purpose of this study was to measure the effects of
behaviorally effective steroids on CA levels and turnover in
steroid-sensitive brain areas (vocal control nuclei: RA, HVe, ICo,
VAN, Area X and hypothalamic nucei: POA, PVM) in zebra finches.
Three weeks after castration, the males used in this experiment
were implanted with Silastic capsules containing either
androstenedione (AE) or cholesterol and placed in an individual
cage with a female for one week. To allow for calculation of CA
turnover rates the birds were divided into two subgroups: one
received an injection of ar-methyl-para-tyrosine («MPT), the other
a control injection of saline. The appropriate dosage and time
course of MPT treatment was empirically determined in a
preliminary study. Brain nuclei were microdissected from 180p
frozen sections using the Palkovits punch technique and expelled
into sodium acetate buffer containing an internal standard. The
concentrations of CA and serotonin were determined by
electrochemical detection in an HPIC system.

Steroid treatment significantly affected norepinephrine
turnover rates in two hypothalamic nuclei and three vocal control
nuclei (Area X, HVc and RA). Iess systematic effects were seen in
other neurotransmitters examined. Dopamine levels and turnover
were affected in POA, MAN and RA. Serotonergic function was
affected in HVc and POA. Research is currently in progress to
determine if the effects of AE treatment are due to one class of
metabolites (androgenic or estrogenic) or if these effects on
monoaminergic turnover result from the interaction of androgens
and estrogens. (Supported by grant HD-15191 and MH-00591 to CFH)

20.18

20.20

A QUANTITATIVE GOLGI ANALYSIS OF THE NEURONS IN THE MEDIAL
NUCLEUS OF THE AMYGDALA IN MALE GOLDEN HAMSTERS: CASTRATION
ALTERS DENDRITIC LENGTH. D.Gomez*, S.Newman. Dept.of Anatomy &
Cell Binlogy, University of Michigan, Ann Arbor, MI. 48109.

The medial nucleus of the amygdala (M) is an important area
for controlling mating behavior in the male Golden Hamster
(Mesocricetus auratus). M receives chemosensory input from both
olfactory and vomeronasal systems which are essential for this
behavior and it projects directly to other mating control centers
of the brain. Neurons in M also actively accumulate androgens. We
are investigating the detailad structural organization of these
neurons to determine how these inputs are integrated to guide
mating behavior. We hypothesize that an important role of
androgens in this system is to maintain the dendritic length and
arborization of these neurons.

The normal morpholagy of the neurons in M have been studied in
adult male hamsters using a Ramdn-Moliner modification of the
Golgi technique. The neurons throughout M are primarily of two
types. Type I cells are few in number, have either a pyramidal or
multipolar shaped perikarya (long axis = 20-24 um), and have at
least three primary dendrites which radiate and branch sparingly.
Type II cells are more numerous and generally have smaller cell
bodies (long axis = 9-21 um) which are spherical, ovoid or
fusiform in shape. One to three primary dendrites extend out from
the long axis of the cell body and branch sparingly.

The caudodorsal region of M is an area in which neurons
actively accumulate androgens and are primarily Type II cells.
Measurements on the ‘length of all the dendritic processes per
neuron in this specific region of M were made using a Tektonics
diqitizing oad on tissue from 4 long-term castrated animals (4-%
months) and 5 intact animals. Thirty-six neurons from each group
were analyzed and the sum of the lengths of all dendritic
processes per neuron (DL) was calculated. The average DL was 495
um for the neurons from the intact group and 355 um for the
castrated group. This indicates a 28% decrease in DL after
castration in this brain area (P < .05). The level of dendritic
branching per neuron was also determined and the percentage of
neurons having each level of branches are listed in the table
below.

ORDER Tst 7nd 3rd ith 5Eh |
| GROUP ‘\
! Intact (neurons=36) 100% 89% 58% 22% 6% |
| castrated (neurons=36) 100% 83% 31% 6% 0% |

Fewer neurons from the castrated group have third order branches
and beyond than those in the intact group.(P< .05). This suggests
that androgens may be involved in maintaining the dendritic
length and the distal dendritic processes of the neurons in this
area. (Supported by NIH,NS #20629 to SWN).

ANDROGEN ELEVATED BUT CORTICOSTERONE UNAFFECTED BY
ACUTE AND CHRONIC SOCIAL STRESS IN LIZARDS

N. Greenberg and D. Crews*
Departments of Zoology, University of Tennessee, Knoxville
and * University of Texas, Austin

Previous work has demonstrated that socially subordinate
male lizards, Anolis carolinensis, have elevated circulating
levels of corticosterone if intact but not if castrated
(Greenberg et al. 1983). In a subsequent study, evidence was
provided that chronically elevated corticosterone is a key
factor in an anomolous adrenal catecholamine (epinephrine)
response to sexually receptive females. The present work was
undertaken to further characterize the relationship between
aggressive and reproductive behavior, social dominance, plasma
androgen, and corticosterone.

After agonistic encounters between territorially
competitive male lizards, winners show a striking elevation in
total plasma androgen while androgen levels in losers are
unaffected. Subsequent cohabitation with the loser leads to a
more modest but nevertheless significant elevation in androgen
at one week, post-encounter. Androgen levels in losers,
however, are unaffected. Winners recover pre-encounter levels of
courtship behavior by one-week post-encounter but losers remain
relatively depressed in reproductive activity. Plasma
corticosterone levels are not affected either immediately or at
one week post-encounter. This finding, inconsistent with the
earlier study, may reflect the differences between the time
scale (in the earlier study, animals cohabited for several weeks
before blood sampling) or activity levels (in the earlier study
subjects were not exposed to receptive females).
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20.21 ACTIVITY, APPETITE, AND WEIGHT GAIN IN THE ADRENALECTOMIZED MALE

ZUCKER RAT. Thomas W. , Lorl Anpn Roth*, and Judith S.
Stern*. Food Intake Laboratory and Nutrition Department,
University of Callfornia - Davls Davis CA 95616

Many of the anomalles associated with genetic obesity are
attenuated (1f not reversed) subsequent fo adrenalectomy (ADX).
ADX promotes decreased levels of activity (revolutions In running
wheels) In Sprague-Dawley rats. Conversely, restricted access to
food can promote Increases In activity. The present study was
conducted to observe the effects of ADX on running wheel behavior
of obese and lean Zucker rats. Obese and lean males were housed In
Wahmann running wheels or standard, rack-mounted stainless steel
cages. At surgery, rats were assigned to actlve or sedentary
groups and monltored for 4 weeks. Body weight and food and water
intake were determined daliy. All ADX rats had ad Libltum access
to .9% NaCl. In addition to these groups, obese sham operated
active animals were palr fed to obese ADX active rats. On Day 1,
obese rats welghed more than did their lean Iittermates (343.9 +
11.2 g vs 266.6 + 6.3 g). No other differences were noted. By Day
28, the body welghts of active obese and lean groups did not
differ from sedentary controls., ADX falled to promote differences
between active and sedentary groups of elther genotype. On Day 1,
obese sham operated sedentary and active rats ate more per day
than any of the other rats. ADX rats of both genotypes ate
less/day than did their sham operated controls. Obese ADX active
and sedentary groups ate less than did the lean sham operated
sedentary group. By Day 28, differences between surgical
conditlons, activity conditions, and genotypes were not observed.
On Day 1, lean ADX active and sedentary groups drank more than did
sham operated controls. By Day 28, all ADX groups were drinking
more fluld/day than did their sham operated controls. Activity
falled to influence dally fluld Intake. Finally, on Day 1, lean
sham operated rats ran more than either ADX or sham operated obese
groups, but not more than the lean ADX group. By Day 28, there
were no differences between lean ADX and sham operated groups.
Obese sham operated rats that were pair fed to ADX obese rats ran
more than the obese sham operated controls as well as more than
the obese ADX ad l1bitum fed group. The decrease In Intake
following ADX In the obese fails to promote the increase In
activity that follows caloric restriction. Unlike many of the
other anomalies assoclated with genetic obesity, the hypoactivity
of the obese rat Is not easily or quickly reversed following ADX.
(Supported In part by NIH grants DK18899 and AM35747)

SALIVARY CORTISOL ANALYSIS - FURTHER EVIDENCE AS TO ITS CLINICAL
UTILITY IN THE DST, D. M. Martin, C. E. Turmer*, D. H. Sherman*,

M. A. Grimes*, Psychiatric Diagnostic Laboratories of America, Inc.,
South Plainfield, NJ 07080

The Dexamethasone Suppression Test (DST) is the most widely
applied laboratory determination used as a state marker for endo-
genous depression and objective predictor of treatment respomse.
The test is used both in outpatient and inpatient settings and
requires at least two post dexamethasone blood draws for cortisol
analysis. These draws require a skilled phlebotomist to collect
the sample and a centrifuge to prepare the sample for refrigerated
storage until analysis.

Salivary cortisol parallels the circadian rhythms observed in
serum and responds to stimulation by ACTH or suppression to dexa-
methasone. Our group investigated its use as an alternative to
the standard blood collection technique.

Seventy (70) inpatients with a preliminary diagnosis of major
affective disorders were asked to participate in the study. If
the DST was determined to be clinically indicated, the patients
were asked to provide approximately 2-3 mls of saliva in a plastic
centrifuge tube prior to venipuncture for cortisol analysis.
Serum cortisol was determined by a standard radioimmunoassay
technique and salivary concentrations were determined by a modi-
fication of the same technique.

Using the criteria of nonsuppression in serum of 5 ug/dl and
90 ng/dl in saliva, 61 of the 70 patients had similar findings in
saliva and in serum. These data suggest that salivary cortisol
determinations can be used in the DST without the loss of sensi-
tivity or specificity. Compared to venipuncture, the collection
of saliva is more convenient, painless and suitable for both
inpatient and outpatient applications. This noninvasive approach
requires no skilled personnel, equipment or preparation, and the
sample is stable at room temperature for several days.

20.22 CHRONIC CORTICOSTERONE ADMINISTRATION INCREASES ESCAPE BEHAVIOR IN

RATS. M. Egawa™, E.A. Stone and B.M. McEwen, (SPON: D. J. Micco)
Dept. Psychiatry, New York Univ. Sch. Med., New York, NY 10016 and
Lab. Neuroendocrinology, The Rockefeller Univ., New York, NY 10021.

In the course of previous biochemical studies of the effects of
chronic corticosterone treatment in rats we made the unexpected
behavioral observation that the treated animals showed a pronounc-
ed tendency to escape while be held. Behavioral changes that oc-
Ocur with chronic corticosterone treatment are of potential clini-
cal interest because of their possible relevance to the affective
and psychotic changes produced by this hormone in humans. Since
this tendency to escape had not to our knowlegde been reported
previously we undertook the following systematic study of 1t.

Rats were given corticosterone dissolved in ethanol in their
drinking water (200 ug/ml, final ethanol conc. 1.2%). Controls
received water with ethanol only. Daily tests were conducted for
escape behavior (pulling away or backing-up while being held by
the tail on a horizontal cage top for 30 sec.) and spontaneous
motor activity (rearing and ambulation during 3 min in a
behavioral test chamber). Dose response studies were carried out
using 25-200 ug corticosterone administered for 3 days. For
studies of habituation to stress rats were subjected to restraint
(2 hrs/day for 4 days). Plasma corticosterone (trunk blood)
levels were measured by RIA.

It was found that corticosterone markedly stimulated tail-
pulling behavior during the escape test. The effect was evident
beginning on day 2 and peaked on days 3 and 4 of treatment
(percent of controls: day 3, 406 + 78, p < .0l and day 4, 562 +
90, p < .005). The hormone produced the effect in a dose dep;_
endent manner. Some spontaneous tail-pulling behavior was also
evident in nontreated rats. Repeated stress for 4 days produced a
reduction in the spontaneous behavior (56.3 + 8%, p < .05) due to
habituation. This reduction was markedly enhanced by prior
adrenalectomy (83 + 7%, p < .005). In contrast to its effect on
escape behavior, corticosterone reduced motor activity. The
latter effect however was observed only in repeated behavioral
tests and not in the single test used in the dose response study.

From the above results, it is evident that elevated
corticosterone level caused by exogenous hormone administration .
produces a dramatic rise in escape behavior in rats. Furthermore,
the effect of adrenalectomy on spontaneous escape behavior in
stressed rats suggests that increased release of endogenous
corticosterone may serve to maintain levels of this behavior
during adaptation to stress. Since exaggerated escape behavior
can be a manifestation of psychotic disturbance this behavioral
effect in rats may be related to the abnormal changes in CNS
function produced in humans by the latter hormone. (Supported in
part by grant MH22768).
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21.1

21.3

TOPOGRAPHIC ORGANIZATION IN THE SPINAL PROJECTION TO
THE LATERAL RETICULAR NUCLEUS IN THE RAT.

N. Rajakumar*, A.W. Hrycyshyn* and B.A. Flumerfelt.
(SPON: K. Elisevich). Department of Anatomy, The
University of Western Ontario, London, Canada. N6A 5Cl.

The organization of the afferent projections from the
spinal cord to the lateral reticular nucleus (LRN) in
the rat was studied using anterogradely transported
lectin conjucated horseradish peroxidase (WGA-HRP). The
tracer was placed at various levels of the spinal cord.
A hemicordectomy was done Jjust caudal to the placement
of the WGA-HRP to ensure that no tracer was taken up by
fibres of passage originating at lower levels. Sections
throuah the LRN were examined microscopically under
bright-field and polarized light after treatment with
tetramethyl benzidine (Mesulam, 1978).

The results revealed that the cervical spinal cord

projects mainly to the magnocellular portion of the
caudal two-thirds of the contralateral LRN with only a
sparse projection to the ipsilateral nucleus. The

lumbar spinal cord projects mainly to the ventrolateral
portion of the middle third of the LRN, with a sparse
projection to the subtrigeminal portion and to the
rostral third of the magnocellular LRN. Following
placement of the tracer in the thoracic spinal cord,
moderate labelling was seen in the intermediate 2zone
between the cervical and lumbar projection areas within
the LRN.

The above data indicate that the spinal projection to

the LRN is topographically organized in the rat. The
topographic pattern within the LRN shifts from
caudo-medial to rosto-lateral with descending levels of
the spinal cord. These results are consistent with the
view that the neck and forelimb spinal projection
terminates within the forelimb area of the LRN, while
the hindlimb spinal input terminates within the
hindlimb area of the LRN. Thus the pattern of
connectivity within the LRN and that of its

connectivity to the cerebellum is consistent with the
hypothesis that the LRN plays an important role in
coordinating motor activity.
Medical

Supported by the Research Council of Canada

ASCENDING AND DESCENDING PROJECTIONS TO MEDULLARY HETICELAR SITES
WHICH ACTIVATE EPAXIAL MUSCLES IN THE RAT. A. Robbins,

S. Schwartz-Giblin and D.W. Pfaff. Lab of Neurobiology and
Behavior, Rockefeller University, New York, N.Y. 10021.

The epaxial muscles, lateral and medial longissimus (LL and ML),
are active during lordosis, the sexual posture of the female rat
characterized by dorsiflexion of the back and elevation of the
tailbase. Stimulation of the medullary reticular formation (MRF)
can activate these muscles (Femano et al., Am. J. Physiol.,
R389:246, 1984)., Since electrical stimulation of other
lordosis-relevant brain sites and peripheral nerves can facilitate
MRF-induced muscle activity, this experiment aimed to precisely
determine which brain and spinal cord neurons project to effective
sites in the MRF using electrophysiological and neuroanatomical
techniques.

In anesthetized female rats, the MRF was explored with
electrical stimulation using currents less than S50uA, and EMG
activity was recorded from ipsilateral LL and lL nuscles. Vhen an
effective site was found, the retrograde fluorescent tracer,
fluoro-gold, was applied to the site in a cannula prepared as
follows: a 15% polyacrylamide gel was drawn into a 32g cannula and
the cannula tip was soaked in a 20% fluoro-gold solution. The gel
allows for slower release and a more confined deposition site
(Fahrbach et al., J. Comp. Neurol., 225:605, 1984). The cannula
vas inserted into a guide cannula attached to the stimulating
electrode, to a depth equal to the tip of the stimulating
electrode. The cannula containing fluoro-gold remained in the
brain 10-13 hrs and the animals survived for U4 days.

Effective stimulation sites and corresponding fluoro-gold
deposition sites were located in the dorsal n. gigantocellularis.
Labeled cells with descending projections were seen in
contralateral n. gigantocellularis, parvocellular reticular n.,
medial and lateral vestibular n., midbrain central gray, n. lateral
lemniscus, tegmentum, lateral hypothalamus, anygdala,
paraventricular n., anterior hypothalamic area, and the bed n.
stria terminalis. Of interest was the paucity of labeled cells in
the ventromedial n., a crucial hypothalamic area for lordosis
behavior. Labeled cells with ascending projections were observed
in the cervical and lumbar spinal cord, primarily in lamina V, VIII
and X. The number of cells observed in the luwbar cord was wuch
spmaller than in the cervical cord.

Experiments are being conducted to determine if the afferent
projections to ineffective MRF sites differ from the pattern
observed to effective sites. Preliminary evidence indicates that,
in paired comparisons, there is a tendency toward a larger number
of projections from contralateral MRF, midbrain central gray and
cervical spinal cord to effective MRF sites than to ineffective MRF
sites.

21.2

IMMUNOHISTOCHEMICAL LABELING OF MONOAMINERGIC
TERMINALS IN PHRENIC NUCLEUS OF THE RAT. W.-Z. Zhan*
H.H. Ellenberger and J.L. Feldman. Systems Neurobiology Lab.,
Kinesiology Department, UCLA, Los Angeles, CA 90024-1568.

The termination patterns of monoaminergic axons in the phrenic
nucleus were studied in Wistar rats. The phrenic nerve was dipped
in biotinylated horseradish peroxidase (Bi-HRP) to retrogradely
label phrenic motoneurons. After a 48 hr. survival time the animals
were sacrificed and perfused; the cervical spinal cord was then
sliced into 20-30 um sections. The transported Bi-HRP was
visualized using an avidin-biotin reaction (ABC kit, Vector Labs) with
a heavy metal enhanced, black diaminobenzidine (DAB) reaction
product. Then the tissue was incubated with antisera against dopa-
mine B-hydroxylase (DBH), phenylethanolamine-N-methyi-
transferase (PNMT) and serotonin to identify the terminations of
monoaminergic neurons. From the C3 to C5 spinal cord, DBH-
positive terminals with varicosities formed a dense network, ‘with
presumptive synaptic contacts on dendrites and somas of phrenic
motoneurons. There were fewer PNMT-positive terminal
arborizations in the cervical spinal cord compared to thoracic spinal
cord; PNMT terminals were not seen in the vicinity of phrenic
motoneurons. Numerous serotonin containing axons and terminals
contacting phrenic motoneurons were also labeled. These
monoaminergic inputs may not be respiratory specific, however,
since we also observed similar termination patterns in other
adjacent (non-respiratory muscle) motoneuron pools. The supra-
spinal origins of the serotonin and norepinephrine projections to the
phrenic nucleus are not from the dorsal or ventral respiratory groups
(Ellenberger et al., this volume), but were not otherwise determined.
The results suggest that phrenic motoneuronal activity can be
influenced by monosynaptic supraspinal inputs from norepinephrine
and serotonin containing neurons. This input appears to be shared
by other spinal motoneurons rather than a respiratory specific
influence limited to phrenic motoneurons. Supported by NIH Grants
NS 24742, HL 37941 and HL 07363.

21.4 ORIGINS OF BRAINSTEM AFFERENTS AND BULBOSPINAI
PATHWAYS IN THE PARROT. D.M.S. Webster and J.D.
Steeves. Dept. of Zoology, University of British
Columbia (UBC), Vancouver, B.C., V6T 2A9.

The purpose of this study was to correlate, in
dexterous prehensile and non-prehensile birds, the
origins of descending brainstem-spinal pathways, as
well as the afferent projections from rostral brain to
brainstem.

True blue (TB) dye (5%), or wheat germ agglutinin-
horseradish peroxidase (WGA-HRP) (2%), was injected (5
ul) bilaterally into the high lumbar spinal cord in 4
Sulphur-crested cockatoos, and 1 Eastern rosella
parrot. Examination showed that the distribution of
retrogradely labelled neurons within the medullary and
pontine reticlar formation, raphe nuclei, red nucleus,
descending and lateral vestibular nuclei, lateral and
periventricular hypothalamic nuclei, was essentially
the same as previously described for the duck and
goose (Webster and Steeves, 1986. Soc. Neurosci. Abs.
12:882).

In parrot, duck and goose, TB was also used to
determine the source of afferent projections to the
medullary reticular formation and other brainstem
areas known to play a role in the initiation of
locomotion (Steeves et al., 1987. Brain Res. 401:205).
Following unilateral injection of TB (0.1 uL) into the

nucleus reticularis gigantocellularis (Rgc), labelled
cells were found in the vestibular nuclei, cerebellar
nuclei, inferior olive, contralateral reticular

formation, nucleus intercollicularis, interstitial and
hypothalamic nuclei. A few labelled cells were also
found in the wulst and the paleostriatum primitivum,
but only following larger injections of TB (1.0 ulL)
into the Rgc.

Similar results were found in all avian species
(Sulphur-crested cockatoo, Eastern rosella, Pekin
duck, and Canada goose). Therefore, we conclude that
there were little or no differences in 1) the afferent
projections onto brainstem reticular formation
neurons, or 2) descending bulbospinal projections in
either prehensile and non-prehensile birds that might
underlie the observed pedal dexterity of parrots .

Supported by NSERC of Canada.
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21.5 PROJECTIONS OF THE LOCUS COERULEUS TO BRAINSTEM NUCLEI: AN

21.7

ANTEROGRADE TRANSPORT STUDY IN THE RAT. R. Grzanna and J.-M.
Fritschy* (SPON: A. Georgopoulos). Department of Neuroscience,
Johns Hopkins University School of Medicine, Baltimore, MD 21205.

It is a widely held notion that locus coeruleus (LC) efferents
have a widespread and diffuse distribution throughout the central
nervous system. We have recently reported that in the spinal cord
LC axons are distributed preferentially in the dorsal horn with
only a sparse input to the ventral horn. In the present set of
experiments, we studied the distribution of LC axons in the
brainstem. The anterograde tracer phaseolus vulgaris
leukoagglutinin (PHA-L) was iontophoresed unilaterally into the
LC. After a two week survival period rats were perfused and
brainstem sections were processed for PHA-L immunocytochemistry
using the avidin-biotin peroxidase complex method. To determine
definitively whether PHA-L labeled fibers were noradrenergic (NA)
axons, we processed a separate series of sections for double
immunohistochemical staining using antibodies to PHA-L and
antibodies to dopamine-beta-hydroxylase.

Numerous PHA-L labeled LC axons were observed in the spinal
cord, the cerebellum and the inferior colliculus. An unexpected
finding of our experiments was the low density of PHA-L labeled
axons in the hindbrain compared to that seen in either the spinal
cord or the cerebellum. Extensive regions of the brainstem were
almost devoid of PHA-L labeled LC axons including regions known
for their dense NA innervation such as the nucleus of the solitary
tract, dorsal motor nucleus of the vagus and the raphe nuclei.

The highest density of PHA-labeled LC axons was observed in the
cochlear nuclei and throughout the rostro-caudal extent of the
sensory trigeminal nucleus bilaterally. Very few PHA-L labeled LC
axons were observed in the motor nucleus of V and in somatic motor
nuclei of cranial nerves. In contrast to the very low density of
PHA-L labeled fibers in these nuclei, the motor nucleus of the
facial nerve contained a moderate number of LC axons. Analysis of
PHA-L LC axons revealed a broad spectrum of morphologically
different types of fibers varying in their diameter and the shape
and spacing of their varicosities. The entire range of fiber
types was represented in the trigeminal complex.

The results of the present study reveal a distinct regional
distribution of LC axons in the brainstem and provide further
evidence against the hypothesis that the LC exerts a global
influence on brainstem functions. The absence of LC axons in
extensive regions including motor nuclei of cranial nerves
suggests a highly restricted influence of the LC in the brainstem.
Based upon the observation of numerous LC axons in the trigeminal
nuclear complex, we propose that the LC influences primarily the
processing of sensory inputs. (Support: MH 41977 and NS 16654).

DESCENDING PROJECTIONS FROM THE PERIAQUEDUCTAL GREY (PAG) AND
SURROUNDING TEGMENTUM,Petra Smulders (1) and Gert Holstege (2)

Dept. Anat. Erasmus University Rotterdam The Netherlands (1) and
Dept. Anat. Univ. California San Fransisco CA 94143 (2) (SPON:Daunton)
The PAG is one of the largest structures in the central nervous
system, but its function is not well understood. It is known that
the PAG maintains reciprocal connections with many limbic areas in
the di- and telencephalon and that it sends fibers to the nucleus
raphe magnus and adjoining tegmental field. However, the descending
pathways have never been described in great detail. 3
Therefore, in 32 cases injections of 0,5 gL containing 50 wCi "H-
leucine were made in various parts of the PAG and surrounding areas.
In almost all cases a basic descending projection system was observ-
ed, in which a large stream of labeled fibers passed from the injec-
tion site ventrolaterally into the lateral mesencephalic tegmentum.
In this area the fibers turned caudally to descend through the
lateral tegmentum of caudal mesencephalon and pons. At the level

of the caudal pons the fiber stream shifted ventromedially and des-
cended further through the ventral part of the medial tegmentum of
caudal pons and medulla. Many labeled fibers terminated in the-areas
through which they descended and in the area of the nucleus raphe
magnus. However, this study also revealed some other projections,
such as:

1: The basic pattern of descending fibers was also found in cases
with injections in areas lateral and ventral to the PAG.

2: When the lateral and ventrolateral PAG was injected, a very spe-
cific distribution was observed to the nucleus retro-ambiguus.

3: In the cases with injections in the ventrolateral PAG labeled
fibers were also distributed to the nucleus raphe pallidus.

4: In many of the cases some labeled fibers were observed in the
solitary and dorsal vagal nuclei, but none to the motor trigeminal,
facial and hypoglossal nuclei or to the dorsal group of the nucleus
ambiguus.

5: In the cases with injections in the lateral PAG and laterally
adjoining tegmentum, labeled fibers were found descending in all
funiculi of the spinal cord untill mid-thoracic levels. From the
ventral funiculi labeled fibers were distributed to laminae VIII

and adjoining VII and to lamina X. From the dorsolateral funiculus
a few labeled fibers were distributed to the upper thoracic inter-
mediolateral (sympathetic) cell column. HRP injections in the spinal
cord corroborated these autoradiographic findings.

6: In many cases some labeled fibers were distributed to the lateral
tegmental field of caudal pons and medulla. These projections were
best seen at caudal medullary levels. If the injection sites extend-
ed into the dorsal raphe nuclei, the projections to the caudal pon-
tine and medullary lateral tegmental field were much stronger and
labeled fibers were also found in the lateral facial subnuclei.
Supported by a grant of NASA/Ames Research Center to G.H.

21.8

CORTICAL AND CEREBELLAR PROJECTIONS IN THE NUCLEUS OF
DARKSCHEWITSCH (ND) IN THE CAT. J.G. Rutherford, D.G. Gwyn and
A. Zuk-Harper*. Dept. of Anatomy, Dalhousie University, Halifax,
N.S., Canada B3H 4H7.

The ND is a small midbrain nucleus traditionally classified as
an accessory oculomotor nucleus. However, this cell group is
known to be the source of a substantial projection to the
inferior olive (I0) in the cat (J. Comp. Neurol., 212:278, 1982).
In this study, anterograde terminal and retrograde neuronal
labeling in the ND following horseradish peroxidase (HRP)
injections into the cerebral cortex, and anterograde labeling in
the ND following HRP injections into the deep cerebellar nuclei
(dCN), is described and discussed.

Injections of from 0.36 to 2.00 ul of wheat germ agglutinin-
HRP (WGA-HRP) were placed unilaterally in the cerebral cortex
anterior and posterior to the cruciate sulcus in each of 9 male
and female cats. In a further 4 animals, from 0.12 to 0.38 ul of
WGA-HRP was injected unilaterally into the dCN, using stereotaxic
coordinates for guidance. Following survival times ranging from
1 to 4 days, cats were sacrificed, and 40 um frozen sections were
cut in the transverse plane through the injection sites, and in
the transverse or horizontal planes through the midbrain and
caudal diencephalon. Sections were reacted for HRP activity
using tetramethyl benzidine as the chromogen.

Corticail injections of WGA-HRP produced anterograde labeling of
varying density throughout the ND, from its caudal pole rostrally
to the level at which the fasciculus retroflexus passes laterally
adjacent to the periaqueductal gray (PAG). The labeling sharply
defined the boundaries of the ND, and was predominantly, but not
exclusively ipsilateral to the injection sites. Retrogradely
labeled somata were found in the PAG adjacent to the ND, and in
the ND itself, where the distribution of anterograde 1labeling
overlapped the position of the cortically projecting neurons.
Retrogradely 1labeled cells increased in number at more rostral
Tevels of the ND. Following cerebellar injections, anterograde
labeling was noted in the ND contralateral to the injection
sites, and again extended throughout the rostro-caudal length of
the ND. Thus the cerebellar input to this region overlapped the
anterograde and retrograde labeling resulting from cortical
injections of WGA-HRP.

Convergence, and potentially integration, of cortical and
cerebellar input in the ND, a nucleus projecting substantially to
the 10, suggests that this cell group is a functional adjunct to
the red nucleus, rather than an accessory oculomotor nucleus.
Additionally, the ND may be involved in relaying combined
cerebellar and cortically derived information to the cerebral
cortex. Supported by the MRC of Canada.

SIZE DIFFERENCES IN CELLS OF ORIGIN OF FTG DESCENDING PATHWAYS IN
THE CAT. A. Mitani, K. Ito, Y. Mitani and R.W. McCarley. Lab.
Neuroscience, Dept. Psychiatry, Harvard Medical School, Brockton/
West Roxbury VAMC, Brockton, MA 02401

Numerous physiological studies in the cat implicate neurons of
the pontobulbar gigantocellular tegmental field (FTG) in control of
events related to the sleep-waking cycle and motor activity.
However it is not known if there is a morphological differentiation
of FIG neurons corresponding to projections with different function-
al roles. This study sought to determine the relationship between
morphological features of FIG neurons and their descending fiber
trajectories. We first injected WGA-HRP and anterogradely labeled
descending fibers (N=14 animals). We then injected HRP into the
ventral (N=3) or lateral funiculus (N=7) of cervical spinal cord or
into bulbar reticular formation (N=4) where the anterogradely
labeled fibers had been found and determined the distribution and
sizes of the retrogradely HRP-labeled neuronal somata.

Predominantly large to giant-sized neurons gave rise to reticulo-
spinal projections that descended in the medial longitudinal
fasiculus (MLF) and in ventral funiculus (VF): (1) Neurons in the
pontine FTG (average soma diameter = 43.4 um) and rostral bulbar
FTG (41.3 um) gave rise to reticulospinal fibers descending in the
ipsilateral MLF ‘and VF and distributed in laminae V-X with an
ipsilateral predominance. These were primarily large diameter
fibers; (2) Neurons (46.9 um) in the bulbar FTG gave rise to
reticulospinal fibers descending in the contralateral MLF and VF.
These were mainly large diameter fibers.

The projection patterns of smaller neurons were different in
that: (3) Predominantly medium-sized neurons (29.5 um) in the pon-
tine FTG gave rise to reticuloreticular fibers that descended
directly to and distributed in the bilateral bulbar reticular
formation. These were small diameter fibers; (4) Predominantly
medium-sized neurons (28.9 um) in the bulbar FTG gave rise to
reticulospinal fibers descending in the ipsilateral reticular
formation and lateral funiculus. These were small diameter fibers.
The differences in size distribution of cells of origin between
these latter two groups and the MLF-VF fibers were highly statisti-
cally significant (p's < .001, Kolmogoroff-Smirnoff test). These
findings confirm and enrich the data of our intracellular HPR
studies of pontine FTG neurons and suggest neuronal size is an
important organizing feature for reticular formation.
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21.9 OPERANT

21.11

CONDITIONING OF PRIMATE
BEHAVIOR OF THE UNCONDITIONED LEG.

SPINAL REFLEXES:
J.G. Calaitges* and

J.R. Wolpaw (SPON: E.W. Wolpaw). Wadsworth Labs, NYS
Dept Hlth, Albany, NY 12201; and Depts Neurol & Anat,
Albany Med Coll, Albany, NY 12208.

Operant conditioning of the wholly spinal and

largely monosynaptic H-reflex
459, 1987) may prove to be a powerful experimental
model for the study of primate memory substrates.
Evidence suggests that conditioning causes a persistent
alteration in the lumbosacral spinal cord, a
potentially accessible memory substrate. In the
present study, we conditioned the H-reflex in one leg
and simultaneously monitored the H-reflex in the other,
unconditioned, leg.

Five monkeys (Macaca nemestrina) with triceps surae
EMG electrodes and a posterior tibial nerve cuff in
each leg learned to maintain stable background EMG
bilaterally. At random times, bilateral nerve cuff
stimuli just above M response threshold elicited the H-
reflexes. In control mode, reward always followed. In
HRT or HRY mode, it followed only if the H-reflex in
one leg (the conditioned leg) was above (HRT, 3
animals) or below (HRV, 2 animals) criterion. Monkeys
worked 3000-6000 trials/day over 4-6 months.
Background EMG and M response were stable throughout.
Under the control mode, H reflexes in both legs were
stable.

Under the HR?* or HRY mode, the conditioned leg’s H-
reflex changed in the expected direction over weeks and
months in all 5 monkeys. In contrast, under the HR%
mode, the unconditioned leg’s H-reflex fell slightly in
one monkey, rose slightly in one, and rose as much as
the conditioned 1leg’s in the third. Under the HR¥
mode, the unconditioned leg’s H-reflex rose slightly in
both animals.

The results indicate
change in the H-reflex

(J Neurophysiol 57:443-

that operantly conditioned
is relatively specific to the
conditioned leg. The unconditioned leg usually shows
little or no change in the conditioned direction. This
finding suggests that conditioned H-reflex change is a
result of asymmetrical activity in descending pathways.
Furthermore, and most important, it supports current
efforts to delineate the persistent spinal alterations
by comparing the conditioned and unconditioned sides of
the cord (Wolpaw & Lee, this vol).
(Supported by NIH 22189 and by United Cerebral Palsy)

MODULATION BY PRESTIMULUS AND BACKGROUND NOISE OF
MULTIPLE-UNIT ACTIVITIES IN THE INFERIOR COLLICULUS OF
THE RAT: ‘RELATIONSHIP WITH THE ACOUSTIC PINNA REFLEX.
M.-F. Wu (SPON: D. McGinty). Department of Psychology,
University of Rochester, Rochester, NY 14627.

The inferior colliculus (IC) has been implicated in prestimulus
inhibition of the acoustic startle reflex in the rat. The present
study correlated multiple-unit activities of the IC neurons with the
simultaneously measured acoustic pinna EMG response, which has
been suggested to be a component of the startle response, in
spinally transected rats.

The pinna reflex followed the whole-body startle in all aspects of
the effects examined: prestimulus frequency, prestimulus intensity,
inter-stimulus interval, and the frequency of noise and noise-offset.
High trial by trial correlations between the amplitude of the EMG
response and that of the whole-body startle, measured with an
accelerometer, were found, suggesting that the acoustic pinna reflex
is part of the startle response and that similar modulatory
mechanisms must be involved for both measures.

Significant correlations, either negative or positive, between
neural discharges to the prestimulus and EMG startle amplitude
were found in about 50% of the unit-clusters examined, supporting
the notion that the IC is involved in prestimulus modulation. These
units were found in all divisions of the IC. The sign of
correlation, however, depended on the best frequency (BF) of the
unit: mid- (5-15 KHz) and high-frequency (>15 KHz) units showed
negative while low-frequency (<5 KHz) units showed positive
correlations.

About 50% of the IC unit-clusters showed discharge suppression
by prestimuli. Most of these inhibited-units were found in the
dorsal cortex and the dorsal and rostral portion of the external
cortex, and tended to have an on or pauser type response pattern.
However, only those with a BF in the midrange showed a pattern
of prestimulus effect parallel to that of the pinna EMG. Most
units were affected by the background noise, either inhibition or
facilitation, depending on the frequency of the noise and the BF of
the unit, with no clear response type or anatomical specificity.
Only the effects of the midrange units paralleled that of the EMG.
Together with correlational analyses between spike and EMG startle
responses, the results suggest that the startle mechanism must be
mediated by neurons in the lower auditory system having midrange
BF's and a phasic response pattern, and that there is a modulatory
process occurring in the afferent limb of the reflex circuit which
may be responsible for part of the effects produced by prestimuli
and background noise. A partial functional and anatomical
segregation within the IC regarding those neurons mediating reflex
modification and those related to reflex elicitation was suggested.

21.10 NEURAL RESPONSES TO ACOUSTIC STARTLE-ELICITING STIMULI

21.12

IN THE PONTINE RETICULAR FORMATION OF THE CAT:
RELATIONSHIP WITH NECK EMG STARTLE RESPONSE. S. S.
Suzuki, M.-F. Wu, and J. M. Siegel. Neurobiology Research, V. A.
Medical Center, Sepulveda, CA 91343, and Department of
Psychiatry, UCLA School of Medicine, Los Angeles, CA 90024.

The pontine reticular formation (PRF) has been implicated in the
instigation of the acoustic startle reflex (ASR), by lesion, electrical
stimulation, and anatomical tracing studies. However, except for a
previous report from this lab, unit recording from this area in
relation to ASR has not been reported. In the present study,
single unit responses in the PRF to startle-eliciting stimuli (S),
along with neck EMG responses, were studied in unrestrained,
behaving cats under a variety of stimulus conditions.

A total of 105 cells, which showed a response to eliciting stimuli
between 90 and 120 dB, were examined. Most of these cells had
thresholds over 90 dB, and were found in nucleus reticularis pontis
caudalis, and rostral nucleus reticularis gigantocellularis, between
P3 and P7. The majority (71%) of the auditory-responsive cells had
latencies less than 20 msec: 39% 3-7 msec, 32% 8-19 msec. The
spinal projections of 41 responsive and 38 non-responsive cells were
antidromically determined by electrical stimulation of the cervical
(C2) and lumbar (L1) spinal cord. Reticulospinal (RS) cells were
significantly more likely than non-RS cells to respond to auditory
stimuli (65% vs 35%). 59% (24 of 41) of the responsive cells had
spinal projections, with .5-1.5 msec latency to C2 stimulation.
Adding an average of 7 msec response latency to eliciting stimulus,
the total time required for these cells to execute a response is
within the range of neck EMG response (6-10 msec latency, 5-15
msec duration), consistent with a direct role of these neurons in
startle elicitation. Behaviorally, most of these cells were related to
head and facial movements, and received convergent inputs from
deep superior colliculus, midbrain tegmentum, motor cortex,
vestibular nucleus, neck muscles, and spinal cord.

The magnitude of the mammalian ASR can be suppressed by a
prestimulus (P), a phenomena which has been termed "reflex
inhibition". We found that discharges to S of the eleven PRF cells
tested were also inhibited by the prestimulus (30%-90% inhibition,
with 80 dB P, 110-120 dB S, and 80-100 msec ISI). The amount of
inhibition on the units examined was comparable to that of EMG
responses measured simultaneously. Manipulation of the intensity
of the eliciting stimulus showed that the responses of PRF
reticulospinal neurons paralleled the EMG startle response.

These results support the hypothesis that PRF is directly involved
in startle elicitation, and that the modulatory process exerted by
the prestimulus is occurring at or before PRF RS neurons.
(Supported by the V. A. and USPHS grant NS14610.)

2-DEOXYGLUCOSE STUDY OF THE PLANTAR CUSHION REFLEX IN THE CAT:
THREE-DIMENSIONAL RECONSTRUCTIONS. D.P. Crockett*, W.K. Smith
E. Proshansky*, J.S. Kauer, W.B. Stewart, D.J. Woodward, D.S.
Schlusselberg and M.D. Egger. Dept. of Anatomy, UMDNJ-R.W.
Johnson Med. Sch., Piscataway, NJ 08854 and Dept. of Anatomy &
Cell Biol., Univ. of Texas Hth. Sci. Ctr., Dallas, TX 75235.

As part of our interest in functional neuroanatomy, we report
on three-dimensional reconstructions of spinal cord activity
associated with a simple, highly stereotyped behavior as
revealed by »%C-2-Deoxyglucose (2-DG) serial autoradiographs.
Our model behavior is the plantar cushion (PC) reflex, which is
a downward flexion of the toes in response to moderate stimula-
tion of the PC in cats.

Four chronically (4-11 days) spinalized cats were injected
(i.v.) with 2-DG (100 uCi/Kg). The PC on one side was stimul-
ated transdermally through needle electrodes (0.5 ms/pulse; 3
Hz; 45 min). At the termination of stimulation, the animals
were deeply anesthetized and the spinal cords were quickly
removed. Transverse, 32 pm-thick sections were cut on a cryo-
stat. In general, six neighboring sections were saved for
autoradiography and the next six discarded. Approximately 40
autoradiographs from each cat were chosen (=16 mm A-P) for
computer analysis and 3-D reconstruction using CARP (Computer
Assisted Reconstruction Package) on a Data General MV-8000 II
computer equipped with an Ikonas (Adage 3000) color raster
graphics system. The images were digitized directly from the X-
ray films. Minor artifacts were eliminated by a "bubble
removal" routine. The images were "stretched" to correct for
the geometrical anisometry of the digitization process. The
data were normalized using the dorsal column white matter as a
standard for background or minimal 2-DG activity.

Several strategies of analysis were employed: Three-dimen-
sional volume images were color-coded to represent different
levels of functional activity. On the reconstructed volumes,
virtual sections were made in the horizontal, sagittal and
transverse planes in order to view regions of 2-DG activity.
Activity in various regions within the grey and white matter was
quantified to reveal differences between ipsi- and contralateral
regions within a section, as well as possible variations between
sections.

The three-dimensional reconstructions confirmed the existence
of stimulation-elicited heightened 2-DG activity dorsomedially
in the lumbar dorsal horn of unanesthetized spinal cords.
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21.13 THREE DIMENSIONAL AND MORPHOMETRIC STUDIES USING A COMPUTERIZED

21.15

SPINAL INJURY DEVICE. B.T. STOKES, M.S. BEATTIE, J.C. BRESNAHAN,
S.K. SOMERSON, and
Surgery and Anatomy, Ohio State University, Columbus, OH 43210

Previous reports have emphasized the behavioral and
physiological sequelae of injuries produced with a feedback
controlled injury device (Somerson and Stokes, 1987, Exp. Neurol.
in press). Here a detailed reconstruction of lesions was
performed on the spinal cords of three previously defined groups
of spinal cord injured rats. Displacement (time and magnitude) of
the spinal cord was controlled using biomechanical feedback during
the injury process; the displacement amplitude was kept constant
(1.54 +/- .02 mm) while the time of compression was varied between
the groups. The three levels of injury were designated as light,
intermediate, and heavy; impact durations were 14, 19, and 24
msec., respectively. Laminectomies were performed at midthoracic
cord (T-9 or T-10) and the vertebral column was rigidly fixed
during injury by using vertebral clamps rostral and caudal to the
exposed cord. Such paradigms have been shown in previous reports
to result in predictable courses of partial behavioral recovery
using several indices of locomotor mobility, postural
compensation, and fine motor control.

Morphological results reinforced the behavioral and
biomechanical data. Morphometric analysis using a Zeiss Videoplan
system revealed that lesion length and to a lesser extent lesion
volume (based on biconical frustum analysis) were correlated with
biomechanical measures of the impact. An automated MINC-11/23
system was also used to produce three dimensional reconstructions
of the lesions to test the assumption of the biconical nature of
the lesion volume and see if the behaviorally identical heavy and
intermediate groups had geometrically different lesions. As
previously reported, the light injury group showed anatomical
sparing at the lesion epicenter (66.2%); this evolved into an
ovoid shaped lesion in the rostral and caudal neuropil.
Intermediate and heavy impacts, however, produced lesions over
much greater distances with a displacement of lesion sites toward
the dorsal columns in adjacent rostral and caudal sections.
Geometric analysis therefore suggests that although after a
certain point, biomechanical parameters may lose their sensitivity
as behavioral predictors (i.e. once the neuropil and fiber tracts
are destroyed at the lesion epicenter), they continue to be useful
as predictors of lesion geometry. Such analysis may be of some
import to those therapeutic attempts (drugs or spinal transplants)
which could potentially alter secondary necrosis after spinal
injury. (Supported by USPHS-10165)

EFFECT OF 4-AMINOPYRIDINE ON ACTION POTENTIAL CONDUCTION
IN MYELINATED AXONS OF CHRONICALLY INJURED SPINAL CORD

Blight, Departments of Neurosurgery and Physiology & Biophysics, NYU
Medical Center, New York, NY 10016.

Severe mechanical trauma to the spinal cord results in rapid local destruction of
most axons, followed by a slower demyelination of many of the surviving axons.
Partial remyelination occurs in succeeding weeks, but leaves many axons thinly and
irregularly myelinated at the lesion site. This is reflected in deficits of action
potential conduction, including conduction block at physiological temperature
(Blight, Neuroscience, 10: 1471, 1983).

The K+ channel blocker 4-aminopyridine (4-AP) may be useful in treatment of
demyelinating conditions (reviewed by Stefoski et al., Ann. Neurol.. 21: 71,
1987). The drug was therefore tested in an in vitro preparation of injured spinal
cord, prior to in vivo tests on conduction in descending pathways (see Gruner et
al., this meeting). The recording techniques and injury model have been described
in detail (Blight, 1983; Blight & DeCrescito, Neuroscience 19: 321, 1986). In this
study, the spinal cords of 12 adult female cats were injured, under pentobarbital
anesthesia, by an 8 g weight dropped 20 cm onto the exposed dura at T9, with the
vertebral body mechanically stabilized. Animals were maintained with specialized
care for 4-11 months post injury, then the thoracic spinal cord was isolated in vitro.
Microelectrode recordings were made from single myelinated axons that conducted
across the chronic lesion site, in ventral and lateral tracts.

The majority of tested axons (68%) in spinal cords from chronically paralyzed
animals were blocked at temperatures below 36°C, compared with only 19% in
those animals that showed some recovery of postural and locomotory function. Of
8 axons in which it was possible to demonstrate a conduction block, briefly apply
0.5 mM 4-AP, wait for up to 10 minutes and test the temperature of conduction
block again, 2 showed substantial improvement in safety factor, with conduction
block raised from 29 and 30°C to >37°C. (Following exposure to 4-AP, the
absolute refractory period at 37°C was 4 ms in one of these axons.) Two other
fibers showed modest increases in blocking temperature of only 2-3°C, sufficient to
produce conduction at 37°C in one axon, but not the other. Four other fibers
showed no change in the temperature of conduction block with exposure to 4-AP.
Another striking effect of the drug was an increase in spontaneous activity of axons
in the white matter, which are usually silent in the isolated preparation. 4-AP
produced spontaneous bursting in 64% of axons that failed to conduct across the
lesion, and in 35% of those that did conduct at 25°C in chronically paralyzed
animals. 18 axons conducting through the lesion in recovering animals were
exposed to 4-AP, but none of these became spontaneously active.

1t was concluded that 4-AP may be useful in the treatment of chronic spinal cord
injuries, both because it improves safety factor in a proportion of axons and
because it increases excitability in others, which may compensate to some extent for
loss of information in parallel channels. Nonetheless it appears that much of the
conduction loss in the chronic lesion is not reversed, even by quite high levels of 4-
AP, and further investigation of the physiological and structural basis of those
conduction deficits is required.  (Supported by contract TC 85-02 from the
American Paralysis Association and by grant NS21122 from NIH/NINCDS).

21.14

FAILURE TO DEMONSTRATE AXONAL SPROUTING AFTER SUBTOTAL SPINAL
CORD LESIONS IN RATS. J.W. Little, R.M. Harris, R.C. Sohlberg*.
Seattle V.A.M.C. and Univ. of Washington, Seattle, WA, 98108

significant recovery of motor function is common following
subtotal spinal cord lesions in experimental animals and human
patients. Axonal sprouting or growth of new terminals by spared
descending pathways is one postulated mechanism to explain this
motor recovery. This study attempts to demonstrate sprouting by
spared descending pathways in rats undergoing subtotal spinal
cord section, utilizing anterograde labeling with horseradish
peroxidase (HRP).

Adult female rats underwent partial section of the spinal
cord in the mid-thoracic region, sparing either the left lateral
and/or ventral funiculi. After four weeks of motor recovery in
which considerable return of hindleg postural and locomotor
abilities was observed, an injection of 30% HRP, using a glass
micropipette and iontophoresis, was made into the left side of
the lumbosacral enlargement. Anterograde labeling of commis-
sural fibers and terminals in these rats was compared with
similar labeling in non-lesioned controls. In all cases the
injections themselves were confined to the left half of the
cord, but anterogradely labeled fibers were seen crossing to
the right side of the cord.

At high magnification, numerous labeled terminals could be
seen along axons, both as en passant boutons and at the ends of
short collateral branches. No significant differences could be
found in the location or extent of crossing fibers or boutons
between the lesioned rats and the control rats. No abnopmal
terminal morphology was observed in the lesioned rats which
night indicate sprouting. The average number of terminals per
unit length of individual axons was not increased in lesioned
rats over controls. We have thus found no evidence for sprout-
ing of commissural axons four weeks after a subtotal spinal cord
lesion. This may be due to technical problems in demonstrating
sprouting, or may indicate that axonal sprouting does not play a
major role in motor recovery.

21.16 RECOVERY OF MOTOR FUNCTION IN CHRONIC EXPERIMENTAL

SPINAL CORD INJURY ENHANCED BY 4-AMINOPYRIDINE. J.A. Gruner,
Blight Petruziello*. Depts. of Neurosurgery and Physiology &
Biophysics, NYU Medical Ctr., NY, NY 10016.

In order to investigate factors underlying recovery of function after chronic
spinal cord injury, we have developed a technique for assessing motor function in
animal models of spinal cord injury, based on hindlimb EMG free-fall responses
(FFR) (Gruner et al., CNS Trauma 1. 139, 1984). Standardized contusion injury
of cat spinal cord (Blight & DeCrescito, Neuroscience, 19: 321, 1986) produces
chronic loss of 90-95% of white matter at the injury site, resulting in near complete
paraplegia and severe attenuation of FFR. These chronic deficits may result at
least partly from demyelination of the lesion site (Blight, Neuroscience, 10: 1471,
1983). Recently, 4-aminopyridine (4-AP) has been reported to improve function
and axonal conduction in human and experimental demyelinating lesions. We
therefore examined the effect of this drug on injured spinal cord.

Seven adult female SPF cats were injured using the weight drop technique.
Under pentobarbital anesthesia, the T9 spinal cord was exposed, and an 8 or 10
gm weight dropped 20 cm onto the dura, with the vertebral body rigidly
supported. The sterile incision was closed and the animals allowed to recover.
They were maintained with specialized care and were tested 3-7 months later,
together with 4 uninjured cats. The animals were sedated with 25 mg/kg ketamine
i.m. and placed in a harness for the controlled drop. Free-fall lasted 200 ms; the
harness was then decelerated by rubber tubing. EMG's were recorded from
vastus lateralis (VL), tibialis anterior (TA), biceps femoris (BF), and medial
gastrocnemius (MG) bilaterally. Four sets of 8 drops were obtained at the start of
testing and at 5', 10', and 15' after i.v. injection of 1 mg/kg 4-AP; in some
animals drops were also obtained after placebo injections. The figure shows an
example of the effect of 4-AP on FFR in one injured cat. The mean peak-peak
FFR amplitude in injured cats increased from 28 to 138 uV over 15 min. from
4-AP injection (p<0.006, paired t-test). In the normal cats, there was an apparent
increase from 1.86 to 2.89 mV (NS).

4" post 2' post 8' post 12" post 19' post
pre 4-AP placebo 4-AP 4-AP 4-AP 4-AP
—r— —H—“ |
LVL 04 mv
LTA ~Hpeidll —ap— —— —Hb—4 M =1
R BF r' o |
free — 0.2mv
T fail 20ms

These findings support the hypothesis that conduction failure contributes to
functional deficits. 4-AP may also act through enhanced synaptic transmission in
the lumbar cord; we have noted that FFR in injured cats are sometimes facilitated
by limb manipulation or peripheral electrical stimulation.. (Supported by contract
from the American Paralysis Association and NIH grants NS21122 & NS10164).
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21.17 A NEW PHARMACOLOGIC APPROACH TO SPINAL CORD INJURY:

STUDY USING A DYNAMIC INJURY MODEL IN RATS.

S. Tsuyoshi Ohnishi, James K. Barr* and Chika Katagi*.
Membrane Research Institute, University City Science
Center, Phila, PA 19104.

It is accepted that traumatic spinal cord necrosis
takes place in two steps, i.e., primary injury
accompanied by an immediate loss of action potential
and rapid ion movements (calcium influx and potassium
efflux), and secondary injury which, in several hours,
leads to cell necrosis. Thus, the rationale for
therapy should be to intervene in these steps. We have
been studying irreversible membrane damage of sickle
red blood cells(1,2), and found close similarity
between the mechanism of spinal cord necrosis and that
of sickle cell membrane damage. Namely, (a) reactions
seem to be initiated by calcium influx, (b) entering
calcium ions activate movement of monovalent cations,
and (c) this movement causes water transport, leading
ultimately to cell necrosis. We found that two types
of drugs can prevent damage of sickle cell membranes
(2,3), i.e., (i) inhibitors of the calcium-activated
potassium efflux (e.g., quinine), and (ii) drugs which
interact with calmodulin (such as chlorpromazine; CPZ).
Therefore, we hypothesized that these drugs may have a
beneficial effect in spinal cord injury. Using
Sprague-Dawley rats (200-250 g) and a dynamic
weight-drop (10 g x 5 cm) technique(3), we tested the
effect of drugs (one bolus addition; i.p. 30 minutes
prior to injury). Motor recovery was estimated using
the modified Tarlov score(3). Four weeks after injury,
the Tarlov score was 2.2+0.5 (n=10) in non-treated
group, but the score improved to 4.440.7 (n=5) in a
quinine-administered group (20 mg/kg body weight) and
to 4.0+40.5 (n=5) in a CPZ-administered group (20 mg/kg)
Difference between non-treated and drug-treated groups
was significant (P<0.0l1). Other potassium channel
inhibitors also demonstrated a beneficial effect.
Measurement of water content as well as assay of Ca, Na
and K contents by atomic absorption method(4)
demonstrated that these drugs inhibited movement of
water and cations. Morphometric study also confirmed
the beneficial effects of these drugs. References:

(1) Ohnishi et al.(1986) Biochim. Biophys. Acta
886:119. (2) Ohnishi et al.(1986) Pharmacology 32:248
(3) Wrathall, J.R. et al.(1985) Exp. Neurol. 88:108.
(4) Young, W. and Koreh, I. (1986) Brain Res. 365:42.
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MONOSYNAPTIC CONNECTIONS BETWEEN CEREBELLAR GRANULE AND PURKINJE
CELLS IN DISSOCIATED CELL CULTURE. T. Hirano* and S. Hagiwara.
Dept. of Physiology, Jerry Lewis Neuromuscular Research Center and
Ahmanson Laboratory of the Brain Research Institute, School of
Medicine, UCLA, Los Angeles, CA 90024.

Synaptic properties between neurons in the mammalian central
nervous system can be most thoroughly investigated in dissociated
cell cultures, because of good visibility and accessibility.
Previous work (Hirano et al., PNAS 83:4957, 1986) has established
synaptic formation between identified cerebellar granule and
Purkinje cells in dissociated cell culture. Using these identified
cells, we are attempting to characterize the transmitter and the
receptor on the postsynaptic membrane. It has been suggested that
the transmitter is glutamate, and the recent work by Kano and Kato
(Nature 325:276, 1987) suggests that the postsynaptic receptor
channel is a quisqualate (QUIS) receptor as opposed to a kainate
or N-methyl-D-aspartate (NMDA) receptor.

Neurons were dissociated from cerebella of rat prenatal embryos
about 18 days of gestation (for Purkinje cells) and from cerebella
of 6-8 day old rats (for granule cells). The dissociated cells
were mixed and cultured for 4 weeks before experiments. Simultan-
eous whole cell clamp recordings were performed on the presynaptic
granule and the postsynaptic Purkinje cell somata at room tempera-
ture (20-22°C). Monosynaptic connections between two cells were
identified by a short (2.5-6.5 msec) and constant latency of exci-
tatory postsynaptic current (epsc). In several pairs of cells the
granule cell was filled with Tucifer yellow and the Purkinje cell
with propidium iodide, and their morphological contact was observed
under fluorescent light. Kynurenate, an excitatory amino acid
antagonist, abolished the monosynaptic epsc at 1 mM without affect-
ing the presynaptic action potential. DL-2-amino-5-phosphonovaleric
acid (APV), a specific antagonist for NMDA receptors, had no effect
on the monosynaptic epsc at 0.5 mM in the normal external solution
containing 1 mM Mg. Kynurenate inhibited both externally applied
glutamate and aspartate induced inward current in Purkinje cells,
and APV inhibited the aspartate response while having little effect
on the glutamate response. The above results indicate that gluta-
mate is more likely to be the transmitter than aspartate and that a
non-NMDA receptor is working on the postsynaptic membrane. Finally
we examined the effect of QUIS on a Purkinje cell. QUIS decreased
the amplitude of the epsc and increased steady inward current in a
dose dependent manner, and the amount of decrease of the amplitude
of the epsc by QUIS paralleled the amplitude of QUIS induced inward
current. This result is consistent with the presence of QUIS
receptors on the postsynaptic membrane, and suggests that QUIS binds
to the postsynaptic receptors and reduces the number of receptors
available for released transmitter
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LITHIUM BLOCKS PI MEDIATED TRANSMITTER ACTION IN RAT BRAIN:
ELECTROPHYSIOLOGICAL STUDIES IN THE HIPPOCAMPAL SLICE.
J.M. Baraban, P.F. Worley, W. Heller, S.H. Snyder. Department of

Neuroscience, Johns Hopkins University School of Medicine,
Baltimore, MD 21205.

Since 1ithium blocks the re-cycling of inositol phosphate, it
has been hypothesized that this effect on the PI system may
contribute to its therapeutic action in affective illness. In
previous studies using a smooth muscle preparation, we have
demonstrated that therapeutic concentrations of lithium alter
transmitter induced contractile responses thought to be mediated by
the PI system (Menkes et al., PNAS 83:5727, 1986). Using the
hippocampal slice preparation, we have recently demonstrated that
muscarinic agonists block the inhibitory actions of adenosine by
stimulating protein kinase C, via the PI cycle (Worley et al.,
PNAS, in press). Accordingly, to examine whether lithium affects
PI mediated transmitter responses in brain, we have investigated
its effects on muscarinic blockade of adenosine.

Field potentials elicited by stimulation of Schaffer collaterals
were recorded from the CAl pyramidal cell layer. As lithium might
be expected to affect the PI system after prolonged stimulation, we
first assessed the ability of carbachol (50 uM), which was used to
drive the PI system, to block adenosine over the course of a one
hour incubation. In these preliminary experiments, we found that
in about two-thirds of slices tested, carbachol's blockade of
adenosine remained intact for one hour, while in the remainder we
observed variable degrees of rundown of carbachol's action. To
reduce variability in assessing the effects of LiCl on this
response, we studied slices in which carbachol's block of adenosine
was preserved following a 1 hr incubation. At this point,
carbachol was washed off and slices were then treated with either
control saline, LiC1 (1 or 2 mM) or RbC1 (2 mM) for 1 hr and then
re-exposed to carbachol. These concentrations of LiCl or RbC1 did
not alter baseline synaptic responses or adenosine's ability to
completely inhibit the population spike. However, in the LiCl
treated slices, carbachol's ability to block adenosine fatigues
within 15 minutes, whereas in control or RbC1 treated slices, it
does not. Interestingly, phorbol 12,13-diacetate (1-2 uM), an
activator of PKC, still blocks adenosine when carbachol is
ineffective, suggesting that fatigue produced by lithium is
proximal to activation of PKC and may reflect its action on the PI
cycle.
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EFFECTS OF L-VESAMICOL (L AH5183) ON NEUROMUSCULAR JRANSMISSION
R.F.Halliwell", C. Prlor and I.G.Marshall (SPON:
N.N.Durant) Dept. of Physiol. & Pharmacol., Univ.
Strathclyde, Glasgow Gl 1XW, Scotland, UK

Vesamicol (AH5183,  2-(4-phenylpiperidino)
produces a frequency-dependent  block of neuromuscular
transmission (Marshall,I.G., Brit.J.Pharmacol., 38: 503, 1970)
and an inhibition of the uptake of acetylcholine by isolated
synaptic vesicles (Anderson et al., Molec.Pharmacol., 24: 48,
1983). Vesamicol possesses one assymetric center in the C ring,
and the L-isomer has been shown to be the active form in isolated
vesicles (Bahr,B.A. & Parsons,S.M., P.N.A.S., 83: 2267, 1986). In
this study, we have examined the effects of the two isomers of
vesamicol on neuromuscular transmission in the isolated
contracting rat hemidiaphragm, and the effects of L-vesamicol on
miniature endplate potentials (MEPPs) in isolated mouse diaphragm
and end-plate currents (EPCs and MEPCs) in snake costocutaneous
nerve-muscle preparations.

In the rat hemidiaphragm L-vesamicol was 20 times more potent
at reducing twitches elicited at 1Hz than was D-vesamicol. This
finding agrees well with results obtained from isolated synaptic
vesicles. In contrast, the two isomers were equieffective in
producing twitch augmentation in the hemidiaphragm prior to the
neuromuscular block. L-vesamicol was examined in more detail on
the hemidiaphragm and found to exhibit similar blocking
characteristics to those of racemic vesamicol, i.e. a
frequency-dependent block not reversed by anticholinesterases or

cyclohexanol)

choline. However, the block produced by L-vesamicol (5 x
10 6}41) was partially relieved by 3,4-diaminopyridine
(107%M).

In the stimulated ?ouse hemidiaphragm preparation (5Hz for 20
min) L-vesamicol ( reduced the amplitude of MEPPs. In
the presence of L. vesamicol there was a wider spread of MEPP
amplitudes than in the absence of the drug, with the appearance
of apparently normal-sized MEPPs amongst the small MEPPs. In some
preparations it was possible to increase the occurence of these
normal-sized MEPPs by the addition of lanthanum (2 x 10 2
In the voltage-clamped snake muscle L-vesamicol (2.5 x 107
produced a marked increase in MEPC frequency and a reduction in
EPC amplitude after rapid nerve stimulation. No changes were
observed in the rate of decay of EPCs or MEPCs indicating a lack
of effect of vesamicol on endplate ion channels. The reversing
effect of aminopyridines and the ability to release normal-sized
quanta in the presence of vesamicol block may indicate that it is
possible to release a store of transmitter not normally released
after block by vesamicol.

Supported by Wellcome Trust and NATO.

INFLUENGCE OF CYTOCHALASIN B ON SPONTANEOUS AND DRIVEN
ACTIVITY IN RAT SOMATIC SENSORY CORTEX. H.- .

Lee* and F.F. Ebner, Center for Neural Science, Brown Unlversnty,
Providence, R.l. 02912,

Extrinsic inputs to the cerebral cortex terminate mainly on dendritic
spines of cortical neurons. Dendritic spines contain a high percentage of
the actin found in cortex (Matus, et al., P.N.A.S., 1982). Our experiments
tested the hypothesis that transient depolymerization of actin would
produce reversible decreases in synaptic efficacy at axospinous synapses.
The test consisted of ventricular or local injection of the actin
polymerization blocking agent, cytochalasin B (CB), while recording the
spontaneous activity and responses to whisker movement in PMBSF S|
neurons. Since CB requires DMSO to go into solution, experimental and
control injections were made simultaneously in the two hemispheres; the
effect of vehicle alone in the left hemisphere was compared to the effect of
injecting vehicle plus CB in the right hemisphere for 10-12 hours after
injection.

Glass micropipettes, 1.2 mm O.D. for recording and 2.0 mm O.D. for
injection were assembled so that the tips were separated by 1.5 mm. Two
pairs were placed symmetrically in the part of the barrelfield
representing usually the D5 whisker in 5 adult Long-Evans rats under
urethane anesthesia. The depth was fixed so that the injection was into
layer 1V and the recording was from layer V neurons. 4 ul of Ringers
solution with 1% DMSO was injected into the left hemisphere and 4 ul this
vehicle plus 104 M CB into the right hemisphere.

A predictable sequence of changes in spontaneous activity and stimulus
evoked neuronal discharges occured following injection of CB, that were
never observed with the vehicle alone. Normal cell activity followed both
injections for approximately 30 min before the CB side started to show a
slowly progressing diminution in spontaneous bursting of layer V
pyramidal cells. Near total absence of spontaneous activity lasted for less
than 1 hour on the CB side, during which time no stimulus-evoked action
potentials could be elicited by whisker movement. Eventually in all
animals an altered type of spontaneous activity returned on the CB side.
The alteration took the form of: 1) a decrease in the number of spikes per
burst (without altered interspike interval), 2) an increased interburst
interval, 3) an increase in epileptiform activity and spindling, 4) a
decrease in the amplitude of spontaneous spikes and 5) a decrease in the
number and amplitude of spikes per stimulus-evoked response. These
alterations persisted for at least 8 hours before the responses showed a
trend toward a return to normal. We are investigating whether complete
recovery occurs at very long survival times and the possible mechanisms
that may be responsible for the changes in synaptic properties induced by
CB. (supported by ONR grant #NOOO-14-811-K-0041)
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Selective Inhibition of Protein Kinase C mimic the actions of
Acetylcholine in "in vivo" hippocampus. N.Agopyan & K.Krnjevic,
Departments of Anaesthesia Research and Physiology,McGill
University, Montreal, Quebec,H3G 1Y6 Canada.

Tumor-promoting phorbol esters mimic diacylglycerol (Nishizuka,Y
1984,Science,225:1365) by activating protein kinase C. The musca-
rinic action of ACh in hippocampus is postulated to accelerate the
turnover of inositol phospholopids and recently it was reported
that phorbol esters mimic some of the actions of muscarinic ago-
nists, such as blocking the slow afterhyperpolarization (Malenka
et al.,1986,J. Neurosc.,6:475). This led us to investigate the
effects of selective activation and inhibition of protein kinase C
on synaptic transmission in the hippocampus in situ.

All experiments were carried out on Sprague Dawley rats anaes-
thetized with urethane and maintained in a stereotaxic head frame.
Extracellular field potentials, induced by fimbrial stimulation
(0.6 Hz), were recorded simultaneously in the CAl stratum pyrami-
dale and stratum radiatum with the central barrels of 5-and 3-
barrelled pipettes separated by a vertical inter tip distance of
200-250 um. Peripheral barrels were used for iontophoretic appli-
cation of phorbol 12-13-diacetate (PDAc:7.43 mM;14-56 nA), 1-2
methylpiperazine dihydrochloride (H-7: 8 mM; 14-56 nA), acetyl-
choline chloride (ACh 500 mM; 28-56 nA) and NaCl (3M,56-140 nA).

Applications of PDAc in stratum pyramidale increased the ampli-
tude of the somatic population spike and decreased its latency;
but unlike ACh (Rovira et al.,1983,Neuroscience,8:97) it never
induced multiple spikes. Application of PDAc in the apical
(stratum radiatum) dendritic layer increased the amplitude of the
negative field and decreased its latency, which in turn caused an
increase in the somatic population spike amplitude and a decrease
in its latency. If the stimulation intensity was below threshold
for evoking a population spike, PDAc application at either somatic
or dendritic level induced the appearance of a population spike,
which gradually increased in amplitude and decreased in latency.

On the other hand, H-7 which is the most potent and selective
protein kinase C inhibitor (Kawamoto S.& Hidaka, H.,1984, Biochem.
Biophys.125, 258) when applied in stratum pyramidale increased the
amplitude and the number of population spikes induced by fimbrial
stimulation. Application of H-7 in dendritic layer increased the
amplitude and the duration of the negative field. H-7 also induced
the appearance of a population spike at a stimulation intensity
which was below threshold for inducing the population spike. The
effects induced by H-7 were reversed by PDAc. PDAc and H-7 induced
their effects approximately 20-40 s after the start of applica-
tion. Unlike ACh they had a longer lasting action. Recovery was
usually observed 10-15 min after the termination of injectionm.

These observations provide evidence that ACh may act via inhibi-
tion of protein kinase C rather than activation.

Supported by Savoy Foundation and MRC.

GONADAL STEROID EFFECTS ON ATP-STIMULATED SODIUM
TRANSPORT IN PIG BRAIN SYNAPTOSOMES. C. Rollin%*,
A. Arieff* Fraser* Kucharczyk Norman* and
P. Sarnacki*. Departments of Medicine and Radiology,
University of California, San Francisco, CA 94143.
The principal female gonadal hormones, estrogen and
progesterone, have been shown to elicit rapid changes
in brain cell membrane permeability and conductance,
leading to modifications of membrane functions. The
subcellular basis for some of these changes was
1nvest1gated in synaptosomes isolated from different
regions of the brain of prepubertal micropigs.
Synaptosomes are resealed vesicles from nerve endings
isolated by homogenization and differential
centrifugation on a discontinuous Ficoll gradient,
and are morphologically intact and metabolically
active. ATP stimulated sodium uptake was measured in
inverted vesicles in the presence and absence of
steroid hormones. Either estradiol-17B or
progesterone was added to the incubation media at
concentrations of 0.01-100 ng/ml and 1-1000 ng/ml,
respectively. Sodium uptake was then measured at 5
minutes. All concentrations of estradiol resulted in
a significant (p < 0.001) decrease in sodium uptake
with the maximum inhibitory effect exerted at a
physiologlcal concentration of 100 pg/ml. The
average sodium uptake decreased from 6.3 I 0.3 to
5.4 ¥ 0.3 nmoles/mg synaptosomal proteins.
similarly, progesterone at all concentrations
inhibited sodium uptake with the maximum inhibitory
effect observed at 1000 ng/ml. All areas of the
brain (cerebral and cerebellar cortex, pons, basal
ganglia, septum) showed significant (p< 0.001)
progesterone- induced reduction in sodium uptake
(6.6 £ 0.3 to 4.7 % 0.5 nmoles/mg protein). Previous
studies have demonstrated an inhibitory interaction
between progesterone and Na-K-ATPase in cardiac
muscle cells and erythrocytes. Sex differences have
also been observed in Na-K-ATPase activity in human
erythrocytes. The results of the present study
suggest that both estrogen and progesterone also
significantly inhibit ATP stimulated sodium uptake in
pig brain synaptosomes.
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TRANSMITTER IN CEREBRAL ARTERIES?

IS VASOACTIVE INTESTINAL POLYPEPTIDE (VIP) THE VASODILATOR

T.J-F. Lee, Y. Shirasaki*,
S.D. Shillcutt*, and S. Sarwinski*, Department of Pharmacology,

transmitter in

mediated by cyclic GMP system.

Southern ITTinois University School of Medicine, Springfield, IL

62708,

Dense VIP-like immunoreactive fibers have been shown to be
present in pial vessels from several species. Ultrastructural
immunocytochemical  studies demonstrate that the VIP-like
immunoreactivity is present in the neuronal granular vesicles of
the nonsympathetic nerves. Release of the immunoreactive VIP upon
excitation of these nonsympathetic nerves has been demonstrated in
cat pial vessels. Furthermore, VIP induces vasodilation, which is
independent of endothelial cells, and antibodies against VIP block
the transmural nerve stimulation (TNS)-induced vasodilation.
These results suggest that VIP 1is the potential vasodilator
cerebral blood vessels, although the direct
evidence for demonstrating the vasodilator responses to the
endogenously released VIP has not been presented. Therefore, the
present study was designed to further investigate the potential
role of VIP as the cerebral vasodilator transmitter. The results
from in vitro tissue bath study indicate that in cat cerebral
arteries VIP receptor antagonists such_ as (N-Ac-Tyrl,D-Phez)-
GRF(1- 29)I NHp and (D-P-chloro-Pheb, Leul?) VIP, blocked the exo-
genous VIP-induced relaxation but did not affect the TNS-induced
relaxation. Hemoglobin and methylene blue, which are known to
inhibit the «cyclic GMP synthesis, blocked the TNS-induced
vasodilation, suggesting that the TNS-induced relaxation is
Exogenously applied VIP, however,
enhanced cyclic AMP levels but did not affect those of cyclic GMP.
These results are inconsistent with the hypothesis that VIP is
directly involved in the TNS-induced vasodilation in cerebral
arteries. (Supported by NIH HL 27763 and AHA/IHA 83-1040.)

ETHANOL HAS NO EFFECT ON GABA-INDUCED MEMBRANE CURRENT IN CELLS
CULTURED FROM DISSOCIATED EMBRYONIC RAT HIPPOCAMPUS

S.Huck, R.Gratzl* and F.GrieBmayer*, Dept.of Neuropharmacology,
University of Vienna, A-1090 Vienna, Austria.

Recent studies indicate that ethanol stimulates GABA-mediated

601 transport in rat brain synaptosomes (Suzdak et al., PNAS 83,
4071, 1986). The ethanol-mediated 30C1~ influx is selectively
blocked by the imidabenzodiazepine Ro 15- 4513 (Suzdak et al., Science
23k, 1243, 1986).

Electrophyszological data of ethanol effects on the GABA system
are, however, conflicting. We therefore investigated the GABA-
ethanol interrelationship by means of the patch clamp technique in
cultured hippocampal cells.

The hippocampal tissue of 18 day old embryos was dissociated and
maintained in culture by conventional procedures. Recordings were
performed within 2 to 7 days after plating. Patch pipettes were
filled with (mM): CsCl (104), TEA-CL (16), CaClp (0.19), EGTA (L),
glucose (8), HEPES (8), oH 7.3. The bathing solution was NaCl (120),
KC1 (3), CaClp (2), MgClpy (2), glucose (20), HEPES (10), pH 7.3.
Substances were applied close to the cells by means of a S5-barrel
needle device, capped by a glass capillary with a tip diameter
between 100 and 150u. The fluid, ejected by hydrostatic pressure,
was stopped or allowed to flow by pneumatic pressure-controlled
cylinders developed in our laboratory.

The application of GABA induced dose-dependant, rapidly inacti-
vating inward currents in cells clamped at negative holdings poten-
tials. In the presence of 100uUM pentobarbital, GABA responses were
markedly enhanced. Pharmacologically relevant concentrations of
ethanol, ranging from 10 to 100mM, neither induced changes in mem-
brane conductance when the substance was given alone, nor did they
potentiate or inhibit the effect of Sum GABA when applied in combi-
nation.

At the present, we do not know why ethanol stimulates the influx
of 36c1- in synaptosomes and potentiates the action of GABA-ergic
substances in this preparation, whereas it is devoid of such effects
when investigated in cultured hippocampal cells with electrophysio-
logical techniques.
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LINDANE BUT NOT DELTAMETHRIN BLOCKS A COMPONENT OF GABA-ACTIVATED
CHLORIDE CHANNELS. N. Ogata*, S.M. Vogel* and T, Narahashi (SPON:
J. Frey). Department of Pharmacology, Northwestern University
Medical School, Chicago, IL 60611.

The pyrethroid insecticide, deltamethrin, has been shown to
inhibit the binding of a radioligand for the picrotoxinin-
recognition site in rat brain synaptic membranes (Lawrence, L.J.
and J.E. Casida, Science, 221:1399, 1983), suggesting a possible
interaction between pyrethroids and the GABA, receptor-ionophore
complex. In addition, another class of insecticides, lindane (the
gamma isomer of hexachlorocyclohexane), produces CNS hyper-
excitability similar to that caused by known GABA antagonists in
mammals. We, therefore, examined direct interactions between
these insecticides and the GABA-activated ionic channels, using
cultured neurons of the newborn rat dorsal root ganglia (DRG).

The membrane of the DRG cell was voltaée-clamped using the whole
cell patch clamp technique. GABA (10°°M) produced an inward
current of about 0.5 nA which comprised an initial peak and
sustained components. The initial peak component decayed rapidly,
whereas the sustained component persisted throughout the
superfusion of GABA. An increase in GABA concentration after the
decay of the initial component or repeated application of a single
concentration of GABA within short intervals produced only the
sustained component. Therefore, the initial peak and sustained
components appeared to reflect desensitizing and non-desensitizing
components, respectively. Both components had the same reversal
potential of about -50 mV when internal and external
concentrations of Cl1~ were 20 mM and 130 mM, respectively. The
reversal potential was shifted in a manner predicted by the Nernst
potential for Cl~ when external Cl~ concentrations were altered.
Col* (2 mM) and tetrodotoxin (2 x IO'GH) had no effect on the
GABA-induced inward current. Both desensitizing and non-
desensicizing components were readily blocked by bicuculline

(10~ M), indicating that the inward current induced by GABA was
GABAp receptor-mediated. Lindane (10~ 5M) which had no effect on
any of the voltage-gated sodium, potassium, or calcium channels,
readily suppressed the initial peak component of the GABA-induced
Cl™ current, without affecting the sustained component. On the
contrary, deltamethrin, which markedly modified the sodium channel
kinetics, had no effect on the GABA-induced Cl”~ current. These
results indicate that the action of lindane, but not of
deltamethrin, appears to involve interaction with the GABAp
receptor-ionophore complex. Our results that the initial peak
component was preferentially blocked by lindane might indicate
that there are two types of GABA, receptor-Cl” channel complexes
in rat DRG cells.

Supported by NIH Grant NS14143.

SODIUM VALPROATE DECREASES EXCITATORY SYNAPTIC POTENTIATION IN
THE IN VITRO HIPPOCAMPUS. W.H. Griffith and L. Taylor*. Depart-
ment of Medical Pharmacology and Toxicology, Texas A&M Univer-
sity, College Station, Texas 77843

Evidence is available to suggest a significant involvement of
excitatory synaptic transmission in the generation and spread of
epileptiform activity in the hippocampus. One mechanism respon-
sible for short term synaptic enhancement is post-tetanic poten-
tiation (PTP); and under certain conditions, potentiation within
a network of cells will result in an epileptiform event or parox-
ysmal depolarizing shift (PDS). We studied the effects of the
anticonvulsant sodium valproate (NaVP) on, first, the magnitude
and time course of PTP and, second, the ability of NaVP to in-
hibit PDS generation. We report that NaVP (30-200 uM) decreases
the magnitude but not the time course of PTP of the dendritic CAl
field excitatory postsynaptic potential (EPSP); and 100 uM NaVP
reduces PDS generation in CA3 pyramidal cells.

Transverse slices of hippocampus from adult rats (175-200 gms)
were cut using a McIlwain tissue chopper and transferred to a
holding chamber where they were maintained for 1-2 hours before
use. NaVP was first dissolved in distilled water and then dilu-
ted to a final concentration in the physiological solution. Ex-
tracellularly recorded field EPSPs were recorded from the apical
dendrites of CAl pyramidal cells following Schaffer-collateral
stimulation. Intracellularly recorded EPSPs and excitatory post-
synaptic currents (EPSCs) were recorded in CA3 pyramidal cells
following mossy fiber stimulation. Reproducible episodes of PTP
could be recorded in the same preparation using a conditioning
paradigm of 100 Hz stimulation for 1 sec. Every slice served as
its own control and results were analyzed using a two-tailed
paired T test. Under control conditions, PTP of the dendritic
EPSP exhibited increases of 200-250% of control and declined with
a time constant of decay 50-100 ms (N=31). NaVP at coacentra-
tions of 30-200 yM significantly (P<0.05) decreased the amplitude
of PTP but did not change its time course (N=8 at each concentra-
tion).

A second series of experiments studied EPSCs of the mossy fiber
to CA3 synapse. In disinhibited slices (addition of 10-20 uM pi-
crotoxinin), enhancement of excitatory synaptic responses can
lead to the network-evoked PDS. Uader voltage clamp recording
conditions, the underlying synaptic current can be studied at
different potentials and the synaptic conductance quantified.
NaVP (100 puM) depressed the generation of the PDS (N=5) and re-
duced the synaptic conductance during the network event. One an-
ticonvulsant action of NaVP may be to reduce excitatory synaptic
potentiation resulting in a reduction in the ability of nerve
networks to generate epileptiform episodes (Supported by NIH
grant NS22456).
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DIFFERENTIAL EFFECTS OF FOUR-AMINOPYRIDINE ON SYNAPTIC
TRANSMISSION IN BULLFROG SPINAL CORD IN VITRO . N.C. Tkacs* and
R.D. Wurster . Department of Physiology, Loyola University
Medical Center, Maywood, IL 60153,

The potassium channel blocking drug, 4-aminopyridine (4-AP), is
thought to potentiate synaptic transmission by prolonging the
action potential at synaptic terminals, thus facilitating calcium
entry. We have studied the effects of this compound on ventral
root responses (VRRs) to lateral column (LC) and dorsal root (DR)
stimulation in the isolated bullfrog hemicord.

Spinal cords were removed from four bullfrogs by standard
methods, After hemisection, the caudal hemicord is placed in the
superfusion chamber and eighth or ninth dorsal and ventral roots
are led into adjacent mineral oil pools for stimulation and
recording. Tungsten wire electrodes are advanced into the lateral
funiculus to stimulate descending motor pathways. The cord is
continually superfused with oxygenated bicarbonate-phosphate
buffered Ringer's solution., Temperature is maintained at 12 C.

The stimulation protocol for the two experimental preparations
and time- and stimulation-matched controls was as follows: Period
I - 50 minutes, stimulation every two minutes, alternating LC and
DR supramaximal stimuli; Period II - 50 minutes, stimulation
every two minutes in the presence or absence of 5 uM 4-AP; Period
III - 60 minutes, stimulation every two minutes, then less
frequently for 3 to 5 hours.

4-AP appeared to affect only the DR-VRR. During Period III the
average DR-VRR in the U4-AP group was 75% larger than control. In
contrast, the LC-VRR during the same period was 1.5% smaller in
the 4-AP group compared to control. Data from the remaining three
hours of washout show a similar augmentation of the DR-VRR in the
4-AP group of 94% over controls, while the LC-VRR was 16% smaller
in the 4-AP group.

One possible explanation for this difference is that the pool
of motoneurons is closer to being maximally excited by the LC
stimulus, which always produces a 3- to 5-fold greater response
than DR stimulation., Alternatively, the 4-AP effect on DR vs LC
VRRs may reflect some difference in modulation of the two synaptic
inputs, which also differ in bouton location and interneuron
involvement, -Further studies will be required to characterize the
effective dose range of 4-AP, and the effect of altering
stimulation patterns on 4-AP potentiation.

INHIBITION OF CENTRAL NEUROTRANSMITTER RELEASE BY w-CONOTOXIN GVIA,
A PEPTIDE MODULATOR OF THE N-TYPE VOLTAGE-SENSITIVE CALCIUM
CHANNEL. D.J. Dooley’, A. Lupp*, G. Hertting® and H. Osswald*.
'Godecke Research Institute, D-7800 Freiburg, F.R.G. and ‘Institute
of  Pharmacology, University of Freiburg, D-7800 Freiburg,
F.R.G.

w-Conotoxin GVIA (w-CT), a 27 amino acid peptide (Olivera et
al., Science, 230:1338, 1985), binds to the neuronal N-type
voltage-sensitive calcium channel (N-VSCC) (Cruz et al., Biochemi-
stry, 26:820, 1987), and, thereby, reduces the depolariza-
tion-induced calcium influx required for vesicular release of
neurotransmitter (Hirning et al., Neurosci. Abstr., 12:28, 1986;
Reynolds et al., Proc. Natl. Acad. Sci. USA, 83:8804, 1986; Rivier
et al., J. Biol. Chem., 262:1194, 1987). In the present study, we
indirectly investigated the generality of this phenomenon across
different neurotransmitter systems by measuring stimulation-evoked
neurotransmitter release from slices prepared from discrete regions
of the rabbit central nervous system.

Electrical stimulation (2 min; rectangular pulses of 2 msec,
3 Hz, 5 V/cm, and 24 mA) of superfused slices containing [’H]-
dopamine, [*H]-noradrenaline, [®H]-5-hydroxytryptamine, or [’H]-
acetylcholine produced tritium overflows which were decreased by
40-50 % by 5 nM w-CT (30-min tissue exposure time). Additional
experiments using 5 nM w -CT and hippocampal slices labeled with
[® H] -noradrenaline indicated the following: (1) the time dependence
of w-CT-induced inhibition, (2) the competitive antagonism between
buffer calcium concentration and w-CT, (3) the lack of effect of
stimulation frequency (15 min; 0.4 Hz) on w-CT-induced inhibition,
(4) the ineffectiveness of the L-type VSCC modulators (+)- and
(-)=-202-791 (1 uM) either in the presence or absence of w-CT, (5)
the additive effect of the N-VSCC antagonist cadmium (40 uM) and
w-CT, (6) the antagonism between the protein kinase C activator
4- 8 -phorbol-12,13-dibutyrate (0.1 uM) and w-CT, and (7) the
antagonism between the potassium channel antagonist 4-aminopyridine
(10 pM) and w-CT. In all cases, the employed substances did not
alter basal tritium outflow.

w~CT appears to be a useful and potent pharmacologic tool in
studying the involvement of the N-VSCC in synaptic function. The
comparable w -CT-induced attenuation of stimulation-evoked release
of the classical neurotransmitters (viz., dopamine, noradrenaline,
S5-hydroxytryptamine, and acetylcholine) suggests that the molecular
nature of the N-VSCC 1is similar or identical across central
neurotransmitter systems. Moreover, pharmacologic modulation of the
N-VSCC conceivably alters both intraneuronal and multisynaptic
events.

2212 4-AMINOPYRIDINE INDUCED RHYTHMIC SPONTANEOUS

DISCHARGE IN THE ISOLATED SUPERIOR CERVICAL
GANGLION OF THE RAT. i i, Department of
;’%gznacology, College of Pharmacy, University of Houston, Houston, TX

It is known that 4-aminopyridine can induce marked spontaneous discharge
in mammalian ganglia (Goto and Watanabe, Japan. J. Pharmacol. 32: 607,
1982). The discharge varies in amplitude and frequency from ganglion to
ganglion. In about 70% of the preparations I have observed that 4-
aminopyridine induced rhythmic spontaneous bursts of discharge. Superior
cervical ganglia isolated from rats were desheathed and placed in oxygenated
Locke's solution (1.1. mM Ca2*, pH 7.4) in a constant temperature
(31%1°C) chamber. Potentials were recorded by a capillary suction electrode
from the postganglionic (internal carotid) nerve. Addition of 50 uM 4-
aminopyridine caused spontaneous discharge to appear within 5 min. The
discharge increased in frequency and amplitude with time and usually
stabilized in about 30 min. The rhythmic bursts may appear initially (within
5-10 min) and later become fused as the frequency of discharge increases. In
some experiments the rhythmic bursts persisted throughout. The rhythmic
bursts may appear suddenly after full development of the discharge in which
case the potentials in a burst are usually much larger (2-3 times) in amplitude
than regular discharge. The bursts occurred regularly every 1.4310.01 s.
Each burst is typically composed of 4-5 potentials, the first of which is
usually the largest in amplitude (102.6+2.2, 63.61+4.4, 72.243.5, 69.7+1.8,
WV, potentials 1.through 4 respectively). The potentials within a burst occur
at regular intervals of 0.12+0.001 s. The discharge and bursts were
completely blocked by hexamethonium (500 uM) indicating involvement of
acetylcholine receptors. Preliminary experiments suggest that rhythmic
discharge may be independent of the 4-aminopyridine concentration.

22.14 EFFECTS OF GABA ON CA3 PYRAMIDAL CELL DENDRITES IN THE MATURE RABBIT

HIPPOCAMPUS. D. Janigro and P.A. Schwartzkroin, Dept. of Neurological
Surgery, Univ. of Washington, RI-20, Seattle, WA 98195

It is generally agreed that gamma-aminobutyric acid (GABA) acts as an
inhibitory neurotransmitter in various regions in the CNS. Its inhibitory
effects are thought to be mediated through at least two different receptor
subtypes. The GABA-A receptor is sensitive to blockade by micromolar
concentrations of the convulsant agent bicuculline, and is associated with
chloride channel. The GABA-B receptor{_is not sensitive to bicuculline and
is thought to mediate an increase in K conductance. GABA effects in the
CA1 region of the hippocampus have been shown to depend on the site of
application; somatic application generally leads to cell hyperpolarization,
whereas application of GABA in the dendritic region depolarizes the cells.
We now report the results of investigations on the effects of GABA applied
on CA3 pyramidal cell dendrites.

Slices from mature (30-35 days postnatal) rabbits were examined in vitro
using standard electrophysiological techniques. GABA was either pressure
ejected (1 mM) or iontophoretically applied (1 M, pH 4) onto the distal
portion of basal or apical dendrites. The predominant response of the
pyramidal cells tested with dendritic GABA application was a 5-20 mV
hyperpolarization, although depolarizing responses were obtained in 25% of
the 18 cells tested. Both hyperpoiarizing and depolarizing responses were
associated with a decrease in cell input resistance. Bicuculline methiodide
(BMI, 40 uM, bath application) abolished the early component of the
afferent-induced IPSP in the CA3 region and led to afterdischarge activity
following both orthodromic and antidromic stimulation. The hyperpolarizing
response to dendritic GABA application was either unaffected or increased
by this BMJ treatment, whereas the depolarizing response was abolished
(within 30 ), unmasking an underlying hyperpolarization. Perfusion of the
tissue with medium containing 0.5 mM CaCl, and 8.0 mM MgSO, did not affect
the response to GABA, suggesting that GA?A was having a direct post-
synaptic effect. Intracellular infusion of C1 into CA3 pyramida! cells (KC1-
filled pipettes) did not alter the hyperpolarization produced by dendritic
GABA application.

Our data show that the predominant response of CA3 pyramidal cells to
dendritic GABA application is a hyperpolarization. This response contrasts
with the widespread depolarization produced by dendritic GABA application
in the CA1 region. We suggest that the CA3 hyperpolarizing response is
mediated through a GABA-B receptor since it is insensitive to BMI and
appears to be unaffected by altering the intracellular C1 concentration.
In contrast, the depolarization following dendritic GABA application is
sensitive to BMI, and is likely to be mediated via a GABA-A receptor
subtype. In some cells, the GABA-A mediated depolarization may mask an
underlying GABA-B mediated hyperplarization.

Supported by NIH, NINCDS grants NS-15317 and NS-18895.
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22.15 ANOXIA IN HIPPOCAMPAL SLICES: COMPARISON OF FIELD POTENTIAL

RECORDINGS FROM SUBMERGED AND SUPERFUSED PREPARATIONS.
M. B. Maclver, Department of Anesthesia, Stanford University School
of Medicine, Stanford, CA 94305-5117.

Synaptically evoked field potentials recorded from submerged
hippocampal slices exhibit considerably smaller amplitudes
(approx. 2 mV) compared with responses from either superfused
(gas/liquid interface) or in vivo preparations (10 to 30 mV). A
possible explanation for this decreased amplitude is the enhanced
"grounding" produced using the submerged preparation. Trans-
membrane current fluxes which underlie extracellularly recorded
field potentials could be shunted more readily to bath ground when
slices are completely surrounded by the conductive medium (artifi-
cial cerebral spinal fluid; ACSF). Alternatively, it is possible
that the viability of neurons is compromised using submerged
preparations and reduced field potential amplitudes could reflect
a smaller number of cells contributing to synaptically evoked
responses. The present study examined which of these two possible
factors contribute most to reduced extracellular voltage responses
by comparing field potential amplitudes recorded before and after
hippocampal slices were submerged. Particular care was taken to
ensure that stimulating and recording sites were maintained as
slices were gradually covered by ACSF solution (5 - 10 min). The
temperature of the solution was continually monitored and
maintained at 35°C in the recording chamber. Response amplitudes
and the size of stimulus artifacts did not change (< 10%) for the
first hour after slices were completely submerged; however, a
gradual decrement in amplitudes were observed over the following 2
to 3 hours. This reduction in amplitude resulted in field
potentials of 0.5 to 5.0 mV and was sometimes accompanied by the
appearance of two or more population spikes, suggesting that
depression of postsynaptic excitability did not contribute to the
observed depression of response amplitudes. When slices were
returned to the superfused condition, response amplitudes did not
recover, or showed only marginal improvement. The decrement in
field potential amplitudes was markedly enhanced by decreasing the
p02 in the recording chamber. Thus, the smaller field potential
responses from submerged preparations appear to result from
neuronal depression, secondary to a lack of oxygen, rather than
from differences in the electrical characteristics between
superfused and submerged preparations.

Supported by NIH grant NS13108 to Joan J. Kendig.

2216 OXIDATIVE DAMAGE IN GUINEA PIG HIPPOCAMPAL SLICE.

T. C.
Armed Forces

Pellmar and K. L. Neel*. Physiology Department,
Radiobiology Research Institute, Bethesda, MD 20814-5145.

Previous studies have shown that free radicals, generated by radiation
and through the Fenton reaction, produce both synaptic and postsynaptic
damage in the hippocampal brain slice (Pellmar, Brain Res. 364:377-381,
1986; Pellmar and Tolliver, in Brain Slices, Karger, Basel, 1987). The
possible mechanisms underlying free radical damage include lipid peroxida-
tion and oxidative attack. To evaluate the contribution of oxidation to the
observed damage, chloramine T, a specific oxidant of methionine and
cysteine residues of proteins, was studied.

Hippocampal slices were prepared from euthanized male Hartley guinea
pigs. Stimulation of stratum radiatum (0.2 Hz, 0.02-0.5 mA, 200yus) with
stainless steel electrodes evoked a population spike (pop spike) recorded in
stratum pyramidale of CAl and a dendritic response (pop PSP) and afferent
volley (AV) recorded in the stratum radiatum of CAl. From these
orthodromically evoked potentials, three input-output (I/O) curves were
generated before and after application of chloramine T. Pop spike vs AV
demonstrated the net effect of the oxidant, pop PSP vs AV revealed
synaptic mechanisms, and pop spike vs pop PSP showed postsynaptic
actions. A dose response curve for chloramine T was generated: the pop
spike was evoked at half maximal amplitude in control solution and the
decrease produced by chloramine T was evaluated. Only one dose was
applied to each slice.

Chloramine T (25-500 uM) produced a dose-dependent decrease in the
orthodromic response (EDgq =150 uM). A dose of at least 50 uM was
required to produce an effect. The actions of chloramine T were usually
reversible with wash. The 1/O curves revealed that both the pop spike and
the pop PSP were significantly reduced. However, the ability of the pop
PSP to produce a pop spike was not impaired by chloramine T. Chloramine
T was specifie for synaptic damage (100 uM, n = 8, p < 0.05; 250 M, n = 7, p
< 0.05). These studies suggest that oxidation reactions can account for the
synaptic component of the damage produced by free radicals but may not
underlie all the effects. This'is consistent with the mechanisms suggested
by the radiation experiments. Studies with another oxidizing agent are in
progress to further test this conclusion.
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PRESYNAPTIC ROLE OF INOSITOL 1,4,5-TRISPHOSPHATE AND
DIACYLGLYCEROL IN BRADYKININ-INDUCED ACETYLCHOLINE RELEASE AT
NGl08-15 NEUROBLASTOMA HYBRID-MYOTUBE SYNAPSES. Haruhiro
Higashida. Laboratory of Biochemical Genetics, NHLBI, NIH, MD
20892 U.S.A. and Department of Pharmmacology, Cancer Research
Institute, Kanazawa University, Kanazawa 920, Japan

Bradykinin (BK) causes rapid comversion of
phosphatidylinositol 4,5-bisphosphate to inositol
1,4,5~trisphosphate (InsP3) and diacylglycerol (DAG) in NG108-15
neuroblastoma x glioma hybrid cells. Diffusional BK application
onto NG108-15 cells facilitates acetylcholine release from the
hybrid cells: miniature end-plate potential (m.e.p.p.) frequency
in a cultured rat muscle cell which had been synaptically
connected to the NGl08-15 cells were increased by BK application
(Yano et al., J. Biol. Chem. 259, 10201, 1984). Simultaneous
electrophysiological recordings from a synapse pair of hybrid and
muscle cells revealed that the frequency of m.e.p.p.s. was
increased during both membrane hyperpolarization and
depolarization of the hybrid cell in response to iontophoretic
application (+30 nA for 1-5 s) of BK (0.1 mM in 0.1 mM HC1 in
pipettes). The early BK-induced facilitation of ACh release
during the hyperpolarization of the hybrid cells was mimicked by
intracellular injections (10-50 nC) of Ca2* (0.5 M 1in
pipettes) or InsP3 (0.25 mM in pipettes). The mean m.e.p.p.
frequency increased by 6.9, 3.9 and 3.7 fold in BK, ca?* and
InsPy application, respectively, from the control values (0.3-4
events/s).

Within 3-5 min after perfusion with 1-2 uM phorboldibutyrate
(PDBu), the frequency of m.e.p.p.s. started to increase, and
reached a plateau after 8 min with a mean increase of 3.0 fold
during a depolarization of the hybrid cells which is due to the
inhibition of the M-current (Higashida & Brown, Nature, 323, 333,
1986). Facilitation by BK application or iajection of InsPj was
observed even Iin hybrid cells which had been treated with PDBu or
4 mM Ba2*, an M-current inactivator, or 30 aM H-7, an
inhibitor of protein kinase C. The results suggest that these two
intermediate substances (InsP3 and DAG) mediate BK-induced
presynaptic facilitation: ACh release is inducible by
InsP3-dependent release of Ca2* from intracellular storage
sites and protein phosphorylation by DAG-activated protein kinase
C.

23.2

TYPICAL AND ATYPICAL ANTIPSYCHOTICS: DIFFERENTIAL ACTIONS AT
DOPAMINE (DA) RECEPTOR SUBTYPES. A.I. Salama, M.J. Czupryna*,
M.A. Pacheco*, and C.F. Saller. Department of Pharmacology,
Stuart Pharmaceuticals, A Division of ICI Americas Inc., Wilming-
ton, DE 19897.

The actions of typical (e.g., chlorpromazine, fluphenazine,
haloperidol) and atypical (i.e., clozapine and fluperlapine)
antipsychotic drugs at D-1 and D-2 DA receptors in rat striatum
were examined. The affinities of these compounds at D-1 DA re-
ceptors, which are positively coupled to adenylate cyclase, were
measured using 3u-SCH 23390 binding, and their affinities at
D-2 receptors, which are negatively linked to adenylate cyclase
in rat striatum, were measured using 3H-spipetone binding. The
stimulation of adenylate cyclase by the D-1 agonist SKF 38393 and
the K*'-evoked release of SH-acetylcholine (Ach) from striatal
tissue slices were measured as functional indices of activity at
D-1 and D-2 receptors, respectively (Saller and Salama, J. Phar-
macol. Exp. Ther. 236:714, 1986).

In vitro, the typical antipsychotics possessed considerably
greater affinities for D-2 binding sites than for D-1 sites. The
affinities of clozapine and fluperlapine at D-1 sites relative to
D-2 sites were much greater than those of the typical antipsy-
chotics. In this regard, the in vitro D-1/D-2 affinity ratio of
D-butaclamol was similar to clozapine and fluperlapine, but in
ex vivo binding studies, it resembled the typicals.

A high positive correlation was found between the abilities
of all of the compounds that were examined to inhibit SKF 38393-
stimulated adenylate cyclase activity and their affinities at
3H-SCH 23390-labeled sites. This observation somewhat con-
trasts with the report that clozapine and fluperlapine appeared
to possess greater potency at blocking DA-stimulated adenylate
cyclase activity than at displacing 35-SCH 23390 binding rela-
tive to the typical antipsychotics (Andersen and Braerstrup, J.
Neurochem. 47:1822, 1986). However, DA is a mixed agonist that
also stimulates D-2 receptors which inhibit adenylate cyclase
activity, and this might partially explain this discrepancy.

Clozapine and fluperlapine also differed from the typicals in
their effects on the K*-evoked release of 3H-Ach. The typi-
cals all enhanced the K*'-evoked release of 3H-Ach, presumably
by blocking D-2 receptors, whereas clozapine and fluperlapine
tended to lower JH-Ach release. The observations with cloza-
pine and fluperlapine, which block D-1 and D-2 receptors, are
reminiscent of our previous findings that D-1 blockade with
SCH 23390 can attenuate the enhancement of 3H-Ach release by
haloperidol (Saller and Salama, ibid.). Thus, differences in the
effects of typical and atypical antipsychotics may be at least
partially attributable to their differential actions at D-1 and
D-2 receptors.
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ELECTROPHYSIOLOGICAL STUDIES IN THE DENTATE GYRUS.
J.M. Baraban, Department of Neuroscience, Johns Hopkins University
School of Medicine, Baltimore, MD 21205.

Both norepinephrine (NE) and protein kinase C (PKC) have been
implicated in long-term potentiation (LTP) of synaptic responses in
the dentate gyrus elicited by stimulation of the perforant
pathway. To assess the interactions between these two modulators
of synaptic activity, we have examined the acute effects of phorbol
esters, activators of PKC, and NE on synaptic responses in the
dentate. In a previous study, we demonstrated that a prominent
action of phorbol esters is their ability to block adenosine's
inhibitory effects on synaptic transmission (Worley et al., PNAS,
in press). In the present study, we have found that in the dentate
gyrus, NE (1-10 uM) greatly potentiates the ability of phorbol
12,13-dibutyrate (PDA) to block adenosine. NE's effect is mimicked
by the application of forskolin (10 uM), an activator of adenylate
cyclase. Neither 50 uM forskolin nor 100 uM NE alone alter
adenosine's inhibitory action. These findings suggest that PKC and
adenylate cyclase systems act synergistically to modulate synaptic
responses in the dentate. Others have demonstrated the selective
involvement of NE in LTP in the dentate but not in the CAl region
of the hippocampus. We have also found that NE and forskolin do
not potentiate PKC's block of adenosine in CAl. Thus, the
interactions between cyclase and PKC systems appear to be
particularly important in modulating synaptic responses in the
dentate and may reflect the extremely high levels of Gg-cyclase
complex in granule cells detected by [3H]forskolin
autoradiography (Worley, PNAS 83:4053, 1986).

ETHANOL POTENTIATES PRIMARY AFFERENT DEPOLARIZATION IN
FROG SPINAL CORD. M.O. Poulter and A.L.Padjen
(SPON.B.Harvey) Department of Pharmacology and
Therapeutics, McGill Univ., Montreal, Quebec, H3G 1vé6

The effect of ethanol on primary afferent depolarization
(PAD, a GABA-mediated synaptic potential) was studied using
intracellular recording from large myelinated primary
afferent axons penetrated at the dorsal root (DR) entry zome
In agreement with the previous results obtained from whole
population recording (sucrose gap technique) DR-PAD was
increased in amplitude and decreased in duration (+25%
p<<.001 and 25% p<.02 n=8 by paired t-test, respectively).
The decrease in effective resistance (Ry) accompanying
PAD (cf. Padjen & Hashiguchi, 1983; obtained by "current-
clamp" technique) was further decreased by ETOH (60% with
100 mM), without any change in estimated reversal potential
In the presence of tetrodotoxin (0.25 uM, used to block
indirect responses), ETOH did not reproducibly potentiate

GABA (1 - 2 mM) mediated change in membrane resistance
unlike responses on dorsal root ganglia (GABA 10 - 50 M)
which were regularly increased (cf. Padjen et al. 1987).

ETOH increased R, (+25% n=5 p<.03 by paired t-test) and
usually depolarized the primary afferents (1-2 mV; reversed
on washout). In giew of the possiblilty that ETOH increases
intracellular Ca’* ([Ca +]-; cf. Carlen et al. 1985) we
exampined the effects of ca%feine (5 mM) (which raises

[Ca +}i)‘ The results were qualitatively similar to those of
ETOH: an increase in the R, (+38% n=3 p<.0l by paired t-test
and a small depolarization (3-4 mV).

Our results suggest that ETOH: 1. increases PAD by, at
least in part, potentiating GABA-mediated chloride
conductance; contribution of presynaptic effects could not be
excluded. 2) The increase in R, is caused by the blockade of
a resting conductance, possibly gKg (slow K conductance of
Dubois, 1983) which is active_at resting membrane potential
(result of an increase in [Ca +]i?>‘

Supported by the AMBRF and the MRC of Canada.

P.F. Worley and
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ALPHA-ADRENOCEPTOR MODULATION OF TRANSMITTER RELEASE AT MAMMALIAN
MOTOR NERVE TERMINALS.

H. Chen* and W.F. Dryden, Department of Pharmacology, University
of Alberta, Edmonton, Alberta, Canada, T6G 2H7.

Miyamoto and Breckenridge (J. Gen. Physiol. 63: 609-624, 1974)
showed that both epinephrine and norepinephrine could increase
MEPP frequency in rat phrenic nerve neuromuscular junction, and
attributed this to an action on presynaptic adrenoceptors which
increased nerve terminal cyclic-AMP level. This contrasted with
an earlier report (Kuba, J. Physiol., 211: 551-570, 1970) in which
the effects of the catecholamines on EPC were blocked by
phentolamine but not by pronethalol. Other experiments, using
reversal of tubocurarine blockade, indicated indirectly that the
presynaptic effect of norepinephrine and epinephrine were mediated
by alpha-adrenoceptors (Bowman and WNott, Pharmacol. Res., 21:
27-72, 1969; Malta et al., Br. J. Pharmacol., 65: 249-256, 1979).
The present work was undertaken to compare the effects of specific
agonists and antagonists of adrenoceptor subclasses on spontaneous
and accelerated transmitter release at the mouse phrenic nerve
terminals.

Mouse hemidiaphragm preparations with residual phrenic nerve
stump were pinned on a Sylgard base and perfused at room tempera-
ture with Bretag's solution (Life Sci., 8: 319-329, 1969). Using
conventional intracellular microelectrodes MEPP frequency was
recorded for periods up to 30 min from the same muscle endplate
under control conditions, and during perfusion of agonist drug.
Similar experiments were performed in which [K], was increased to
15 =M with a corresponding reduction in [Na],. Resting MEPP
frequency was not affected by epinephrine (10 pM), norepinephrine
(1-10 yM) or phenylephrine (1-10 puM). Exposures >15 min to
isoproterenol (0.1-10 ypM), dobutamine (1-10 uM) or salbutamol
(0.1-10 pyM) depressed spontaneous M.E.P.P. frequency in a concen-
tration dependent manner that was unaffected by propranolol
(10 yM). Accelerated release, using 15 mM (K], was increased by
epinephrine (1-10 M), norepinephrine (0.1-10 M) and phenyle-
phrine (1-10 yM). This effect was not sustained >15 min and was
blocked by prazosin (1-10 yM) but not by yohimbine or nadolol.
Isoproterenol (1-100 M) had no effect. Catecholamine induced®
increases in transmitter release at the motor nerve terminal are
mediated through alpha-l1 adrenoceptors. No evidence for the
presence of other adrenoceptor subclasses was found. The effect
1s only seen under conditions of accelerated release, in contrast
to cyclic-AMP mediated effects, which are also seen 1in resting
MEPP frequency.

CHOLINERGIC TRANSMISSION IN PANCREATIC GANGLIA OF THE CAT.
J. A. Love* and J. H. Szurszewski. Department of Physiology
and Biophysics, Mayo Clinic, Rochester, MN 55905.

The intrapancreatic neural mechanisms involved in the control
of pancreatic secretion are unknown. To better understand the
neural control of pancreatic function as well as the neuro-
physiology of parasympathetic ganglia, we examined synaptic
transmission in intrapancreatic ganglia of the cat. Cats were
anesthetized with ketamine and pentobarbital and the neck of the
pancreas removed. Pancreatic ganglia with their attached nerve
trunks were dissected free from the parenchyma and pinned to the
floor of a tissue bath. Ganglia were perfused with oxygenated
Krebs solution warmed to 35-37°C. [Intracellular recordings were
made using 3M KC1-filled glass microelectrodes and nerve trunks
were stimulated with bipolar steel electrodes. Cholinergic
agonists dissolved in Krebs solution were applied to the ganglia
by pressure ejection from a pipette positioned close to the
recording electrode. Cholinergic antagonists were applied by
superfusion. In all cells tested nerve stimulation evoked fast
excitatory postsynaptic potentials (EPSPs) which were abolished by
hexamethonium. Slow EPSPs were observed in most cells following
repetitive nerve stimulation at frequencies as low as 1 Hz.
Frequently, slow EPSPs were resistant to cholinergic blockade with
hexamethonium and atropine. Exogenous acetylcholine (ACh) evoked
3 types of responses. Most frequently a fast initial depolariza-
tion was followed by a slowly developing, long-lasting depolariza-
tion. The fast ACH depolarization was accompanied by a decrease
in input resistance, enhanced by hyperpolarization, diminished and
then abolished by depolarization to -20 to -10 mV, and abolished
by hexamethonium. The slow ACh depolarization was accompanied by
an increase in input resistance and excitability, enhanced by
depolarization, diminished and abolished but not reversed by
hyperpolarization to -60 to -70 mV, and abolished by atropine.
In some cells a rapid hyperpolarization with a decrease in input
resistance was observed between the fast depolarization and the
slow depolarization. This potential decreased with hyper-
polarization and appeared to be enhanced by an increased amplitude
of the preceding fast depolarization. Other cells responded to
acetylcholine with only a fast depolarization. The nicotinic
agonist DMPP mimicked the fast ACh potential while muscarine
mimicked the slow ACh potential. Thus, pancreatic ganglia exhibit
both fast nicotinic and slow muscarinic cholinergic potentials
which allow for the integration of central and possibly peripheral
input to the pancreas. The ACh potentials resemble those observed
in sympathetic ganglia. (Supported by DK 17632 and HLO 7111.)
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23.7 THE RELATIONSHIP OF AGONIST PROPERTIES TO THE ACTIVATION

23.9

KINETICS OF THE NICOTINIC ACETYLCHOLINE RECEPTOR. R.L.
Papke, G.L. Millhauser. Z. Lieberman* and R.E. Oswald. Department of
Pharmacology, Cornell University, Ithaca, N.Y. 14853 USA.

A series of five systematically varying derivatives of acetylcholine (ACh)
were used to study the activation kinetics of nicotinic acetylcholine receptors
(nAChRs) from BC;H-1 cells. The goal of the study was to relate the structural
characteristics of the agonist to the microscopic kinetics of agonist binding and
channel activation as deduced from the opening and closing of single AChR
channels recorded in the cell attached configuration. The derivatives were
substituted on the acetyl moiety with either H, F, Br, Cl or CH,. All five
derivatives were potent agonists which gave rise to single channel events having
conductances of 50 pS. In all cases, the open channel lifetimes (and burst
durations) were double exponentially distributed with the shorter time constant
varying between 0.2 and 0.35 ms and the longer time constant varying between
8 and 19 ms, depending upon the agonist (PrCh>CIACh>ACh>BrACh>
FACh). At 100 nM, at least four exponentials were present in the closed time
distribution for all five agonists. Because of the variation of the shortest time
constant with the nature of the agonist but not the concentration of agonist, it
was assumed to represent dwells in the A,R state (see scheme below). By
examining only the bursts of openings represented by the longer exponential of
the open time and burst duration histograms, the scheme shown below can
adequately explain the observed data. Based on the above data, estimates were
made of the opening (B) and closing (o) rates of the channel and the dissociation
(k) rate of agonist binding. In conjunction with estimates of the number of
AChRs per patch (170 + 50) and the number of bursts per second, the
association rate (k,) was measured, assuming no cooperativity in binding (i.e.,
k,=k =2k, and k =2k ;=k ;). The association and dissociation rates for the
agonists were highly correlated with the bond length at the substituted position
(rates decreased with increasing bond length); and the opening and closing rates
were correlated with the ionic character of the bond (opening rates decreased and
closing rates increased with increasing ionicity of the bond). This suggests that
the energy barrier for binding is increased by increasing the bond length
(BrACh>CIACh>PrACh>FACh>ACh), and the doubly liganded open state is
destabilized by the ionic character of the substituent bond.

k K 8
A +R+¥=A + AR= AZR# A2R'
k4 k, a

" A=ACh,R = AChR, AR =gsingly liganded AChR, A%R = doubly liganded

ACHR (closed channel), A,R™ = doubly liganded AChR (channel open).

HALOTHANE BLOCKS LONG-TERM POTENTIATION BUT NOT PAIRED-PULSE
POTENTIATION IN HIPPOCAMPUS. J. J. Kendig and M. B. Maclver,
Department of Anesthesia, Stanford University School of Medicine,
Stanford CA 94305-5117

Previous studies from this laboratory have shown that the
halogenated ether anesthetic, methoxyflurane, blocks paired-pulse
potentiation (PP), but not long-term potentiation (LTP) of
synaptic transmission in hippocampal slices (Tauck and Kendig,
1985, Soc. Neuroscience Abs., vol. 11, p. 780). This is in
contrast to the effects of dissociative anesthetics (e.g. ketamine
and PCP) which effectively block LTP via depression of responses
mediated by NMDA excitatory amino acid receptors. These results
suggest that the structurally different volatile and intravenous
anesthetics may alter the integrative properties of hippocampal
synaptic transmission in a differential manner, involving
distinct, structurally selective, membrane sites of action for
each agent. The present study examined whether volatile agents
differ among themselves in this respect by examining the effects
of a halogenated alkane anesthetic (halothane) on PP and LTP for
synaptically evoked responses from Schaffer-collateral inputs to
hippocampal CAl neurons. Clinical concentrations of halothane
(0.5 to 1.0 vol %) produced a reversible depression of evoked
field potentials (50 to 20% of control); however, PP and LTP were
not blocked. Higher concentrations (>1.2 vol %) produced further
depression (<10% of control) of field potential amplitudes and
blocked LTP, but PP potentiation was not altered. The effects of
all concentrations studied (up to 2.0 vol %) were readily
reversible. The block of LTP and lack of effect on PP potenti-
ation produced by halothane contrasts with the effects of
methoxyflurane. The differential effects of these two volatile
anesthetics suggest that their mechanisms of action may be
fundamentally different at the synaptic level and/or their
membrane sites of action differ. Furthermore, these results
provide additional support for the concept that the mechanisms
underlying PP and LTP in hippocampal synaptic responses are
separable.

Supported by NIH grant NS13108 to JJK.

23.8 EFFECTS OF SOMAN ON TRANSMISSION THROUGH BULLFROG SYMPATHETIC
GANGL: *

. T.Jd, J.F, Fiekers. Dept. Anat. and
Neurobiol., Univ. of Vermont Coll. Med., Burlington, VT 05405.

The concentration-dependent effects of the
acetylcholinesterase inhibitor soman were examined on
transmission through the isolated bullfrog sympathetic chain.
Suction electrodes were used to (1) stimulate the sympathetic
chain anterior to the 8th ganglion and (2) record the compound
action potential (CAP) from the 9th and 10th spinal nerves. The
CAP was recorded in normal saline and at concentrations of soman
ranging from 0.01-10 uM. Soman at concentrations < 10 uM had no
detectable effects on the CAP evoked with 0.1 Hz supramaximal
stimulation. In 10 uM soman, there was a minimal decrease in the
CAP amplitude while the duration showed a slight increase after
10 min of continuous stimulation at 0.1 Hz.

The concentration-dependent effects of soman (0.1-10 uM) on
the CAP were also examined using train stimulation (maximum
stimulating rate = 1 train/5 minutes) at frequencies of 10,20 and
30 Hz (2 second duration). The response to train stimulation was
analyzed by comparing the amplitude of the initial spikes in the
train with the mean amplitude of the last three spikes. The
percent decrease in amplitude in normal saline at 20 and 30 Hz
train stimulation was 11% and 19.5%, respectively. 1In the
presence of 10 uM soman, the percent rundown was increased to
18.2¢ and 51.5% at train frequencies of 20 and 30 Hz,
respectively. Spike amplitudes were not significantly changed in
soman concentrations < 10 uM.

Intracellular responses were also obtained from the Sth and
10th ganglia during single and train stimulation before and after
the addition of soman. The amplitude and duration of the
synaptically induced depolarization following a spike were
increased 300% and 240%, respectively, 3 minutes after soman
addition (1.0 uM). At 10 Hz train stimulation in normal saline,
intracellular recordings often showed no sustained
depolarization. However, train stimulation in the presence of
0.1 uM soman induced a sustained depolarization that continued
for several minutes after stimulation was stopped. Trains of 30
Hz increased the amplitude of the sustained depolarization
approximately 20 mV.

Additional studies with soman have shown that (1) antidromic
spikes are not.changed (1.0 uM) and (2) cells voltage clamped at
-50 showed a prolonged decay phase of the EPSC in 1.0 uM soman.
The above results are consistent with a localized effect of soman
on ganglionic transmission. This work supported in part by the
US Army Medical Research and Development Command, Contract No.
DAMD17-86-C-6031.

THE EFFECT OF PHENCYCLIDINE ON THE PHYSICAL STATE OF
MODEL MEMBRANES. A FLUORESCENCE AND ELECTRON SPIN

RESONANCE STUDY. I * WO. B KA K ler*
S.L. Masters*. Department of Psychiatry and Behavioral Sciences,

Medical University of South Carolina, Charleston, SC 29425 and
Departments of Biochemistry and Surgery, Case Western Reserve
University School of Medicine, Cleveland, OH 44109.

To characterize the membrane depth-dependent effects of the
drug Phencyclidine (PCP) in dipalmitoylphosphatidylcholine:
dipalmitoylphosphatidylglycerol (8:2) sonicated bilayer
vesicles, a series of substituted (9-anthroyloxyl) stearic acid
fluorescence and doxyl stearic acid spin resonance probes are
employed. The PCP concentration-dependence of the response of
probes located at C-2, 3, 9 and 12 reveal marked regio-specific
differences in the effects of PCP on the fluorescence polariza-
tion values for four fluorescence probes. These differences are
manifest in the PCP concentration-dependencies of fluorescence
polarization both above and below the phospholipid phase transi-
tion temperature, T, and in the width of the phase transition,
AT. The S5-doxylstearic acid probe was utilized for determina-
tion of S, the order parameter, of the probe as a function of
PCP concentration. The biphasic behavior of PCP in negatively
charged PC/PG membranes are interpreted in terms of selective
interactions of PCP with different regions or phases of the
phospholipid bilayer.
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KETAMINE INCREASES DISCHARGE RATE BUT REDUCES SENSORY RESPONSES
OF SINGLE CORTICAL NEURONS RECORDED IN BEHAVING RATS I.M.
Patel} and J.K. Chapin, (Spon: G.C. Salmoiraghi), Hahnemann
University, Philadelphia, PA 19102,

The dissociative general anesthetic ketamine is widely used
in the clinic and in research, and it is functionally related
to the drug of abuse phencyclidine, yet its effects on neural
circuits are poorly understood. The aim of this study was to
define the effect of subanesthetic doses (5-~10 mg/Kg body
weight) of ketamine on discharge rates and sensory responses of
single neurons recorded in the somatosensory (SI) cortex of
awake, behaving rats. Units were recorded either with drivable
microelectrodes or with floating microwires. In the latter, up
to eight single units could be simultaneously recorded for time
periods up to 21 days. The behavioral paradigm generally
involved running the animals on a treadmill which was switched
on and off in a regular cycle. In some animals it was also
possible to directly test drug induced changes in neuronal
sensory responsiveness by stimulating through electrodes
chronically implanted in the forepaw.

The initial behavioral effects of these subanesthetic doses
involved: 1- a 10-20 minute induction phase characterized by
confusion and marked hyperactivity, and 2- a subsequent 20-40
minute period before recovery in which the drug effects clearly
remained, but the animals were able to perform correctly in the
treadmill paradigm.

Neurophysiologically, it was found that these doses of
ketamine increased the discharge rates of single somatosensory
cortical neurons from 100-300%. These increases were greatest
during the initial induction period, but continued for the full
40-50 minute duration of the drug effect. During resting as
well as treadmill running, these increases were far greater
than could be accounted for by concomitant increases in motor
activity. Paradoxically, the same ketamine doses strongly
suppressed the short latency sensory responses of these neu-
rons, whether the stimulation was delivered through electrodes
implanted in the paw, or was the result of the natural stimula-
tion of skin receptors which occurs at the start of treadmill
movement., Nevertheless, some cells exhibited an increase in
long latency (200 msec) responses to the same sensory stimuli.
It is possible that this increase in cortical activity,
combined with the suppression of sensory input, may produce
some of the disorienting behavioral effects of this drug.
Supported by AA-06965, AA-00089, and BNS-8519579 to JKC.

INHIBITION BY DOPAMINE OF BASAL INOSITOL PHOSPHATE FORMATION IN RAT
STRIATAL SLICES.Pizzi,M.*, Da Prada,M.*; Spano, P.F., and Haefely
W.E*T(SPON: M.Motta). Inst. Pharm. Exp. Ther. School of Medicine
Brescia Univ., Italy. Dept.Pharm. Res. Hoffmann - La Roche , Basle
Switzerland.

Dopamine (DA) has been shown to act in the nervous system through
the stimulation of specific receptors, designated as D-1 and D-2 ,
which stimulate and inhibit adenylate cyclase respectively.

However many of cerebral dopamine functions seem to be uncoupled to
any modification of c¢yclic AMP neuronal content. For other
neurotransmitter such as Ach, NE, 5-HT ,it has been demonstrated
that receptor activation could stimulate polyphosphoinositide (PPI)
breackdown with the formation of diacylglicerol inositol
monophosphate (InsP), inositol bisphosphate (InsP_ ) and inositol
trisphosphate (InsP_). The aim of our study was to identify
whether DA too might affect the PPI turnover.

Rat striatal slices ,after a 20 min preincubation in a Krebs-Ringer
buffer (KRb) at 37° C under an atmosphere of 0 /CC_, were labelled
wuth myo-(3H)inositol (1.35 uM) for 2 hours. < Labelled slices
rinsed and than incubated in a KRb in the presence of 10 mM Liﬁ, 5
uM scopolamine (muscarinic antagonist), 5 uM kynurenic acid
(glutamate antagonist) and test drugs (final volume 500 ul). The
reaction was stopped after 20 min by 2min boiling , and by adding
750 ul HClq@-4 N. Inositol polyphosphates were separeted by ion
exchange chromatography. DA dose-dependently decreased the level
of Insl‘-?3 and Ins% with an IC 5 of about 180 nM. DA effect has
been shown to be time-dependent. It reached its maximal value at 20
min incubation ( over 50 % decrease). Dopamine effect was more
potently reproduced by the D-2 selective agonists RU 24213
(I%O nM), quinpirole (IC50 10 nM) and lisuride (IC o 10 nM). On
the contrary fenoldopam which selectively stimulates the D-1
receptor , did not affect the inositol phosphate content even at
hight concentrations (up to 1uM). Norpropylapomorphine (NPA),
effect tested at 1 uM concentration was prevented by the D-2
receptor antagonist domperidone and by haloperidol (both 5 uM), but
not by the D-1 antagonist SCH 23390 (100 nM). In summary our
results indicate that DA affects the PPI ' turnover in brain as
revealed by the decrease of inositol polyphosphate content. This
phenomenon is linked to the activation of a D-2 type receptor , and
is probably independent of any modification of endgenous
Ach/glutamate release.

were
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PATCH CLAMP RECORDING FROM CORPUS STRIATUM NEURONS OF
ADULT RATS. Jopathan E. Freedman and Forrest F. Weight.
Electrophysiology Section, Lab. of Physiologic -and Pharmacologic
Studies, National Institute on Alcohol Abuse and Alcoholism, Rockville,
MD 20852.

Fully differentiated neurons from the corpus striatum (caudate and
putamen) of adult rats were acutely dissociated by a modification of the
PIPES-trypsin method of Kay and Wong (J. Neurosci. Methods 16: 227).
This method rapidly and consistently yielded intact cell soma with
truncated neurites and clean membrane surfaces suitable for recording
with patch electrodes. Patch recording from mammalian CNS was thus
possible without resort to embryonic tissue.

In whole-cell recordings, patch pipettes contained (in mM): KCl, 140;
CaClp, 1; MgClp, 2; EGTA 11; HEPES, 10 (pH 7.4, 320 mosm). The
extracellular bath contained: NaCl, 150; KCl, 5; CaCh, 2.5; MgCla, 1;
d-glucose, 10; HEPES, 10 (pH 7.4, adjusted with sucrose to 340 mosm).

Current clamp recording indicated that the cells had resting membrane
potentials of -50 to -80 mV and apparent input resistances of 300 - 500
MQ. Cells fired action potentials of S0 mV spike amplitude, and the
firing rate increased with depolarization. This indicated that the cells
remained electrically excitable, with high input resistance presumably
resulting from shortened neurites and GQ seal recording conditions. In
whole-cell voltage clamp, step depolarization from -30 mV elicited fast
inward and delayed outward currents. Total inward current had a
threshold around -60 mV and an amplitude of at least 3 nA at -50 mV.
Total outward current had a threshold around -45 mV and an amplitude
of 1 - 4 nA at +30 mV.

Single channel recording was performed in the cell-attached
configuration. Whereas few spontaneous channel openings were
observed when the pipette contained a solution similar to the
extracellular bath, several distinct types of channels were expressed
when the electrode contained the high KCI patch pipette solution
described above.

The striatum is a major postsynaptic target of dopaminergic neurons
in mammalian brain. We hope to utilize this preparation to study the
effects of dopamine at the single channel level, so as to better
understand the actions of this neurotransmitter as well as the actions of
neuroleptic drugs.

EFFECTS OF CHRONIC ADMINISTRATION OF ANTIDEPRESSANTS ON 5-HYDROXY
TRYPTAMINE UPTAKE AND PAROXETINE BINDING. Y. Minatogawa*, Y.
Watanabe*, A. Moriya*, T. Higuchi, Y. Igarashi*, T. Yamauchi* and
M. Mikuni? Dept. of Psychiatry, Saitama Medical School, Moroyama,
Saitama, 350-04 Japan, °Div. of Mental Disorder Research, Natl.
Institute of Neuroscience, Natl. Center of Neurology and Psychiatry,
Kodaira, Tokyo, 187 Japan.

It is well known that acute administration of antidepressant (AD)
inhibits the uptake of 5-hydroxytryptamine (5-HT) at presynaptic
menbranes. However, there were few reports on the chronic effects
of AD on 5-HT uptake sites. Recently, high affinity ®H)paroxetine
binding sites have been demonstrated in mammarian brain and these
binding sites are considered to be associated with 5-HT uptake
transporter complex. However, there is no report on the chronic
effect of AD on (*H)paroxetine binding sites.

To investigate the effects of chronic AD administration on 5-HT
uptake sites and (*H)paroxetine binding sites, following experiments
were carried out. Rats were administered (i.p.) either chlor-
imipramin (CMI, 10mg/kg), desmethylimipramin (DMI, 10mg/kg) or
mianserin (MIA, 5mg/kg) for 2 weeks. For kinetic studies, cerebral
cortex was homogenized with 100 vol. of Krebs-Ringer bicarbonate
(KRB,pH 7.4) and after centrifugation, the pellet was resuspended 8
with 50 vol. of KRB. The suspensign was incubated with 5-HT (1x10
~4x107/M) containing (®H)5-HT(1x107°M) for 2 min at 37°C. The data
obtained were analyzed by Lineweaver-Burk method. For uptake
inhibition studjes, the crude menbrane s sion was incubated
with CMI (1x10™%~1x10"10M) and CH)5HT (5x107°M). The data cbtained
were analyzed by conventional graphical techniques. Specific 5-HT
uptake was defined as the difference between the uptake value
obtained at 37°C and that at 0°C. Paroxetine binding studies were
performed by incubating crude membrane (4 mg/tube) with (*H]
paroxetine (0.2x1077~5x107°M) for 60 min at 25°C in Tris-HCl buffer-
solution (pH 7.4) containing 120 mM NaCl and 5 mM KCl. Specific
binding was defined as the difference betgﬁen the binding in the
presence and absence of fluoxetine (1x107°M).

In kinetic study of 5-HT uptake, the Km and Vmax values of con-
trol rats were 9.15uM, 4.98pmole/ma protein-min, respectively. No
changes were observed on the Km values following CMI, DMI or MIA
chronic administration. Only chronic MIA administration induced
slight decrease of the Vmax value and increase of the Ki value.
Scatchard analysis of (*H)paroxetine binding revealed a Xd of 41.4
PM and the Brmax of 32.0 pmoles/g tissue, and no obvious changes were
observed in chronic AD administration.

These data suggest that chronic AD administration except MIA may
induce no adaptive change in 5-HT uptake transporter complex.
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MPTP-INDUCED MONKEY PARKINSONISM.
M. Shimizu , and Y. Yamamura.

R. Miyoshi, S. Kito,
Third Department of

Internal Medicine, Hiroshima University School of
Medicine, Hiroshima 734, Japan.
In 1983, Langston described 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine (MPTP) intoxicated human
parkinsonism, and it was discovered that MPTP was
selectively toxic to the dopamine neurons of the

substantia nigra. Recent studies have shown that not
only the nigro-striatal dopamine but also locus
coeruleus noradrenaline neuronal systems are
susceptible. In the present paper, the authors
examined alterations of the central adrenergic system
in chronic MPTP-induced monkey parkinsonism. Adult
Japanese monkeys were used in this experiment. MPTP

was administrated intravenously to monkeys in doses of
0.16 to 0.27 mg/kg body weight/shot repeatedly. Animals
were feeded for 6 to 18 months. After deep anesthesia,
brains were rapidly removed and dissected into
hemispheres. One hemisphere was used for conventional
neuropathological observations and the other one for
receptor binding assay of adrenergic receptors. The
frontal, parietal, temporal and occipital cortices and

cerebellum were dissected and P fractions were
grepared. For ohservation of & . and adrenoceptors,
H-WB 4101 and “H-clonidine were used” as radioactive

ligand, respectively. In the substantia nigra of all
MPTP-induced monkey parkinsonism, nerve cells were
remarkably reduced and those surviving were atrophic as
previously reported. In addition, loss of nerve cells
and gliosis were considerably observed in the locus
coeruleus, though not so severely affected as in the
substantia nigra. There were no notable changes in
other bra&n areas. In the brain of these parkinsonian
monkeys, ~H-clonidine binding sites were significantly
decreased 1in the temporal and parietal cortices and
also had,a tendency to decrease in other cortex areas.
As for “H-WB 4101 binding sites, they were reduced as
half as normal controls in the temporal and parietal
cortices and tended to decrease in other areas.
Saturgtion experiment§ revealed that the decrease of
both “H-clonidine and “H-WB 4101 binidng sites was due
to a reduction of maximal receptor number. Above-
mentioned results strongly suggest that the adrenergic

neuron system is damaged in addition to the
dopaminergic one in the brain of MPTP-induced monkey
parkinsonism.

BIOTRANSFORMATION OF MPTP

VITRO. L. i¥ A. iuF D. M. Hadjicon-
i and N Neff. Department of Pharmacology, The Ohio

State University, College of Medicine, Columbus, OH 43210.

The chemical mechanism(s) for the destruction of neurons
by MPTP is still unknown. It has been suggested that during the
biotransformation of MPTP cytotoxic intermediates are formed.
Recently, the formation of oxygen free radical intermediates
has been detected fram the enzymatic reduction of the oxidation
product of MPTP, 1-methyl-4-phenyl-pyridinium ion (MPP'). We
report now that incubation of MPTP with a mouse brain
mitochondrial preparation results in oxygen—dependent formation
of free radicals, which can be trapped and cbserved by electron
spin resonance (ESR). The spin adducts with 1,1-dimethylpyrrol-
idine-N-oxide (DMPO) of hydroxyl radical and of an unidentified
carbon-based radical were cbserved. Radical formation could be
suppressed by ide dismitase (SOD), indicating the
production of superoxide radical. Pretreatment of animals with
deprenyl, a monoamine oxidase (MAO) inhibitor, before the
preparation of mitochondria or the inclusion of deprenyl in a
mitochondrial preparation from control animals inhibited the
appearance of the ESR signal, suggesting that free radical
generation is MAO dependent. In the absence of mitochondria, an
ESR spectrum was obtained when 1-methyl-4-phenyl-2,3-dihydro-
pyridinium perchlorate (MPTP*, the intermediate metabolite of
MPTP) and MPP" were incubated together, but not when they were
incubated independently. We conclude from these observation
that MPP+ causes the isamerization of MPDP* to 1,2 or 1,4
isamers which are oxidized to MPPY with the formation of
superoxide. 13C NMR studies of the reaction mixtures support
this explanation.It is possible that generation of free
radicals contributes to MPTP toxicity in vivo.

SUPEROXIDE RADICAL IN
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DA RECEPTOR BINDING IN MPTP TREATED MONKEYS:
CORRELATION WITH NEUROCHEMISTRY AND BEHAVIOR . K.A,

te: W. Tayrien*, T.J ier, R, L« H. Roth!, D.E, RedmondJr.2,
& J.R. Sladek. Jr.. Dept. of Neurobiol. & Anat., Univ. of Rochester School of
Medicine, Rochester, NY, and Depts. of Pharmacology! and Psychiatry?, Yale
Univ. School of Medicine, New Haven, CT.

The degeneration of the nigrostriatal DA system associated with Parkinson's
disease reveals a complex regulation of D2 DA receptors. Intially there is an
apparent compensatory increase in the number of receptors. In contrast, the
more disabled patients who no longer respond to levo-dopa therapy have a low
number of striatal D2 receptors. Both an increase (Joyce et al., 1986, Brain Res
382:360) and a decrease (Hantraye er al., 1986, Life Sci 39:1375) in D2 receptor
number have been reported in MPTP-induced parkinsonian monkeys.

Morphological and neurochemical studies in our laboratories with MPTP
treated monkeys have confirmed the destruction of nigrostriatal neurons by this
neurotoxin. These data have been correlated with the behavioral status of
individual monkeys. It was thus of interest to examine D2 receptor status in
monkeys with various degrees of experimental parkinsonism.

Ongoing experiments in our laboratories make analysis of receptor changes in
4% paraformaldehyde perfused tissue imperative. Therefore, it was neccessary
to determine whether striatal D2 receptors were still viable using this fixation
protocol. Biochemical experiments were performed to determine binding
characteristics of sulpiride displacement of 3H-spiperone to slide mounted
striatal tissue sections in 0.1% (control) and 4% paraformaldehyde perfused
rats. Equilibration time was 60 minutes in control tissue and 120 minutes in 4%
tissue. This may be attributable to a delay in penetration rate of the ligand into
the tissue related to an increase in cross-linking associated with the stronger
degree of fixation in the 4% animals. A maximum ratio of specific to non-
specific binding (3:2) was obtained for both preparations with two 15 minute
washes in cold buffer. Scatchard analysis revealed no difference in affinity
between 0.1% (Ko=80+12pM(+SEM)) and 4% (Ko=73+11pM) fixed tissue.
These data indicate a slight decrease in receptor density from 0.1% (Bmax= 50+1
fmol/mg tissue) to 4% (Buax=384+5) fixation. These initial studies in perfused rat
brain indicate our ability to assess changes in a population of receptors that
satisfy many of the criteria which have been described for D2 receptor
populations in other more extensively characterized systems.

Binding studies in 3 control African green monkeys indicate D2 receptors in
this system also survive the 4% fixation protocol. Preliminary results in 2
MPTP treated monkeys revealed a marked decrease in specific D2 receptor
binding in these severely parkinsonian monkeys compared to intact animals.
Autoradiography is currently being examined in several MPTP treated monkeys
to investigate whether various receptor changes might be regionally specific as
well as correlated to the degree of experimental parkinsonism. This modification
of the approach for receptor binding analysis as performed in concert with
ongoing behavioral, neurochemical and immunohistochemical analyses will
permit application of this technique to transplant recipients to better correlate
improvements seen following fetal nerve cell grafts in parkinsonian monkeys.

This research was supported by PHS grants NS 24032 and MH 18260-02.

SYNTHESIS AND BIOLOGICAL ACTIVITY OF METHYL SUBSTITUTED
ANALOGS OF THE NEUROTOXIN MPTP AND ITS METABOLITES MPDP*+
AND MPP*E. A, Johnson. A, Trevor. and N, Castagnoli Jr. (SPON: J.

Lavail) Division of Toxicology, University of California, San
Francisco, CA 94143-0446

MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) has
recently been shown to cause selective destruction of the substantia
nigra of humans and non human primates, resulting in a
Parkinsonian syndrome which is clinically indistinguishable from
idiopathic Parkinsons disease. The neurotoxic effects of MPTP are
dependent upon its bioactivation by monoamine oxidase (MAO) to
produce the two electron oxidation product MPDP*. This unstable
metabolite is rapidly further oxidized to the stable pyridinium
species MPP*. The neurotoxicity of MPTP is currently ascribed to the
action of one or both of these metabolites. The possibility that
idiopathic Parkinsons disease might result from exposure to an
environmental toxin similar to MPTP has been suggested. Such a
toxin may also require activation by MAO. Elucidation of the
structure activity relationship of substituted tetrahydropyridines as
substrates of MAO is an important step in the process of elimination
of potential candidate neurotoxins.  Therefore, we undertook the
synthesis and biological evaluation of methyl substituted analogs of
the tetrahydropyridine and its two metabolites. Compound 1, 1,2-
dimethyl-4-phenyl-1,2,3,6-tetrahydropyridine, and the
corresponding  1,2-dimethyl-4-phenylpyrdinium iodide (2) were
obtained via disproportionation of 1,2-dimethyl-4-phenyl-1,2-
dihydropyridine. Compound 3, 1,6-dimethyl-4-phenyl-1,2,3,6-
tetrahydropyridine was obtained via a Grignard reaction of MeMgBr
on 1-methyl-6-cyano-4-phenyl-1,2,3,6-tetrahydropyridine. The
methyl substituted MPDP* analog, 4, (1,2-dimethyl-4-phenyl-2,3-
dihydropyridinium perchlorate), was obtained via a Grignard
reaction of MeMgBr on MPP+. The interactions of compounds 1 and
3 with MAO and their striatal dopamine depleting properties in the
mouse have been examined. The oxidation of 1 and 3 proceeded
extremely slowly. Compound 1, however, competitively inhibited
the MAO B catalysed oxidation of MPTP (Ki .378 mM) suggesting that
it does have access to the active site of the enzyme. v
administration of 1 to C57 black mice caused only 8.4% depletion of
straital dopamine compared to an 81% depletion with MPTP. On the
other hand, the pyridinium compound 2, a potential metabolite of 1
and 3, was as effective as MPP* in inhibiting mitochondrial
respiration and even more toxic than MPP* to freshly prepared
hepatocytes. It appears, therefore, that although the structural
requirements of MPTP type MAO substrates may be severe, the
corresponding requirements for molecules displaying toxic
properties related to the metabolite MPP+ may be less restricive.
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TOXICITY OF COMPOUNDS RELATED TO MPP+ FOR DOPAMINERGIC
NEURONS IN CULTURE. P.P. Michel*, J. Sanchez-Ramos*, B.

Pressman*, S. Efange* and F. Hefti (SPON:J.D. Potter).

Dept. of Neurology, University of Miami, Miami FL
33101.

MPTP is a selective neurotoxin for dopaminergic
neurons. Several reports indicate that the selectivity
of the action of MPTP is due to the uptake of its meta-
bolite, MPP+, into the dopaminergic neurons. After
uptake, MPP+ is believed to inhibit mitochondrial ener-
gy metabolism resulting in cell death. We therefore
hypothesized that other compounds satisfying these two
criteria (selective uptake and mitochondrial toxicity)
are selective toxins for dopaminergic neurons. We pre-
viously reported that MPP+ selectively destroys dopa-
minergic neurons in cultures of dissociated cells from
the rat ventral mesencephalon. This culture system was
used to test for the effects of potential toxins.

Cultures were prepared from rat embryos (E15) as
described earlier (Sanchez-Ramos et al., Neurosci.
Lett. 72:215,1986). They were grown for 7 days and then
exposed to test compounds for 24 h., Thereafter, they
were analyzed for selective and non-selective toxicity.
Selective toxicity for dopaminergic neurons was asses-
sed by staining the cultures for tyrosine hydroxylase
(TH) and counting the number of positively stained
neurons. Non-specific toxicity was assessed by counting
cells visible in phase contrast microscopy.

We tested different guanidine derivatives which are
ionized cations at physiological pH. The alkylguani-
dines (C=4,5,7 or 8), previously described as electron
transport inhibitors, induced a non-specific degene-
ration of all the cultured cells. The effective concen-
tration 50 (EC50) decreased with increasing length of
the alkyl side chain and ranged from 45.8 to 1.9 uM.
Under the same conditions, MPP+ selectively destroyed
TH-positive cells with an EC50 of 0.3 uM. Benzyl guani-
dine and guanethidine produced only non-specific toxic
effects ressembling those of alkylguanidines. The EC50
of benzyl guanidine was 20.9 uM. Guanethidine which
destroys peripheral catecholaminergic neuroans in vivo,
was least effective (EC50 64.3uM). Compounds under
investigation include homo-MPP+, isoquinolinium, and
triazines.

Since human Parkinson's disease is associated with a
selective degeneration of dopaminergic neurons, these
studies might lead to the identification of novel com-
pounds possibly involved in the its pathogenesis,

MPTP INDUCES DEGENERATION IN NUCLEUS SAGULUM, THALAMUS, DORSAL
RAPHE, AND OF NON-CORTICAL PROJECTING DOPAMINERGIC BRAINSTEM
NEURONS. R.C. Switzer and S.K. Campbell*, University of Tennes-
see, Depts. Pathology and Medical BioTogy, Knoxville, TN 37920

For an MPTP-treated animal to be a valid model of Parkinson's
disease in humans, the populations of neurons induced to degener-
ate by MPTP in an animal must be congruent with those observed to
be affected in Parkinsonism. To detect and characterize the
population of degenerating neurons in MPTP-treated C57B6 mice, we
applied the degeneration-sensitive cupric-silver stain of de
0lmos. Previously (Neurosci. Abst. 1985), we had shown that
within 48-72 hours after MPTP was administered, degeneration of
neurons occurred in the substantia nigra (SN) and ventral tegmen-
tal area (VTA) in cell groups A8,9, and 10. In addition to these
populations, we have also found degenerating neurons in the
brainstem within the nucleus sagulum, in the rostral dorsal raphe
nucleus, and in the lateral part of the medial thalamic nucleus
(the region embraced by the interal medullary lamina of the
thalamus). These three areas have far fewer neurons affected than
in SN and VTA. The nucleus sagulum is a 1ittle known cell group
situated laterally near the surface of the brainstem ju§t caudal
to the lateral lemniscus and dorsal to the middle cerebellar
peduncle. A first impression is that these neurons are not part
of the catecholamine population but part of the distribution of
the noradrenergic A7 cell group w<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>