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CHRONOLOGICAL LIST OF SESSIONS

ICONTINUED FROM SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 10, PART 1

(see page vii for Thematic List of Sessions.)

Session Session
Number and Title Page Number and Title Page
Slide Sessions—8:30 Am
SATURDAY—CONT. 233. Development and plasticity: cell lineage and differ-
entiation I ........... ... . il 787
Poster Sessions—1:00 pm 234. Blood brain barrier L................cocooeiuin.. 790
202. Invertebrate neurotransmitters II (cont. from Part 1) 689 235. Neurobiology of conditioning in mammals. ........ 793
203. Neurotransmitters, modulators: coexistence of 236. Pain: central pathways II......................... 796
tranSmMitters . .........oovvvneiiiiiii i, 692 237. Visual cortex: striate area I ..................... 799
204. Neurotransmitters, modulators: interactions between 238. Control of posture and movement II .............. 801
transmitters 1L....................... 697 239. Neuromodulators I.............ccooveviiienn... 804
205. Basal ganglia: cellular studies .................... 701 240. Acetylcholine L.t 807
206. Respiratory regulation ........................... 706 241. Peptides: physiological effects I .................. 810
207. Cardiovascular regulation: central transmitters I ... 710 242. Diseases of nervous system I..................... 813
208. Cardiovascular regulation: hypertension and stress 714 243. Regulation of pituitary function IV................ 816
209. Adrenal medulla................. ... ...l 720
210. Neural control of immune system................. 723
211. Visual cortex: cortico-cortical and cortico-subcorti- Poster Sessions—8:30 AM
cal relationships.......................ooee 727 244, Pineal gland .............. oo 819
212. Acetylcholine receptors: nicotinic receptors........ 732 245. Hormonal control of behaVior I.........ooennnnn. 822
213. Sensorimotor integration II....................... 735 246. Hormonal control of behavior I . . .vvvvooennnn.. 825
214. Co.rtex ............ R R 737 247. Regulation of autonomic function................. 829
215. Spinal cord and brainstem Il .................... 740 248 Retina lll.......cevveeeeeeeeeiieeeeiini, 835
216. Spinal cord and brainstem II..................... 745 249. Subcortical auditory pathway I1................... 841
217. Cgrebgllum I............. LT 749 250. Subcortical organization.......................... 845
218. Circuitry and pattern generation I ............... 758 251 EEG and ERP.............ccevvveeeeeiinenniins 846
219. Identifiedcells II........... ... vt 757 252. Regiona] neuropharmacology ................... 851
220. Cell surface macromolecules ..................... 759 253. Comparative NEUroanatomy. ...................... 853
221. Functions of glla I... REREEEE R ER R ERRRRER 764 254. Chemical sensory systems | | S 857
222. Development and plasticity: autonomic nervous 255. Action potentials and ion channels III............. 863
SyStem ............ St e 167 256. Action potentials and ion channels IV............. 866
223. Development and plasticity: transmitter phenotypic 257. Action potentials and ion channels V.............. 871
plastlcxty o 710 258. Catecholamines: biochemical characterization I .... 875
224. Aging IV 772 259. Catecholamines: biochemical characterization II.... - 879
225. Muscle and muscle afferents ..................... 7717 260. Cellular aspects of diSease ....................... 884
226. Muscle L. ... 780 261. Transmitters and receptors in disease I ........... 888
227. Muscle L. ... 784 262. Transmitters and receptors in disease HI........... 891
Special Lectures—5:15 pm 263, Cyclic nucleotides I ............c.oovveeeennien. 895
229. A recombinant DNA approach to Huntington’s dis- 264. Spinal cord and brainstem IV..................... 900
ease. J. GUSELLA ...........cccoovvnn... No abstract 265. Disorders of motor systems: neural prostheses ... .. 904
230. Ionic channels of excitable cells: function and evo- 266. Oculomotor system IL....................... ... .. 909
lution. B. HILLE .. ............uvui.. No abstract 267. Development and plasticity: spinal cord, motor
neurons, and muscles............... ... 913
268. Synaptic structure and function II................. 916
SUNDAY
Symposia—8:30 am Symposia—1:00 pm
231. Development of CNS function in utero. Chaired 269. A cholinergic neuron in the retina. Chaired by:
by: C. J. SHATZ and G. M. SHEPHERD.......... 786 K. KRNJEVIC. ..ot 922
232. Mechanisms of transmitter release. Chaired by: 270. The many roles of the muscle spindle in motor
JOP.TREMBLAY .....oovviiiiiiiiiiiiiiinn 786 control. Chaired by: D. G. STUART............. 922



Session Session
Number and Title Page Number and Title Page
Slide Sessions—1:00 pm Slide Sessions—8:30 am
271. Synaptogenesis 1I.................. ... 923 314. Development and plasticity: geniculo-cortical
272. Endocrine control of development I .............. 926 pathways ...........oooiiiiiiiiiiiiii 1077
273. Opiates, endorphins, and enkephalins: physiologi- 315. Neuronal death: synapse elimination and
caleffects L. 928 COMPELItION . .. .o e e 1080
274. Extrastriate visual areas II........................ 931 316. Regeneration IV............................ ..., 1083
275. Acetylcholine receptors: general topics ............ 934 317. Axonal transport I ............. ... ... ... ... 1086
276. Action potentials and ion channels VI............. 937 318. Action potentials and ion channels VII............ 1088
277. Neurotoxicity I............... ...l 941 319. Transmitters and receptors in disease IV........... 1091
278. Central somatosensory system .................... 944 320. Behavioral pharmacology Il ..................... 1094
279. Functionsof glia I.............................. 947 321. Peripheral autonomic nervous system II ........... 1097
280. Catecholamines: physiological effects III .......... 950 322. Cyclic nucleotides I1......................... ... 1099
Poster Sessions—1:00 pm Poster Sessions—8:30 am
281. Developmental disorders ......................... 953 323. Opiate effects on behavior ....................... 1102
282. Characterization of purine, peptide, and amino acid 324. Opiates, endorphins, and enkephalins: physiologi-
TECEPLOTS . .. e et et et i i 957 caleffects I1........ ... .ot 1107
283. Alcohol and barbiturates IL....................... 959 325. Opiates, endorphins, and enkephalins: physiologi-
284. Alcohol and barbiturates III...................... 964 caleffects IIL . ..., 1112
285. GABA and benzodiazepines: binding II ........... 969 326. Peptides: physiological effects II.................. 1116
286. GABA and benzodiazepines: biochemistry......... 972 327. Peptides: physiological effects III................. 1121
287. Neural plasticity in adult animals II............... 976 328. Neuromodulators II.............................. 1125
288. Brain transplants ... 980 329. Receptor modulation I .......................... 1130
289. Malnutrition and brain development............... 983 330. Receptor modulation IH...................... ... 1135
290. Oculomotor system HIL........................... 986 331. Evoked potentials and EEG ...................... 1139
291. Transmitters in sensory Systems .................. 990 332. Structure and function: cortico-cortical and cortico-
292. Diseases of nervous system Il .................... 994 subcortical relationships I ..................... 1144
293. Brain metabolism Il ............................. 1001 333. Subcortical auditory pathway III.................. 1147
294. Feeding and drinking: cues for need state Il ....... 1007 334. Vestibularsystem Il ............................. 1151
295. Angiotensin and drinking ............. ... 1010 335. Sensory system development II................... 1155
296. Feeding and drinking: central mechanisms II....... 1012 336. Blood brain barrier IL..................... ... ... 1161
297. Sprouting and sprouting mechanisms.............. 1017 337. Monoamines and behavior: dopamine ............. 1165
298. Regeneration Il..................... ..ol 1022 338. Monoamines and behavior: serotonin.............. 1170
299. Regeneration III................................. 1029 339. Monoamines and behavior: acetylcholine and
300. Invertebrate development and plasticity............ 1032 norepinephrine ........... ... ... 1173
301. Specificity of synaptic connections................ 1033 340. Membrane structure and function ................. 1178
302. Biochemical and pharmacological correlates of de- 341. Acetylcholine II.........................oo . 1181
velopment L.................oo il 1037 342. Acetylcholine 1L ....... ... .ol 1185
303. Biochemical and pharmacological correlates of de- 343. Neurotoxicity Il....................oii 1190
velopment II..................oiiiil 1040 344. Neurotoxicity Il .......... ... ... .. 1192
304. Development and plasticity: cell lineage and differ- 345. Neurotoxicity IV ...l 1197
entiation I ............ ... ...l 1044 346. Neurotoxicology..........c..ouiviiiiiiiiiiiinn... 1199
305. Limbic system .............coiiiiiiiiiii 1046 347. Other drugs of abuse ............................ 1205
306. Development and plasticity: trophic agents I ... ... 1049 348. Regulation of pituitary function V ................ 1210
307. Development and plasticity: trophic interactions 11 1055
308. Protein and nucleic acid regulation................ 1061 . .
309. Behavioral pharmacology lg. ...................... 1065 Sessions end at 12:45 v, Monday, October 15.
310. Behavioral pharmacology II...................... 1069
311. CNSneurons Il ..., 1073
MONDAY
Symposium—8:30 am
312. Acetylcholine receptor function. Chaired by:
P.ADAMS ... No abstract
Workshop—8:30 aMm
313. The subfornical organ as a model of neurohumoral inte-

gration. Chaired by: P. M. GRosS. ....... No abstract

vi



THEMATIC LIST OF SESSIONS

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

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
82. Agingl Slide Fri am
131.  Aging Il Poster Fri pm
132. Aging Il Poster Fri pm
302. Biochemical and pharmacological correlates of development I Poster Sun pm
303. Biochemical and pharmacological correlates of development I Poster Sun pm
288.  Brain transplants Poster Sun pm
186.  Cell death, neuronal competition and synapse elimination: gan-
glia and motoneurons Poster ~ Sat aM
222. Development and plasticity: autonomic nervous system Poster Sat pm
233.  Development and plasticity: cell lineage and differentiation | Slide Sun am
304. Development and plasticity: cell lineage and differentiation 1l Poster Sun pm
98. Development and plasticity: descending pathways and cere-
bellum Poster Fri am
314. Development and plasticity: geniculo-cortical pathways Slide Mon am
136. Development and plasticity: retinal and tectal systems Poster Fri pm
267. Development and plasticity: spinal cord, motor neurons, and
muscles Poster Sun AM
43. Development and plasticity: synaptic connections Slide Thu pm
8. Development and plasticity: transmitter phenotypic plasticity I Slide Thu am
223. Development and plasticity: transmitter phenotypic plasticity 11 Poster Sat pm
111.  Development and plasticity: trophic agents I Slide Fri pm
306. Development and plasticity: trophic agents Il Poster Sun pm
194.  Development and plasticity: trophic interactions 1 Slide Sat pm
307. Development and plasticity: trophic interactions II Poster Sun pMm
196. Development and plasticity: visual pathways Slide Sat pm
281. Developmental disorders Poster Sun pm
231. Development of CNS function in utero Symp.  Sun am
133.  Endocrine control of development I Poster Fri pm
272.  Endocrine control of development Il Slide Sun pm
300. Invertebrate development and plasticity Poster Sun pm
152.  Invertebrate neurodevelopment Slide Sat am
305. Limbic system Poster Sun pm
26. Long term potentiation Poster Thu am
289.  Malnutrition and brain development Poster ~ Sun pm
17.  Morphogenesis and pattern formation Poster Thu am
3. Naturally occurring neuronal death in vertebrates Symp. Thu am
195.  Neural plasticity in adult animals I Slide Sat pm
287.  Neural plasticity in adult animals II Poster ~ Sun pm
25.  Neural plasticity in adult animals: spinal cord and motoneurons Poster Thu am
315.  Neuronal death: synapse elimination and competition Slide Mon am
277.  Neurotoxicity I Slide Sun pm
343.  Neurotoxicity II Poster Mon am
344.  Neurotoxicity III Poster Mon am
345.  Neurotoxicity IV Poster Mon am
73.  Perinatal treatments and brain development Poster Thu pm
149.  Principles and mechanisms of neuronal migration Symp. Sat am
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16.  Process outgrowth and guidance mechanisms | Poster ~ Thu am
42.  Process outgrowth and guidance mechanisms Il Slide Thu pm
112.  Process outgrowth and guidance mechanisms 111 Slide Fri pm
85. Regeneration | Slide Fri am
298. Regeneration Il Poster Sun pm
299. Regeneration Il Poster Sun pm
316. Regeneration IV Slide Mon am
158.  Sensory system development I Slide Sat am
335. Sensory system development Il Poster Mon am
301.  Specificity of synaptic connections Poster Sun pm
297.  Sprouting and sprouting mechanisms Poster ~ Sun pm
135.  Synapse elimination. competition and ncuronal dcath retina and
brain Poster Fri pm
171.  Synaptogenesis I Poster  Sat aM
271.  Synaptogenesis Il Slide Sun pm
77. The role of extracellular matrix in the function, develop-
ment, and regeneration of the peripheral nervous system Symp. Fri am
137.  Visual cortex: development and plasticity Poster Fri pm
19.  Visual system: geniculo-cortical pathway development and plas-
ticity Poster Thu am
Theme B: Cell Biology
Session Day and
Number  Session Title Type Time
106.  Axonal transport | Poster Fri am
317.  Axonal transport 11 Slide Mon am
234.  Blood brain barrier | Slide Sun AM
336. Blood brain barrier 11 Poster Mon am
260.  Cellular aspects of disease Poster ~ Sun am
15.  Cellular localization of receptors Poster Thu am
221.  Functions of glia | Poster Sat pm
279.  Functions of glia Il Slide Sun pm
40. Gene expression in the nervous system Symp. Thupm
12. ldentified cells | Slide Thu Am
219.  Identified cells 11 Poster ~ Sat pm
27.  Lipids and myelin Poster ~ Thu am
340. Membrane structure and function Poster Mon am
35.  Metabolic studies Poster ~ Thu am
107.  Molecular biology of gene expression | Poster Fri am
113, Molecular biology of gene expression 11 Slide Fri pm
50. Morphology of neurons and glia I Slide Thu pm
127. Morphology of neurons and glia 1 Poster Fri pm
126.  Neuroanatomical methods Poster Fri pm
308.  Protein and nucleic acid regulation Poster ~ Sun pm
62.  Structure and function of neuroendocrine cells Poster ~ Thu pm
Theme C: Excitable Membranes, Transduction, and Synaptic Transmission
Session Day and
Number  Session Title Type Time
312.  Acetylcholine receptor function Symp. Mon am
44.  Action potentials and ion channels [ Slide Thu pm
157.  Action potentials and ion channels Il Slide Sat am
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255.  Action potentials and ion channels III Poster ~ Sun aM
256.  Action potentials and ion channels IV Poster ~ Sun am
257.  Action potentials and ion channels V Poster ~ Sun am
276.  Action potentials and ion channels VI Slide Sun pM
318.  Action potentials and ion channels VII Slide Mon am
193.  CNS neurons [ Slide Sat PM
311.  CNS neurons Il Poster Sun pMm
167.  Drug effects on receptors Poster Sat am
232. Mechanisms of transmitter release Symp. Sun am
7.  Membrane biophysics I Slide Thu AM
71.  Membrane biophysics Il Poster Thu pm
83.  Pharmacology of synaptic transmission I Slide Fri AM
125.  Pharmacology of synaptic transmission Il Poster Fri pM
S.  Postsynaptic mechanisms I Slide Thu AmM
61.  Postsynaptic mechanisms I Poster Thu pm
59.  Presynaptic mechanisms [ Poster Thu pm
60.  Presynaptic mechanisms II Poster Thu pm
166.  Receptor desensitization Poster Sat amM
181.  Sensory transduction Poster Sat am
163.  Synaptic structure and function [ Slide Sat AM
268.  Synaptic structure and function II Poster Sun aM
Theme D: Neurotransmitters, Modulators, and Receptors
Session Day and
Number Session Title Type Time
269. A cholinergic neuron in the retina Symp.  Sun pm
240.  Acetylcholine | Slide Sun AM
341.  Acetylcholine 11 Poster Mon am
342.  Acetylcholine 111 Poster Mon am
275.  Acetylcholine receptors: general topics Slide Sun pMm
212.  Acetylcholine receptors: nicotinic receptors Poster Sat pm
284.  Alcohol and barbiturates 111 Poster Sun pM
41. Autoreceptors and modulation of neurotransmitter release Symp. Thu pm
309. Behavioral pharmacology I Poster Sun pM
310. Behavioral pharmacology II Poster ~ Sun pMm
320. Behavioral pharmacology 111 Slide Mon am
65.  Biogenic amines | Poster ~ Thu pM
66. Biogenic amines I Poster Thu pM
22. Catecholamines: anatomical localization Poster Thu aM
258.  Catecholamines: biochemical characterization | Poster Sun aM
259. Catecholamines: biochemical characterization 11 Poster Sun AM
23.  Catecholamines: physiological effects I Poster Thu aM
24. Catecholamines: physiological effects Il Poster ~ Thu AM
280. Catecholamines: physiological effects 111 Slide Sun pM
84. Catecholamines: receptors I Slide Fri am
69.  Catecholamines: receptors II Poster ~ Thu pm
70.  Catecholamines: receptors 11 Poster ~ Thu pM
220.  Cell surface macromolecules Poster Sat pMm
282.  Characterization of purine, peptide, and amino acid receptors Poster ~ Sun pMm

ix



168.
263.
322.

67.

68.

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

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

204.

200.

173.
174.

273.
324.
325.
154.
172.

47.
128.
129.
175.

86.
201.
241.
326.
327.

63.

114.

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

88.
261.
262.
319.
108.

Cholinergic receptors: muscarinic receptors

Cyclic nucleotides I

Cyclic nucleotides I1

Excitatory amino acids: binding and localization

Excitatory amino acids: electrophysiology and release

Excitatory amino acids: glutamate and glutamate analogs

GABA and benzodiazepines: behavior

GABA and benzodiazepines: binding I

GABA and benzodiazepines: binding II

GABA and benzodiazepines: biochemistry

GABA and benzodiazepines: electrophysiology and localization

How calcium acts as a second messenger in neurons

Invertebrate neurotransmitters I

Invertebrate neurotransmitters II

Modulation of ion channels by intracellular messengers

Neuromodulators [

Neuromodulators 11

Neurotransmitters, modulators: coexistence of transmitters

Neurotransmitters, modulators: interactions between trans-
mitters |

Neurotransmitters, modulators: interactions between trans-
mitters 11

Neurotransmitters, modulators: metabolism of transmitters and
modulators

Opiates, endorphins, and enkephalins: anatomical localization

Opiates, endorphins, and enkephalins: biochemical characteriza-
tion

Opiates, endorphins, and enkephalins: physiological effects I

Opiates, endorphins, and enkephalins: physiological effects 11

Opiates, endorphins, and enkephalins: physiological effects 111

Opiates, endorphins, and enkephalins: receptors I

Opiates, endorphins, and enkephalins: receptors 11

Peptides: anatomical localization I

Peptides: anatomical localization II

Peptides: anatomical localization III

Peptides: biochemical characterization

Peptides: biosynthesis and metabolism I

Peptides: biosynthesis and metabolism II

Peptides: physiological effects I

Peptides: physiological effects 11

Peptides: physiological effects III

Peptides: receptors I

Peptides: receptors Il

Peptides: receptors 111

Receptor binding radioautography: techniques, limitations,
and recent data

Receptor modulation I

Receptor modulation II

Receptor modulation III

Regional localization of receptors

Regional localization of receptors and transmitters

Transmitter cytochemistry and immunohistochemistry

Transmitters and receptors in disease I

Transmitters and receptors in disease 11

Transmitters and receptors in disease 11

Transmitters and receptors in disease IV

Uptake storage and secretion

Poster
Poster
Slide

Poster
Poster
Slide

Poster
Slide

Poster
Poster
Poster

Symp.
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Slide
Poster

Poster
Poster

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

Sat AM
Sun AM
Mon am
Thu pm
Thu pm
Thu am
Sat AM
Fri pm
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Sun PM
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Sat PM
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Mon AM
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Theme E: Endocrine and Autonomic Regulation

Session Day and
Number Session Title Type Time
209.  Adrenal medulla Poster ~ Sat pm
91. Cardiovascular regulation: central transmitters I Slide Fri am
207. Cardiovascular regulation': central transmitters 11 Poster Sat pm
14.  Cardiovascular regulation: functional aspects I Slide Thu amM
51.  Cardiovascular regulation: functional aspects Il Slide Thu pMm
180. Cardiovascular regulation: functional aspects 111 Poster ~ Sat aM
208. Cardiovascular regulation: hypertension and stress Poster ~ Sat pm
178.  Cardiovascular regulation: morphological aspects Poster ~ Sat am
140.  Endocrine control Poster  Fri pm
245. Hormonal control of behavior I Poster ~ Sun am
246. Hormonal control of behavior II Poster ~ Sun am
210.  Neural control of immune system Poster Sat pm
177.  Peripheral autonomic nervous system I Poster Sat aM
321.  Peripheral autonomic nervous system II Slide Mon am
244. Pineal gland Poster Sun AM
110. Recent developments on the medullary, hypothalamic, and
spinal control of autonomic function: characterization of
‘‘transmitter-specific’’ pathways Wksh.  Fri pm
247. Regulation of autonomic function Poster Sun AM
206. Respiratory regulation Poster Sat PM
313. The subfornical organ as a model of neurochumoral
integration Wksh. Mon am
Theme F: Sensory Systems
Session Day and
Number Session Title Type Time
72.  Auditory cortex Poster ~ Thu pm
58.  Auditory sensory organs Poster ~ Thu pm
192. Chemical sensory systems I Slide Sat pm
254. Chemical sensory systems II Poster ~ Sun am
150. Comparative neural mechanisms of sound localization in
vertebrates Symp. Sat am
34. Evoked potentials Poster ~ Thu am
139.  Extrastriate visual areas I Poster  Fri pm
274. Extrastriate visual areas II Slide Sun PM
80. Multimodal maps in the superior colliculus Symp. Fri am
31. Pain modulation I Poster ~ Thu Am
32.  Pain modulation II Poster ~ Thu am
198.  Pain modulation III Slide Sat pM
143.  Pain: central pathways I Poster  Fri pm
236. Pain: central pathways II Slide Sun am
134. Retina and retinofugal projections Poster  Fri pM
10. Retina I Slide Thu AM
99. Retina Il Poster Fri aM
248. Retina III Poster  Sun aM
33. Somatic afferents Poster Thu AM
142.  Spinal cord Poster  Fri pM
30. Stress, hormones, and the autonomic nervous system Poster ~ Thu am

xi



119.  Subcortical auditory pathway I Slide Fri pm
249.  Subcortical auditory pathway Il Poster  Sun AaM
333.  Subcortical auditory pathway III Poster  Mon AM
141.  Subcortical somatosensory pathways Poster  Fri pm
20.  Subcortical visual pathways I Poster ~ Thu am
90. Subcortical visual pathways II Slide Fri am
170.  Subcortical visual pathways I Poster  Sat AM
291. Transmitters in sensory systems Poster Sun PM
211.  Visual cortex: cortico-cortical and cortico-subcortical relation-
ships Poster  Sat pm
138.  Visual cortex: striate area I Poster Fri pm
155.  Visual cortex: striate area Il Slide Sat AM
237.  Visual cortex: striate area III Slide Sun AM
Theme G: Systems and Sensorimotor Integration
Session Day and
Number Session Title Type Time
6. Basal ganglia: anatomy and physiology I Slide Thu AM
56. Basal ganglia: anatomy and physiology II Poster ~ Thu pMm
153. Basal ganglia: anatomy and physiology III Slide Sat am
124.  Basal ganglia: behavior and pharmacology Poster Fri pm
205. Basal ganglia: cellular studies Poster Sat M
105. Basal ganglia: physiology Poster Fri am
161.  Cerebellum I Slide Sat AM
217.  Cerebellum II Poster Sat PM
103.  Control of limb movements Poster  Fri am
185.  Control of posture and movement | Poster ~ Sat am
238.  Control of posture and movement II Slide Sun AM
214. Cortex Poster  Sat M
265. Disorders of motor systems: neural prostheses Poster ~ Sun am
182.  Invertebrate motor function and behavior Poster Sat aM
101. Limb movement I Poster Fri am
102. Limb movement II Poster Fri am
183. Locomotion I Poster Sat am
184. Locomotion II Poster Sat AM
225. Muscle and muscle afferents Poster Sat PM
226. Muscle I Poster Sat PM
227. Muscle 11 Poster Sat pM
118.  Oculomotor system I Slide Fri pm
266. Oculomotor system Il Poster  Sun AM
290.  Oculomotor system III Poster ~ Sun pm
100. Reflex function Poster  Fri AM
48.  Sensorimotor integration I Slide Thu pm
213.  Sensorimotor integration II Poster Sat PM
13.  Spinal cord and brainstem I Slide Thu amM
215. Spinal cord and brainstem II Poster ~ Sat pm
216.  Spinal cord and brainstem III Poster  Sat PM
264. Spinal cord and brainstem IV Poster ~ Sun am
270. The many roles of the muscle spindle in motor control Symp. Sun pm
49. Vestibular system I Slide Thu pM
334. Vestibular system II Poster ~ Mon am
21.  Visuomotor integration Poster ~ Thu AM

xii



Theme H: Structure and Function of the CNS

Session Day and
Number  Session Title Type Time
162.  Brain metabolism I Slide Sat aM
293.  Brain metabolism Il Poster ~ Sun pm
253.  Comparative neuroanatomy Poster Sun aM
242. Diseases of nervous system I Slide Sun AM
292. Diseases of nervous system Il Poster ~ Sun pm
251.  EEG and ERP Poster Sun am
4. Epilepsy | Slide Thu AM
57. Epilepsy Il Poster ~ Thu pm
104.  Epilepsy kindling Poster  Fri am
123.  Epilepsy kindling: peptides and mutants Poster Fri pm
164.  Epilepsy: fits and slices Poster Sat amM
331. Evoked potentials and EEG Poster Mon am
18.  Evolution of the nervous system Poster ~ Thu am
179.  Limbic system and hypothalamus Poster  Sat aM
176.  Limbic system: hippocampus and amygdala Poster ~ Sat am
252.  Regional neuropharmacology Poster ~ Sun am
28.  Regulation of pituitary function | Poster ~ Thu am
29.  Regulation of pituitary function II Poster Thu am
199.  Regulation of pituitary function I Slide Sat pm
243.  Regulation of pituitary function IV Slide Sun am
348. Regulation of pituitary function V Poster Mon am
189. Senile dementia and Alzheimer’s disease Symp. Sat pm
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202.5 Aspartate as a candidate transmitter in the Limulus neuro- 202.6 LIMULUS CARDIOEXCITATORY PEPT IDE. M. White,* WH. Watson.
muscular preparation. S.G. Rane* & G.A. Wyse, Dept. of Zoology Dept., UNH, Durham, NH 03824,
Zoology, University of Massachusetts, Amherst, MA 01003 The heart of the horseshoe crab, Limulus , Is
Glutamate (GLU) is considered the best if not the only neurogenic. Compounds which modulate heart activity can
excitatory transmitter candidate for lobster, crayfish and act at a variety of sites. For Instance, catecholamines
locust neuromuscular junctions. Aspartate (ASP) is not Influence the pacemaker cells, follower cells, and cardiac
generally considered to be a likely transmitter candidate muscle (Watson & Augustine, Peptides 3, 485-492, 1982),
although it is a weak agonist at these junctions. For this while the peptide proctolin only affects cardlac muscle
study both ASP and GLU were examined as excitatory trans- (Watson et al., JE.B. 103, 55-73, 1983). We now report
mitter candidates for the tibia flexor muscle of the the Isolation of another cardioactive peptide from the
chelicerate arthropd, Limulus polyphemus. brain of the horseshoe crab. Its primary effect Is to
Bath application of ASP or GLU caused dose-dependent de- Increase the heart rate by acting directly on the cardiac
polarizations of Limulus muscle fibers and contractions of gangl lon.
the whole muscle. GLU had a lower threshold concentration The initial separation of this peptide was carried out
than did ASP (0.0l vs. 0.1 mM) and GLU caused larger depo- using gel filtration chromatography. Brains from 200
larizations at all concentrations tested (up to 3 mM). horseshoe crabs were bolled, homogenized, centrifuged,
At or above 1 mM, however, ASP gave stronger, more prolong- filtered, and applied to a Sephadex G-25 column. Fractions
ed contractions than did GLU. Both the excitatory postsyn- were dried, diluted with seawater, and assayed on Limulus
aptic potential (EPSP) and ASP and GLU depolarizations were hearts. Cardioexcitatory activity was present in fractions
associated with conductance increases in muscle fibers. eluting Just after the vold volume, Indicating a molecular
ASP depolarjzations were abolished in saline in which TRIS welght of approximately 5000. A simllar estimate of MW,
replaced Na  while GLU depolarizations were either slightly was obtalned using a G-50 column.
reduced or unaffected. ASP contractions were abolished but The peptide was further purifled using reversed phase
GLU contrac;ions were augmented in saline in which sucrose HPLG Active material eluted at a concentration of 38%
replaced Na . The ionic basis of the Limulus EPSP could acetonitrile on two successive HPLC runs, Indicating It
not be experimentally examined, but EPSPs in other arthro- probably contalns several hydrophoblc amino acid residues.
pods are due mainly to a transmitter-dependent increase in Incubation of partlially purlfied fractions with elther
Na conductance. pronase or trypsin destroyed bioactivity, confirming that
High-performance liquid chromatography with fluorescence the active substance Is a peptide.
detection (OPA/ethanethiol derivatization) showed that The primary effect of this peptide Is to cause a long-
motor axon stimulation caused increase in resting levels of lasting Increase In heart rate. Pulse application of 5
ASP (11040%), GLU (240%+135%) and 8 other amino acids in brain equivalents of the peptide caused a 100% Increase In
fluid bathing the Limulus neuromuscular preparation (N=8). heart rate that gradually decreased to control levels
Pentobarbital (PB) at 0.5 mM reduced EPSPs and muscle con- during a | hr wash. Comparable effects on rate are
tractions by 70-80%. PB also abolished stimulus-induced observed when the peptide Is applied to Isolated cardiac
increases in GLU and 5 of 8 other amino acids, but it did ganglia. In addition to Its chronotropic effects on the
not affect increases in ASP or the other 3 amino acids Limulus heart, this peptide causes relaxation of the
(Nil)' Increases in all amino acids were abolished by zero- Limulus gut (like FMRFamlde) and moderate activation of
Ca ” saline (N=7). These results suggest that postsynaptic the ventilatory central pattern generator in the ventral
blockade of muscle activity by PB was sufficient to elimi- nerve cord. |t also has FMRFamide-|lke actions on the
nate efflux from the preparation of GLU and 5 of 8 other Busycon radula protractor muscle. Thus, it may represent a
amino acids; but that efflux of ASP and 3 other amino acids 4th FMRFamide-!lke peptide In Llmulus.
was dependent on motor axon stimulation alone. Of this We would Iike to thank Jim Groome, Tom O'Donohue, and
latter group only ASP was physiologically active. John Bishop for their assistance on many aspects of this
Based on its stimulus-induced release behavior and the study. This work was supported by NINCDS grant 19053-01.
ionic basis of its depolarization, ASP is a better candi-
date than GLU for the Limulus neuromuscular transmitter.
202.7 5,7-DIHYDROXYTRYPTAMINE (5,7~diHT) EFFECTS ON AN 202.8 IDENTIFICATION OF SEROTONIN CONTAINING NEURONS IN GASTROPOD

IDENTIFIED SEROTONERGIC NEURON IN HELISOMA TRIVOLVIS.
D. Gadotti, K.L. Lukowiak*, L.G. Bauce* and A.G.M.
Bulloch. Dept. of Medical Physiology, University of
Calgary, Calgary, Alberta., Canada T2N &4Nl.

5-7-diHT is a toxic serotonin analogue used to deplete
serotonin content, thought to act via axotomy of
serotonergic pathways . We tested the feasibility of
selectively axotomizing serotonergic neurons in the snail
Helisoma trivolvis. The study focused on an identified
neuron, Cl, in the cerebral ganglion whose axon
contributes the only serotonergic input to the buccal
ganglion, the function of this input in feeding behavior
having been defined.

Snails were injected with 5,7-diHT (1-5 mM initial
blood concentration) and the animals dissected 2 to 15
days later. HPLC analysis for catecholamine and indolamine
content in the ganglia showed a substantial and specific
decrease (55-85%) of serotonin content in the buccal
ganglia that represents the serotonin present in the axons
and terminals of Cl. In contrast, a minimal decrease of
serotonin occurred in the cerebral ganglion where the
serotonergic cell bodies are located; no changes occurred
in control animals injected with carrier solution and
contents of other indolamines and catecholamines were also
unaffected.

Glyoxylic acid histofluorescence was employed to obtain
a qualitative estimate of content in catechol- and
indolamines; the histofluorescence was markedly decreased
in the buccal ganglia of experimental animals. The
morphology of Cl axons was studied by staining
preparations with a fluorescein-conjugated serotonin
antibody (Immunonuclear, Stillwater MN) which is more
sensitive than glyoxylic acid. This method showed the
axonal morphology of Cl in drug treated animals not to be
different from controls. The axonal integrity of Cl was
also investigated with intracellular injections of the dye
Lucifer Yellow CH and there was no difference in the
axonal branching pattern in serotonin-depleted snails
versus controls. Electrophysiological studies are in
progress.

In conclusion, our data show that 5,7-diHT is a
specific tool as serotonin depletor, but, in our molluscan
model, its action is not accomplished via axotomy.
(Supported by Alberta Heritage Foundation for Medical
Research, & MRC, Canada).

MOLLUSKS USING COBALT BACKFILL, FORMALDEHYDE-INDUCED
FLUORESCENCE, AND ANTIBODY TECHNIQUES. R. D. Longley* and A.
J. Longley. Pacific Sciences Institute and Friday Harbor
Laboratories, Friday Harbor, WA 98250.

The axon pathway of the giant cerebral neuron (GCN) in
the buccal ganglia of Tritonia diomedea was examined using
cobalt backfills of the cerebrobuccal connectives,
formaldehyde-induced fluorescence of freeze dried material,
and anti-serotonin antibodies. GCN axons in the buccal
ganglia were identifed in cobalt backfills by their unique
branching pattern in the buccal nerves. The major branch of
the GCN axon enters the ganglion ventrally from the
posterior part of the connective and ascends laterally to
the dorsal part of the neuropil where it then passes through
the commissure and dorsal part of the contralateral ganglion
neuropil. Cobalt backfills of both connectives in the same
preparation showed the left and right GCN axons paralleling
one another through the buccal commissure and the neuropil
of the ganglia, usually within one axon diameter.
Formaldehyde-induced fluorescence of the serotonergic GCN
axons in the buccal nerves was consistent with the results
of the cobalt technique. In the gastroesophageal ganglia
fluorescence was limited to axons passing through the
ganglia. Two bilaterally symmetric pairs of neurons, more
fluorescent than the serotonergic axons, were located
relative to other identified neurons in the buccal ganglia.

Results with anti-serotonin antibody using the method of
Beltz and Kravitz (J. Neurosci. 3:585-602) were consistent
with those of the methods above for the GUN axons. These
axons, with their branching in the buccal ganglion neuropil,
could be clearly identified in wholemounts. Small processes
from these branches were associated with neuron somata and,
in many cases, passed between the somata and the buccal
ganglion sheath. In paraffin secions of the larger buccal
ganglion neurons, serotonin immuno-reactive processes could
be seen in invaginations of the axon hillock adjacent to the
nucleus. Serotonin immuno-reactivity was not seen in neuron
somata of the buccal and gastroesophageal ganglia or in
peripheral neurons associated with the salivary duct.

Specificity of the antibody was tested on serial sections
of Tritonia GCN somata. Antibody binding in the GCN was
eliminated by preincubation with serotonin, but was un-
affected by octopamine or BSA (each at 1 mg/ml). Additional
tests on buccal ganglia in other species and on the dopamine
containing neuron in Lymnaea RPdG indicated the specificity
of the antibody for serotonin in molluscan neurons.
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202.9 MEASUREMENT AND CONTROL OF DOPAMINE AND SEROTONIN RELEASE

202.11

FROM LIMAX GANGLIA IN VITRO. S. J. Wieland, E. Jahn* and
A. Ge]ger]n. Dept. Anatomy, Hahnemann Unlv., Philadelphia,

, Dept. Biology, Princeton Univ., Princeton, NJ
08544 and AT&T Bell Labs., Murray Hill, NJ 07974.

Dopamlne and serotonin are present in the cerebral and
buccal ganglia of the slug Limax maximus, structures which
are required for the generation and modulation of the feed-
ing motor program (FMP) in response to sensory stimuli.
Addition of exogenous dopamine in vitro can trigger FMP
while addition of serotonin in vitro modifies the intensity
of FMP (Wieland and Gelperin, J. Neurosci. 3: 1735, 1983).
We wish to examine the roles of endogenous dopamine and
serotonin in the modulation of the feeding response.

The release of endogenous dopamine and serotonin from
individual cerebral ganglion-buccal ganglion preparations
in vitro was detected and measured by high performance
Tiquid chromatography followed by electrochemical detection.
The connective tissue sheath surrounding the ganglia appear-
ed to bind dopamine but not serotonin in vitro, thus acting
as a dopamine-selective “buffer." Basal release of dopamine
(0.2-0.7 pmo1/30 min) was detected from sheathed ganglia;
no release was detected from desheathed ganglia. On the
other hand, in response to 50 mM K*» desheathed ganglia
released larger amounts of dopamine (5 pmo1/30 min) than
sheathed ganglia (approx. 1.5 pmo1/30 min). Basal release
of serotonin was not detectable from either sheathed or
desheathed ganglia over 30 min in vitro. The potassium-
induced release of serotonin was not strongly affected by
the presence or absence of the sheath, being approximately
2.5 pmo1/30 min in 50 mM K*. %lease of both dopamine and
serotonin was blocked in low Ca¢™ in the presence of 5 mM
Co2*: dopamine release was reduced by 75%, serotonin
release was reduced by more than 90%.

Following high K* treatment for 5 to 15 min spontaneous
activity recorded from buccal nerve roots was suppressed
for 15 to 30 min and the FMP response to lip stimulation
was suppressed for at least 45 min. However, the ganglia
could recover from several exposures to high K* indicating
that this treatment did not permanently damage the in vitro
system. This will allow studies of general as well as
selective transmitter depletion in vitro. (Supported by
NIH Grant MH-39160.)

Release Of 3H—Glycine From Aplysia Neuron R14 Is Dependent
On Both Frequency Of Firing And Duration Of Action
Potentials. A.R. Rittenhouse & C.H. Price. Department of
Biology, Boston University, Boston, MA 02215.

Identified neuron Rl4, located on the dorsal surface of
the parietovisceral ganglion (PVG), uses free glycine as a
neuromodulator to potentiate contraction of vascular smooth
muscle. Previously, we showed that electrical stimulation
of Rl4 axons preloaded with 3H-glycine (3H-G) and chemical
stimulation of its soma both resulted in increases in 3H-G
released from Rl4 terminals in the anterior aorta (Ritten-
house & Price, Neurosci. Abstr., 9: 301, 1983). Electro-
physiological tracing of Rl4 demonstrated its axons are
present in the genital and pericardial nerves and terminate
in the sheath of the digestive gland (DGS). 1In this study,
we report that increased duration or frequency of firing of
Rl4, preloaded with 3H-G, elicit parallel increases in 3H-G
release from Rl4 terminals in the DGS.

The PVG, nerves, and DGS were dissected out and pinned
such that the DGS occupied one chamber and the PVG another.
The genital and pericardial nerves were passed through a
water-tight barrier, dividing the two chambers. The PVG
incubated in 3H-G (50 or 100 pCi/ml) for 16-24 hr and the
DGS was superfused with seawater medium. The incubation
period allowed time for R14 to take up the 3H-G, axonally
transport it, and load up terminal regions in the DGS. Label
was removed from the PVG chamber and both compartments were
rinsed repeatedly to wash off extracellular 3H-G. A sampling
schedule was established so that the medium bathing the DGS
was collected every 5 min for scintillation counting. Elec-
trical activity in R14 was monitored with an intracellular
electrode.

Bath application of 5 mM histidine onto R14 soma caused
an immediate, 3-fold increase in firing rate (0.4-1.3 Hz) &
a concomitant doubling of AP duration. The amount of 3H-G
collected from the DGS chamber rose 240% over control
periods (N = 4), but returned to baseline within one sam-
pling period. Application of 25 mM TEA doubled the duration
of Rl4's spike, but did not alter its frequency. Lengthening
onlg the duration of the spike resulted in a 150% increase

H-G levels above control levels; a return to prestimula-
tion levels occured within 5 min after TEA removal (N = 5).
Thus, increasing both frequency and duration of Rl4 firing
by histidine elicits 60% greater release of 3H-G than re-
lease induced by duration alone with 25 mM TEA.

202.10

202.12

GENETIC INFLUENCES ON NEUROTRANSMITTER CONTENT OF IDENTI-
FIED NEURONS OF LYMNAEA STAGNALIS. G. Audesirk, T. Audesirk,
R. McCaman, J. Ono. Biol. Dept., Univ. of Colorado-Denver,
1100 1l4th St., Denver, CO 80202; Beckman Research Institute
of The City of Hope, Duarte, CA 91010.

Variability in the behavior of an individual organism,
while partially attributable to environmental variables, is
also influenced by factors under direct genetic control,
including neural connectivity and neural metabolism. For
example, correlations have been reported between the genetic
background of mice, their behavior in a passive-avoidance
task, and their total brain content of specific transmitters
(Donovick et al., 1981). The large, individually identifi-
able single neurons of the gastropod brain have been suc-
cessfully subjected to microchemical transmitter analysis
(McCaman et al., 1979, 1984). We have applied these tech-
niques to identified neurons of two laboratory-raised
populations of Lymnaea stagnalis, a self-fertilizing her-
maphroditic freshwater gastropod. One group (wild-type) was
the offspring of a genetically mixed population. The second
(inbred) was a strain resulting from six generations of in-
breeding; each generation produced by self-fertilization of
a single individual from the previous generation.

Neurotransmitter content was measured in two identified
giant neurons in inbred and wild-type populations. The
paired serotonergic cerebral giant neurons (LCl and RC1)
have significantly higher transmitter levels and less vari-
ability in inbred animals than in wild-type animals. The
transmitter content of the unpaired dopaminergic right pedal
giant neuron (RPeDl) does not differ between inbred and wild-
type animals in either level or variability. It is proposed
that serotonin content of the cerebral giant neurons is under
partial genetic control, and that animals of the wild-type
population possess a number of different alleles for the
genes influencing serotonin levels. The wild-type population
is probably already isogenic for genes influencing dopamine
content in the right pedal giant neuron.

The finding that inbreeding results in greater homogeneity
of transmitter content should facilitate comparison of trans-
mitter content in groups of animals exposed to differing
treatments in vivo.

PEPTIDERGIC MODULATION OF A NEUROMUSCULAR JUNCTION IN THE
MOLLUSC APLYSIA. J.E. Richmond*, A.G.M. Bulloch and K.L.
Lukowiak* (Sponsor: A.D. Murphy). Dept. Physiology,
University of Calgary, Calgary, Alberta., Canada T2N 4NI1.

A variety of recent work has demonstrated peptidergic
modulation of neurotransmission in the molluscan nervous
system. For instance, the tetrapeptide FMRFamide
potentiates the gill withdrawal reflex and gut
contractions in Aplysia, whereas both of these are
inhibited by arginine vasotocin (AVT). The purpose of the
present study was to examine the cellular basis of the
action of these peptides by utilizing a muscle preparation
amenable to intracellular recording.

The preparation consisted of a buccal muscle of Aplysia
with its attached nerve trunk. This was either pinned out
at its insertion points for intracellular recording, or
pinned at one insertion point and attached to an isotonic
tension transducer. Single twitches were evoked by
electrical shocks of the nerve trunk at once a minute.

The amplitude of stimulated contractions of the buccal
muscle was markedly potentiated by FMRFamide. At
concentrations of IO_GM, twitch size was increased by 4 to
6 fold, with no change in baseline tension. This
potentiation of contraction was rapidly reversible, and
was dose-dependent, being measurable at concentrations as
low at 10"1 M. In contrast, AVT inhibited these
stimulated contractions and relaxed baseline tension, but
was ineffective at concentrations less than 107 °M.

The FMRFamide potentiated muscle twitches exhibited a
decrease of rise time as well as the increase of
amplitude. Although the amplitude of sub-maximal
contractions could also be increased by increasing
stimulus strength, such an increase is accompanied by an
increase of rise time. It is unlikely, therefore, that
FMRFamide acts upon inactive neuromuscular junctions.
Peptides were also applied to the muscle during intra-
cellular recording from individual muscle fibres. The
amplitude of the evoked excitatory junction potential
(EJP) was increased when the preparation was perfused with
FMRFamide at concentrations of 10~ —10_6M, this also being
accompanied by a decreased rise time.

In conclusion, FMRFamide and AVT modulate the neuro-
muscular junctions of Aplysia buccal muscle, The pre- and
post-synaptic action of these peptides is currently under
investigation. (Supported by MRC, Canada, & Alberta
Heritage Foundation for Medical Research.
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202.13 EVIDENCE FOR OPIOID MECHANISM IN APLYSIA CEREBRAL GANGLIA,

202.15

M. K. Leung, A. F. Hall¥, G. B. Stefano, A. Chapman¥* and
D. O. Carpenter. Depts. of Chemistry and Biological
Sciences, SUNY/0ld Westbury, Old Westbury, NY 11568 and
NYS Dept. of Health, Albany, NY 12201.

Leu-enkephalin was applied by pressure injection onto A
and B cells of Aplysia cerebral ganglia. Changes were re-
corded by voltage-clamp and current-clamp. The results
showed increases in Na*, K* and C1l™ conductance. Late de-
polarization responses appeared to associate with a conduc-
tance decrease. Receptor desensitization responses appeared
to associate with membrane conductance increases. However,
these responses were not abolished by high concentration of
noxolane. Thus, a delta receptor or a novel opioid receptor
may be involved. Acid extract from the cerebral ganglia
was analyzed by HPLC with a reverse-phase column using
10mM NH, acetate pH 4.0 and a gradient of 5-25% 2-propanol
in 30 min. The results showed the presence of peptide peak
with Ry same as Met-enkephalin. The peptide from this peak
was purified by HPLC under isocratic condition. Displace-
ment analysis showed the isolated peptide displaced 3H-D-
Alaz—Met5—enkephalinamide in a similar manner as authentic
Met-enkephalin. These results suggested the presence of
any opioid mechanism in Aplysia cerebral ganglia.
(Supported by NIH Grants MBRS RRO8180 and MH17138)

IDENTIFICATION OF FMRF-AMIDE IMMUNOREACTIVE NEURONS IN
THE ABDOMINAL GANGLION OF APLYSIA. R. O, Brownt, A. I.
Basbaum!§, and E. Mayerit#. Depts. of tPhysiology and
SAnatomy, University of California, San Francisco, CA
94143 and #Dept. of Basic Sciences, California College
of Podiatric Medicine, San Francisco, CA 94115.

We are studying the possibility that the molluscan
cardioexcitatory peptide Phe-Met—Arg-Phe-amide (FMRFa)
functions as a neurotransmitter in the abdominal ganglion
of Aplysia californica. Previous studies have shown that
FMRFa has widespread excitatory and inhibitory activities
on abdominal ganglion neurons (Stone et al., Soc. Nsci.
Abstr. 7:636), and that authentic FMRFa can be purified
from abdominal ganglion extracts (B. Rothman et al., in
prep.). In this study we used physiological and fluores-
cence-immunocytochemical techniques to identify neurons
containing immunoreactive- (IR-) FMRFa.

Abdominal ganglia from 400-800 gram animals were fixed
by perfusion with 4% paraformaldehyde. FMRFa antiserum,
obtained from Dr. Eckard Weber, was used at 1:4000.
Individual cells were identified electrophysiologically
and filled with Lucifer Yellow by pressure injection.

The abdominal ganglion contained large amounts of IR-
FMRFa. Preabsorption of the antiserum with 100 M
FMRFa eliminated the labelling. The neuropil was densely
packed with IR-FMRFa fibers. Labelled fibers with beaded
varicosities were also seen throughout the sheath overly-
ing the ganglion; some fibers appeared to envelop certain
neuronal somata.

A large number of cell bodies contained IR-FMRFa with
varying intensities of labelling. Positively identified
(Lucifer-filled) neurons labelling for FMRFa were Ly, L3,
L4, Ls, Lg, Ry and a previously unidentified cluster of
7-10 medium-sized white cells on the ventral surface of
the right lower quadrant. Two other large cells, tenta-
tively identified as L) and L}3, were immunoreactive for
FMRFa. IR-FMRFa was also seen in numerous small cells,
often in clusters, throughout the ganglion. Lj, L7, Ljq,
L11s R3-13, Ry4s Rys, and the bag cells did not label for
F a.

The giant cholinergic neurons, LP) in the left pleural
ganglion and Ry, both contain IR-FMRFa; this suggests
that these two cells may use both acetylcholine and an
FMRFa-like peptide as neurotransmitters.

Supported by NIH Grants NS10246, NS14627, and NS16033.

202.14

202.16

IMMUNOCYTOCHEMICAL MAPPING OF THE NEURAL CONTROL SYSTEM FOR
FEEDING IN LIMAX MAXIMUS. I. Cooke and A. Gelperin.
Molecular Biophysics Research Dept., AT&T Bell Labs, Murray
Hi11, NJ 07974 and Dept. Biology, Princeton University,
Princeton, NJ 08544,

The terrestrial slug Limax maximus shows rapid and reli-
able conditioning of both aversive and appetitive responses
to food odors (reviewed in Gelperin, 1983). One-trial food
aversion learning is obtained when novel, very attractive
food odors are paired with noxious or toxic stimuli. The
neural substrate of food ingestion, termed feeding motor
program, can be studied in the isolated cerebral and buccal
ganglia. These ganglia also show one form of food aversion
learning. The basic pattern of feeding motor program can
be generated by the buccal ganglia alone, however, normally
the generation of feeding motor program involves interaction
between cerebral and buccal ganglia. We are seeking to
identify neurons in the cerebral and buccal ganglia that may
be involved in the control and modulation of feeding beha-
viour as part of a search for the locus and mechanism of
food aversion learning. Using the whole mount techniques
of Beltz and Kravitz (J. Neurosci. 3: 585-602, 1983) we have
demonstrated the presence of FMRF amide-like immunoreactiv-
ity (FLI) in the cerebral and buccal ganglia of Limax. Two
clusters of small somata exhibiting FLI were found in each
buccal ganglion. Other small somata with FLI were scat-
tered through the buccal and cerebral ganglia. In addition,
cell Bl, a large identified buccal neuron known to inner-
vate a variety of targets also showed FLI. Nerve fibres
with FLI were observed in the buccal nerve roots, the
cerebrobuccal connectives and some cerebral nerve roots.
The outer sheath surrounding the cerebral ganglion also
exhibited strong FLI. Experiments to determine the effect
of FMRF-amide on the feeding system of Limax are in pro-
gress.

Preliminary experiments have indicated that a-amino-
butyric acid (GABA) exerts a powerful inhibitory effect
on the feeding system of Limax. We have found GABA-like
immunoreactive nerve fibres in the CNS and are proceeding
to localize the somata and terminal projections of these
neurons.

Gelperin, A. 1983. Neuroethological studies of associa-
tive learning in feeding control systems. In: F. Huber &
H. Markl, eds. Neuroethology and Behavioral Physiology,
Springer-Verlag, Berlin, pp. -205.

(Supported by NIH Grant MH 39160.)

ATRIAL GLAND CELLS PRODUCE AND RELEASE AN IDENTIFIED FAMILY
OF EGG-LAYING PEPTIDES IN APLYSIA. G.T. Nagle, S.D. Painter
and J.E. Blankenship. Marine Biomedical Institute, Univer-
sity of Texas Medical Branch, Galveston, Texas 77550

The atrial gland of Aplysia californica is an exocrine
organ in the large hermaphroditic duct of the reproductive
tract that produces peptides that can induce egg laying when
injected into another animal. To define the major biosynthe-
tic products, atrial glgnds were labelled in vitro by ex-
posure to a mixture of “H-amino acids for 18nh, extracted in
acid in the presence of peptidase inhibitors, purified by
Sephadex G-50 gel filtration, and the 2-10kD peptides iso-
focused. Scintillation counting of sequential lmm gel slices
reveals a complex but highly reproducible pattern of radio-
labelled peptide peaks. A surprisingly large number of these
peaks induce apparently normal egg laying when eluted and
injected into intact animals. Each active peak was further
screened in a bag cell discharge neuroassay (for peptide A-
and B-like activity) and by injection into bag cell-less
Aplysia (for egg-laying hormone (ELH)-like activity). The
active peaks were classified into one of three categories:
those containing (1) ELH-like activity, (2) peptide A- and
B-like activity, or (3) egg-releasing hormone (ERH)-like
activity. Peaks with ERH-like activity are active in both
assays. Each peak was assessed for homogeneity on an SDS-
PAGE system that separates low molecular weight peptides
with high resolution. .

Interestingly, 18h-~labelled atrial glands rapidly and
spontaneously release their peptide products+$g vitro,
whether chased in normal or low Ca ~high Mg  seawater
containing peptidase innhibitors. Wnen the releasate is
analyzed following gel filtration and isofocusing, the
pattern of released 2-10kD radiolabelled peptides is very
similar to that seen in freshly labelled 18nh glands. Further-
more, the releasate, like the labelled glands, contains
peaks with ELH-like, peptide A- and B-like, as well as ERH-
like activities. It is conceivable, however, that the rapid,
quantitative peptide release observed in vitro does not
accurately reflect the normal functioning of the atrial
gland in intact Aplysia; we are investigating whether this
spontaneous release is the result of removing an otherwise
quiescent gland from some form of tonic inhibition in vivo.
Supported by NIH NS 07025(GTN), NS 07010(SDP), NS 11255 and
NSF PCM 82 15185(JEB).
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202.17 SPECIES SPECIFICITY OF MONOCLONAL ANTIBODIES PRODUCED

AGAINST BIOLOGICALLY ACTIVE PEPTIDES FROM THE ATRIAL GLAND
OF APLYSIA CALIFORNICA. S.D. Painter, V.K. Kalman*, G.T.
Nagle and J.E. Blankenship. Marine Biomedical Imstitute,
Univ. of Tex. Med. Br., Galveston, TX. 77550

The atrial gland of the sea hare Aplysia californica is an
exocrine organ in the large hermaphroditic duct of the repro-
ductive tract. Aqueous extracts of this organ induce egg lay-
ing when injected into A. californica, A. dactylomela or A.
brasiliana. Aqueous extracts of the A. brasiliana and A.
dactylomela ducts also induce egg laying wnen injected into
A. californica, suggesting that the active factors must be
similar in the three species. We have localized the egg-
laying activity in the A. dactylomela and A. brasiliana ducts
by dissection and bioassay: activity is restricted to the
atrial gland in A. dactylomela and to a narrow glandular re-
gion bordering the red nemiduct in A. brasiliana. Both A.
dactylomela and A. brasiliana have a prominent pea-shaped
gland in the anterior large hermaphroditic duct; it does not
contain egg-laying activity in either species.

The active areas of the A. brasiliana and A. dactylomela
ducts are morphologically very similar to the atrial gland of
A. californica, although the area is never as elaborated in
A. brasiliana as in the other two species. Each area is a
stratified epithelium composed of non-ciliated columnar
epithelial cells overlaid by ciliated capping cells, which
cover most of the lumenal surface. The columnar cells have
basal nuclei and large (l-2um in diameter) secretory gran-
ules. Some cells have large blue (H & E) or pink (cresyl
violet) pools filling the apical portion of the cell. A third
type of columnar cell is recognizable in the A. dactylomela
atrial gland (cresyl violet): these cells have distinctive
deep purple granules and appear to be actively secreting into
the lumen of the duct.

We have produced polyclonal and monoclonal antibodies
against the biologically active atrial gland peptides of A.

californica. The mouse polyclonal antibodies selectively

stain the large secretory granules of the atrial gland
columnar epithelial cells, but do not stain the atrial gland
capping cells nor other parts of the duct. A monoclonal line,
FW-6G8, retains these staining characteristics in A. calif-

ornica. When tested on A. brasiliana and A. dactylomela large

hermaphroditic ducts, the polyclonal serum stains large sec—
retory granules in the columnar epithelial cells of the ac-
tive regions. Tne monoclonal line, in contrast, does not
stain any structures in either duct. Supported by NIH NS

07010(SDP), NS 07025(GIN), NS 11255 and NSF PCM 82 15185(JEB).

NEUROTRANSMITTERS, MODULATORS

: COEXISTENCE OF TRANSMITTERS

203.1

COEXISTENCE OF PROCTOLIN WITH TRH AND 5-HT IN THE RAT CNS.
V.R. Holets!, T. Hokfelt %, J, Ude2*, M. Eckert’? * and
S. Hansen3 *, Mepartment of Histology, Karolinska Institu-
tet, 104 01 Stockholm, Sweden; 2Dereich Tierphysiologie der
Sektion Biologie, Friedrich-Schiller-Universitit, Jena,
DDR; and 3 Department of Psychology, Gdteborgs Universitet,
400 20 GSteborg, Sweden.

The pentapeptide proctolin has been localized in the CNS
of many arthropods, as well as in the leech, lobster and
crayfish CNS. Proctolin has been shown to be co-contained
with a monoamine in cells in the grasshopper and cricket.
Using the indirect immunofluorescence technique, the dis-
tribution of proctolin-like immunoreactivity (PLI) in the
rat CNS was investigated using a specific polyclonal rab-
bit antiserum raised against proctolin. Normal and colchi-
cine-treated rats (120 pg/20 ul saline; lateral ventricle)
were perfusion fixed with a modified Zamboni fixative.
Serial 5-14 um sections were cut through the hypothalamus,
raphe nucleus and all levels of the spinal cord. Adjacent
sections were used for the localization of TRH-like and
5-HT-1ike immunoreactivity. Specificity of the proctolin
antiserum was determined by RIA and by preabsorbing the
antiserum with 10-100 ug/ml of proctolin or TRH. No de-
crease in the intensity of staining was observed with the
addition of TRH, but 10 pg/ml of proctolin completely
absorbed all the staining observed with the proctolin
antiserum. PLI was localized in cell bodies in the para-
ventricular nucleus of the hypothalamus (PVN), nucleus
raphe obscurus (NRO) and nucleus raphe pallidus (NRP). The
PLI was found to coexist with TRH in a select population of
neurons in the PVN, and to coexist with TRH and 5-HT in the
NRO and NRP. The majority of neurons which contained PLI
also contained TRH in the PVN, and TRH and 5-HT in the NRP
and NRO, but not all TRH or 5-HT immunoreactive neurons
contained PLI. Fibers containing PLI were localized to the
PVN, the median eminence and the nucleus solitarius. In the
spinal cord, PLI was found in fibers in the lateral horn of
the thoracic level, surrounding the central canal and in
the ventral horn at all levels of the spinal cord, follow-
ing the distribution of TRH fibers in the spinal cord. No
PLI was observed in the dorsal horn at any spinal cord
level. The role of proctolin coexistent with TRH and 5-HT
in the spinal cord and its role in sexual behavior are
presently being investigated. Supported by a Fogarty
Fellowship from the SMRC (V.R.H.) and SMRC Grant 04X-2887
(T.H.).

203.2

CHOLECYSTOKININ (CCK) IN RAT PITUITARY NEUROINTERMEDIATE

LOBE (NIL) DURING THE ESTROUS CYCLE. S. Goldman*, 0. Van

Reeth*, S. Schiffmann*, F. Lotstra* and J.J. Vanderhae-
ghen. Neuropath. Neuropept. Res. Lab., ﬁ3p1t31 Erasme,

Université Libre de Bruxelles, Fondation Médicale Reine

Elisabeth. 1 J.J. Crocq Ave, B-~1020, Brussels, Belgium.
Coexistence of CCK and oxytocin has been shown in

several nerve cell bodies of rat and bovine paraventricu-

lar and supraoptic nuclei. (Vanderhaeghen et al., Proc.
Natl. Acad. Sci. USA, 77, 1190-1194, 1980; Cell Tiss.
Res., 221, 227-231, 1981). Lower CCK content in the NIL

has been demonstrated in some conditions associated with
oxytocin secretion (Beinfeld et al, Nature, 288, 376-378,
1980). Compared with the male, a lower NIL CCK content
with a wider distribution has been demonstrated in the
female rat (Deschepper et al., Life Sci., 32, 2571-2577,
1983). We here report a significant fluctuation of CCK in
the NIL during the various stages of the estrous cycle.

Vaginal smears were taken in U0 Wistar female rats to de-
termine the estrous stage (rats with 5 consecutive U-day
estrus cycle were used). The rats were sacrified by deca~

pitation, the NIL was immediately dissected and then

homogenized and boiled in distilled water. After

centrifugation, supernatants were used for determination

of CCK content by RIA.

Stage of estrous cycle CCK content in pmol/g n P<

wet weight * s.e.m.

Proestrus and estrus 602 + 21 17

Metestrus and diestrus 4ok + 30 14 0.005*
0.01+

Proestrus 589 + 36 8

Estrus 614 £ 26 9

Metestrus 512+ 27 6 0.05*%

Diestrus 480 + 49 8 0.05*
0.05+

*P value when compared to proestrus and estrus. +P value

vwhen compared to estrus (U-Mann-Withney test).

The variation of neurohypophyseal CCK content reported
here during the estrous cycle is similar to the one

already reported for oxytocin. Our results point to a
common influence of sexual steroids on oxytocin and CCK in
the hypothalamo-neurohypophyseal axis. Supported by
FRSM(3.451.82-85), FNRS, FMRE, ANAH and Fondation Erasme
1983-84.
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203.3 PUTATIVE ROLE OF "l-MSH AT CNS LEVEL IN RAT.

203.5

W. Fratta
H.-Y.T. Yang and E.” Costa. Lab. Preclin. PharmacoTl., NIMH,
St. Elizabeths Hosp., Washington, D.C. 20032.

Processing of proopiomelanocortin (POMC) leads to the for-
mation of three distinct families of regulatory neuropep-
tides, namely endorphins, ACTH, &- and ¥ -MSH peptides, in
pituitary and brain structures. Thus, POMC containing neu-
rons could offer an interesting model of, at least, triple
coexistence of neuromodulators. Among the wide spectrum of
possible neurophysiological roles proposed for the ACTH-MSH
like peptides, several lines of independent evidence have
suggested that these peptides could act as endogenous opiate
antagonists. Very little is known on the biological proper-
ties and possible physiological role of the ¥-MSH peptide
family. Here, we show that ¥,-MSH, the endogenous amidated
product of ¥-MSH, has a biollt)gical profile which resemble
that of an opiate agonist. In fact, we found that ¥ ,-MSH
inhibits the electrically induced contractions in the glinea
pig ileum myenteric plexus-longitudinal muscle (IC5 =107°M).
This effect was reversed by naloxone in a dose gependent
manner (IC.,=10"'M).  Furthermore ¥,-MSH potentiated the
depressant %(}fect of eitherp-endorphfk or leu-enkephalin in
this system. Either ACTH 24 OF o-MSH or ACTH4 faﬂedsto
have opiate agonist acti&ﬁ 5p to a concentration’ of 107°M.
However, ACTH added in bath either before or after ¥,-MSH
inhibited in &6?3 related manner the depressant effect 01' ¥, -
MSH (complete inhibition at equimolar concentrations). o(-MgH
and ACTHA_ displayed the same antagonistic activity but
with less pl&ency, indicating that the amino acidic sequence
4-10 of the ACTH which is contained also in a- and #-MSH seems
to be essential for this action as well as for most of the
central effects of ACTH. In rat brain memt‘ganes ¥, -MSH
specifically disspIacedz H-ditgydromorphine, H-ethyl&eto-
cyclazocine and 7H-D-Ala -Leu~ enkephalin binding with IC 0
ranging from 10™" to 5x107'M. Intracerebroventricular injeé-
tions of 5 or 10 P9 of ¥,-MSH hardly affected the tail-flick
response in rats and produced barrel rotations as reported
also after dynorphin injections. Furthermore, the most
characteristic central effects of ACTH, namely stretching-
yawning syndrome, were antagonized by the concomitant injec-
tion of ¥,-MSH. On the basis of these results the possibility
emerges t]nat ¥,-MSH may function as antagonist of nonhormonal
central actionl of ACTH and as a synergist of the opioid-like
action of endorphins. A1l these data taken together suggest
that the p-endorphin antagonist action of ACTH may be related
to its interaction with ¥,-MSH, thus the coexisting three
neuropeptides could interact with each other, functionally.

PEPTIDE-LIKE IMMUNOREACTIVITY COEXISTS WITH
GLUTAMIC ACID DECARBOXYLASE IMMUNOREACTIVITY
IN NEURONS OF CAT AND MONKEY CEREBRAL CORTEX.
S.H.C. Hendry, J. DeFelipe* and E.G. Jones, Washington
University School of Medicine, St. Louis, MO 63110 and
University of California, Irvine, CA 92717,

Neurons in the cat and monkey (Macaca fascicularis)
cerebral cortex (sensory-motor, parietal and visual areas)
displaying immunoreactivity for somatostatin  (SRIF),
neuropeptide Y (NPY), cholecystokinin octapeptide (CCK) and
glutamic acid decarboxylase (GAD) were examined light and
electron microscopically. Neurons stained for each of the four
substances are non-pyramidal cells. Using methods for
sequential or simultaneous localization of two antigens, we
determined: (1) ALl neurons displaying CCK-like, SRIF-like or
NPY-like immunoreactivity in cat cortex and the vast majority
in monkey cortex are also GAD-positive; (2) At least one-
quarter of the total population of SRIF- and NPY-positive cells
are immunoreactive for both peptides; (3) No CCK-positive
cell was found to be SRIF- or NPY-positive; (4) The number of
GAD-positive neurons displaying immunoreactivity for
CCK,SRIF or NPY is small in comparison with those that are
GAD-positive alone. Most CCK-positive axon terminals form
symmetric synapses onto cell bodies and proximal dendrites of
unlabeled cells mainly in the superficial layers while most
SRIF- or NP Y-positive axon terminals form symmetric synapses
onto small dendrites or dendritic spines. GAD-positive
terminals form symmetric synapses at all of these and at many
other sites, including the cell bodies and proximal dendrites of
cells in the deep layers and the initial segments of pyramidal
cell axons. This implies that large basket cells and chandelier
cells, though GAD-positive, are not immunoreactive for any of
the three peptides. We conclude that GAD-positive neurons in
cat and monkey cortex include at least three separate
populations - one that is also CCK-positive and makes
synapses on cell bodies and proximal dendrites of some
neurons, a second that is also SRIF- and NPY-positive and
makes synapses on small dendrites and dendritic spines, and a
third in which CCK-, SRIF- and NPY-like immunoreactivity
are not detectable and that make synapses on many different
neuronal elements.

Supported by NIH Grant NS10526.

203.4

203.6

VIP DECREASES ACETYL CHOLINE TURNOVER IN SALIVARY GLAND. C.
Eva* and J. L. Meek (SPON: S. Stine). Lab. Preclin.
Pharmacol., NIMH, St. Elizabeths Hosp., Washington D.C.
20032.

Acetylcholine (ACh) and vasoactive intestinal peptide
(VIP) probably coexist in cholinergic neurons of saljvary
glands. VIP like immunoreactive nerve fibers occur in choli-
nergic fibers around blood vessels and secretory elements in
this tissue. In cat salivary glands, cholinergic drugs regu-
late both ACh and VIP release from parasympathetic nerve
endings, presumably via a feedback loop. In this work, we
investigated whether VIP could modulate the metabolism of ACh
in mouse submandibular gland cholinergic neurons using the
gCh turnover rate as a parameter. The TR was measured by
H-choline incorporation into ACh during ﬁgnstant rate infu-
sion (1 mCi/min, 80 uCi/mmol). Mice were microwaved after
different infusion times and tissues were prepared by preci-
pitation of amines with Reineckate salt. Choline and ACh
were separated by reverse phase HPLC, and detected electro-
chemically using an enzyme loaded post-column reactor. Frac-
tions collected from the HPLC eluate were used for the deter-
mination of Ch and ACh specific activities. We calculated
that the TR was about 3.1 mmol/mg prot/hr. Pilocarpine, a
muscarinic ésgnist, decreased the TR about 3 folds, while
atropine, a muscarinic antagonist cﬁﬂ%d a large increase in
turnover. Turnover therefore appears to be regulated by a
feedback mechanism triggered by occupancy of postsynaptic
receptors. VIP, infused intravenously (30 mg/kg/min)
decreased the TR,.. . These results show that VIP, a putative
cotransmitter w ACh in the salivary gland, is able to
control the ACh metabolism in cholinergic neurons. This sug-
gests that by changing postsynaptic receptor function, VIP
participates in the feedback regulation of ACh metabolism.

CHOLECYSTOKININ ANTAGONISTS BLOCK THE POTENTIATION OF
DOPAMINE-INDUCED HYPERLOCOMOTION BY CHOLECYSTOKININ IN THE
NUCLEUS ACCUMBENS. J.A. Stivers* and J.N. Crawley.
Clinical Neuroscience Branch, National Institute of Mental
Health, Bethesda, MD 20205.

Cholecystokinin co-exists with dopamine in mesolimbic
neurons in rat brain. When injected directly into the
nucleus accumbens, CCKg potentiated dopamine-induced
hyperlocomotion and apomorphine-induced stereotypy, over a
dose range of 20 pg - 200 ng. Unsulfated CCKg was
ineffective over a wide dose range. CCK administered
alone had no effect on locomotion or stereotypy,
suggesting that CCK is primarily a modulator of
dopamine-mediated behaviors in the mesolimbic system.
did not potentiate apomorphine-induced stereotypy when
injected into the caudate nucleus, where CCK and dopamine
are located in different neurons, suggesting that the
potentiation effect is specific to the
neuromodulator-neurotransmitter co-existence phenomenon.

To test the pharmacological specificity of the
CCK-induced potentiation of dopamine-induced
hyperlocomotion in the nucleus accumbens, specific
antagonists of CCK were injected into the nucleus
accumbens prior to administration of saline, dopamine 20
ug/side + saline, or dopamine 20 ug/side + sulfated CCKg
200 pg/side. Proglumide, 20 ug/side, had no effect on
locomotion when administered alone, or in conjunction with
dopamine, but effectively blocked the potentiation by CCK
when administered in conjunction with dopamine + CCK.
Benzotript, 10 ug/side, also effectively blocked the
potentiation by CCK. Rabbit antibodies raised against
sulfated CCKg (gift of Dr. M.C. Beinfeld, Department of
Pharmacology, St. Louis University School of Medicine, St.
Louis, MO), similarly blocked the CCK-induced potentiation
of dopamine-induced hyperlocomotion without affecting
locomotion when given alone or prior to dopamine
administration. Preimmune serum was not active in
blocking these behavioral effects of CCK.

These data show that the modulatory effects of CCK on
dopamine-mediated behavior, at a site of co-existence in
the rat brain, can be blocked by specific antagonists of
the CCK receptor.

CCK
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203.7

203.9

CHOLECYSTOKININ SELF-INJECTION IN THE NUCLEUS ACCUMBENS AND
BLOCK WITH PROGLUMIDE. B.G, Hoebel and E, Aulisi. Dept.
Psychology, Princeton Univ., Princeton, NJ 08544

Eight rats with cannulas in the nucleus accumbens
responded on the appropriate one of two levers for 65;15
nl, unilateral injections of 0.4 ug/nl sulfated
cholecystokinin (CCK) at a mean rate of 21 presses per hour
during 4-hr sessions, This rate approximately doubled when
the concentration was halved or when 0.8 ng/nl of the CCK
blocker, proglumide, was added to the self-injection
mixture. Conversely, doubling the CCK concentration halved
the response rate. Thus the animals ch d their :
rate to compensate for a CCK blocker or for changes in
concentration. Proglumide added to the CCK at the dose
tested had the same effect as halving the concentration of
CCK.

This result demonstrates self-regulation of a non-opiate
peptide in a local brain region. It is similar to
self-injection of amphetamine and block by the dopamine
antgonist, flupenthixol, in this same region (Hoebel, B.G.,
et al. Psychopharmacol., 81:151, 1983; Aulisi, E., & Hoebel,
B.G., Soc, Neurosei, Abstr, #36.7, p. 121, 1983). Given
that CCK and dopamine have been colocalized in the nucleus
accumbens, it would appear that the two cotransmitters have
similar functions in the reinforcement of behavior. The
CCK antagonist, proglumide, may function in a manner
analogous to a neuroleptic. (Supported by USPHS Grant
MH-35740 and Squibb Inst. for Med. Res.)

EFFECTS OF A PEPTIDE FROM APLYSIA NEURONS R3-R14 ON POTENTIAL
TARGETS. H. Yamagishi*, C.Y. Lin* and D.J. McAdoo. (SPON:
D.L. Trevino). Marine Biomedical Institute, Univ. of Texas
Med. Br., Galveston, TX 77550.

Identified Aplysia neurons R3-Rl4 have many characteris-
tics of neurosecretory neurons (Coggeshall et al., 1966),
including the presence of characteristic peptides (Nambu et
al., 1983 and references therein). We have isolated several
R3-R14 peptides by dissecting out R3-R14 cell bodies, ex-
tracting them with 0.5 N formic acid and resolving the com-
ponents of the supernatant by high pressure liquid chroma-
tography (Lin et al., this meeting). The major HPLC peak was
applied to assorted potential targets to determine whether
it contains physiologically activ material. Application of
the main peak to the ganglion caused long lasting hyperpolar-
ization of R3-R14, R16 and several other cells in the right
lower ventral quadrant. The normal spontaneous firing of
R3-Rl4 was inhibited by the peptide, suggesting a negative
feedback system which shuts off the neurons when released
peptide reaches a certain level. Most Aplysia neurons are
unaffected by R3-R14 peptide. Perfusion through a beating
heart increased the frequency and amplitude of contractions
of the ventricle. R3-Rl4 peptide causes contraction of the
gastroesophageal but not the abdominal and anterior aortas
of Aplysia. The threshold is below the amount of material in
one cell body. R3-Rl4 peptide also causes contraction of
strips of the ventricular myocardium with a threshold of
about the amount of material obtained from 0.05 cell bodies
(ca. 5 ng). Strips of crop muscle are also caused to contract
with a threshold of the amount of material from 0.25 cell
bodies. The effects of glycine and R3-~R14 peptide on the
gastroesophageal artery augment each other, while the
peptide overcomes the depolarizing effect of glycine on
R3-R14 cell bodies. The effects of R3-Rl4 peptide reported
here together with considerable evidence that R3-R1l4
utilize glycine as an intercellular messenger (Sawada
et al., 1981), makes it highly probable that R3-R14
release multiple substances to act as chemical messengers.
Coggeshall, R.E., Kandel, E.R., Kupfermann, I. and Waziri,
R., J. Cell Biol. 31: 363-368 (1966).

Nambu, J.R., Taussig, R., Mahon, A.C. and Scheller, R.H.,
Cell 35: 47-56 (1983).

Sawada, M., McAdoo, D.J., Blankenship, J.E. and Price, C.H.,
Brain Res. 207: 486-490 (1981).

203.8

203.10

GALANIN IMMUNOREACTIVE NEURONS IN THE CENTRAL AND PERI-
PHERAL NERVOUS SYSTEM. T. Melander$} T. Hokfelt’, A. Rokaeus)
K. Tatemoto®and V. Mutt® (SPON: S. Whittemore). Departments
of Histology, Pharmacology and Biochemistry, Karolinska
Institutet, Stockholm, Sweden.

Galanin (GAL) was isolated from pig small intestine and
characterized as a 29 amino acid peptide (Tatemoto, K. et.
al., FEBS Letters, 164: 124-128, 1983). Using an antiserum
raised against pig GAL conjugated to bovine serum albumin,
GAL immunoreactive (IR) neuronal structures have been
mapped in detail in the central and peripheral nervous
system (CNS and PNS) of several species. In the spinal cord
small GAL positive cells were detected in laminae I and II
of the dorsal horn together with a moderately dense fiber
network. In the medulla oblongata GAL-IR cell bodies were
seen in the caudal spinal trigeminal nucleus, also here
with GAL-positive fiber networks. An extensive system of
GAL-IR cell bodies and densely aggregated fibers were ob-
served in the dorsal vagal complex. In the ventrolateral
area of the medulla large positive perikarya could be de-
tected together with a moderately dense fiber network. In
the pons and mesencephalon a very large proportion of the
neurons of the locus coeruleus were GAL-positive. A medium
dense to dense GAL-IR innervation of the periaqueductal
central grey could be noted. In the diencephalon GAL-posi-
tive cell bodies could be seen in the anterodorsal and
periventricular thalamic nuclei, lateral to the mammillary
recess, in the arcuate nucleus, anterior to and in the
dorsomedial hypothalamic nucleus, in the medial forebrain
bundle area, in the medial preoptic area and in the ante-
rior periventricular region of the hypothalamus. Neurons in
the paraventricular, supraoptic and caudal magnocellular
nuclei were GAL-positive. Wide-spread fiber systems, with
the highest concentrations in the dorsal and periventri-
cular aspects of the hypothalamus and in the median emi-
nence, were detected. In the telencephalon several large
populations of GAL-IR somata were located in and around the
nucleus of the diagonal band and in the central amygdaloid
nucleus. In the PNS GAL-positive structures were mainly
found in the gastro-intestinal tract. However, a large
portion of the chromaffin cells of the adrenal medulla
stained for a GAL~like substance. In some cases central
GAL-positive neurons contained one or several other pep-
tides or a marker for a classical transmitter, indicating
that this GAL-like peptide is involved in coexistence sit-
uations at several levels of the CNS.(SMRC 04X-2887)

AMINO ACID INCORPORATION INTO PEPTIDES IN APLYSIA NEURONS
R3-R14. C.Y. Lin* and D.J. McAdoo. Marine Biomedical Insti-
tute, Univ. of Texas Med. Br., Galveston, TX 77550.

Aplysia neurons R3-Rl4 are characterized by high concen-
trations of free glycine. Although we have previously pre-
sented evidence that R3-R14 may utilize glycine as a neuro-
chemical messenger, it has recently become apparent that the
peptides manufactured by R3-Rl4 are also very glycine rich
(Nambu et al., 1983). In order to explore whether the high
concentrations and high rate of glycine uptake in R3-Rl4 are
primarily to support peptide synthesis, we have compared the
amounts of free and peptide-incorporated amino acids and the
rates of uptake of several amino acids into R3-Rl4 and their
incorporation into R3-R14 peptides (Table 1).

Table 1. Presence, uptake and incorporation of amino acids
into R3-Rl4 peptides.

Amino Acid Free AA/cella Inc./Freeb Inc‘/Uptakec
nmol/cell
Glycine 1.6 0.09 0.0035
Alanine 0.26 0.34 <.0004
Methionine 0.008 1.5 0.13
Histidine 0.05 1.9 0.12
Arginine 0.13 0.5 0.005
Aspartate 1.0

a. Based on an analysis of the free amino acids present in
a pool of 50 R3-R14 cell bodies.

b. Based on an amino acid analysis of the major HPLC peptide
peak obtained from 90 R3-R14 cell bodies.

c. Based on the amounts of radioactivity incorporated into a
major and minor HPLC peptide peak from R3-Rl4 and the
amounts in free amino acids in the cell.

According to the data in Table 1, a smaller fraction of the
glycine in R3-Rl4 is incorporated into peptide than any of
the other amino acids examined. Similarly, relatively small
fraction of the glycine taken up is incorporated into R3-R14
peptides. This suggests that glycine levels are high in
R3-R14 to serve some function other than to support peptide
synthesis. We have presented considerable evidence (Sawada
et al., 1981 and references therein) that R3~Rl4 may utilize
glycine as an intercellular messenger.

Nambu, J.R., Taussig, R., Mahon, A.C. and Scheller, R.H.
Cell 35: 47-56 (1983). '

Sawada, M., McAdoo, D.J., Blankenship, J.E. and Price, C.H.
Brain Res. 207: 486~490 (1981).
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203.11 IMMUNOPEROXIDASE MASKING OF IMMUNOFLUORESCENCE PROVIDES AN 20312 PROCESSING  BY OPIOMELANOTROPINERGIC ~ NEURONS

INDEX OF THE COEXISTENCE OF SEROTONIN, SUBSTANCE P AND ! PROFOUNDLY AFFECTS BEHAVIORAL ACTIONS OF SECRETED

ENKEPHALIN IN AXONAL ENDINGS IN THE VENTRAL HORN OF THE PEPTIDES. M. D. Hirsch* and T. L. O'Donohue (SPON: W. Mink).

SPINAL CORD. M.A. Ruda. Neurobiology and Anesthesiology Experimental Therapeutics Branch, NINCDS, NIH, Bethesda, MD
Branch, NIDR, NIH, Bethesda, Maryland 20205. 20205.

Numerous studies have examined coexistence in neuronal Opiomelanotropinergic (POMC) neurons in mammalian brain and
cell bodies. The demonstration of coexistence in axons has endocrine cells in intermediate lobe of the pituitary synthesize and
had limited technical successs mainly due to non-specific secrete peptides derived from a single prohormone. The phenomena
staining of the first antigen with the second chromagen. of synthesis and secretion of multiple peptides by an individual cell
Using a combination of PAP and indirect fluorescence immuno- leads one to hypothesize that the functions of these peptides may be
cytochemical techniques, a double label method for identi- interrelated. For example, it has recently been shown that the non-
fying the location and density of axons which contain co- opioid C-terminus of B-endorphin 1-31 (BE) modulates the
existent neurotransmitters is described. Serotonin (5-HT), chromogenic response of melanocytes to alpha-melanocyte-
substance P (SP) and enkephalin (ENK) axons in the cat stimulating hormone (a-MSH) (cf. Logan, et al., Peptides 2:121,
lumbar ventral horn were selected for study since brain stem 1981). To further test the hypothesis of a functional relationship
neurons containing coexistent neurotransmitters contribute between POMC-derived a-MSH and BE peptides, we investigated
afferents to the spinal cord. In frozen sections, the first their pharmacological interactions.
antigen was labeled with the PAP technique. The second an- Adult, male Sprague-Dawley rats (250-350 g) received intra-
tigen was labeled with immunofluorescence (IgG/FITC or IgG/ cerebroventricular (ICV) administration of peptide solutions
Rhodamine). Both primary antisera (Immunonuclear) were pro- containing varying dose-combinations of a-MSH and acetylated and
duced in the same species. As a control, the same antigen des-acetyl forms of BE [-3| (human) and fragments. Control
was sequentially processed for both PAP and immunofluores-— solutions contained saline vehicle in place of respective peptides.
cence or twice for immunofluorescence using different fluoro- Excessive grooming, stretch-yawn-syndrome (SYS), and catatonic
chromes. Sections in which the same antigen was labeled behaviors were quantitated over a 55 min. period as described
sequentially with PAP and fluorescence contained no fluores- previously (Gispen, et al. Life Sci. 17:645, 1975).
cent axons. Sections double labeled with immunofluorescence The results indicated that both a-MSH and BE 1-31 induced dose-
exhibited all axons labeled by both fluorochromes. Thus, related excessive grooming behavior. The potency of a-MSH was
the PAP reaction product appeared to mask the second fluo- increased by acetylation, while the potency of BE !|-31 was
rescent label. In the ventral horn the number of 5-HT axons markedly decreased by acetylation. The effects of a-MSH and BE |-
was greatest; SP noticeably fewer and ENK the fewest. Double 31 were distinguishable by the fact that a-MSH also induced SYS but
labeled sections in which 5-HT axons were labeled with PAP not catatonia, while BE 1-31 also induced catatonia but not SYS. In
contained only an occasional fluorescent SP axon, while the addition, BE [-31 significantly inhibited a-MSH-induced grooming
density of fluorescent ENK axons was similar to control, and SYS, while a-MSH significantly increased the duration of BE |-
ruling out non-specific effects of PAP on immmunoreactivity. 3| catatonia. Acetylation reduced the ability of BE -3 to inhibit
When SP axons were labeled with PAP, a small decrease in a-MSH's actions.  Surprisingly, cleavage of BE 1-31 to BE 1-27
fluorescent 5-HT axons was apparent, especially around motor- resulted in a peptide which induced SYS, as did BE 1-26 which also
neurons, while the density of fluorescent ENK axons was lacks the C-terminus. Consistently, this C-terminal fragment BE
similar to control. When ENK axons were labeled with PAP, 28-31 inhibited a-MSH induced grooming and SYS in a dose-related
no noticeable difference in the density of either 5-HT or manner, as did BE 6-31 which contains this C-terminal tetrapeptide.
SP fluorescently labeled axons was observed. These obser- In addition, BE 28-3| inhibited BE 1-27 grooming and SYS, but did
vations suggest that almost all ventral horn SP axons also not effect BE [-31 grooming. Interestingly, structural differences
contain 5-HT while most of the 5-HT axons contain neither in the C-terminus of rat and human BE 1-31 altered catatonic
SP nor ENK. The combination of PAP immunocytochemistry and potency, but did not affect grooming potency or a-MSH antagonism.
immunof luorescence thus provides a method for identifying These results indicate that processing of peptides by POMC neurons
the location and density of axons with coexistent neurotrans-— profoundly affects behavioral actions of the secreted peptides.
mitters.

203.13 COEXISTENCE OF PUTATIVE TRANSMITTERS IN RAPHE NEURONES 203.14 SPINAL CORD 5-HT{ BINDING SITES APPEAR COUPLED TO SUB-

TRANSPLANTED TO THE RAT STRIATUM. M. Schultzberg*G.A.Foster*
F. Gage, A. Bjdrklund*and T. HOkfelt*(SPON: H. Aldskogius).
Dept. of Histology, Karolinska Institutet, P.O. Box 60 400,
S-104 01 Stockholm, Sweden.

The occurrence of more than one putative neurotransmitter
within the same neurone has been demonstrated in many parts
of the central and peripheral nervous systems. One example
is the medulla oblongata, where some Raphe neurones have
been shown to contain 5-hydroxytryptamine (5-HT), substance
P and thyrotropin releasing hormone (TRH). The ability of
these neuronal cell types to survive and send out processes
was studied in intracerebral transplants. The effect on the
phenotypic expression of changing the environment of these
neurones was also investigated. Suspensions of fetal rat
(embryonic day 15) brain tissue were injected stereotaxical-
ly into the adult rat striatum, in which serotonergic affer-
ents were previously removed using 5,7-dihydroxytryptamine.
The rats were taken for immunohistochemical studies at least
six weeks after grafting. Survival of 5-HT, substance P and
TRH immunoreactive cells, and cells with various permuta-
tions of these substances were observed in the transplants.
No obvious outgrowth of fibres from the grafts was seen, but
networks of fibres containing 5-HT, substance P- and to a
lesser extent TRH-like immunoreactivity could be seen within
the transplants. Upon comparison of consecutive sections,
5-HT, substance P and TRH immunoreactive fibres had a simil-
ar localization.

In conclusion, medullary Raphe neurones containing 5-HT,
substance P- and TRH-like immunoreactivity survive trans-
plantation and are able to send out nerve processes. However,
they do not seem to reinnervate the previously denervated
host striatum, which may reflect the fact that it is not the
normal projection area of these cells. It also appears that
the phenotypic expression of the transplanted medullary
Raphe neurones is independent of both their cellular milieu
and the environment of their axonal/terminal processes.

STANCE P BINDING SITES. F.P. Zemlan and M.M. Behbehani.
Dept. of Psychiatry, Physiology and Biophysics, University
of Cincinnati School of Medicine, Cincinnati, OH 45267~
0559.

Substance P (SP) and Serotonin (5-HT) have been shown
to ocoexist in the same bulbospinal neurons and have been
colocalized in the same dense core synaptic vesicles in
the spinal cord. These data suggest that 5-HT and SP are

coreleased. The present study investigated whether SP
modulates the binding of H3-5-HT to 5-HTy binding
sites in rat spinal cord. 3H-5-HT (2nM) binding to

spinal cord dorsal or ventral horn membranes was
determined in the presence or absence of unlabeled 5-HT
(2uM).

Addition of SP to the incubation media resulted in an
increase in 3H-5-HT binding in both dorsal and ventral
horn. Addition of 10 mM SP produced aout a 10% increase
in specific 3H-5-HT binding in both regions of the
spinal cord (p's < 0.03). Maximal 3H-5-HT binding was
observed at 1 to 10 uM SP where specific binding increased
about 30% (p's < 0.001). The effect of SP on 3H-5-HT
binding [2nM] was dose-response related:

Specific 3H-5-HT Binding (fmoles/mg)

[SP] Dorsal Horn Ventral Horn
OnM 17.08 13.42
10nM 18.55 14.99
100nM 18.10 14.63
1000nM 19.66 17.26
10000nM 23.08 -

Mean 3H-5-HT binding in spinal cord determined from 3 to
7 assays performed in triplicate. The specificity of the
presently reported enhanced 5-HT binding in the presence
of SP as well as the binding kinetics will be discussed.
(Supported by USPHS Grant NS18326).
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203.15

203.17

ACETYLCHOLINESTERASE AND SOMATOSTATIN-IMMUNOREACTIVITY
COEXIST IN NEURONS IN RAT CEREBRAL CORTEX AND HIPPOCAMPUS,
BUT NOT IN CH4 CHOLINERGIC NEURONS OF THE BASAL FOREBRAIN.
C. H. ZHU*, J. R. DELFS, E. J. MUFSON, M. A. DICHTER, AND
M-M. MESULAM. DIVISION OF NEUROSCIENCE, CHILDREN'S HOSP.,
AND DEPT. OF NEUROLOGY, BETH ISRAEL HOSP., BOSTON, MA 02115.

There are profound and relatively selective decreases of
cholinergic markers including choline acetyltransferase
(ChAT) and acetylcholinesterase activity (AChE), and of
samatostatin-immunoreactivity (SOM-IR) in brains of persons
with Alzheimer's disease (Bowen et al. 1976, Davies and
Maloney 1976, Perry et al. 1977, Davies et al. 1980, Rossor
et al. 1980). We have recently reported that AChE and
SOM-IR coexist in neurons cultured fram rat cerebrum (Delfs
et al., Science 223: 61-63, 1984). The present study, based
on methods for the concurrent demonstration of AChE and
SOM-IR (Levey et al. 1983), examines the relationship
between these two markers in the intact rat brain.

Intensely staining AChE-rich neurons were seen in all of
the basal-forebrain cholinergic nuclei. ILess intensely
staining AChE-positive cell bodies were also present
throughout cortex. Staining for SOM-IR (antibody gift of S.
Reichlin) was seen in neurons throughout the brain and was
largely consistent with reports in the literature. However,
no SOM-IR was detected in the AChE-rich neurons of the Ch4
sector of the basal forebrain, known to be the predominant
source of cholinergic innervation to the neocortex and
amygdala (Mesulam et al. 1983).

In cortex, SOM-IR appeared to be present in many of the
AChE-reactive neurons, particularly in the deeper cortical
layers. On the other hand, many neurons stained only for
SOM-IR. Similar findings were noted in the hippocampus.

These observatians show that SOM-IR and AChE do coexist
in many neurons, confirming our findings in cell culture.

Since recent evidence suggests that there may be little,
if any, overlap between AChE-reactivity and ChAT-positive
neurons in cortex (Levey, Rye, Wainer, Mufson, and Mesulam,
Neurosci., in press), the overlap of SOM-IR and AChE cannot
be interpreted to indicate the coexistence of acetylcholine
and somatostatin in cortical neurons. However, the
AChE-positive staining raises the possibility that a subset
of samatostatinergic neurons could be cholinoceptive.

These results also demonstrate that SOM-IR is not found
in those neurons responsible for the major cholinergic
innervation of the cortical mantle, results which are
campatible with lesioning studies (McKinney et al. 1982).

AN IMMUNOFLUORESCENCE METHOD FOR VISUALIZING NEUROTRANSMIT-
TER COEXISTENCE IN FIBERS AND TERMINALS by R.P. Elde and
M.W, Wessendorf,  Dept. Anatony, Univ. Minnesota,
Minneapolis, MN 55455

There are several light microscopic methods presently in
use for demonstrating neurotransiiitter coexistence; however
none allow its visualization in fibers and terminal fields.
This abstract describes a method for doiny so.

The method used to show coexistence was identical to that
used for immunohistochemical localization of one antigen,
except that 2 immunologically distinct primary-secondary
antibody systems labeled with 2 different fluorochromes were
used simultaneously. An antiserum to serotonin (5HT,
Immunonuclear) generated in goat was added to an equal
measure of rabbit-generated antiserum to substance P (SP),
and 98 measures PBS/0.3% Triton X-100 were added to make a
final dilution of 1:100. This antisera mixture was applied

to 10 micron cryostat sections of rat CNS and incubated
overnight at 4° C. After rinsing in PBS, a mixture of
secondary antibodies was applied to the tissue. This con-

sisted of one measure of FITC-labeled swine-anti-rabbit I1gG
(Dako/Accurate) mixed with one measure of TRITC-labeled
swine-anti-goat IgG (Tago) and 6 measures of PBS/Triton, to
make a final dilution of 1:8. After incubating with the
tissue for 1 hour at room temperature, the tissue was rinsed
and coverslipped with PBS/glycerin 1:3, Slides were exa-
mined for imaunostaining using 25X and 40X objectives on a
Zeiss Standard fluorescence microscope equipped for blue
and green reflected illumination and having a 560 mm inter-
ference barrier filter.

Using this technique, single fibers in the brainstem and
spinal cord were found fluorescing both red and green after
staining for S5HT and SP. While some of these were in white
matter, others in gray matter appeared to be in apposition
to neuronal somata, and therefore may be nerve terminals.

Controls for secondary antiserum cross-reactivity were
negative. Likewise, when the barrier filter was used
appropriately, neither blue excitation of TRITC-labeled
tissue nor green excitation of FITC-labeled tissue produced
any staining. This suggests that double labeling is not the
result of wide-spectrum emission by the fluorescent labels.

It 1is concluded that this technique 1is capable of
visualizing coexistence of 5HT with SP in nerve fibers and
terminals. It appears to be applicable to other systems.

These studies were supported by DA 05226 and DA 02148.

203.16

203.18

MUTUALLY EXCLUSIVE LOCALIZATION OF IMMUNOREACTIVE
OXYTOCIN AND VASOPRESSIN IN THE MEDIAN EMINENCE OF THE
CAT AND CO-LOCALIZATION OF IMMUNOREACTIVE VASOPRESSIN
WITH MET- AND LEU-ENKEPHALIN. H. D. Coulter, R. Elde,
gguxst* and F. K. Roche#*. Department of Anatomy,

Umversxty of Minnesota, Minneapolis, MN 55455

Blocks of median eminence from male and female pre-
pubertal cats were quick-frozen at liquid helium tempera-—
ture, dried in a vacuum, fixed with osmium tetroxide
vapor, and infiltrated with epoxy resin. Serial sections,
each about 0.15 pm thickness, were placed on teflon
coated glass slides containing 80 wells per slide. In a
typical experiment 8 numbered serial sections from each
block were immunocytochemically stained with antibodies
to vasopressin (#1), met-enkephalin (#2), leu-enkephalin
(#3), and oxytocin (#4), followed by FITC- labeled second
antibodies. Sections #5, 6, 7 and 8 were treated with
the same antisera absorbed with their respective pep-
tides. A monoclonal antibody specific to vasopressin was
obtained from A. Hou-Yu and E. A. Zimmerman, and a
rabbit antibody specific to oxytocin was obtained from
Immunonuclear, Inc. Four L-enkephalin antibodies and
five M-enkephalin antibodies, all raised in rabbits, were
obtained from Immunonuclear, Immunotech, Bioproducts,
Cambridge Research Biochemicals, and Merseyside Labora-
tories, and were used without purification. Fluorescence
images were intensified with a silicon-intensified-tube
television camera and photographic records were obtained
directly from the screen of a video monitor. Immunoreac-
tive (IR) oxytocin was found in 0.5~2 pm axons and IR
vasopressin in 0.5-10 pm axons, always separately. In
the internal lamina of the median eminence IR vasopressin
was always found co-localized with both IR met- and leu-
enkephalin. In the external lamina and subependymal
layer IR enkephalin was sometimes found unassociated with
IR vasopressin. Since axons of the internal lamina of the
median eminence terminate in the posterior pituitary, the
present findings suggest that the fibers IR for both
vasopressin and enkephalin are the source of endogenous
opiates which act upon the abundent opiate receptors in
the posterior pituitary.
Supported by NSF grant BNS 81-19552 and NIH grant RO! NS
19428.

DISTRIBUTION OF SPINAL FIBERS AND TERMINALS IN WHICH
SEROTONIN (SHT) AND SUBSTANCE P (SP) LIKE IMMUMOREACTIVITIES
COEXIST by M.W. Wessendorf and R.P. Elde, Dept. Anatomy,
Univ. Minnesota, Minneapolis, MN 55455

It is known that some serotonergic neurons in the B3
group also contain SP. However, investigation of the pro-
jections of these neurons has been hampered by the lack of a
method for directly visualizing neurotransmitter coexistence
in fibers. We have recently developed a method for
visualizing nerve fibers in which 5HT-like immunoreactivity
(SHT-LI) coexists with immunoreactivity for a second
neurotransmitter. The present abstract reports the distri-
bution in the rat spinal cord of fibers in which 5HT-LI
coexists with SP-Tike immunoreactivity (SP-LI).

To examine the distribution of fibers containing 5HT and
SP, male Sprague Dawley-derived rats (Holtzman) were killed
by perfusion with Zamboni fixative, and spinal segments
C6-8, T6-8, L4-6, and S1-3 were removed. Ten micron
cryostat sections were cut in the horizontal, saggital, and
transverse planes, and a solution of goat-anti-5HT mixed
with rabbit-anti-SP was applied to the tissue. This incuba-~
tion was followed by an application of a solution of secon-
dary antibodies: FITC swine-anti-rabbit mixed with
TRITC-swine-anti-goat. Using this protocol, fibers con-
taining 5HT-LI fluoresced red, while fibers containing SP-LI
fluoresced green.

Fibers containing both 5HT-LI and SP-LI were found in the
intermediolateral cell column of the thoracic spinal cord,
and in the ventral horn and around the central canal at all
levels. In the ventral horn, the density of these fibers
was lowest in the cervical spinal cord, and it was of inter-
mediate density at the thoracic and lumbar levels. The
highest density of these fibers in the entire spinal cord
was found in the sacral ventral horn, where many of these
fibers were in close proximity to very large cells
resembling alpha motor neurons. Except in ventral nucleus
proprius, few if any fibers were found in the dorsal horn in
which SHT-LI and SP-LI coexisted.

It is concluded that serotonergic fibers in which SP
coexists are a common feature of the rat spinal cord. It
appears that the function of these fibers could be studied
most directly in the motor neurons of the sacral spinal
cord.

These studies were supported by DA 05226 and DA 02148.
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203.19

SYNAPSES BETWEEN ENTERIC SEROTONERGIC AND SUBSTANCE P
IMMUNOREACTIVE NEURONS: LITTLE CO-LOCALIZATION OF THE TWO

TRANSMITTERS IN THE MYENTERIC PLEXUS. M.D. Gershon and D.

Sherman.” Dept. of Anat. and Cell Biol., Columbia Univ. P&S,
New York, NY 10032.

Both serotonin (5-HT) and substance P (SP) are found in
intrinsic neurons in the enteric nervous system (ENS).
These two substances have been found to be co-localized in
some neurons of the brain. Immunocytochemical evidence
has been reported that suggests that they may also be
co-localized in the cell bodies of enteric neurons. In
order to investigate the possible co-existence of 5-HT and
SP in enteric neurons we have studied the immunocytochemical
localization of both substances in the myenteric plexus of
the guinea pig and mouse small intestines. In addition, we
have combined the electron microscopic (EM) radioautographic
detection of serotonergic neurites with the EM immunocyto-
chemical demonstration of SP. At the light microscopic
level, primary antisera to 5-HT and SP from different
species were used and the respective antigens were simul-
taneously localized by immunofluorescence using appropriate-
ly labeled secondary antisera. Colchicine pretreatment of
animals (5 mg/kg) enhanced SP immunoreactivity of perikarya.
Co-localization in the same cell body was extremely rare.
The overwhelming majority of immunoreactive perikarya had
either SP or 5-HT but not both; however, SP cells were
sometimes surrounded by serotomergic varicosities and, more
often, 5-HT cells were surrounded by SP tgrminals. For EM,
mice were injected ip with 2 ml of 10 uM “H-5-HT and, after
2 hours, tissues were fixed with a mixture containing 4%
acrolein, 0.05% glutaraldehyde, 1% formaldehyde, and 15%
picric acid. SP immunoreactivity was demonstrated by pre-
embedding staining in dissected myenteric plexus permeabil-
ized by brief exposure to 95% ethanol at =20 C. Almost no
terminals were found that displayed bgth SP immunoreactivity
and radioautographic labeling by ~“H-5-HT; nevertheless,
many terminal varicosities were seen that displayed one or
the other marker in the same tissue sections. Most SP cell
bodies received 523 synapses and a few also received termi-
nals labeled by “H-5-HT. Perikarya that took up ~H-5-HT
often were contacted by SP synapses. It is concluded that
co-localization of 5-HT and SP in the ENS, especially in
axon terminals, is extremely rare and thus of doubtful
physiological significance; however, synaptic interactions
between neurons utilizing these transmitters is common and
may be of considerable importance.

Supported by NIH grants NS 12969 and NS 15547.
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6-HYDROXYDOPAMINE INCREASES TRH CONCENTRATION IN
REGIONS OF RAT BRAIN. T.M. Engber*, S. Manaker and A.
Winokur (SPON: M. Kreider). Depts. of Pharmacology, Biology and
Psychiatry, Univ. of Penn. Sch. Med., Phila., PA 19104.

Thyrotropin-releasing hormone (TRH) is known to be widely
distributed in the central nervous systems of many species, yet
comparatively little is known about the regulation of TRH or the
influence of other CNS neurotransmitters. Brain TRH
concentrations are unaffected by a wide variety of pharmacologic
and endocrine treatments. Amphetamine treatment has been
reported to decrease striatal TRH levels without affecting those in
other brain regions. Previous studies in our laboratory have shown
that intracisternal administration of large doses of 6-
hydroxydopamine increases TRH content in forebrain and posterior
cortex of rat brain. The present study extends and refines these
previous findings.

Male Sprague-Dawley rats (180-220 g) received a unilateral
injection of 6-hydroxydopamine (50-400ug) or vehicle (0.9% NaCl,
0.2 mg/ml ascorbic acid) in a volume of 10ul into the lateral
cerebral ventricle. Animals were sacrificed at 1, 3 or 6 days
following injection and the brains were rapidly removed. The
brains were then dissected on ice into 11 regions: olfactory bulb,
spinal cord, septum-caudate, anterior cortex, cerebellum,
brainstem, hypothalamus, posterior cortex, hippocampus, thalamus,
and amygdala-piriform cortex. Brain regions were weighed, placed
in 2.0 ml of ice-cold phosphate-buffered saline (PBS), homogenized,
extracted with methanol and air-dried at 60°C. Samples were then
redissolved in bovine serum albumin (BSA)-PBS, and TRH content
was measured by radioimmunoassay. Norepinephrine and dopamine
levels were measured by electrochemical detection following
HPLC separation.

Intraventricular 6-hydroxydopamine (400 g) caused substantial
increases in TRH concentration in 6 of 11 brain regions examined
(olfactory bulb, septum-caudate, anterior cortex, brainstem,
hippocampus and amygdala-piriform cortex). Increases in TRH
concentration were greatest at 3 days post-injection; smaller
increases were observed at 1 and 6 days post-injection. The
magnitude of these increases ranged from 50% in the brainstem to
over 400% in the hippocampus. It is not known whether these
increases in TRH concentration reflect increased TRH synthesis,
decreased TRH degradation or both.

These results suggest that catecholamines may play a role in
the regulation of TRH in certain brain regions.

2042 5,7-DIHYDROXYTRYPTAMINE ALTERS TRH CONCENTRATIONS

IN REGIONS OF RAT BRAIN. P.B. Knight*, T.M. Engber*, S.

Manaker and A. Winokur (SPON: M.A. Hofer). Depts. of

Pharmacology, Biology and Psychiatry, Univ. of Penn. Sch. Med.,
Phila., PA 19104.

Thyroptropin releasing hormone (TRH) has been demonstrated
to be widely distributed throughout the CNS, yet comparatively
little is known about the regulation of brain TRH. Some recent
reports suggest significant interactions between serotonin (5HT)
and TRH. Thus, the neurotoxin 5,7-dihydroxytryptamine (5,7-
DHT), which destroys SHT nerve terminals, has been reported to
decrease the TRH content of the spinal cord, septal nuclei, and
nucleus accumbens. Additionally, TRH and SHT have been co-
localized within individual neurons in the spinal cord and the
brainstem. We now report that 5,7-DHT treatment increases
brainstem TRH, in addition to decreasing TRH concentrations in
the spinal cord.

Male Sprague-Dawley rats (180-200g) were injected in the right
lateral ventricle with either 400ug of 5,7-DHT in a vehicle of
0.15M NaCl and 1% ascorbate, or vehicle alone, and sacrificed at
various time intervals. The brains were rapidly dissected on ice
into 11 regions: olfactory bulb, spinal cord, septum-caudate,
anterior cortex, cerebellum, brainstem, hypothalamus, posterior
cortex, hippocampus, thalamus, and amygdala-pyriform cortex.
Each region was then weighed, homogenized in 2ml ice-cold
phosphate-buffered saline (PBS), extracted with 10 ml methanol,
and air-dried at 60°C. Samples were then dissolved in bovine
serum albumin-PBS, and TRH content determined by
radioimmunoassay. Serotonin and norepinephrine were measured
by electrochemical detection following HPLC separation.

5,7-DHT treatment resulted in a 50% decrease in spinal cord
after 5,7-DHT treatment, and appeared no earlier. In addition, a
50% increase in brainstem TRH concentrations occurred at 7 and
14 days after 5,7-DHT treatment, which returned to control values
by 21 days after treatment. TRH concentrations at 14 days after
treatment were unchanged in all other brain regions. Studies are
underway to fully evaluate the dose response and time course
characteristics of these effects in all brian regions. It is unknown
whether these alterations in brain TRH concentration are due to
effects on synthesis, degradation, or transport of TRH. However,
these results do suggest that indoleamines play a role in the
regulation of brain TRH content.
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GEROTONERGIC REGULATION OF DOPAMINE BETA-HYDROXYLASE IN
THE ADRENAL GLAND., L. Lima* and T.L, Sourkes. Depts. of
Psychiatry and Biochemistry, McGill Univ., Montreal,
Canada H3A 1Al.

Dopamine-beta-hydroxylase (DBH, EC 1.14.2 .1) catalyzes
the conversion of dopamine to noradrenaline. DBH, tyrosine
hydroxylase (TH) and phenethanolamine N-methyl transferase
(PNMT) are all inducible in the adrenal gland. TH is under
neural control; DBH and PNMT are under both neural and
humoral regulation. Treatments such as restraint, cold
exposure and administration of 6-hydroxydopamine, insulin
and reserpine increase the activity of DBH. Reserpine
increases the number of enzyme molecules through an
increase in the rate of synthesis, effected by a neural
pathway. The present study was carried sut in order to
understand the action of reserpine and tne possible
gerotonergic regulation of adrenal DBH. Male Sprague-
Dawley rats of about 200 g were used. DBH was determined
by the radioenzymatic method of Molinoff et al. (1971).
Surgery was performed under chloral hydrate anesthesia.
Reserpine, in a dose of 2.5 mg/kg daily for 3 days,
increases adrenal DBH activity 40-1007% over control values,
without significantly affecting the Ky for tyramine. The
effect is significantly reduced, but not completely elim-
inated, by splanchnicotomy; it persists in hypophysecto-
mized animals. The induction is blocked by cyloheximide.
Neither p-chlorophenylalanine (PCPA), 309 mg/kg ip, nor
5,7-dihydroxytryptamine (DHT), 175 ug inr-racerebro-
ventricularly, modifies the resting leve s of adrenal DBH.
However, both treatments potentiate the .action of reserpine,
PCPA yielding 40% and DHT 1807 increases over the values
obtained with reserpine alone. These drugs seem to act at
different sites. Thus, the effect of DHT is blocked by
denervation, a result suggesting that in the intact rat
descending serotonergic fibers play a ro e in the
regulation of adrenal DBH. On the other hand, the effect
of PCPA on the inducing action of reserpine is not blocked
by denervation and is probably due to the potent inhibition
of tryptophan hydroxylase in the hypotha:amus. Thus,
serotonergic neurons appear to exert an inhibitory action
over the effect of reserpine as inducer. This could be due
to the potentiation by PCPA and DHT of the decrease in
central serotonin caused by reserpine.

(Supported by a grant of the MRC, Canada. L.L. is a
post-doctoral fellow of CONICIT, Venezuela.)

EFFECT OF RESERPINE AND DESMETHYLIMIPRAMINE ON CORTICOTROPIN-
RELEASING FACTOR (CRF)-LIKE IMMUNOREACTIVITY OF RAT BRAIN
NUCLEI. Y. Tizabi, G. Skofitsch and D. M. Jacobowitz.
Dept. of Pharmacology, Howard University College of Medicine,
Washington, D.C. 20059 and Lab. of Clinical Science, NIMH,
Bethesda, MD 20205.

Immunocytochemical studies have revealed CRF-like immuno-
reactivity (CRFLI) in a number of brain regions that also
contain norepinephrine. It was therefore of interest to
study the possible influence of drugs that are known to
affect catecholamine release and receptor reactivity on CRF
concentration of various brain nuclei.

One group of male Sprague-Dawley rats weighing 200-250 g
were injected with saline or reserpine (2 mg/kg i.p.) for 3
days. Another group of rats were injected with saline or
desmethylimipramine (DMI) (20 mg/kg i.p.) for 14 days.
Twenty four hours following the last injection, the animals
were decapitated and their brains were quickly removed and
frozen on dry ice. Coronal brain slices (300 um) were cut
in a cryostat, and 10 different nuclei (N) were dissected for
CRF RIA. The areas studied were: N. interstitialis striae
terminalis (dorsal and ventral), periventricular N., N.
suprachiasmaticus, paraventricular N. (PVN), median eminence
(ME), arcuate N., dorsomedial N., N. amygdaloideus centralis
and median forebrain bundle. The CRF concentration was de-
iﬁgmined by RIA using a commercially available antibody and

I-ligand directed against rat CRF. Reserpine treatment
resulted in a 417 decrease in the CRFLI of the ME, while
there was approximately a 90% increase in the PVN concen-
tration of CRFLI. On the other hand, DMI treatment resulted
in an approximately 60% decrease of CRFLI in the PVN with a
tendency for an increase in the CRFLI of the ME.

These preliminary data support the role of monoaminergic
regulation of CRF release from the ME and further suggest a
possible interaction of norepinephrine with CRF-containing
cells in the PVN, resulting in an inhibitory effect of
norepinephrine on the synthesis of CRF.

204.4

204.6

INTERACTIONS BETWEEN DOPAMINE-SENSITIVE AND VIP-SENSITIVE
ADENYLATE CYCLASE SYSTEMS IN RABBIT RETINAL HOMOGENATES.
Jonathan A. Pachter*and Dominic Man-Kit Lam (SPON: S.F.
Basinger) Program in Neuroscience and Cullen Eye Institute,
Baylor College of Medicine, Houston, TX 77030.

In the rabbit retina, dopaminergic neurons have been
localized to the amacrine cell layer, with processes extend-
ing into the inner plexiform layer to contact other amacrine
cells (Dowling & Ehinger, J. Comp. Neurol. 180: 203). Simi-
larly, vasoactive intestinal peptide (VIP) immunoreactivity
is found in the amacrine cell layer, with projections into
the inner plexiform layer (Tornqvist et al., Histochem. 76:
137; Chen et al., Soc. Neurosci. Abstr., 1984). Like dopa-
mine, VIP has also been shown to stimulate production of
cAMP in the rabbit retina (Schorderet et al., Eur. J.
Pharmacol. 71: 131). The coexistence of these two trans-
mitter-sensitive cyclase systems in the inner retina has led
us to study possible interactions between them.

Dopaminergic and VIP-induced stimulation of adenylate
cyclase activity were measured by monitoring conversion of
(a-32p)-ATP to (32P)-cAMP in rabbit retinal homogenates.
Maximal stimulation of cyclase activity by dopamine occurred
with approximately 300 uM dopamine, while only 10 uM VIP was
necessary for maximal VIP-induced stimulation. Dopaminergic
and VIP-induced stimulation were found to be non-additive at
both maximal and half maximal concentrations, indicating
that dopamine and VIP may stimulate cAMP formation through
a common adenylate cyclase complex.

The non-additivity of dopaminergic and VIP-induced
stimulation does not seem to result simply from exhaustion
of retinal adenylate cyclase, since 12 mM NaF and 1 mM
forskolin could each stimulate greater cAMP formation than
could the combination of dopamine and VIP. The specific
D-2 agonist, LY141865, had no effect on VIP-induced cyclase
stimulation, suggesting that the non-additivity does not
result from a D-2 receptor-mediated inhibition. Finally, the
dopaminergic antagonist, (+)-butaclamol blocks dopaminergic
stimulation, but not VIP-induced stimulation, indicating
that dopamine and VIP do not seem to be competing for the
same receptor site. These results suggest that interactions
between the dopamine-sensitive and VIP-sensitive adenylate
cyclase systems in the rabbit retina probably occur at the
level of the nucleotide regulatory unit or adenylate cyclase
catalytic unit, rather than at the receptor level.

This work was supported by NIH grant EY02608, the
Retina Research Foundation (Houston) and Research to Prevent
Blindness, Inc. (N.Y.).

SEROTONINERGIC/NORADRENERGIC INTERACTION ON LUMBAR MOTONEU-
RONES IN THE SPINAL CORD OF THE RAT. Louis E. Tremblay*
P.J. Bedard and R. MaheuxX Lab. Neurobiologie, Dept.
Anatomie, Univ. Laval, Québec. GlJ 1Z4

In the rat, the ventral spinal cord is richly innervated
by 5-HT and NA terminals. The terminals degenerate after
spinal cord transection. We have previously established
(Brain Research, 169: 393-397, 1979) that after transection
of the spinal cord, 5-HTP, a serotonin precursor administe-
red intraperitoneally, increases the spontaneous level of
EMG activity in the hindlimb muscles. This effect of 5-HTP
progressively increases until the twentieth day after tran-
section. The action of 5-HTP is antagonized by cyprohepta-
dine.

Clonidine, an alphap adrenergic agonist (0.1mg/kg, i.p.)
induced a small but non significant burst in the first five
minutes after administration followed by a significant de-
pression in the baseline level of spontaneous EMG activi-
ty. 5-HTP (100 mg/kg) alone increased the EMG activity by
450 and 400% respectively for extensor and flexor muscles
of the thigh, and this response remained stable for one
hour and more. But, if clonidine (0.001-2.5 mg/kg, i.p.)
was administered 10 minutes after 5-HTP, this alphap adre-
nergic agonist depressed significantly the 5-HTP induced
response of the spontaneous EMG activity by 30-70% in a
dose-related fashion. On the other hand, clonidine (0.1
mg/kg) increased by 145% the threshold of evoked reflexes
in chronic spinal rats. The antagonistic effect of cloni-
dine on the action of 5-HTP but not the effect of cyprohep-
tadine is abolished by pre-treatment with the alphap adre-
nergic antagonist, Yohimbine (1.25 mg/kg, i.p.)

This interrelationship between the serotonergic and no-
radrenergic systems supports the possibility of balance-
like interaction between 5-HT and NA on the lumbar spinal
motor system. (Supported by MRC of Canada).
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204.7 BEHAVIORAL AND NEUROCHEMICAL INTERACTIONS OF PHENCYCLIDINE 204.8 INTERACTION BETWEEN CHOLINERGIC AND ADRENERGIC RECEPTOR
(PCP) AND HALOPERIDOL OR AMPHETAMINE IN KITTENS. D.S. " STIMULATED PHOSPHOINOSITIDE HYDROLYSIS IN RAT BRAIN
Schwartz$ M, Alleny J.H. Hannigan, S, Howard-Butcher and M.S. SLICES. R.A. Gonzales and F.T. Crews, Dept. of Pharma-
Levine (SPON: M.E, Melnick). Mental Retardation Research cology, University of Florida School of Medicine,
Center and Dept. of Pharmacology, UCLA Los Angeles, CA 90024, Gainesville, FL 32610.

This experiment was designed to assess some of the behav- Recent studies have shown that phosphoinositide hydroly-
ioral and neurochemical interactions between PCP and drugs sis is coupled to several neurotransmitter receptor systems
that alter dopaminergic (PA)neurotransmission. Kittensreceived in the central nervous system. The muscarinic (M) choli-
pretreatment with haloperidol (HAL) or amphetamine (AMPH) nergic receptor and the alpha; adrenergic receptor have
before receiving injections of PCP. To date, fourteen kittens both been shown to stimulate the release of inositol phos-
(30-35 days of age) have been tested. Five received HAL (6 phates from inositides. We have investigated in detail the
mg/kg s.c.) 30 min before PCP (2 mg/kg s.c.), 5 received AMP interaction between the cholinergic and adrenergic receptor
(5 mg/kg 1.p.) 45 min before PCP and 4 received saline 30 stimulation of inositide hydrolysis in Sprague-Dawley brain
min before PCP, Behavior was assessed for changes in motor slices. Cortical slices (0.35 mm cubes) were prepared,
activity, posture and stereotypic head movements before and washed, and incubated with [3H]inositol for 90 min. The
after HAL, AMPH and saline injections and for 30 min after labelled slices were then washed, distributed into tubes,
PCP. Following PCP injections behavior was rated on a 6 point and exposed to various agonists and antagonists for 60 min.
scale which quantified the intensity of the PCP effects. Incubations were terminated by addition of 1 ml of
Periodically, throughout the session the kittens were also chloroform-methanol (1:2). After extraction of lipids and
given a neurological assessment (muscle tone, pupil dilatiom, separation of phases, inositol phosphate was determined by
righting reflex). At the end of the behavioral testing the Dowex-1 chromatography. Muscarinic antagonists, atropine
kittens were sacrificed, the brains quickly removed and the and pirenzepine, blocked carbachol stimulated release of
caudate nuclei dissected for determination of DA levels using inositol phosphates but not that stimulated by norepine-
HPLC. Kittens treated with AMPH increased activity and stereo- phrine. The alphaj antagonist prazosin (1 uM) blocked
typic head movements for the 45 min pretreatment period re- norepinephrine stimulation while the alphap antagonist
lative to both saline-and HAL-treated animals. HAL-treated yohimbine (1 uM) did not. Propanolol had no effect on
kittens decreased activity and lost control of limbs leading inositol phosphate release stimulated by carbachol or
to postural and motor disability within 10 min. PCP injec~ norepinephrine. The time course of inositol phosphate
tions after saline pretreatment produced ataxia, staggering release in the presence of maximal carbachol reached a
and loss of 1imb support. Immediately following PCP injec- plateau after 30 min of stimulation. The norepinephrine
tions HAL-pretreated animals displayed higher PCP ratings stimulated response however did not plateau until 60 min.
than did animals in the other two groups. Within 10 min of The combination exhibited characteristics of both. Dose
PCP injections the elevated activity and stereotypies in the response curves revealed that norepinephrine had an EDgqg of
AMPH-pretreated groups were no longer observed. AMPH-pre- 10 uM compared to EDgg of 100 yM for carbachol. The maxi-
treated and saline-pretreated animals displayed similar time mal responses were approximately equal. When a moderate
courses of PCP effects but AMPH pretreated animals had lower concentration of carbachol was added along with norepi-
PCP intensity ratings than animals in the other groups at nephrine, an additive response was seen. However, at
the end of the 30 min post-PCP observation session. Caudate maximal concentrations of each, the response was less than
DA levels were decreased in kittens pretreated with HAL and additive. The data suggest that low concentrations of
were slightly elevated in AMPH pretreated kittens. Taken muscarinic or alpha; agonists probably act via different
together these results demonstrate that both the behavioral receptor systems with Tittle or no interaction. However,
and neurochemical effects of PCP can be modulated by altera- at higher concentrations, there may be a small population
tions in DA neurotransmission and provide evidence that of cells which are activated which contain a common pool of
some of the effects of PCP may involve neurochemical altera- inositides which are hydrolyzed. (Supported by N.I.A.A.A.
tions in the caudate nucleus. No. AA06069).

Supported by USPHS DA 3017 HD 5958 HD 7032,
204.9 MODULATORY ACTION OF SEROTONIN ON GLUTAMATE-INDUCED 204.10 ACTION OF DOPAMINERGIC AGONISTS ON THE IN VIVO NEO

EXCITATIONS ON CEREBELLAR PURKINJE CELLS. Munhyang Lee,
Jean C. Strahlendorf, and Howard K. Strahlendorf.
Physiology and Medical and Surgical Neurology, Texas Tech
University Health Sciences Center, Lubbock, TX 79430.

Many anatomical studies have revealed the existence of
serotonin (5-hydroxytryptamine, 5-HT)-containing afferent
fibers in the cerebellum. In the molecular layer of the
cerebellar cortex, 5-HT-containing fibers morphologically
resemble parallel fibers that presumably use glutamate as a
neurotransmitter. Because of the close anatomical
proximity of these two fiber systems, we wanted to examine
the influence of serotonin on glutamate-induced responses
of Purkinje cells. Pulsatile iontophoretic applications of
glutamate (0-25 nA, 20 sec) at regular intervals (80 sec)
produced consistent increases in the Purkinje cell
discharge rate. 5-HT (5-40 nA), applied continuously with
currents that induced minimum changes in the spontaneous
rate, profoundly influenced glutamate-induced excitations.
Specifically, serotonin completely blocked glutamate-
induced excitations in 4 out of 95 cases, markedly
decreased glutamate responses of 83 neurons, had no effect
on 5 neurons, and potentiated glutamate excitations in 3
cases. Thus, 5-HT decreased glutamate-induced excitations
in 87% of all trials and in 4% of cases blocked the
glutamate excitations in the absence of equivalent effects
on spontaneous firing rates. One of the interesting
findings was that the direction of the effect of serotonin
on the spontaneous firing rate of Purkinje cells did not
appear to influence its interaction with glutamate-induced
excitations. Among 77 neurons in which the effects of
serotonin on spontaneous firing rates of Purkinje cells
were evaluated before glutamate application, 5-HT-induced
three different effects: inhibition, biphasic effect, and
excitation, as shown previously from this laboratory (Brain
Research Bulletin, vol. 11, 265-269, 1983). However, the
inhibitory modulating effect of serotonin on glutamate
responses on Purkinje cells was not related to direct
effects of serotonin on Purkinje neurons. Currently, we
are trying to identify the serotonin receptor subtype that
may be responsible for these modulatory effects of
serotonin on glutamate-induced excitations. On occasions,
methysergide, a 5-HT antagonist, blocked the modulatory
inhibitory effects of 5-HT on glutamate-induced excitations
of Purkinje cells. (Supported by Tarbox Parkinson's
Disease Institute, TTU and NIH ROl NS 19296)

SYNTHESIZED 3H-GABA RELEASE IN THE RAT STRIATUM.
M.J. Besson*, J.A. Girault*, U. Spampinato*, J.
Glowinski* and H.E. Savaki* (SPON: G. Barbin)
Chaire de Neuropharmacologie, INSERM U.114,
Collége de France, 75231 Paris cedex 05, France.

The interaction between dopaminergic and
GABAergic neurons was investigated at the rat
striatal level by measuring the in vivo release of
neosynthesized 3H-GABA, a biochemical index of
GABAergic neurons' activity. A push-pull cannula
was implanted in the striatum in rats anesthetized
under a mixture of halothane nitrous oxide O,. The
tissue was superfused with artificial CSF en%iched
with 3H-glutamine, to label continuously GABAergic
neurons. One hour after the onset of superfusion
serial 10min superfusate fractions were collected
for a 180min period of time. The resting release
of 3H-GABA was decreas?g when the sugﬁgfusing CSF
was replaced by a Ca q:free and Mg“ '~ enriched
medium. Addition of K ions (20mM) evoked an
insgeased release of 3H-GABA, which was partly
Ca dependent.

The investigation of dopaminergic and GABAergic
neurons' interaction was performed by adding
various dopaminergic agonists into the superfusing
CSF during 30min and estimating the induced
changes of 3H-GABA release. 3H-GABA release was
unchanged by ADTN at several concentrations (1, 10
and 100uM). In the presence of the D, agonist, Ru
24926 (50 and 100uM), the release of 3H-GABA was
reduced in a dose related manner whereas the drug
was without effect at 1uM concentration. The
decreased release of 3H-GABA induced by 100uM Ru
24926 was prevented by S-sulpiride pretreatment
(10uM, applied 30min prior to Ru 24926 addition),
S-sulpiride by itself having no effect. Acetyl-
choline in the presence of eserine (both at 50uM)
had no effect on resting striatal 3H-GABA release,
although it potentiated the Ru 24926 (100uM)
induced diminution, suggesting that acetylcholine
can modify the D. dopaminergic mediated effect on
GABAergic striatdl neurons. The striatal eftect of
amphetamine (10pM) was examined following the
local application of S-sulpiride (10uM) in an
attempt to analyze the implication of D. dopaminer-
gic receptors in the regulation of GABA release.
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INTERACTION BETWEEN SOMATOSTATIN AND CHOLINERGIC
MUSCARINIC RECEPTORS 1IN THE HIPPOCAMPUS. R.
Miyoshi*, S. Kito, K. Mizuno* and K. Nitta*., Third
Department of Internal Medicine, Hiroshima
University School of Medicine, Hiroshima, Japan,
734

Recently cholinergic theory of senile dementia
has been advocated, whereas complex neuronal
networks within the hippocampus is considered to
be related with memory mechanism. In this paper,
we studied on interaction between somatostatin and

cholinergic muscarinic receptors in the
hippocampus from viewpoints of binding
experiments.

Muscarinic acetylcholine binging experiments
were perfgrmed with use of H-oxotremorine-M
acetate (?H-oxo-M), an agonist, as radioactive
ligand and 1074M acetylcholine as non-radioactive
ligand. The P, fraction of the rat hippocampus was
prepared. Aliquots of tissue preparation were

incubated in Krebs Henseleit (pH 7.4) at 30°C with
and without 1 uM 8 ([D-try] somatostatin. To
prevent degradation of somatostatin, reagents such
as pepstatin, bacitracin and bovine serum albumin
were added. In association experiments, the
muscg{inic agonist binding at the concentration of
1 nM °H-oxo-M reached equilibrium in 8 min. At
the equilibrium, presenC§ of 1 uM somatostatin
leveled down the specific “H-oxo-M binding to 657,
when compared to that without somatostatin.
The incubation time of saturation analysis,was set
at 8 min. As the results, Kd value of 3H-oxo-M
binding to acetylcholine muscarinic receptors with
somatostatin was 4.5 nM, while Kd wvalue without
somatostatin was 3.0 nM.

These days, interaction between classic neuro-
transmitters and neuropeptides has been a focus of
increasing interestes in field of neuroscience.
These results indicated that muscarinic receptors
and somatostatin interacted in the hippocampal
membrane and somatostatin was playing a role in
regulating acetylcholine receptor  functions.

Furthermore, we studied using “H-QNB on whether
such interaction existed between antagonistic
muscarinic receptor binding and somatostatin or
not.

THE METHAMPHETAMINE-INDUCED INCREASE IN NIGRAL SUBSTANCE P-
LIKE IMMUNOREACTIVITY IS MEDIATED BY THE D, RECEPTOR. P.K.
Sonsalla*, J.W. Gibb and G.R. Hanson. Dep%. Biochem.
Pharmacol. & Tox., Univ. of Utah, Salt Lake City, UT 84112
It is known that the activities of the nigral-striatal
dopamine (DA) pathway and the striatal-nigral substance P
(SP) feedback loop are tlosely linked. Due to the important
role of this neuronal circuitry in basal ganglia function,
we have been attempting to elucidate the nature of this
interaction. Recently we reported that the subacute admin-
istration of the indirect DA agonist, methamphetamine
(METH), to rats increases the concentration of substance
P-like immunoreactivity (SPLI) in the substantia nigra.
This METH effect was blocked by the coadministration of the
dopamine receptor antagonist, haloperidol (Ritter et al., J.
Pharmacol. Exp. Ther., in press). These findings suggest
that the METH-induced changes in nigral SPLI are mediated by
the increased DA activity produced by METH. Consistent with
these results, we have reported that subacute L-DOPA also
increased nigral SPLI concentrations. To characterize
further the nature of the dopaminergic influence on sub-
stance P activity, various specific DA agonists and/or
antagonists were administered every 6 h for 4 or 5 doses.
The results of these studies demonstrated that activation of
the D, receptor with the compound, SK&F 38393 (15 mg/kg),
significantly decreased nigral SPLI concentration whereas
treatment with the D, agonist, RU 24926 (5 and 15 mg/kg),
resulted in a signiffcant increase in SPLI concentration
within the substantia nigra. Blockade of D, receptors with
sulpiride (80 mg/kg) caused a significant r&duction in
nigral SPLI concentrations and in combination with METH
completely blocked the METH-induced changes in nigral SPLI
levels. These findings demonstrate differential actions by
D, and D2 receptors on the striatal-nigral SP system. In
abdition, the data suggest that the increase in nigral SPLI
concentration observed following subacute METH administra-
tion is at least partially attributable to activation of the
D, receptor.
(gupported by USPHS Grants DA 00869, GM 07579, MH 39304 and
MH 37762.)

204.12 MODULATION OF ACETYLCHOLINE RELEASE FROM THE PERFUSED CAT

204.14

SUPERIOR CERVICAL GANGLION BY o-ADRENOCEPTOR AGONISTS.
D.M. Araujo* and B. Collier* (SPON: P. E. Braun). Dept.
of Pharmacol. and Ther., McGill University, McIntyre
Medical Bldg., Montreal, Quebec, Canada H3G 1Y6.

Since the initial finding by Marrazzi (J. Pharmacol.
Exp. Ther., 65: 395, 1939) that epinephrine depressed the
postsynaptic potential of the cat superior cervical
ganglion, a modulatory role on ganglionic transmission for
the catecholamines has been proposed. The catecholamines
have been postulated to exert inhibition of transmitter
release by acting on presynaptic a-adrenoceptors. The
present study was undertaken to determine firstly, whether
exogenous catecholamines can affect acetylcholine (ACh)
release from the cat superior cervical ganglion and
secondly, whether endogenous catecholamines play a
modulatory role.

. Perfusion of the cat superior cervical ganglion, in
situ, with norepinephrine depressed evoked ACh release, at
a stimulation frequency of 20Hz, with an IC o of 9.7nM.
Clonidine, a selective a,-adrenoceptor agon?st was less
potent than norepinephrine in decreasing ACh release
(1C4=11.6pM). The norepinephrine-mediated inhibition of
evoked ACh' release was reversed by the a,-adrenoceptor
antagonist yohimbine (10nM), but was una?fected by the
a;-adrenoceptor antagonist prazosin (10~ 9M-10-6M),

To test the possible significance of endogenous
catecholamine release, the superior cervical ganglion was
perfused with yohimbine alone. Evoked ACh release was
facilitated by yohimbine (10nM) by 24-53% (n=8). Together
these results suggest a possible role for endogenous
catecho1amines in the regulation of ACh release from the
cat superior cervical ganglion and furthermore that this
modulation is mediated through an a,-adrenoceptor.
(Supported by MRC & FCAC, Canada)

OPPOSITE EFFECTS OF METHAMPHETAMINE ON SUBSTANCE P SYSTEMS
IN RAT BASAL GANGLIA AND MESOLIMBIC SYSTEMS. J.K. Ritter*,
C.J. Schmidt*, J.W. Gibb, and G.R. Hanson (SPON: M. Peat).

Dept. Biochem. Pharmacol. & Toxicol., College of Pharmacy,
Univ. of Utah, Salt Lake City, UT. 84112.

Like the dopaminergic (DA) projection of the nigral-
striatal system, the DA neurons of the mesolimbic pathway
are believed to respond to a substance P (SP) input which
functions as part of an excitatory feedback circuit. This
SP pathway projects from the medial habenula to the Al0
group of DA cell bodies in the ventral tegmental area (VTA).
We previously reported that the release of transmitter from
the nigral-striatal DA pathway of the basal ganglia induced
by subacute methamphetamine (METH) treatment results in
substantial increases in the concentrations of striatal and
nigral substance P-like immunoreactivity (SPLI) (Ritter et
al., J. Pharmacol. Exp. Ther., in press). These observa-
tions suggest that the striatal-nigral SP pathway is par-
tially regulated by DA activity. The present study was
conducted to determine if the SP pathway associated with the
mesolimbic system responds to DA activity in a similar
manner.

Rats were given five sequential injections of METH (15
mg/kg, s.c.) at six-hour intervals. Eighteen hours after
the final dose, SPLI concentration was reduced in both the
medial habenula (48%) and the VTA (45%) with respect to
saline-treated controls. These findings were opposite to
the elevations in SPLI concentrations found in the striatum
and substantia nigra following an identical subacute METH
paradigm. However, like the METH-induced changes in the
SP system of the basal ganglia, administration of the DA
receptor antagonist, haloperidol (2 mg/kg), with METH
completely blocked the METH-induced changes in SPLI levels
in the VTA. This latter finding suggests that the change in
SPLI concentration associated with the VTA results from the
enhanced DA activity induced by METH.

Additional studies are needed to elucidate the signifi-
cance of the METH-induced reductions in the medial habenula
and VTA. One possible explanation is that these changes in
SPLI concentration reflect increased release and subsequent
metabolism of this neuropeptide within these structures.
Interestingly, these data demonstrate that METH exerts
opposite effects on the SP systems associated with the basal
ganglia and mesolimbic systems.

(Supported by USPHS Research Grants MH 37762, DA 00869,
GM 07579 and MH 39304).
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EFFECTS OF ELECTROCONVULSIVE SHOCK (ECS) ON THE VENTRICULAR
RELEASE OF PROSTAGLANDIN (PG) IN RAT. T. Furui*, T.L. Yaksh*

and S. Divinetz Romero* (SPON: Donald W. Klass) Dept. of
Neurosurg. Res., Mayo Foundation, Rochester, MN 55905.

The release of arachidonic acid products following con-
vulsions produced by electric or chemical stimuli has been
shown to occur ex vivo. We have shown in vivo release of
PGE3 to respond to depolarizing stimuli in cats (Divinetz
Romero et al., Brain Res., in press, 1984). Little is known
of the pattern of PG release by brain tissue in vivo, and
how it is affected by electrically induced seizures: this
study addressed the point in a ventriculocisternal perfusion
preparation in rats. Sprague-Dawley rats were anesthetized
vith chloralose/urethane (130 mg/kg; 1 g/kg) i.p., artifi-
cially ventilated, and prepared with a stereotaxically
introduced cerebroventricular inflow cannula and a cisternal
outflow cannula. Artificial cerebrospinal fluid was per-
fused at a rate of 100 pl/min using a two channel peri-
staltic pump. The outflow was collected on ice for 30-min
periods and the samples frozen until organic extraction and
radioimmunoassay (RIA). After a 30-min stabilization
period, 2 control samples were obtained. The animals were
given ECS at an intensity which would produce tonic clonic
seizures in the unanesthetized animal. Poststimulation
samples were collected for 1-2 hrs. The 3 main PG's and
metabolites of PGI; and TxA) were measured. Prestimulation
control periods were compared to the maximal elevation
obtained during or immediately after the stimulation period.
Statistical analysis consisted of Student's paired t-test.

Experimental results are shown in the table (*p<0.05:pg/min):

PGDp
1722

TxB)
1315

PGE) 6ketoPGF )y
1214 9+3
Stimulated 3329 61424% 4hx12% 31£7% 1745%

% Change 201465 608192 525+184 4932128  141:13
The profile in the control period is Dy:TX:E2:I2>Fpq. During
stimulation, the profile becomes TX:E3:Dp:I3>Fq. Contrary
to in vitro studies, the largest increases correspond to TX,

PGF 25,

Control 813

E; and I, with lesser changes in PGDj and PGFyy. The changes

in PGD2, considered the main PG in rodents, are difficult to
evaluate due to the low sensitivity of the available RIA.
The results indicate that ES produces a general increase in
PG efflux in vivo. However, the stimulation resulted in a
preponderant increase in the relative levels of TX and PGEj.
PGEj has known sedative and anticonvulsant properties; scant
information on physiologic effects of TX outside the vascu-
lature makes it difficult to speculate on the overall effect
of the profile changes. (Mayo Foundation & NS06663B)

BASAL GANGLIA: CELLULAR STUDIES

205.1

MORPHOLOGY OF NEURONS CONTAINING VIP-LIKE IMMUNOREACTIVITY
IN THE RAT STRIATUM. E. Theriault, P.E. Marshall, and
D.M.D. Landis. Neurology Service, Massachusetts General
Hospital, Boston, MA 02114.

We have used light and electron microscopic immunocyto-
chemical techniques to study the morphology of neurons in
adult rat caudatoputamen containing vasoactive intestinal
polypeptide-like immunoreactivity (VIP-Ir). Rats were
perfused with paraformaldehyde-lysine-periodate fixative,
the brain sectioned at 4Oum intervals on a vibratome in
coronal or sagittal planes, incubated with commercially
obtained anti-VIP antisera, and reacted with ABC technique.
Methods controls included pre-absorption with VIP.

VIP-Ir cells were sparsely and uniformly distributed
throughout the striatum. Cell bodies were 12-17um in
diameter and gave rise to 3-5 primary dendrites, which
branched close to the soma and could be traced up to 200um.

More distal portions of the dendritic arborizations often
appeared irregular and varicose. No dendritic spines were
apparent at the 1light microscopic level. Dendrites
frequently traversed bundles of myelinated axons, a pattern
not exhibited by cells containing somatostatin- or Substance
P-like immunoreactivity. In several instances, very fine,
varicose processes arborized extensively within 40um of the
cell body; these may represent axons. In more ventral and
anterior striatum there were larger, axon-like arborizations
far from immunoreactive cell bodies which may correspond to
afferent axons from the stria terminalis.

In thin-sectioned preparations, dendrites were virtually
spine free. Synapses with symmetric or asymmetric junctionmal
specializations were present on the dendritic surface.
Several VIP-Ir varicosities terminate on the cell body,
forming synaptic junctions with symmetric specializations;
these synapses may derive from recurrent axonal collaterals.
The nucleus is deeply invaginated. VIP-Ir neurons thus
resemble other aspiny striatal cells considered likely to be
local circuit neurons.

205.2

CELLULAR LOCALIZATION OF THE D; ADENYLATE CYCLASE-LINKED
DOPAMINE RECEPTOR IN THE CAUDATE NUCLEUS. M.A. Ariano &
S.L. Kennz? Anatomy & Neurobiology, Univ. Vermont College of
Medicine, Burlington, VT 05405.

Multiple dopamine receptors have been described pharmaco-
logically within the caudate nucleus using a variety of
experimental approaches. One dopamine receptor subtype is
linked through adenylate cyclase (EC 4.6.1.1) and the pro-
duction of cyclic AMP for mediation of its postsynaptic
events. It has been designated D} (Nature 277: 93, 1979).
The present study describes the Dj receptor-containing cell
population of the rat caudate-putamen complex in intact
tissue slices.

Cellular localization of the D; receptor has been accom-
plished through in vitro binding of a radiolabeled semi-
rigid analog of dopamine, 3H-ADTN (2-amino-6,7-dihydroxy-
1,2,3,4-tetrahydronaphthalene), and subsequent autoradio-
graphic analysis (Brain Res. 179: 255, 1979). Co-localiza-
tion of cyclic AMP, using immunohistochemistry, was also
used to ascertain the striatal cell population containing
the D) adenylate cyclase-linked receptor subtype. Prelim-
inary data demonstrates cyclic AMP immunoreactivity to be as
we have previously described, using a well-characterized
antisera at 1:200 dilution in phosphate buffer on 8 um
frozen sections (Neuroscience 9: 23, 1983). Visualization
of immunoreactive cyclic AMP sites used the PAP method of
Sternberger (1979) with 3,3'-diaminobenzidene as substrate.
34-ADTN was incubated at 1:1000 dilution for 1 hour at room
temperature, followed by exposure of the sections to Kodak
NTB-3 emulsion for 3 to 5 days at 4°C. The autoradiographic
positive cells were 2.5 times more densely labeled than the
surrounding neuropil, and 5 times more reactive than the
grain density of the background emulsion under these experi-
mental conditions.

Initial results show that approximately 40% of cyclic AMP
positive elements within the striatum also demonstrate silver
grains corresponding to the binding of tritiated ADTN to the
D] receptor subtype. The majority of Dl-concaining, cyclic
AMP-immunoreactive cells are cytoarchitecturally similar to
medium-sized perikarya of the caudate-putamen. A small
amount of these 3H—ADTN—cyc1ic AMP-reactive cells are less
than 10 um in diameter and resemble glial elements. This
data suggests that the primary Dj-containing, cyclic AMP-
positive components in the striatum are medium-sized neurons.

Supported by a grant from the American Parkinson Disease
Association; MAA is the recipient of RCDA NS00864.
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LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION OF
SEROTONIN IMMUNOREACTIVITY IN NUCLEUS ACCUMBENS OF
MONKEYS. Gay R. Holstein, Tauba Pasik and Pedro Pasik. Depts.
Neurol. and Anat., Mount Sinai Sch. Med., CUNY, N.Y., N.Y. 10029.

Serotonin immunoreactivity has*been demonstrated in nucleus
accumbens of the rat (Steinbusch, 1981). To identify these fibers
and their terminals at the ultrastructural level in the primate,
adolescent monkeys (M. fascicularis) were perfused under deep
barbiturate narcosis with 4% pure formaldehyde and 0.25%
glutaraldehyde in 0.12M phosphate buffer. Some animals received
an intracerebral 3 ul injection of 2.5% ecolchicine 16 hr before
perfusion. Others were given Pargyline (75 mg/kg) and L-tryptophan
(100 mg/kg) i.p., three and one hour, respectively, prior to
sacrifice. Vibratome 40 um sections were incubated in a 1:500 or
1:1000 dilution of rubbit antiserum raised aguainst a serotonin-BSA
conjugate and further processed with the PAP technique. No
reaction was visible in control sections incubated with the same
antiserum preabsorbed with the antigen, or coprecipituted with
antigen and rabbit anti-BSA.

With light microscopy, fine processes forming a dense filigree
were seen throughout the nucleus. Fiber diameters ranged from 0.3-
0.8 um. Fusiform dilations (1.2-2.5 um long) were apparent along
the thicker axons, spaced at 0.8 to 1.5 um intervals. More spherical
swellings, typically 0.75 um in diameter, were apparent along the
lubeled processes, although more frequently on the finer axons.
These varicosities were spaced 1.5 to 2.5 um apart. The longer
fibers tended to course dorsoventrally through the nucleus, and could
be followed up to 130 um through the neuropil. No lubeled somata
were visible in nucleus acecumbens at either serum dilution.

Using serial section electron microscopy, numerous fibers of
similar sinuous morphology were visible. Reaction was apparent in
small caliber (0.3-1.4 um diameter) myelinated as well as
unmyelinated axons. Two types of reaction product were obtained:
dark globular label and granular particles, the latter being typical of
the large immunostained profiles. Dense core vesicles were
occasionally observed, particularly in elements with globular
reaction product. The diumeter of labeled terminals varied from 0.6
to 1.1 um. Some of these profiles formed asymmetric synapses with
small dendritic shafts and spines.

These results provide positive identification of serotoninergic
terminals in nucleus accumbens, and morphologic support for their
possible excitatory action. However, the low frequency of observing
synapses suggests that some portion of these afferents do not form
structurally defined synaptic junctions.

Aided by NINCDS Grants #NS-11631 and F32 NS-06954, and the
American Parkinson Disease Association.

GLUTAMIC ACID DECARBOXYLASE, LEUCINE-ENKEPHALIN, AND SUB-
STANCE-P IMMUNOREACTIVE NEURONS IN THE NEOSTRIATUM OF THE
RAT AND CAT. S. Afsharpour, G.,R. Penny and S.T. Kitai.
Division of Neuroscience, Department of Anatomy, University
of Tennessee Center for the Health Sciences, Memphis, TN
38163

We have used immunocytochemical procedures to label
cell bodies in the neostriatum for glutamic acid decar-
boxylase (GaD) , leucine-enkephalin (Leu-enk) and
substance-P (SP) immunoreactivity, with no need for
pretreatment with colchicine. These experiments allow us
to ask questions concerning the number, size and distribu-
tion of neurons within the neostriatum that are immuno-
reactive for each of these substances.

Our sample counts so far suggest that about 50% of neo-
striatal neurons in the rat are immunoreactive for GAD and
about the same proportion are immunoreactive for Leu-enk,
In this species both GAD neurons and Leu-enk neurons range
from 60 to 130 um2 in cell body cross-sectional area. Two
color double labeling studies reveal that most Leu-enk
neurons in the rat also display GAD immunoreactivity,
However, because Leu-enk and GAD neurons together make up
60% or more of the neurons in our samples, it follows that
some neurons must contain only GAD or Leu-enk, but not
both, .

In the cat, about 50% of neurons in the caudate are
immunoreactive for GAD, and the same proportion is immuno-
reactive for Leu-enk, Both GAD neurons and Leu-enk neurons
range from 100 to 200 um? in cell body area. Most Leu-enk
neurons can also be double labeled for GAD immunoreactivity.

In contrast to GAD or Leu-enk immunoreactive neurons,
which are fairly evenly distributed across the neostriatum,
SP immunoreactive neurons are gathered into clusters that
range from 250-800 um in diameter. In the cat, the SPp
neurons make up about 60% of the neurons within a cluster,
These clusters, which are also densely filled by SP immuno-
reactive terminals, correspond to the enkephalin-rich
patches of the neostriatum.

These results reveal a marked species similarity in the
organization of GABAergic and peptidergic neurons of the
neostriatum in rat and cat. Secondly, they provide
another example of the coexistence of GABA with a neuro-
active peptide (in other systems, motilin and somatostatin
have been shown to coexist with GABA),

Supported by NIH Postdoctoral Fellowship 07421 to GRP
and NIH Grant NS-20702 to STK.

205.4

205.6

PUTATIVE PEPTIDE NEUROTRANSMITTERS LOCALIZED IN THE RAT
NEOSTRIATUM. Ronald H. Bradley. Dept. of Anatomy, College
of Osteopathic Medicine, Michigan State University, East
Lansing, MI 48824-1316.

This laboratory has previously demonstrated at the light
and E.M. level the existence of substance P, GABA and the
enkephalins (met and leu) within retrogradely labelled (WGA)
neostriatal projection neurons. We have utilized vibratome
cut (60 um thick) and glycol methacrylate sections (4 um
thick) to analyze the light microscope morphology of four
putative peptide neurotransmitters within the colchicine-
treated rat neostriatum. The four peptide neurotransmitters
investigated are bombesin, cholecystokinin (CCK), somato-
statin and vasoactive intestinal polypeptide (VIP) by the
modified avidin:biotin technique (Bradley et al., 1984).

Somatic concentrations of putative peptide ndurotrans-
mitters were selectively increased by bilateral lateral
ventricular injections of colchicine (25 ug/ul each side)
and then allowing a 48 hour survival period. The rats were
then perfused with our microtubule stabilizing buffer (MSB)
containing 1% glutaraldehyde -~ 1% paraformaldehyde, 0.1%
lidocaine and 10,000 units of heparin at 37°C. The brains
were immediately removed from the cranial vault and
vibratome cut (60 um) in MSB. These sections were masked
with normal goat serum and then incubated with commercially
available antisera (purified: albumin and complement free-
1gG fraction) to bombesin, cholecystokinin, somatostatin
vasoactive intestinal polypeptide, normal rabbit sera
(control) or met-enkephalin (control for staining
specificity) for 12 hours at 4°C with constant agitation.
The sections were then extensively washed in Tris buffered
saline (TBS), incubated with biotinylated IgG, rinsed with
TBS, incubated with reagent peroxidase, rinsed with TBS and
reacted with 0.25 mg/ml DAB with 0.001% Hp02. Several
sections were run up for electron microscopy for further
analysis.

Results indicate that bombesin, CCK, somatostatin and VIP
clearly label a different population of neostriatal neurons
than leu~ or met-enkephalin, GABA or substance P neurons.
The light microscopic data indicates a-larger class of
neuron (15-30 um) as well as a medium~size neuron (10-15 um)
with distinct topographical arrangement for each peptide
neurotransmitter candidate. Analyses are continuing to
determine whether these are projection neurons and what are
the ultrastructural characteristics of these immunopeptide
labelled neostriatal neurons. (Supported by N.I.H., Biomed-
ical Research Support Grant to M.S.U.-C.0.M.)

VENTRAL PALLIDAL NEURONS INTRACELLULARLY LABELED WITH HRP:
LIGHT MICROSCOPIC ANALYSIS. G.-X. Teng*, H. T. Chang and

S. T. Kitai. (SPON: T. E. Bertorini) Dept. of Anat., Div.
of Neurosci., Univ. of Tenn., Ctr. for Health Sci., Memphis,
TN 38163 .

The ventral pallidum (VP) consisting of loosely arranged
large neurons intermingled with many large myelinated fibers
is located ventral to the anterior commissure and extends
rostrally as the deepest layer of the olfactory tubercle
(0T). Although VP is characterized by its similarities in
cytoarchitectural, hodological, histochemical and immunocy-
tochemical properties to those of the globus pallidus,
little is known with regard to the detailed axonal and den-
dritic morphology of VP neurons. We examined several intra-
cellularly labeled neurons located in various parts of VP to
see whether the morphology or the distribution of axons and
dendrites are restricted by the peculiar geometry of VP.

A11 Tabeled VP neurons had smooth somatic surface. The
dendrites were mostly smooth, some had a slightly varicose
appearance and occasionally had few dendritic spines or
appendages. Neurons located in caudal VP had the largest
dorso-ventral dendritic extent (up to 1.5mm), whereas
neurons located rostrally in the fibrocellular layer of OT
had the smallest dorso-ventral dendritic extent (up to .7
mm). The dendrites of all VT neurons tended to remain with-
in the borders of VP. Few, if any, dendrites penetrated
into the substance of the nucleus accumbens (NAC) dorsally,
or into the intermediate layer of OT ventrally. The local
axon collaterals also tended to terminate within the borders
of VP. Some axons of rostrally located VP neurons, however,
would course into NAC and gave rise to collaterals which
coursed back into VP to terminate as beaded fine fibers.

One rostral VP neuron had an axon collateral which traversed
the entire deep fibrocellular layer of OT to terminate in
the magnocellular zone of an island of Calleja. The main
axons of all VP neurons coursed caudally. Some had rostral
projecting branch coursing in the direction of the frontal
cortex.

Our data indicated that the dendrites of VP neurons were
bounded by the borders of the nucleus. The local axon
collaterals also tended to terminate intrinsically within
VP, even when their branch points were outside of VP.
(Supported by NIH Grants NS20702 to S.T.K., and NRSA F-32
NS06951 to H.T.C.).
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NUCLEUS ACCUMBENS NEURONS IN VITRO: RESPONSES TO LOCAL
STIMULATIONS IN BRAIN SLICES. H.T. Chang and S.T. Kitai.
Dept. of Anat., Div. of Neurosci., Univ. of Tenn., Ctr.
for Health Sci., Memphis, TN 38163.

Passive electrical membrane properties and responses to
Tocal stimulations were studied in nucleus accumbens (NAC)
neurons of the rat in IN VITRO brain slice preparations.
Either frontal or parasagittal sections (0.3-0.4 mm thick-
ness) containing NAC and its surrounding structures were
used in this study. The data are from NAC neurons having
stable resting membrane potentials greater than 50 mV and
capable of generating action potentials greater than 60 mv.
A11 neurons showed rectification in membrane resistance to
hyperpolarizing currents greater than 0 5 nA. The input
resistance and the membrane time constant (7o) measured
from transients produced by small hyperpolarizing currents
ranged from 15-40 Mo and 5-12 msec respectively. Injections
of depolarizing currents generated repetitive action po-
tentials with a maximal frequency up to 100 Hz before
inactivation. Local stimulations via a twist-pair wire
electrodes evoked depolarizing post-synaptic potentials
(DPSP). Increasing stimulus intensities usually triggered
a single action potential on the rising phase of the DPSP.
The DPSP peak amplitude could reach 40 mv. Total rise time
from onset to the peak was usually less than 10 msec. The
repolarization rate was slow and, upon high stimulus inten-
sities, the falling phase of the DPSP could give rise to
spikes of lower amplitudes and longer durations than the
first action potential. Injections of hyperpolarizing
currents increased the amplitude of the DPSP, whereas in-
jections of depolarizing currents decreased the amplitude
of the DPSP and eventually reversed a later portion of the
DPSP into a hyperpolarizing potential. Superfusion of
bicuculline (0.1 mM) abolished this polarity reversal.
Intracellular injections of chloride ions increased the
amplitude of the DPSP and decreased the rate of repolari-
zation. These data indicated that the DPSP evoked by local
stimulation in NAC consisted of a combination of excitatory
and inhibitory PSP, and that the IPSP was GABAergic,
probably mediated by chloride ions. A1l neurons (n=10)
which were labeled intracellularly with HRP and had similar
responses as described above were identified as medium spiny
neurons. (Supported by NIH Grants NS20702 to S.T.K. and
NRSA F-32 NS06951 to H.T.C.)

205.8

ENTOPEDUNCULAR NUCLEAR INPUTS TO THE LATERAL HABENULAR NU-
CLEUS IN THE RAT: AN INTRACELLULAR RECORDING AND LABELING

205.10

STUDY. K. Yamabe, H. Kita and S. T. Kitai1. (SPON: R.
Caldwell). Div. of Neurosci., Dept. of Anatomy, Univ. of
Tenn. Ctr. for Health Sci., Memphis, TN 38163

Anatomical studies indicate that the entopeduncular nucleus
(EP) projects to the lateral habenular nucleus (LHb). In
order to analyze the functional nature of this input, intra-
cellular recordings were obtained from LHb neurons in rats
anesthetized with urethane (1.2g/kg) and ketamine (30-100mg/
kg). Bipolar stimulating electrodes were placed in EP,
striatum (Str) and fasciculus retroflexus (Fr). Recording
glass microelectrodes were filled with 0.5M K-methylsulfate
and 3-4% HRP in 0.05 M tris buffer (pH 7.6) with tip DC re-
sistances of 40-70Mohm. In order to place the recording
electrode visually over LHb, the overlying parietal cortex
and the dorsal hippocampus were aspirated. At the terminat-
ion of experiments, animals were perfused with 2% formalde-
hyde and 2% glutaraldehyde. Brains were sectioned at 50 um
either in sagittal or frontal plane and reacted for peroxi-
dase histochemistry. When LHb neurons were penetrated, the
microelectrode often recorded small, fluctuating spontaneous
depolarizing potentials from which spike potentials were
occasionally triggered. The amplitude of the depolarizing
potentials was increased by injections of nyperpolarizing
current which suggests that they were EPSPs. EP stimulation
induced small amplitude (i.e., approximateily 5 mV) depolar-
izations with multiple peaks having a duration of 20-50msec.
These depolarizing responses were observed in about 2/3 of
the neurons recorded. Responses to EP stimulation were
classified into two types: One type was characterized by
having a short (2-3msec) and constant latency in spite of
changes in stimulus intensity. The amplitude of these re-
sponses was increased with injections of hyperpolarizing cur-
rent. These results would indicate that the responses were
monosynaptic EPSPs. The other type had variable latencies
(3-10msec) regardless of stimulus intensity. Fr stimulation
produced antidromic responses in most of the LHb neurons with
latencies less than 2 msec. Thus, one of the major functions
of EP projections to LHb nucleus is to directly excite neur-
ons whose somatodendritic morphologies are currently being
analyzed. (Supported by NIH Grant NS20702).

INTRACELLULAR kc.CORDING AND LABELING OF GLOBUS PALLIDUS
NEURONS IN THE RAT, S. T. Kitai and H. Kita. Div. of Neuro
sci., Dept. of Anatomy, Univ. of Tenn. Ctr. for Health Sci.,
Memphis, TN 38163.

Intracellular recordings were obtained from globus pallidus
(GP) neurons following stimulation of the cerebral cortex
(Cx), striatum (Str), entopeduncular nucleus (EP), subthal-
amic nucleus (STH) and substantia nigra (SN) in rats anes-
thetized with a combination of urethane (1.2g/kg) and keta-
mine (30-100 mg/kg). Stimulating electrodes were bipolar
stainless steel insect pins insulated with epoxy to within
0.4mm of their tip with the tip separation of approximately
0.8mm. The stimulation current did not exceed 1 mA. The
recording glass microelectrodes were filled with either 3M
KC1 or 0.5M K-methylsulfate and 3-4% HRP in 0.05M tris buffer
(pH 7.6) with tip DC resistances of 30 to 120 Mohm. Some
microelectrodes filled with HRP were used to stain the re-
corded cells in order to examine their morphological fea-
tures. After recording, animals were perfused with 2% for-
maldehyde and 2% glutaraldehyde in phosphate buffer (PH 7.6).
The brains were removed and vibratome sectioned and reacted
for peroxidase histochemistry. Most of the neurons studied
were antidromically activated following stimulation of either
EP or STH, and some following Cx, Str, or SN stimulation.
Antidromic spikes were all or none responses without under-
1ying depolarization and they exhibited an ability to follow
high frequency stimulation and IS-SD brake during hyperpolar-
jzation. A1l neurons analyzed had resting membrane potentials
of over 40 mV and they were capable of generating spikes with
amplitudes over 50 mV. Striatal stimulation induced short
lasting (10-20 msec duration) EPSPs followed by IPSPs (about
50 msec). During hyperpolarization of neurons, it was ob-
served that the onset of IPSPs almost coincided with that of
the EPSPs. Postsynaptic responses from Cx, EP, STH and SN
consisted of initial EPSPs (20-50 msec duration) followed by
IPSPs (approximately 50 msec in duration). Microscopic anal-
ysis of the intracellularly labeled neurons revealed that the
recorded GP neurons were large or medium sized with large
dendritic fields. The somata and the primary dendrites were
spine free. The intrinsic axon collaterals were thin and
arborized partially within the dendritic field of the parent
cell. In some neurons axon collaterals were traced into Str.
(Supported by NIH Grant NS20702).

LIGHT MICROSCOPIC ANALYSIS OF RAT THALAMIC PARAFASCICULAR
NUCLEUS NEURONS INTRACELLULARLY STAINED WITH HRP.

H. Nakanishi, H. Kita and S. T. Kitai. (SPON: Peter K.Law)
Div. of Neurosci., Dept. of Anatomy, Univ. of Tenn. Ctr. for
Health Sci., Memphis, TN 38163

Neurons of the thalamic parafasicular nucleus were intra-
cellularly labeled by iontophoretic injection of HRP and
analyzed under the 1ight microscope. At the end of the
physiological experiment, rats were perfused with a mixture
of 1% formaldehyde and 2% glutaraldehyde. The brains were
sectioned at 50 um in sagittal plane and reacted with diam-
inobenzidine procedure. More than half of these neurons
were antidromically activated following striatal stimulat-
ion. The somata of PF neurons were spine free and polygonal
or oval in shape with the shortest diameter being 6-11 um
and the longest diameter being 7.5-16 um. Three to five
primary dendrites arose from the soma. These dendrites
tapered slightly and divided into relatively thin secondary
branches within 50 um from the soma. Most of the secondary
dendrites divided further into thin branches. The dendritic
branching ratio (i.e. dendritic tips/primary dendrites)
ranged from 4-7. The proximal dendrites were generally
smooth but the distal dendrites were sparsely covered with
spines. Varicosities were frequently observed along the
distal portion of the dendrites. The dendritic fields were
oval in shape having s1ightly longer rostral-caudal axes

(up to 800 um) than the ventro-dorsal or medial-lateral axes
(up to 600 um). Some dendrites extended into neighbouring
thalamic nuclei. The axons usually emerged from the soma.
The axons of all the neurons analyzed were traced outside of
Pf indicating that they were projection neurons. Only one
axon was traced ventrally into the zona incerta. A1l the
other axons were traced rostrally toward the internal cap-
sule. In general, no axon collaterals were found either in
the PF or other thalamic nuclei except one axon emitted a
collateral into the reticular thalamic nucleus. These ob-
servations indicate that rat PF may be comprised of one type
of projection neuron with large overlapping dendritic fields.
Most PF neurons send their axons rostrally to the striatum
with very little collateralization within the PF nor in the
thalamic reticular nucleus. (We thank Dr. K. D. Phelan for
help with some experiments. Supported by NIH Grant NS20702)
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A GABAergic RESPONSE IN

STRIATAL SLICE PREPARATION. T.Kita,
H. Kita and S. T. Kitai.

Div. of Neurosci., Dept. of Anat-
omy, Univ. of Tenn. Ctr. for Health Sci., Memphis, TN 38163
It is well demonstrated that the striatal medium spiny pro-
Jjection neurons have extensive intrinsic axon collaterals.
The function of these collaterals was suggested to be inhi-
bitory and mediated by GABA. This study was intended to re-
veal the latency, duration and reversal potential of the
GABAergic inhibitory responses using a striatal slice pre-
paration. Rat striatal slices about 400 um thick were sect-
ioned using a Vibratome. A slice placed in a recording
chamber was continuously superfused by oxygenated Ringer
solution. Glass micropipettes filled with 2M K-methylsul-
fate and 0.1M QX-314 were used for intracellular recordings.
hen a neuron was penetrated, QX-314 was injected through
the recording electrode to block generation of action poten-
tials. In this preparation postsynaptic responses could be
tested with artificial depolarization without being con-
founded by the generation of action potentials. Local stim-
ulation applied through a bipolar electrode at 0.5-1mm from
the recording electrode, evoked depolarizing postsynaptic
responses in striatal neurons at resting membrane potential.
When the neuron was depolarized, local stimulation evoked
depolarizing potentials followed by hyperpolarizing potent-
ials. Further increases in depolarizing current intensity

205.12

resulted in local stimulation evoking only hyperpolarization.

The latency of hyperpolarizing responses under these condit-
ions was about 3.8 ms (n=30) and was not altered by changes
in stimulus intensity. These observations suggested that
the response was monosynaptic. The maximum duration of the
hyperpolarizing response to strong local stimulation was
about 130ms. The hyperpolarizing response was blocked by
the application of bicuculline or picrotoxin. Combined
intracellular Cl and QX-314 injections produced changes in
the response pattern to the local stimulation. The initial
depolarizing response was followed by another relatively
large depolarization which no longer could be reversed by
the intensity of depolarizing current previously used to re-
veal hyperpolarization. Those results indicated that in the
striatal slice there is monosynaptic Cl-mediated GABAergic
response with a maximum duration of 130msec and having a re-
versal potential of -60mV. This response is probably media-
ted by axon collaterals of medium spiny neurons since there
are no reported monosynaptic extrinsic inhibitory inputs to
the striatum. (QX-314 was generously donated from the Astra
Pharmaceutical Products, Inc. (Supported by NIH Grant
NS20702.)

CAUDATE EFFERENTS IN PERINATAL RATS ORIGINATE PRIMARILY
FROM PATCHES RECEIVING DOPAMINERGIC INPUT. G. Fishell¥
and D. van der Kooy (Spon: Y. Israel). Department of
Anatomy, University of Toronto, Toronto, Canada M5S 1A8
Specific neurotransmitters, receptors and afferent neur-
onal fibers occur in patches in the caudate putamen. During
perinatal development, opiate receptor patches occur in
aggregations that exactly match the distribution of patches
of dopamine containing nerve terminals from the substantia
nigra. We now report that dopamine patches also exactly
match the distribution of caudate cells sending prominent
reciprocal efferent connections to the perinatal substantia
nigra. In the adult rat both dopamine fibers and striatal
cells projecting to the nigra become more diffusely dis-
tributed throughout the caudate. Injections (.1-.2 ul) of
the fluorescent retrograde axonal tracer propidium iodide
(P.I.) were made into the substantia nigra of 2 day old
rat pups. After a 48 hour survival period sections
through the caudate-putamen were processed to visualize
endogenous dopamine (SPG method). The striking observation
was that groups of striatal cells showing heavy retrograde
labeling with P.I. occurred in patches in exactly the
areas of the perinatal caudate-putamen innervated by sub-~
stantia nigra dopaminergic fibers. Striatal cell bodies
outside dopamine patches were labeled more faintly with
retrograde P.I. fluorescence. The heavier retrograde
labeling of striatal cells in the dopamine patches might be
due to their elaborate axonal terminations in the substan-
tia nigra, their more efficient trensport mechanisms or
less efficient metabolism of tracer. Preliminary obser-
'vations suggest that the distribution of dopamine matched
striatal efferent cells regardless of whether the perinatal
P.I. injections were made laterally in the substantia nigra
or medially in the ventral tegmental area. The match of
dopamine terminals and striatal cells with heavy retrograde
labeling is not an artifact; the contralateral caudate
contained patches of dopamine fluorescence without P.I.
retrograde labeling and some ipsilateral areas where the
SPG treatment failed to visualize dopamine still showed
patches of retrograde labeling under the appropriate
specific filter. These results suggest that an inductive
developmental relationship may exist between the caudate-
putamen and the substantia nigra-ventral tegmental area.
It is not clear which of the nigrostriatal or striatonigral
pathways is the putative inductor of the other, because
the time course of development of the striatonigral pathway
has not been investigated.

205.14

ELECTRICAL MEMBRANE PROPERTIES OF RAT SUBSTANTIA NIGRA PARS
COMPACTA (SNc) NEURONS: INTRACELLULAR STUDY IN IN VITRO
SLICE PREPARATIONS. H. Kita, T. Kita and S. T. Kitai.
of Neurosci., Dept. of Anatomy, Univ. of Tenn. Ctr. for
Health Sci., Memphis, TN 38163

Rat brain tissue containing the SNc was sectioned on a
Vibratome (350-450 um) in the parasagittal or cronal planes.
Slices were placed in a recording chamber and continuously
superfused by oxygenated Ringer solution. Intracellular re-
cording electrodes were visually placed in SNc. Some of the
recorded neurons were intracellularly stained by iontophor-
etic injections of HRP. The input resistance of SNc neurons
at resting membrane potential ranged from 70 to 250 Mohm.
Intracellular hyperpolarizing current injections revealed
the existence of anomolous rectification. Following the off
set of hyperpolarizing current pulses, two distinct membrane
responses were observed. One response, probably due to ear-
1y K conductance, was characterized by a slow ramp-shaped
recovery of membrane potential from the hyperpolarization.
The other was a rebound depolarization which usually follow-
ed the ramp-shaped recovery. The amplitude of this rebound
depolarization was diminished by superfusing the preparat-
ions with Ca free high Mg medium. Depolarizing current
pulse injections generated slow and small amplitude depolar-
izing responses which could lead to the generation of action
potentials. The slow depolarizing response was diminished
by a substitution of Ca to Mg in the superfusing medium.

The response after the offset of the depolarizing current
pulse was a long-lasting hyperpolarization. Similar long-
lasting hyperpolarizations were observed after an action
potential. The amplitude of these long-lasting hyperpolari-
zations was decreased or abolished by either intracellular
EGTA injections or superfusing Ca free medium. Injection of
depolarizing current generated rhythmic discharges in SNc
neurons. Injections of higher intensity current decreased
the inter-spike-intervals and the spike amplitudes. The de-
crease of the spike amplitude occurred abruptly in stepwise
fashion as the current intensity was increased. These rhy-
thmic discharges were abolished by TTX. In conclusion, rat
SNc neurons have rather high input resistance and therefore
even small synaptic inputs would produce larger effects on
the neuron activity. Our observations also suggest that Ca-
conductance is responsible for rebound depolarizatiop and
Ca-dependent K-conductance responsible for long-lasting
spike hyperpolarization. Therefore, Ca- and K-conductance
would be likely to have important roles in controlling rhy-
thmic discharge of SNc neurons. (Supported by NIH GrNS20702)

Div.

MECHANISMS UNDERLYING THE DEVELOPMENT AND MAINTENANCE OF A
PATCHY STRIATAL ORGANIZATION. D. van der Kooy, A.J. Lanca*
and B.E. Kolb, Dept. Anatomy, Univ. Toronto, Med. Sch.,
Toronto, Canada M5S 1AS8.

A patchy organization of the rat caudate-putamen can be
seen to develop perinatally. Striatal opiate receptor
patches develop so that they exactly match both the peri-
natal distribution of patches of dopamine fibers from the
substantia nigra and the areas of less neuronal cell density
in the perinatal striatum. We asked whether intrinsic or
extrinsic striatal factors were responsible for the develop-
ment and stable maintenance of the patchy striatal organiz-
ation. To test the importance of intrinsic factors, we
transplanted pieces of fetal (E12-E19) rat caudate into the
caudal cortex of young adult rat hosts. Opiate receptors
studied autoradiographically using 1nM 3H-etorphine were
present diffusely in the transplants, except that areas of
less neuronal density had somewhat higher concentrations of
opiate receptors. However, the very dense patches of opiate
receptors that normally develop in the caudate-putamen did
not develop. To test the importance of extrinsic factors in
patch development we made early postnatal lesions of two
major extrinsic neuronal connections of the striatum. Knife
cut lesions caudal to the striatum in the early postnatal
period resulted in a greater than 60% decrease in the per-
centage of the area of the striatum covered with opiate
receptor patches in the young adult. On the other hand,
complete decortication at postnatal day 1 increased the
density of opiate receptor patches by 50% as assessed in
young adult rats. To test the mature stability of opiate
receptor patches we injected naloxazine (5 ug in .5 ul; an
irreversible opiate receptor antagonist) into the striatum
of adult rats. As new opiate receptors were synthesized
they appeared in a normal patchy pattern in the striatum.
Thus striatal patches appear to be a stable and maintained
structure in the adult rat. We suggest at least 2 processes
are involved in the development and stabilization of striat-
al transplants, an initial intrinsic process in patch form-
ation involves a local decrease in density of neuronal cell
bodies (possibly due to neurite outgrowth of certain intrin-
sic striatal cells). However, as evidenced by the caudal
knife cut data, a secondary extrinsic process, possibly
involving neuronal connections with the substantia nigra is
crucial to the development and stabilization of the large
numbers of the high opiate receptor density patches seen
in the adult striatum.
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THE DOPAMINE-CONTAINING INNERVATION OF THE CAUDOPUTAMEN IS
PRESENT AT BIRTH IN THE WEAVER MUTANT AND FORMS ISLANDS, BUT
FAILS TO DEVELOP NORMALLY. S.Roffler—Tarlov and A.M.Graybiel,
Depts. Neurol. and Anat., Tufts Univ. Sch. Med., Boston, MA
02111 & Mass. Inst. Tech., E-25, Cambridge, MA 02139.

We reported recently that the autosomal recessive muta-—
tion carried by the mutant mouse weaver produces differen—
tial effects on the DA-containing innervation of the limbic
and the non-limbic striatum. (Nature, 307, 63 1984). Speci-
fically, the dorsolateral caudoputamen (CP), a target of the
nigrostriatal system, is severely depleted of DA (-70%)
whereas DA is entirely conserved in the n. accumbens (NAc),

a target of the mesolimbic system. The olfactory tubercle
(0T) shows a 30% reduction in DA.

We now report that in weaver neonates, the DA-containing
innervation of the CP is characterized by normal DA concen-
trations and by a normal anatomical arrangement into DA
"islands". Subsequently, however, the weaver disease is
expressed in the CP as a failure of this early DA-containing
innervation to develop normally. We compared the content of
DA extracted from three divisions of the striatum (CP, NAc
and OT) and from the midbrain of weaver and control litter-
mate pups bred on a C57BL6/CBA background. Catecholamines
were extracted from tissues dissected from serial brain
slices and were separated and measured using HPLC followed by
electrochemical detection. Values were expressed as pmoles
DA/mg protein (mean + SEM). DA was not reduced in any region
of 7 day-old weaver mice. The values were: for CP, 91 + 3 in
controls, 105 + 4 in weavers; for NAc, 220 + 13 in controls
and 210 + 15 1in weavers; and for OT, 175 * 12 in controls and
180 + 25 in weavers. The DA content in CP of control animals
5 days older had increased to 160 + 7 but the DA content of
weaver CP was 130 + 9. The DA content of both NAc and OT was
normal in these ll-day old weaver animals; DA in midbrain was
reduced (17 + 1 in control and 10 + 1 in weaver). The DA
content of CP failed to increase after the second postnatal
week: in the controls it had doubled by 30 days.

The pattern of catecholamine innervation of the develop-
ing striatum was studied in 8 and 11 day-olds using tyrosine
hydroxylase (TH) immunohistochemistry. Patches of TH-like
immunoreactivity, characteristic of the normal "islandic"
pattern of innervation in neonatal CP, were present in the
developing CP of weavers and controls at both ages. In the
midbrain, there was no dramatic loss of cells stained for TH.
We conclude that the weaver defect can be detected biochemi-
cally at a time when DA islands are still present.

Supported by NIH-NS20181. We thank T. Joh for TH antiserum.

NEUROTOXIC EFFECTS OF THE MEPERIDINE ANALOGUE N-
METHYL-4-PHENYL-1,2,3,6-TETRAHYDROPYRIDINE (NMPTP)
ON IMMUNOREACTIVE TYROSINE HYDROXYLASE IN RAT
SUBSTANTIA NIGRA. L. L. Vacca, R. Ikeda*, M. E. Melnick
and K. Shellenberger, Depts. Of Anatomy, Physical Therapy
Education and Pharmacology, Univ. Kansas Med. Ctr., Kansas
City, KS 66103.

Human abuse of a meperidine-analog contaminated with
NMPTP causes chronic Parkinson's disease within 1-2 weeks
(Davis et al., Psychiat. Res.. 1:249, 1979; Langston et al.,
Science, 219: 979, 1983). The contaminant produced a selec-
tive damage of dopamine (DA) neurons in substantia nigra
(SN) as detected by chemical and histological analyses. Ad-
ditional data have been obtained in monkeys (Burns et al.,
Proc. Nat. Acad. Sci., 80: 4546, 1983). In mice, NMPTP is
reported to produce a rapid and long-lasting reduction of
striatal DA, and in striatum and frontal cortex NMPTP induced
a long-term reduction of noradrenaline (Hallman et al., Eur.
J. Pharmac., 97:133, 1984).

In our laboratory, we injected NMPTP in doses of 3-30 mg/kg
into adult male Spargue Dawley rats (400-500 gm) for periods
ranging between one to 10 days. Immediately after treatment,
some rats exhibited clonic seizures; most rats maintained a
flattened quiescent posture. A series of behavioral tests were
applied to evaluate alterations in motor activity possibly relat-
ed to basal ganglia function (residential exploratory activity
and symmetry of walking patterns). The rats were then anes-
thetized, perfused with buffered formalin, and their brains
dissected and prepared for the immunocytochemical visualiza-
tion of tyrosine hydroxylase (TH), a marker for DA neurons.
Preliminary results indicate that rats treated with 30 mg/kg
doses of NMPTP have reduced amounts of immunoreactive TH
within SN neurons (perikarya and processes) as determined
by the end-point of immunostaining and by densitometry.
Morphometric studies are underway to determine whether the
number of perikarya is also reduced. These data indicate that
the rat substantia nigra is vulnerable to damage by NMPTP.
The work was supported by BRSG fund 2-S07-RR05373 SUB
and USPHS HD 02528. In addition, we wish to acknowledge
Dr. Norman Weiner (University of Colorado Health Science
Center, Denver, Colorado) for his generous gift of anti-TH
serum which made the immunocytochemical work possible.

205.16 OVERLAPPING DISTRIBUTIONS OF GABAERGIC AND CHOLINERG

NEURONS IN TI‘B DIAGONAL BAND*QF THE RAT. H.R.l Braghear ~,
L. Zaborszky , D. Schmechel and L. Heimer . (SPON:
F.E. Dreifuss). 1. Dept. of Neurol., UVA Med. Ctr.,
Charlottesville VA, 2. Duke Univ. Med. Ctr., Durham, N.C.

GABAergic neurons are coextensive with the cholinergic
neurons within the medial septal nucleus-diagonal band
(DB) complex. To test for co-localization of these two
transmitters we used several methods with antibodies to
glutamate decarboxylase and choline acetyltransferase:
immunostaining of serial 5 um frozen sections, sequential
staining of 20 um sections with peroxidase-antiperoxi-
dase techniques and double immunofluorescence staining of
20 um sections.

Although the two types of neurons could not be
distinguished on the basis of morphological features,
they were characterized by distinctive, but overlapping,
distributions in the diagonal band. GAD-positive cells
were scattered diffusely through the nucleus of the
vertical limb of the DB (nVLDB), while ChAT-positive
neurons tended to be localized medially within the nVLDB
and to be separated into two groups corresponding to the
dorsal and ventral aspects of the nucleus. In the
rostral parts of the nucleus of the horizontal limb of
the DB (nHLDB), the ChAT-positive cells tended to be
located medial to GAD-positive cells, whereas in more
caudal sections, they spread dorsally through the lateral
hypothalamic area to become continuous with other large
cholinergic neurons of the basal forebrain system. The
large majority of GAD-positive neurons, on the other
hand, remained in a more ventral and lateral position
within the nHLDB. The cholinergic neurons were estimated
to be about two to three times more numerous than
identified GABAergic neurons. Less than 2%Z of the ChAT-
positive neurons were double labeled. However, since we
cannot rule out the possibility of artifactual double-
labeling because of minimal cross-reactivity between the
secondary antibodies used, the question of co-existence
of the two transmitters in a minority of DB neurons
remains open.

Supported by USPHS Grants NS #07298 (HRB) and NS #17743
(LH). ChAT antibody, gift of Dr. Felix Eckenstein.

MURINE MODEL OF MPTP-INDUCED PARKINSONISM:HISTOPATHOLOGY.
A. Hess, D. Yamasaki, A. Bretschneider*, 1. Meadows*,
P. Adamo*, R.E. Heikkila and R.C. Duvoisin. Departments of
Anatomy  and Neurology, UMDNJ, Rutgers Medical School,
Piscataway, NJ 08854.

The inadvertent injection of MPTP (1l-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine) in several young people has
resulted in marked signs of parkinsonism whose symptoms were
alleviated by 1-dopa (Langston et al, 1983). These inci-
dents gave rise to the idea that MPTP administration to
animals might lead to the production of parkinsonism. Par-
kinsonian features have been produced in rhesus (Burns
et al, 1983) and squirrel (Langston et al, 1984) monkeys.
The production of parkinsonism in a rodent or other small
animal would be advantageous in making such material more
accessible and less expensive and should serve to instigate
more extensive study of Parkinson's disease.

We believe that we have produced a murine model of par-
kinsonism. Injections of MPTP have resulted in decreases in
dopamine content in the striatum, deficiencies of dopamine
uptake in the striatum, neuronal cell loss in the pars com-
pacta of the substantia nigra, terminal fiber degeneration
in the caudate nucleus, and tonic behavior in some mice--all
of these being characteristic of the chemical,
histopathological and behavioral features of Parkinson's
disease in man.

Male Swiss Webster mice were injected intraperitoneally
with 30mg/kg MPTP in distilled water with the pH adjusted to
8.5 with dilute hydrochloric acid. Five to 10 injections of
MPTP resulted in pronounced decrements (67-80%) in levels of
dopamine and its metabolites in the striatum; nucleus accum-
bens and hypothalamus were unaffected; neostriatal levels of
serotonin and its metabolites were unaffected.

Histopathological studies of control and MPTP treated
mice were performed on littermates of the above animals
exhibiting dopamine deficiencies. Cresyl violet staining of
paraffin and frozen sections revealed a marked bilateral
loss of neurons in the pars compacta of the substantia
nigra. Retrograde transport of horseradish peroxidase (HRP)
after large injections into the caudate nucleus unilaterally
resulted in a striking demonstration of the decrease in
number of pars compacta neurons after MPTP treatment.

C57 Bl mice were even more susceptible to MPTP than Swiss
Webster. Dopamine losses were greater after fewer injec-
tions of MPTP. Selective silver impregnation (Fink-Heimer)
revealed degenerating terminals in the caudate nucleus in
these black mice after only 3 injections of MPTP.
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205.19 NICOTINAMIDE ADENINE DINUCLEOTIDE PHOSPHATE-DIAPHORASE

(NADPH-d) HISTOCHEMISTRY OF THE HUMAN CAUDATE NUCLEUS.
R.J. Ferrante* and N.W. Kowall. Dept. of Pathology and
Neurology, Massachusetts General Hospital, Boston, MA 02114.

NADPH-d reactive neurons in the rat striatum represent a
subset of cells that contain both somatostatin and
neuropeptide Y-like immunoreactivity (Vincent, S.R. et. al.,
J. Comp. Neurol. 217:252-263,1983). We have modified a
direct method of NADPH-d histochemistry in order to assess
the morphoretry and distribution of diaphorase positive
cells in formalin fixed human caudate nucleus. This NADPH-d
method allows rapid and reliable visualization of neurons in
detail, delineating their dendritic and axonal arbors.

Seven blocks of human caudate nucleus were obtained 8-16
hours postmortem and immersed in 10% neutral buffered
formalin at 4°C. After 48 hours fixation, the tissue was
frozen in isopentane cooled to -70°C with liquid nitrogen.
Cryostat sections were cut at -20°C and stained for NADPH-d
activity by incubating free floating 50 im sections in 10
ml. Tris-HCl buffer solution (pH 7.4) containing 10 mg.
NADPH and 4 mg. Nitro Blue Tetrazolium (NBT) salt at 37.5°C
for 1 hour. The NBT was reduced in the presence of NADPH to
an insoluble blue end product, formazan, marking positive
cells.

Stained cells stood out on a clear background. They were
distributed in a strial pattern leaving patches which were
devoid of positive reaction. Morphologically, the stained
cells resembled aspiny neurons, as previously described with
cytochemical techniques for neuropeptide Y and somatostatin-
like immunoreactivity (Vincent, S.R. and Johansson O., J.
Comp. Neurol. 217:264-270, 1983).The cell soma were medium to
large in size and pyramidal, spheroidal or fusiform in
shape. Some nuclei were eccentric with invaginations. The
dendritic arborizations were either multipolar with multiple
branching or bipolar with sparse elongate ramifications.

This method should be useful for the examination of human
brain tissue under pathological conditions such as
Huntington's disease (in which both neuropeptide Y and
somatostatin are said to be preserved). The osmiophilic
properties of the formazan end product will allow the
ultrastructure of these cells to be studied. Simultaneous
histochemistry for both diaphorase and cholinesterase
activity as well as confirmation of immunocytochemical
co-localization of somatostatin and neuropeptide Y with
diaphorase in human striatum should also be possible.

205.20

CHANGES IN THE DENDRITE MORPHOLOGY OF MEDIUM-SIZE NEO-
STRIATAL SPINY,NEURONS IN HUNTINGTON'S DISEASE. M.DiFiglia,
G.A. Graveland and R.S. Williams. Dept. of Neurology,
Massachusetts General Hospital, Boston, MA 02114.

The neostriatum was examined in Golgi impregnations of
Huntington's disease (HD; N=10) and control brains. Con-—
trols consisted of age-matched normals (N=4) and a group
with other neurologic disorders (N=5), including one each
of Wilson's disease, Parkinson's disease and massive corti-
cal infarct, and two cases of schizophrenia. Results showed
that in HD, medium-size neurons found mostly in the caudate
nucleus were severely degenerated and could not be classi-
fied. Such cells were characterized by a few thin, trunca-
ted dendrites with irregular contours and few or no spines.
Cell bodies, primary dendrites and axon initial segments
were also irregular in contour with some focal swellings.
Other neurons in the caudate and putamen, were less atro-
phic and retained the characteristic features of medium-
size spiny cells based on dendrite branching and spine
distribution. However, they exhibited changes in dendrite
morphology consisting of recurved endings within the distal
one-eigth to one-third of tgeir dendritic fields. The bend-
ing produced a change of 90 or more in the orientation of
dendrites, which sometimes exhibited spiral or S—spaped
configurations as well. Quantitative studies showed that
neostriatal spiny cells with recurved dendrites comprised
the majority of neurons in the HD cases (63-100% of total
neurons sampled), occurred infrequently in normals (0-13%)
and in some of the disease controls (Parkinson's 9%;
Schizophrenia, 9%) and appeared with somewhat increased
frequency in Wilson's disease (41%) and in the neostriatum
denervated by cortical infarction (24%). The recurved
dendrites of HD spiny cells appeared to represent new
growth. Quantitative studies confirmed that the recurved
dendrites in HD were longer than uncurved dendrites from
the same neurons, or the longest uncurved dendrites of
normal controls. Other changes observed included a marked
reduction in spine density in most neurons but a paradoxi-
cal increase in spines in the dendrite segments of some
cells (6-13% of total HD neurons sampled). Pathologic
changes were rarely observed in other types of neostriatal
neurons identified as belonging to the medium- and large-
size aspiny types. Results suggest that in the HD neo-
striatum medium-size spiny neurons are preferentially
affected and exhibit both degenerative and regenerative
changes. Supported by NIH Grant NS 16367 (MD) and MH34079
(RSW) .

RESPIRATORY REGULATION

206.1

ANATOMY AND CENTRAL PROJECTIONS OF THE TYMPANIC
PLEXUS IN THE CAT. P.J. Gannon and A.R. Eden,
Department of Otolaryngology, Mount Sinai School
of Medicine, New York, New York 10029.

Little is known about the component nerves
and discrete functions of the middle ear
tympanic plexus (TP) in the cat. This study was
designed to investigate the anatomy and central
projections of this region.

Adult cats were anesthetized with ketamine
hydrochloride (30mg/kg). The middle ear was
exposed through the tympanic bulla in seven
animals. Gelfoam impregnated with horseradish
peroxidase (HRP, 30% solution in saline, type VI
[Sigma]) was applied directly to the transected
plexus nerves on the promontory of the middle
ear. After a 24-48 hour survival, 40u serial
transverse brainstem sections were reacted by
the tetramethylbenzidine (TMB) blue reaction
process. The contralateral middle ears and
bullae of the perfused animals were flooded with
osmium tetroxide (2% solution in 0.1M phosphate
buffer, pH 7.4) to selectively stain the barely
visible nerves of the tympanic plexus.

Anatomically, the plexus was noted to be much
more extensive than in macaques (rhesus,
cynomolgus) or humans. Unlike primates, however,
most of the TP nerves course under a bony ridge
separating the air-containing bulla from the
middle ear, and cross the bulla to the jugular
foramen.

HRP-labeled neurons were observed in the
ipsilateral superior and inferior salivary
nuclei. These labeled salivary neurons demon-
strate the passage of preganglionic parasympa-
thetic secretomotor fibers through the tympanic
plexus as in the human.

Extensive HRP-labeled terminal fields were
observed in that part of the ipsilateral
solitary tract nucleus (NTS) known to receive
chemo- and baroreceptor input from the lower
respiratory tract. These projections suggest
that a component of the TP may monitor pressure
and/or gas composition in the middle ear.

(Supported in part by NIH Grant NS 19179)

206.2

COMPARISON OF EFFECTS OF SUPERIOR LARYNGEAL (SL) NERVE AND
ROSTRAL PONTINE (NUCLEUS PARABRACHIALIS MEDIALIS: NPBM)
STIMULATION ON DORSAL RESPIRATORY GROUP (DRG) INSPIRATORY
(1) NEURON AND PHRENIC DISCHARGES. A.L. Sica. D.F.
Donnelly*, M.I. Cohen and H. Zhang*. Dept. Physiol.,
Albert Einstein Coll. Med., Bronx, N. Y. 10461.

In decerebrate, paralyzed cats ventilated with a cycle-
triggered pump, the responses of DRG I neurons of the
medulla and of the whole phrenic nerve to NPBM and SL
stimulation, both of which produce inhibition of I acti-
vity, were compared. Single-shock stimulation (.05 msec
duration, 60-120 pA for SL, 400-800 pA for NPBM) was ipsi-
lateral to the unit recorded and was delivered during the
second half of the I phase. For each type of stimulation,
current intensity was adjusted to a level slightly higher
than the threshold for eliciting an inhibition of phrenic
activity; with NPBM stimulation, two shocks were sometimes
required to achieve this effect. SL stimulation usually
produced an excitation (5 msec latency) of the contra-
lateral phrenic, followed by a bilateral phrenic inhibi-
tion (8 msec latency, 28 msec duration). Neuroms (n = 14)
responded with an inhibition (6 msec latency, 28 msec dur-—
ation); 8/14 neurons had an excitation (3 msec latency)
which preceded the inhibition. With NPBM stimulation, a
short latency (5 msec) bilateral phrenic inhibition, last-
ing 15-17 msec, was observed. Neurons (n = 11) responded
with inhibition; the average latency and duration did not
differ significantly from those of phrenic inhibition. 1In
4 cases, a short latency (2 msec) excitation preceded the
inhibition. Thus, the latencies of DRG I neuron responses
to SL stimulation were less than those of phrenic res-
ponses, whereas the latencies of their responses to NPBM
stimulation were not less than those of phrenic responses.
These results suggest that the effects of SL stimulation
on phrenic discharge are mediated by DRG neurons, while
NPBM effects are mediated by some other population, per-
haps the ventral respiratory group. (Supported by USPHS
Grants HL-27300 and HL-07060.)
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206.3 ROLE OF THE DORSAL RESPIRATORY GROUP (DRG) IN PROCESSING 206.4 CARDIORESPIRATORY RESPONSE TO SUPERIOR LARYNGEAL NERVE
VAGAL AND SUPERIOR LARYNGEAL NERVE AFFERENT INPUT IN CAT. STIMULATION BEFORE AND FOLLOWING ANESTHESIA. D.F. Donnelly
D.R., McCrimmon , D.F. Speck & J.L. Feldman, Depts. of and G.G. Haddad. Dept. Pediatrics, Columbia University,
Pnysiology & Anesthesia, Northwestern U., Chicago, IL 60611. New York, NY 10032.

We investigated the effect of wuni- or bi-lateral Superior laryngeal nerve (SLN) stimulation produces
destruction of the ventrolateral nucleus of the tractus asphyxial death in anesthetized young piglets (Lee et al,
solitarius (i.e. DRG) on the processing of afferent input AJP 233:R30,1977). However, previous work in this laboratory
from the vagus (X) and superior laryngeal (SL) nerves. showed that unanesthetized piglets have no depression of
Experiments were conducted on anesthetized, vagotomized, cardiovascular function during SLN stimuiation despite a
paralyzed and artificially ventilated cats. We verified that profound depression of breathing. The purpose of these
1) single electrical pulses (5-30 uA, 0.1 ms duration) to experiments was to reconcile these observations by quantita-
the SL nerve during inspiration elicit a short onset latency ting the effects of laryngeal stimulation at a given level
(4-6 ms) excitation of the contralateral (only) phrenic before and following anesthesia.
nerve followed by a bilateral inhibition, 2) at higher Both SLNs of 6 piglets (age 6-37 days) were ligated, cut
currents (50-150 ulA) a post-inhibitory excitation is and placed in cuff electrodes one to two days before the
observed, and 3) stimulus trains delivered to the X nerve experiment. During each experiment we measured ventilation
(20-60 uA, 100 Hz, 0.1 ms pulse duration; intensities chosen (barometric plethysmograph), arterial pressure and blood
to maximize activation of pulmonary stretch receptors) gases (femoral cannula) and recorded EEG and EKG. Both SLN
throughout inspiration produce a current dependent were stimulated for 30 minutes at 2-4x threshold for res-
shortening of inspiratory duration (TI). We recorded and piratory depression (10 Hz, biphasic 40ms, 0.8+0.3 v.). Blood
lesioned in the DRG with a linear array of 2 to 4 tungsten gases were drawn before and at 5 and 15 minutes into the
microelectrodes (tip separation of 0.7 to 1 mm). When DRG stimulus period. Following recovery from stimulation, animals
respiratory neurons were recorded on an electrode it was were anesthetized with pentobarbital (25-35 mg/kg i.a.) and
moved to the approximate center of this activity and a the SLNs were again stimulated at the same intensity. Results
lesion was made by passing current (20 uA, electrode from 4 piglets €2 weeks old were as follows:
negative for 60 sec). If respiratory neurons were recorded Control @5 min @15 min
on an adjacent electrode, then lesions were made between Pads before anesthesia 1?2+3 89+12 9248
these electrodes (20 uA for 60 sec each polarity). We moved P 02 fe]l i nesthesi 119+7 22+7 26+9 *
the array in 500 um steps (in the horizontal plane) and a% fTo fow ng ane ?5 2 Lh+1 Lk
iterated the above procedure until respiratory neurons were PaC02 be ore.anesthe51a . 33+1 + +2 .
no longer detected. Lesions were located ventral and lateral P?COZ fQEIOW|ng anesthesia 4h+1. §6+h ?h+7 N
to the tractus solitarius and extended from about 1 mu (#2/4 animals B.P. 10 mmHg at which time the stimulus was
caudal to 2 mm rostral to the obex. Uni- or bi-lateral DRG removed and CPR initiated.) . )
destruction (verified to be at least 80% complete) abolished Unanesthetized piglets continued breathing during the
the short latency phrenic nerve excitation to SL nerve stlmylatlon period with breaths closely ?5505|ated Wlth.
stimulation; the longer latency bilateral phrenic nerve opening of the eyes and body movement. Lightly anesthetized
inhibition and subsequent excitation were unaffected. The piglets responded with a profound apnea % T'”) and suffered
relative shortening of TI in response to X nerve stimulation cardiorespiratory collapse or breathed occasionally in a
of a given intensity was the same before and after gasping pattern. These gasps sustalved cardkovasculér
lesioning. We conclude: 1) the DRG is an obligatory functlo? to a remarkable d?gree. Th|§ profound resplrat?ry
component in the short latency phrenic nerve excitation depression was never seen |n_o]der piglets (>3 weeks? either
elicited by SL nerve stimulation, and 2) neuronal pathways before or following §nethesua. We conclude th?t during .
exclusive of the DRG are sufficient to produce inspiratory laryngegl reflex gctlyatlon, ar°9561 plays a vital role.ln
termination in response to activation of pulmonary stretch sustaining breathlng fn young an!mals and that anesthesia
receptor afferents. (Supported by NIH grant HL-23820, D.R.M. can blunt this protective mechanism.
is a Parker B. Francis Fellow of the Puritan-Bennett
Foundation).

206.5 RELATIVE CONTRIBUTION OF PULMONARY STRETCH RECEPTOR (PSR) 206.6 AVERAGING OF MEMBRANE POTENTIAL OF VENTRAL RESPIRATORY GROUP

INPUT FROM IPSI- AND CONTRALATERAL VAGI ONTO DORSAL RESPIRA-
TORY GROUP (DRG) R-BETA NEURONS. L. Kubin* and R.O. Davies.
Dept. of Animal Biology and Cardiovascular-Pulmonary Div.,
Univ. of Penna., Phila., PA 19104

DRG R-beta neurons receive a strong excitatory input from
PSR afferents. Recently, two new observations on PSR input
to DRG neurons in the cat were reported. Donoghue et al.
(J. Physiol. (London) 322:353-363, 1982) showed that some
PSR central terminals reach the ventro-lateral nucleus of
the solitary tract (NTS) where DRG cells are located; no
projection has been traced to the contralateral DRG. In
another study, Averill et al. (Physiologist 26:A-45, 1983)
demonstrated that some PSR afferents excite monosynaptically
R-beta neurons of the ipsilateral DRG. However, anatomic
studies of Kalia and Mesulam (J. Comp. Neurol. 193:435-464,
1980) have indicated that afferents from the main bronchus
project to both the ipsi- and contralateral NTS. In the
present study, we determined whether, in addition to an
ipsilateral input, DRG neurons receive a relay from PSR in
the contralateral vagus.

In decerebrate cats, we recorded from individual DRG
neurons and identified them as R-beta by a “no inflation”
test. Then the transmission in myelinated fibers of the
ipsilateral vagus was reversibly blocked by application of a
constant de- or hyperpolarizing current on the nerve. The
completeness of the block was assessed by recording the
evoked vagal compound action potential. In all animals, the
Hering-Breuer inspiratory inhibitory reflex could be elic-
ited both with and without the unilateral vagal blockage.

In 8 out of 12 R-beta neurons studied to date, ipsilateral
vagal blockade abolished their excitatory response to PSR
input. In another 3 cells, a strongly reduced PSR input
persisted during the block. In one cell, the PSR input
originated almost exclusively from contralateral PSR
afferents; this was tested by ipsilateral blockade and a
subsequent section of the contralateral vagus nerve.

We conclude that most of the R-beta neurons receive their
PSR input only from the ipsilateral vagus. However, a
smaller population has a bilateral input. In a further
extension of this study we will attempt to determine whether
there are other differences between properties of those
R-beta cells with an ipsilateral and those with a bilateral
convergence of PSR input. (Supported by USPHS Grant
HL-08805)

NEURONS TRIGGERED BY RETRO-FACIAL RESPIRATORY UNIT SPIKES
J.E. Remmers, R. Takeda*, S. Schultz*, and A. Haji*. Dept.
of Int., Med., UTMB, Galveston, Tx. 77550-2778.

Early inspiratory (EI) neurons of the retro-facial nucleus
(RFN) project contralaterally to the vicinity of the bulbar
ventral respiratory group (VRG) (Bianchi, A.L. and J.C. Ba-
rillot, Neurosei. Let., 31: 227, 1982). Post-inspiratory(PI)
neurons of the VRG receive prominent inhibitory post-synap
tic potentials (IPSPs) during inspiration, and their membra-
ne is often maximally polarized early in inspiration. We
speculate that PI neurons receive IPSPs from axons of EI
neurons located in the contralateral RFN. To examine this
possibility, we simultaneously recorded in decerebrate cats
extracellular action potentials of respiratory units in the
RFN and membrane potential (MP) of VRG respiratory using
glass micropipettes filled with 3 M KCl. The animals were
paralyzed and ventilated by a phrenic driven servo-respira-
tor. All neurons were tested for peripheral axons by stimu-
lating the ipsilateral vagus and superior laryngeal nerves,
as well as the spinal cord. Pre~ and post-spike historgrams
of MP of the VRG neuron were calculated using the AP of the
RFN unit as a trigger. Stable' simultaneous recordings of MP
and of Aps were obtained iu 82 instances. In addition to EI
and PI neurons, augmenting inspiratory (AI) and expiratory
(AE) neurons were recorded in both locations. Averaged MP
waveforms possibly indicative of short Jatency of IPSP's or
EPSP's following the RFN spike trigger were observed in 17-
82 pairs. The distribution of these correlations amongst 4
categories of respiratory neurons is shown in the following

matrix. RFN SPIKE
T [T JpI
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The high percentage of correlations between EI spike and PI
membrane potential is consistent with the original specula-
tion. In these instances, a hyperpolarizing wave of 8-10msec
duration followed the RFN spike. Reversal of this wave after
Cl injection was observed, suggesting that the wave results

from the arrival of IPSPs at the VRG neuron shortly after
the RFN spike. (Sunnorted hy NWIRI Grant HT-27520%}.
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PROLONGATION OF POST INSPIRATORY INSPIRATORY ACTIVITY (PIIA)
DURING AUGMENTED BREATHS. J. Mitra, N.R. Prabhakar *and N.S.
Cherniack*. Dept. of Medicine, Case Western Reserve Univ.,
Cleveland, OH 44106.

The phase I of expiration with decaying post inspiratory
discharge of the inspiratory muscles is called 'post inspi-
ratory inspiratory activity" (PIIA)(Richter, D.W. and
Ballantyne, D., Central Neurone Environment, Springer Verlag
169-174, 1983). We analyzed the duration of the PIIA in
cats anesthetized with pentobarbital sodium (n = 8) or
chloralose (n = 2), during different trajectories of the
phrenic activity. Augmented breaths (AB) were characterized
by a biphasic shape of the phrenic trajectory (Cherniack et
al., Acta Physiol. Scand. 111:349-360, 1981). Spontaneous
AB's were observed in vagotomized, carotid sinus denervated
cats, ventilated with 7% CO2 in 0,. The duration of PIIA
(Tg,) in the control breaths was 6.24 + 0.02 s (mean + SEM),
whiie in AB's it was 0.54 +0.06 s (n = 14), which is a 225%
increase. Similar increase in TE1 (PIIA) was also seen dur-
ing AB's in spontaneous breathing animals with intact vagi
and sinus nerves and also animals breathing 100% O,. How-
ever, Tg, (the duration of expiration without PIIA% increas-
ed from 8.79 + 0.05 to 0,92 + 0.05 s, an increase of 116.5%.
No or almost negligible PIIA was seen with apneustic type of
phrenic activity. PIIA was decreased or even absent immedi-
ately after the denervation of carotid sinus nerves; however,
after 5 to 10 min PIIA reappeared with duration similar to
the predenervated controls, suggesting CSN are not essential
for the presence of PIIA. PIIA is present in both types of
anesthesia used in this study. The results suggest that the
prolongation of expiration seen during AB's is primarily due
to the increased PIIA. (Supported by NIH HL-25830)

206.9 EFFECTS OF ELECTRICAL AND CHEMICAL STIMULATION OF THE RAPHE

0BSCURUS ON PHRENIC NERVE ACTIVITY. J.R. Holtman, Jr.
N.C. Anastasi* and K.L. Dretchen. Dept. of Pharmacology,
Georgetown U Schs. of Med. and Dent., Washington, D.C.,
20007.

We have recently shown, employing retrograde tracing
techniques, that the raphe nuclei project to the phrenic
motor nucleus in the cat (Neurosci. Lett. 44: 105, 1984).
These data suggest that the raphe nuclear areas may be
involved in the control of respiration. To examine this
possibility, we have electrically and chemically (L-glu-
tamate microinjection) stimulated the raphe obscurus (RO)
(a heaavily labelled area) while recording phrenic nerve
activity in the cat.

Phrenic nerve activity was recorded from a C5 nerve root
in chloralose (80 mg/kg) anesthetized, paralyzed and ar-
tificially ventilated cats (2-4 kg). Neural discharge was
quantitated by using integrated phrenic nerve activity
(IPNA). In addition, blood pressure (BP) was monitored
from a femoral arterial cannula. An electrode or micro-
pipette were stereotaxically placed in the RO.

Electrical stimulation of the RO was performed for 30
sec over a range of currents (18-144 uA) and frequencies
(5-40 Hz) with stimulation pulses of 100 usec duration.
Significant (p<0.05) increases in both the IPNA amplitude
and rate of nerve firing occurred which were dependent upon
the current intensity and frequency of stimulation. The
maximal increases in IPNA amplitude and rate of firing were
47 + 17% (N=6) and 146 + 48% (N=5), respectively. A sig-
nificant (p<0.05) hypotension was also produced and found
to be dependent upon the current intensity and frequency of
stimulation. The maximal decrease in BP was 51 + 13 mmHg
(N=8). HR did not change. To insure that the changes seen
in IPNA and BP were due to stimulation of cell bodies and
not fibers of passage, L-glutamate (1M, 2M) was microin-
jected (100nl) into the RO. Significant (p<0.05)
dose-related changes in IPNA amplitude occurred with an
increase of 44 + 13% at 1M (N=6) and 80 + 13% at 2M
L-glutamate (N=5). No change in rate of nerve firing
occurred. Significant (p<0.05) changes in BP also occurred
with an increase of 27 + émmHg (N=5) at 1M and 38 + 14 mmHg
(N=6) at 2M L-glutamate. HR did not change.

The data indicate that the RO is involved in respiratory
control, influencing phrenic nerve amplitude but not rate
of firing. In addition, the RO is involved in
cardiovascular control functioning as a vasopressor area.
(HL 30849).

206.8

206.10

RESPIRATORY-SPINAL PROJECTIONS TO CAT'S LUMBAR CORD.
A.D. Miller, K. Ezure* and I. Suzuki*., The Rockefeller
University, New York, N.Y. 10021,

The control of abdominal musculature was investigated by
testing the possible projection of medullary and upper cer-—
vical respiratory neurons to the lumbar cord. Lumbar-
projecting respiratory neurons are likely to affect the
activity of abdominal muscles which are innervated in part
from L1-3 while the other major respiratory muscles are
supplied from more rostral segments. Data were obtained
from 31 unanesthetized, decerebrate cats. Neurons (N = 412)
were tested for antidromic activation from L1 and sometimes,
in addition, L4-5. Neurons were classified as expiratory (E)
(N = 171), inspiratory (I) (N = 195), or phase-spanning
(N = 46), depending on the relationship of their firing
pattern to that simultaneously recorded from the phrenic
nerve.

No phase-spanning neurons were found that projected to
the lumbar cord.

There was a sparse projection of widely distributed I
neurons to the upper lumbar cord. Ten neurons were acti-
vated from L1, but not from L4~5. One was located in the
dorsal respiratory group (out of 36 DRG cells tested (3%)),
3 were in the ventral respiratory group (VRG) caudal to the
obex (out of 29 tested (10%)), and 2 were in Cl-2 (out of
7 tested from mid Cl to caudal C2 (29%)); 4 recordings were
from axons.

E neurons projecting to the contralateral lumbar cord
were distributed in the VRG between the obex and rostral Cl
(46 out of 79 cells (58%) were activated from L1). Several
of these neurons vere activated at low thresholds from
lamina VIII and IX in the LI-2 gray matter. One-third of
the E neurons that projected to L1 could also be activated
from L4-5 (13 out of 40 tested). The concentration of neu-
rons activated from L4-5 was higher in the portion of the
VRG nearest to Cl (3.8~7.6 mm caudal to obex). The firing
patterns of several neurons were examined in more detail.
Thirty-nine E neurons in the VRG caudal to the obex were
identified as augmenting; 27 (69%) were activated from L1
while 4 out of 34 (12%) went to L4-5. In contrast, only 9
E cells were identified as decrementing; 2 were activated
from L4-5. The strength of possible connections between
descending respiratory neurons and abdominal motoneurons
remains to be determined.

Supported by grants from NASA (NAG2164, NSG2380) and
NIH (NS02619).

ORBITAL QORTEX STIMULATION ALTERS RESPIRATORY CYCLE TIMING
IN THE DRUG-FREE CAT. J.D. Marks and R.M. Harper. Brain
Research Institute and Department of Anatomy, UCLA, Los
Angeles, CA 90024.

Volitional respiratory rate and effort changes suggest
that forebrain areas can affect respiratory rhythmogenesis.
The orbital cortex may be one of these areas, since
stimulation of that forebrain site in anesthetized
preparations produces cessation of respiratory movements.
The nature of the respiratory response (i.e., apneic or
apneustic) is not known in the unanesthetized preparation.
We examined the effect of orbital cortex stimulation on
respiratory cycle timing.

Adult female cats had electrodes surgically implanted
under halothane-nitrous anesthesia. Teflon-coated
stainless-steel stranded wires were placed in costal
portions of the diaphragm for recording respiratory EMG.
Concentric bipolar stimulating electrodes were
stereotaxically implanted bilaterally in the orbital cortex.
The raw diaphragmatic EMG was band-pass filtered (30 Hz to 1
kHz) , rectified, and integrated by a signal conditioner.
Data were recorded onto polygraph paper and were digitized
along with the times of occurrence of the stimulus pulses.
The stimulus consisted of a 60 Hz train of 40 constant
current pulses (300 uamperes, 0.5 msec). Stimuli were
delivered at four different points in the respiratory cycle,
as determined by the integrated diaphragmatic EMG: early
inspiration, late inspiration, early expiration, and late
expiration. Mock control trains, delivered at the same
points in the respiratory cycle, were also recorded two
breaths prior to each stimulation. Sections of the record
(4 sec) starting 1.5 sec prior to each stimulation and each
control train were extracted for analysis.

Stimulation delivered during late expiration or early
inspiration were effective in changing diaphragmatic EMG
amplitude and timing. Late expiratory stimulation delayed
inspiratory onset for the duration of the stimulus. Early
inspiratory stimulation completely inhibited diaphragmatic
EMG for the duration of the stimulation, resulting in two
inspiratory bursts, i.e., before and after train delivery.
Stimuli delivered in late inspiration or early expiration
were not effective in changing EMG amplitude or timing.

These results provide evidence that the orbital cortex is
a forebrain area that can significantly affect generation of
the respiratory rhythm and effort.

Supported by HL 22418-07.
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206.13

STIMULATING GRACILIS MUSCLE GROUP III AND IV AFFERENTS RE-

FLEXLY DECREASES TOTAL PULMONARY RESISTANCE IN DOGS. K.dJ.
Rybicki* and M.P. Kaufman* (SPON: D.C. German). Dept. of

Physiol., Univ. of Texas Health Science Center at Dallas,
Dallas, TX 75235

Stimulation of group IIl and IV skeletal muscle affer-
ents is well known to reflexly increase ventilation. Lit-
tle is known, however, about the reflex effect of stimu-
lating these afferents on airway caliber. Although previ-
ous investigations have shown that stimulating group III
and IV muscle afferents reflexly decreases transverse ten-
sion from the trachealis muscle, this variable gives no
functional information about airway caliber. We therefore
electrically stimulated gracilis muscle afferents in para-
lyzed, chloralose anesthetized dogs while recording total
pulmonary resistance (TPR) which was calculated "on-line"
by a Buxco pulmonary analyzer. We tested the hypothesis
that stimulating group III and IV afferents decreased TPR.
Both gracilis nerves, which supply afferents to hindlimb
skeletal muscle, were electrically stimulated at 20 Hz,
0.3 ms duration and at current intensities of 3,5,20,70
and 200 times motor threshold (MT). Compound action po-
tentials were recorded to determine which afferents were
stimulated by these current intensities. We found that
stimulating group I and Il afferents (3xMT) had no effect
on TPR. Stimulating group III afferents (5,20,70xMT)
significantly decreased TPR. Stimulating group III and IV
afferents (200xMT) decreased TPR significantly more than
did stimulating group III afferents alone. In addition
stimulating these group III and IV afferents (200xMT) at 2
and 5 Hz also significantly decreased TPR.

The decrease in TPR evoked by electrically stimulating
group IIT and IV gracilis muscle afferents was unaffected
by propranolol (1.5 mg/kg; iv) but was abolished by atro-
pine methyl nitrate (1.0 mg/kg; iv) which eliminated rest-
ing tone to the airways.

We conclude that stimulating group III and IV gracilis
muscle afferents, in dogs, reflexly decreases total pulmo-
nary resistance, an effect 1ikely due to the withdrawal of
cholinergic tone to the airways. Supported by NIH Grant
#HL30710, NIH Program Project Grant #HL06296, and American
Heart Association Grant in Aid #83-1179.

PROTECTION BY PHENYTOIN AGAINST THE TOXIC EFFECTS OF ORGA-
NOPHOSPHATES ON CENTRAL RESPIRATORY CENTERS. K.A. Marx*,
N.C. Anastasi*, Y.M. Hernandez*, K.B. Fivozinsky*,

K. Raines, K.L. Dretchen. Department of PharmacoTogy,
Georgetown Un}verSIty Schools of Medicine and Dentistry,
Washington, DC” 20007.

We have recently shown that the calcium channel block-
ers, verapamil and phenytoin (PN), increased the protective
effects of atropine (AT) and protopam chloride against
organophosphate toxicity in mice (Fed. Proc. 43: 533,
1984). However, these experiments could not distinguish
whether the protective effects of the calcium channel
blockers were due to action of these compounds at peri-
pheral or central sites. In order to accomplish this we
recorded EEG activity and neurally stimulated gastrocnemius
muscle contractions in artificially respirated, alpha-
chloralose anesthetized cats. Diisopropyl fluorophosphate
(DFP) was administered i.v. in incremental doses and the
amount of drug necessary for neuromuscular failure (NMF)
and maximum seizure activity was determined. DFP alone
resulted in NMF at 4.2 mg/kg and EEG activation at
3.6 mg/kg. PN increased maximal seizure activity from 3.6
to 4.8 mg/kg, an increase of 33%. AT increased this activ-
ity by 177%. Together, the maximal seizure activity was
increased by 350%.

These studies indicated that the CNS is more sensitive
than the neuromuscular junction to the toxic effects of DFP
and that the calcium channel blockers can protect against
this. Since the major cause of death of these compounds is
to produce respiratory depression, we investigated the
effects of DFP on central respiratory outflow by recording
neural activity extracellularly from the phrenic nerve
concomitant with gastrocnemius muscle contractions. In all
conditions, cessation of phrenic neural discharges occurred
prior to blockade of the neuromuscular junction. AT ele-
vated the dose of DFP necessary to block phrenic firing
from 2.3 to 6.1 mg/kg, while pretreatment with PN increased
the dose of DFP to 3.5 mg/kg. The combination of AT and PN
increased the dose of DFP to 8.8 mg/kg.

These data suggest that respiratory depression produced
by toxic doses of DFP is due to the action of this agent at
central, rather than peripheral, sites. The protection
afforded by the calcium channel blockers is probably due to
an effect on central respiratory centers.

(ONR N0O0014-83K-0047)

206.12 EFFECTS OF BOMBESIN ON RESPIRATORY REGULATION IN THE RAT.
J

206.14

. A. Hedner,* B. T. Hedner,* G. R. Breese, T. J. McCown,
and R. A. Mueller (SPON: J. F. Howard, Jr.). Dept. Clinical
Pharmacology, Univ. Goteborg, Goteborg, Sweden, and Dept.
Anesthesiol., Univ. of North Carolina, Chapel Hi1l, NC 27514.

Recently, some different peptide neurotransmitters such
as substance P, TRH, CCK, and endorphines have been shown to
affect respiratory performance when administered into the
CNS. These peptides, as well as another putative peptide
neurotransmitter, bombesin (BOM), exist in appreciable
amounts in the brain stem area. Since this is one of the
proposed locations for the respiratory regulating center, we
have studied the effects on ventilation of BOM in the rat
after intracerebroventricular as well as after local appli-
%ati?n in the area of the nucleus of the solitary tract

NTS).

Animals were studied in a whole body plethysmographic
model under 1ight halothane anesthesia. Cannulae were im-
planted into the lateral ventricles or into the brain stem
at least 48 hours prior to the experiments. Ventilation
was estimated by calculation of the following respiratory
parameters: respiratory frequency (f), tidal volume (Vy),
duration of inspiration (T1), expiration (Tg) and total
respiratory cycle (Ttgr). The quotients "inspiratory drive"
(Vy/T1) and “"respiratory duty cycle" (Ty/Tyqo7) were also
caIculated. Arterial samples were withérawn for estimation
of blood gases.

BOM administered into the lateral ventricle induced a
dose dependent immediate (within 3 min.) increase in Vy and
a progressive fall in f. Inspiratory drive increased while
respiratory duty cycle remained unchanged. As a result of
these changes minute ventilation was slightly increased.
After administration into the NTS areas (0.5ug/0.5u1) hyper-
ventilation as reflected by a marked respiratory alkalosis
developed within 5 min. These effects were due to an in-
crease both in Vr as well as f and were dependent of the
specific site of injection in area of the NTS.

These results strongly indicate that BOM acts as a
stimulant of respiratory activity by effects within the CNS.
At least part of these effects seem to be elicited within
the brain stem area.

Supported by the Swedish Medical Research Council (proj.
no. 2464 and 2862) and HL 31424 from the NHLBI.

PHYSIOLOGICAL PROPERTIES OF DIAPHRAGM MOTOR UNITS. M. Four-
nier* and G.C. Sieck. City of Hope Medical Center, Duarte,CA
91010 and UCLA, Los Angeles, CA 90024.

Physiological properties of diaphragm motor units were
studied in barbiturate anesthetized cats. In an initial
study, the spatial distirbution of muscle fibers innervated
by the right C5 ventral root was determined using the glyco-
gen depletion method. After cervical lamenectomy, medullary
and reflex inputs to the phrenic motoneuron pool were elim-
inated by spinal cord transections at C2 and Tl and by dor-
sal root section (C3 to C7). Thereafter, cats were mechani-
cally ventilated. The C5 ventral root was stimulated with
trains of 100 pps for 100 ms duration repeated at 500 ms in-
tervals. Throughout the period of stimulation (approximately
1 to 2 hours), diaphragmatic EMG responses were detected in
the sternal and costal regions but not in the crural. Deple-
tion of glycogen within the stimulated fibers was analyzed
histochemically using the periodic acid-Schiff (PAS) reaction.
Comparison with the unstimulated contralateral hemidiaphragm,
revealed a negatively stained zone originating in the right
half of the sternal area and extending to the mid-costal re-
gion. This confirmation of the limited territory of innerva-
tion by the C5 root permitted optimization of motor unit ten-
sion measurements through alignment of the force transducer.
Isometric force measurements were made by fixing the central
tendon with a clamp and attaching a force transducer in ser-
ies with the ventral costal margin. The optimal fiber length
for maximal force production was set prior to C2 section
while the animals breathed spontaneously. Filaments from the
C5 ventral root were dissected progressively in a rostro-
caudal direction. This systematic approach revealed the pres-
ence of a ventral to dorsal distribution of motor units based
upon evoked EMG responses. In 5 cats, contraction times (CT)
of 31 motor units ranged from 25 to 100 ms (median: 40 ms).
Twitch tensions ranged between 0.3 and 8.5 g (median: 0.8 g).
Tetanic tensions ranged between 0.8 and 25.0 g (median:3.5 g).
The average twitch to tetanic ratio was 0.28,'Sag’ was de-
tected in 11 of the 19 motor units where substetanic stimula-
tion was studied. The mean CT of those units showing sag was
35 ms while the mean CT of those not showing sag was 49 ms.
Fatigue indices, determined in 13 units, were mostly inter-
mediate. These results, although preliminary, suggest that
the contractile properties of motor units in the diaphragm
are similar to those of other skeletal muscles. However,
there are indications that motor units in the diaphragm may
differ in their fatigue resistance.

Supported by NIH Grant HL29999.
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CIRCULATING CATECHOLAMINES AND CARDIOVASCULAR ACTIONS OF
INTRATHECAL ARGININE VASOPRESSIN. C.L. Riphagen, L. Bauce¥
W.L. Veale & Q.J. Pittman. Dept. of Pharmacology and
Therapeutics, Faculty of Medicine, University of Calgary,
Calgary, Alberta, Canada T2N 141

Anatomical studies have revealed the presence of fibres
immunoreactive for arginine vasopressin (AVP) in the inter-
mediolateral cell column region of the spinal cord. We
have shown previously that intrathecal administration of
AVP into the thoracic region elevates both blood pressure
and heart rate in anaesthetized rats. These responses are
not blocked by peripheral administration of AVP antagonist
which suggests that they may be neurally mediated. To
determine whether the cardiovascular responses elicited by
intrathecal AVP are due to increased sympathetic tone as
revealed by increased levels of circulating catecholamines
we measured the plasma levels of norepinephrine (NE) and
epinephrine (EPI) in blood samples taken from anaesthetized
rats before and after intrathecal AVP administration.

Male Sprague-Dawley rats were anaesthetized with Inactin
(Q.lZg/Kg, i.p.). A cannula (PE-10) for peptide administra-
tion was threaded down the spinal subarachnoid space, via
an incision in the atlanto-occipital membrane, to the T9 -
T1l region. A cannula (PE-60) placed in the carotid artery
was used to monitor blood pressure and heart rate and was
also used for blood withdrawal. The plasma from each 2 ml
blood sampie was collected and stored at -70°C pending
processing. The red blood cells, made up to 2 ml volume in
warm 0.9% NaCl were immediately injected back into the
animals. The plasma levels of NE and EPI were measured by
HPLC/EC detection.

The animals were allowed to equilibrate for 30 min.
after surgery before the first blood sample, used to estab-
lish baseline levels of the catecholamines, was obtained.
30 minutes later AVP (5-10 picomoles), in a vehicle of 5-10
ul artificial CSF was administered via the spinal cannula.
Two min. later, when blood pressure and heart rate were
increasing, the second blood sample was taken. In control
animals vehicle only was administered. Following a further
30 min. period, a third blood sample was taken.

Intrathecal administration of AVP (n=5) did not signifi-
cantly alter the circulating levels of NE or EPI (P>0.1
for both catecholamines)when compared with the levels deter-
mined following administration of vehicle only (n=4).

ghese results suggest that the effects of intrathecal AVP
3NeER $T46ME 2um0RolANSRE EERET SThot e 3 WAL R,

BARORECEPTOR REFLEX MODULATION BY A5 NORADRENERGIC (NE) NEU-
RONS IN CONSCIOUS RATS. R.L. Stornetta*, R.M. McCarty* and
P.G. Guyenet. Neuroscience Program, Univ. of Virginia, Char-
lottesville, VA 22906.

The pontine A5 NE cells have been suggested to partici-
pate in cardiovascular control, yet their exact role re-
mains controversial. Part of the confusion may be due to
the use of anesthetized animals. In the present study, free-
ly behaving rats were used to evaluate the effects of A5
lesions on baroreceptor reflexes (BRFX).

Male Sprague-Dawley rats were anesthetized with pentobar-
bital and microinjections of 60HDA-HBr(1lul,6 nug/ul) or ve-
hicle (ascorbic acid/saline) were placed bilaterally into
the A5 cell group. Ten days to 2 weeks later, the animals
were reanesthetized with pentobarbital and the tail artery
and jugular vein were cannulated with pe tubing which was
externalized to record BP and HR and inject drugs without
disturbing the animals. Twenty-four hours later, the con-
scious animals were tested in individual cages. Blood
pressure and heart rate were recorded continuously. Five
doses each of nitroprusside (NP) and phenylephrine (PE) were
administered i.v. and the resulting HR and BP were recorded.
BP and HR were allowed to return to baseline values between
doses. Baseline values for BP (lesion x=114 mm Hg2.1(SEM),
n=18;control x=114#2.3, n=19) and HR x=357 beats/min
+6.2; control x=347%5.6 were not different between groups.
BP changes induced both by PE and NP were also the same for
both groups. All lesions were verified after the experiment
by counting catecholamine fluorescent cells in AS.

Multiple analysis of variance with repeated measures re-
vealed a significant interaction (F=5.77,p=.02,df=1) for the
change in HR elicited by the drugs between the 2 groups
(lesion and control). The groups did not differ in HR re-
sponse to PE but a significant interaction was found for
groups by doses of NP (F=2.29,p=.03,df=4.32). The HR re-
sponse of lesioned animals was less than that of controls
for all doses (significantly different for the highest dose
of NP, t=3.25,p=.003,df=35).

This result indicates that lesioned rats exhibit a de-
crease in the reflex tachycardia elicited by reductions in
BP, a predominantly sympathetic response. Since the PE-in-
duced bradycardia was not affected by the lesion, this pre-
dominantly parasympathetic component of the BRFX remained
intact.

In conclusion, these results suggest that A5 NE cells in-
crease the gain of the sympathetic component of the BRFX.
(HL 28785)

207.2

207.4

VASOPRESSIN FACILITATES BAROREFLEX
SYMPATHETIC NERVE ACTIVITY IN RABBITS.
Guo*, and F.M. Abboud*. Veterans Administration Medical
Center, Cardiovascular Center and Department of Internal
Medicine, University of Iowa, Iowa City, IA 52240.

We determined whether circulating vasopressin (AVP)
modulates baroreflex control of lumbar sympathetic nerve
activity (LSNA) in anesthetized rabbits. Short term
infusion of AVP facilitated reflex inhibition of LSNA
compared to phenylephrine (PE). The responses to AVP and
PE were abolished by sino-aortic baroreceptor denervation,
indicating the facilitation by AVP is baroreflex

INHIBITION OF
P.G. Schmid, G.F.

dependent. We further determined whether AVP can act
centrally, peripherally, or both to exert this modulation.
Ve found that except for the 1low dose of AVP (8
mU/kg/min), infusion of AVP (16 or 32 mU/kg/min) caused
greater inhibition of LSNA when compared with PE at given
increases in aortic baroreceptor activities, suggesting a
central action of AVP. This central action was supported
by the observation that, when the carotid sinuses were
vascularly isolated, intravenous infusion of AVP augmented

carotid baroreflex inhibition of LSNA. On the other hand,

AVP may also facilitate baroreflex inhibition of LSNA
through sensitization of arterial baroreceptors because
intravenous infusion of AVP caused greater excitation of
aortic baroreceptors than did PE at given changes in

arterial pressure. In some rabbits, intravenous infusion
of AVP also elevated the level of aortic baroreceptor
activities during increases in arterial pressure induced
by intra-sortic balloon occlusion. Furthermore, when AVP
was confined to the isolated carotid sinuses, the reflex
inhibition of LSNA during distension of carotid sinuses
was augmented. Thus, our data suggest that gifcylating
vasopressin may facilitate baroreflex imhibition of
sympathetic mnerve activity. This facilitation is mediated
by sensitization of the afferent limb as well as the
central component of the baroreflex. (Supported by the
Veterans Administration and NIH HL-14388).

COMPARISON OF THE CENTRAL CARDIOVASCULAR EFFECTS OF ANGIO-
TENSIN AND BRADYKININ: ROLE OF CHOLINERGIC NEURONS.

M. Serra* and J.J. Buccafusco. Depts. of Pharmacology and
Toxicology, and Psychiatry, Medical College of Georgia and
V.A. Medical Center, Augusta, GA 30912.

Both angiotensin (ANG) and bradykinin (BK) are pressor
agents when introduced directly into the CNS. The purpose
of this study was to compare the cardiovascular changes in
response to intracerebroventricular (icv) injection of
each peptide into conscious, freely-moving rats; and,
since central cholinergic stimulation often results in a

nsive response in conscious rats, to examine the
role of central cholinergic neurons in mediating these
actions. Outbred female rats were surgically prepared
first with chronic icv cannula guides and 1 week later
with indwelling arterial catheters. Icv injection of 5 ug
of BK produced an immediate peak increase in blood pres-
sure (BP) of 624+6/49+4 mmHg and a concomitant increase in
heart rate (HR) of 79%11 beats/min. BP and HR were eleva-
ted for 10-15 min. In contrast, icv injection of 10 ug
of ANG produced a smaller increase in BP (29+2/30+4mmHg)
but the response was of longer duration (up to 50 min).
Also, the pressor response was accompanied by a decrease
in HR of 75%19 beats/min.

To determine the role of central cholinergic neurons
in mediating these responses hemicholinium-3 (HC-3) was
used to deplete endogenous acetylcholine lewvels. Icv in-
jection of 20 ug of HC-3 one hr before BK almost completely
abolished the pressor response to the peptide (7+2/4+2mmHg)
and oconverted the increase in HR to a decrease (-47+10
beats/min). Similar pretreatment with HC-3 also inhibited
the .pressor response to ANG, however the effect was not as
marked (14+4/16+3mmHg; ~50% inhibition). The fall in HR
was also reduced (33112 beats/min). HC-3 itself had no
effect on BP but produced a significant fall in HR.

These results indicate that ANG and BK elicit different
patterns of cardiovascular changes following central
injection in conscious rats. The actions of both peptides
appear to require intact functioning cholinergic neurons,
however, at least a portion of the response to ANG may be
mediated via other neuronal systems. Supported by HL
30046.




SATURDAY PM

CARDIOVASCULAR REGULATION: CENTRAL TRANSMITTERS II 711

207.5 ENHANCED DEPRESSOR EFFECT OF MUSCIMOL IN THE DOCA/NaCl

207.7

HYPERTENSIVE RAT. S. Nagahama* and S. Oparil*
(SPON: Dr. Sherry Winternitz). Cardiovascular
Research and Training Center, University of Alabama,
Birmingham, AL 35294.

Intracerebroventricular (ICV) administration of GABA
has been reported to decrease blood pressure (BP) by
reducing sympathetic vasomotor tone through a central
mechanism in rat and cat. To examine the participation
of GABAergic mechanisms in deoxycorticosterone acetate
(DOCA)/NaCl hypertension, the effects of muscimol
(50-1000 ng, ICV), a GABA agonist, on mean arterial
pressure (MAP), and plasma norepinephrine (NE) and
epinephrine (E) were examined in DOCA/NaCl hypertensive
rats. The depressor effect of hexamethonium (30 mg/kg,
IA) was used to assess sympathetic control of BP.
Uninephrectomized male Sprague-Dawley rats (6 wks old)
were implanted with DOCA (SC, 100 mg/kg) and given 1%
saline to drink for 4 wks. Age matched uninephrec-
tomized rats given tap water to drink were normotensive
controls (H,0 controls). Spontaneously hypertensive
rats (SHR) 8f the Okamoto strain (10 wks ol1d) were
hypertensive controls. Experiments were performed in
conscious, unrestrained animals 48 hrs after placement
of cannulas into femoral artery and lateral ventricle.

MAP in DOCA/NaCl rats was significantly greater than
in H,0 controls (168 + 3 vs 121 = 2 mmHg, P < 0.01) and
a]mogt the same as in SHR (163 + 3 mmHg). Muscimol
caused dose-dependent decreases in MAP in all groups.
The depressor action of muscimol in the DOCA/NaCl rat
was significantly greater than in H,0 controls and SHR.

ﬁaximum A MAP(%)

NE (pg/ml) E(pg/m1) to hexamethonium
DOCA/NaCl (A) 409+45%*  223+39% 53+2%*

(B) 464+44* 75+18##
H,0 (A) 222+26 114125 4512
Chntrol  (B) 303+30 53154

(A) before muscimol injection, (B) 15 min. after muscimol
(1000 ng IVC) injection.

*p < 0.05, **p < 0.01 as compared with H,( controls.

#p < 0.05,##p < 0.01 as compared with (A}

The increased basal levels of NE and E and enhanced
depressor responses tc hexamethonium and muscimol in
DOCA/NaCl1 hypertensive rats suggest that DOCA/NaCl rats
have increased sympathetic tone which may be related to
altered GABAergic activity.

ALTERATIONS OF BLOOD PRESSURE AND WATER BALANCE
FOLLOWING DESTRUCTION OF CATECHOLAMINE INPUT TO
SUPRAOPTIC NUCLEUS: DIFFERENTIAL EFFECTS OF NORE-
PINEPHRINE VERSUS DOPAMINE. B.J. Davis.,, C.D. Sladek
and J.R. Sladek, Jr., Depts. of Anatomy and Neurology,
University of Rochester, Rochester, NY 14642.

We reported that destruction of catecholamine (CA)-
containing pathways to the supraoptic nucleus (SON) via bilateral
injections of 6-hydroxydopamine (6-OHDA) into the medial fore-
brain bundle (MFB) and supraoptic decussations (SOD) led to
reduced blood pressure (BP), marked reductions of water intake,
and a failure to conserve fluids when given gastric intubations
(decreased fluid intake/urine output ratio - 1/O).* Since both
norepinephrine (NE)- and dopamine (DA)-containing fibers are
located in the region of the SON, it was of interest to determine
which of these CA fiber systems contributed to the functional
deficits observed following lesioning. To address this question,
animals were given 6-OHDA injections into the MFB and SOD
following pretreatment with the NE uptake blocker, des-
methylimipramine (DMI), which protects the NE fibers. Four
groups of adult, male rats were studied. Lesioned (L) rats (n=9)
received bilateral 6-OHDA (6 ug/site) in the MFB and SOD.
Sham lesioned (S) rats (n=8) received bilateral cannula
placements in the MFB and SOD. Lesioned-DMI (LD) rats (n=7)
received bilateral 6-OHDA (6 ug/site) in the MFB and SOD 20
minutes following DMI (20 mg/kg, i.p). Sham-DMI (SD, n=8,
received bilateral cannula placements in the MFB and SOD 20
minutes following DMI (20 mg/kg, i.p.). BP was monitored by
tail cuff prior to and 3 days following treatment. The percent
change of BP was used to evaluate the effects of treatments on
BP. 1/O was determined 3 days following treatment. Compared
with S rats, L rats showed a marked reduction of water intake
and a failure to conserve fluids when given gastric intubations
(decreased I/O). LD rats also differed significantly from S rats
in these parameters but were not different fro.n L rats in terms
of water intake or 1/O. Since DMI by itself did not appear to
alter water balance in the SD group, these results suggest that
the 6-OHDA induced alterations in fluid balance were secondary
to the destruction of DA rather than NE fibers. The opposite
was true for the effects of 6-OHDA on BP. As in our previous
study*, the BP of L rats was significantly lower than that of S
rats. However, BP of LD rats was comparable to that of S and
SD rats. Since DMI pretreatment blocked the effect of 6-OHDA
lesions on BP, reduction of BP following denervation of CA input
to SON probably reflects destruction of NE fibers.

*Davis, et al., Anat. Rec. 208:42A.

Supported by MH 08811 (BD), AM 19761 (CS) and NS 15816 (3S).

207.6

207.8

HIGH CONCENTRATION OF NEUROPEPTIDE Y IMMUNOREACTIVE FIBERS
IN THE MEDIAN PREOPTIC NUCLEUS. D.K. Hartle and J.K.
McDonald, Depts. of Physiology and Anatomy, Emory Univ. Sch.
of Med., Atlanta, GA 30322,

The median preoptic nucleus (MePON) appears to be an
important integration center for humoral and neural
cardiovascular information and has been implicated in the
mechanism of several types of experimentally induced hyper-
tension (Hartle & Brody, Circ. Res., 1984). The MePON
receives ascending catecholaminergic innervation from the
ventrolateral medulla , locus coeruleus and nucleus of the
solitary tract, as well as other input from several hypo-
thalamic nuclei (paraventricular, arcuate, preoptic,
anterior and periventricular) (Saper & Levisohn, 1983).
Since avian and bovine pancreatic polypeptide (APP & BPP)
and recently neuropeptide Y (NPY)-like immunoreactivities
have been localized in several of these sources of afferent
input we have examined the MePON for the presence of NPY
immunoreactivity.

Male albino rats (300g, Holtzman) were perfused through
the aorta with fixative (4% paraformaldehyde, 0.01 M Na
periodate, 0.1 M lysine HCl) in 0.1M phosphate buffer at pH
7.4, 23°C. The brains were removed, fixed for 4-6 hr and
then placed in 30% sucrose buffered phosphate overnight at
4°C. Horizontal sections (20-40u ) were cut through the
MePON and processed for immunohistochemistry. NPY anti-
serum was generously provided by P. Emson (Cambridge, U.K.).
Preabsorption of the antiserum with 107° M synthetic porcine
NPY (Peninsula) prevented labeling. The MePON contained a
dense plexus of NPY immunoreactive fibers throughout its
dorso-ventral extent. These fibers appeared to be continu-
ous with fibers located in a compact periventricular zone
extending from the region of the paraventricular nucleus
posteriorly, to the MePON, anteriorly. In addition, a dif-
fuse band of labeled fibers entered the MePON from a
postero-lateral direction through the medial preoptic
nuclei. Sections through the dorsal MePON revealed a net-
work of varicosed NPY fibers rostral to the anterior
commissure. The origin of the positive fibers observed in
this study 1is unknown. NPY reportedly exerts modulatory
effects on catecholaminergic neurotransmission. In view of
its colocalization with catecholamines in important brain-
stem cardiovascular regions which innervate the MePON, the
presence of NPY labeled fibers in the MePON suggests a role
for NPY in the integrated functions of this nucleus. (Sup-
ported by Emory Univ., PHS 5F32HL0668502 and GA Heart

Assoc) .
BOMBESIN ALTERS THE CARDIOVASCULAR RESPONSE TO COLD
EXPOSURE. L.A. Fisher and M.R. Brown. Peptide Biology

Laboratory, The Salk Institute, La Jolla, CA 92037.

The tetradecapeptide, bombesin (BOM), has potent central
nervous system (CNS) actions on thermoregulation in
mammals. The CNS effects of bombesin on body temperature
(Tp) vary in parallel with ambient thermal conditions,
i.e., hypothermia during cold exposure, hyperthermia during
heat exposure, and no change at thermoneutrality. In cold-
exposed animals, BOM produces hypothermia by preventing
normal increases in oxygen consumption (VOy) and thus
inhibiting regulatory heat production. Since regulatory
heat production may depend in part on cardiovascular
adjustments, we examined the CNS effects of BOM on mean
arterial pressure (MAP), heart rate (HR), Tp and VO during
cold exposure.

All experiments were performed in conscious, unre-
strained male rats fitted with lateral cerebroventricular
cannulae and jugular venous and femoral arterial catheters.
MAP and HR were monitored for 60 min at room temperature
(22°cC). Following measurement of Tp and intracerebroven-
tricular (icv) injection of test compounds, the rats were
transferred to a metabolic chamber maintained at 7.5°C and
MAP, HR and VO, were recorded for 60 min, whereupon Tp was
measured. Rats receiving icv injections of vehicle dis-
played significant increases in MAP, HR and VO, and no
change in Tp during cold exposure. BOM-treated (5.7 pmoles
- 5.7 nmoles) rats exhibited appropriate increases in MAP
but had dose-related reductions of HR, VO, and T, compared
to controls. HR and VO, were positively correlated (r=
0.93) in bombesin-treated rats. The CNS-selective somato-
statin analog, ODT8-SS, which is demonstrated to antagonize
the effects of BOM on VO, and Ty, also restored cold-induced
tachycardia in bombesin-treated rats. HR and VO were
positively correlated (r =0.87) in rats receiving vehicle,
BOM, ODT8-SS, and BOM plus ODT8-SS. Atropine methyl
nitrate treatment (1 mg/kg, iv) failed to antagonize the
effects of BOM on HR, VO, and T, during cold exposure.

The results demonstrate that icv administration of BOM
inhibits cold-induced elevations of HR and VOp. If cold-
induced elevations of VO, are dependent on tachycardia and
increased cardiac output, BOM may inhibit regulatory heat
production and produce hypothermia in part by suppressing
the cardiac response to cold exposure.
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207.9 (+)-PHNO, CARDIOVASCULAR ACTIONS OF A NEW DOPAMINE AGONIST IN

207.11

SPONTANEOUSLY HYPERTENSIVE RATS. G, E. Martin and E. V.

Lis.* Merck Sharp and Dohme Research Laboratories, West
Point, PA 19486

The effects of the potent and selective dopamine agonist,
(+)-n-propy1-9-hydroxy-naphthoxazine (+)-PHNO on cardiovas-
cular parameters in the unanesthetized spontaneously hyper-
tensive rat (SHR) were ascertained. (+)-PHNO was given
either p.o. or i.p. to Wistar-Okamoto SHRs in which chronic
indwelling tail artery catheters had been implanted at least
one day earlier. Mean arterial pressure (MAP) and heart rate
were continuously monitored in free-moving rats using a Buxco
Cardiovascular analyzer.

Given p.o.,
fall = 30-40 mm Hg) in a dose range of 12.5 to 200 ug/kg. The
fall in MAP persisted for 1 to 2 hr. No marked change in heart
rate was produced. Given i.p., (+)-PHNO also produced falls
in MAP of a similar magnitude. The minimum effective dose for
a significant fall in MAP to occur was 6.25 pg/kg. A
short-1ived bradycardia was observed following some doses of
(+)-PHNO given i.p.

Pretreatment with the dopamine receptor antagonists hal-
dol (0.1 mg/kg, i.p., =30 min) or 1- sulpiride (9 mg/kg, i.p.,
-30 min) significantly reduced the fall in MAP produced by
(+)-PHNO (50 pg/kg, i.p.) as well as the bradycardia elicited
by the compound. The peripherally selective dopamine re-
ceptor blocking agent domperidone (10 mg/kg, i.p., -30 min)
shifted the dose response curve for (+)-PHNO-induced falls in
MAP to the right. L-646,462, another peripherally selective
dopamine receptor antagonist, produced a dose-related inhi-
bition of (+)-PHNO-induced (50 pg/kg, i.p.) falls in MAP over
the dose range of 1.25 to 5 mg/kg, i.p. (-30 min). The
selective @ p-receptor antagonist, idazoxan (1 mg/kg, i.p.,
-30 min) did not attenuate the effect of (+)-PHNO (50 pa/kg,
i.p.) on the MAP of the SHR.

The results indicate that (+)-PHNO is hypotensive in the
SHR and it also seems to produce a shorter lived bradycardia.
The naphthoxazine produces these effects via dopamine recep-
tors located both in the central and peripheral nervous
system.

SUBSTANCE P MECHANISMS OF THE SPINAL CORD RELATED TO
VASOMOTOR TONE IN THE SPONTANEOUSLY HYPERTENSIVE RAT. Y.
Takano, W.B. Sawyer, and A.D. Loewy., Department of

Anatomy and Neurobiology, Washington University School of
Medicine, St. Louis, MO 63110.

Substance P (SP) mechanisms involved in regulation of
vasomotor tone at the spinal cord level in normotensive
(WKY) and spontaneously hypertensive rats (SHR) were
studied. Our results indicate:

1) 1Intrathecal injections of the SP antagonist D-
Pro‘,D-’rrp *? SP (4-11) cause dose-dependent decreases
in mean arterial pressure and heart rate in Sprague-
Dawley, WKY and SHRs; - the maximal blood pressure
decreases are equal to those seen after cervical spinal
cord transection;

2) Intrathecal injections of this antagonist into
the L1 spinal level in WKYs or SHRs that had previously
had their C8 spinal cords transected caused a rise in
blood pressure and heart rate, suggesting that
intrinsic spinal SP mechanisms are not involved in
vasomotor tone;

3) The intermediolateral cell column region (IML)
of 16-week-old WKY and SHRs have a single high affinity
and saturable binding component with approximately the
same dissociation constant (Kg=1.21 nM for WKYs;
K3=1.25 nM for SHRs); the SHRs showed a higher number
of sites (B,,=24.5 fmole per mg protein) than WKY rats
(Bpay=19:9 fmole per mg protein). The K3 and Bp,,
obtained from IML sections from 4-week-old WKY and SHRs

exhibit no differences, although their values are
higher than those obtained from the 16-week-old
animals;

4) D-ProA,D-‘rrp7'9 SP (4-11) has the same

relatively low (micromolar range) potency for
displacing “H-SP binding in the IML of WKY and SHRs;
and
5) SHRs (16 week old) contain 20% more SP immuno-
reactivity in the IML than WKY rats (834136 pg/mg pro-
tein vs.' 694150 pg/mg protein); 4-week-old rats do not
show such differences.
These results indicate the possibility that abnormal
substance P mechanisms may be related to the pathogenesis
of hypertension in the SHR.

(+)-PHNO caused a significant fall in MAP (7

207.10

207.12

University of the Health Sciences,

CARDIOVASCULAR ACTIONS OF 8-OH DPAT, A SEROTONIN RECEPTOR
AGONIST. N. N. Share,* R. M. Evans,* E. V. Lis* and G. E.
Martin (SPON: V.J. Lotti). Merck Sharp and Dohme Research
Laboratories, West Point, PA 19486.

The cardiovascular effects of 8-OH DPAT, a compound
reported to possess potent CNS serotonin agonist activity
(Hjorth et al., J. Neural. Trans., 1982, 55: 169), were
examined in chlorolose anesthetized cats and in unanesthe-
tized Wistar- Okamoto spontaneously hypertensive rats (SHR).
Given i.v. in cats, both 8-OH DPAT and clonidine, an &p-
adrenergic agonist, evoked similar reductions in blood pres-
sure, heart rate and sympathetic renal nerve activity (RNA).
Whereas clonidine's vasomotor depressant activity was clear-
ly reversed by the alp-receptor antagonists yohimbine and
idazoxan, 8-0H DPAT's effects were largely unaltered by these
agents. In contrast, the serotonin receptor antagonist
methiothepin, completely reversed 8-0H DPATs reduction in RNA
without altering clonidine's effect. Methiothepin, which is
also hypotensive, failed to alter 8-OH DPAT-induced falls in
blood pressure in the cat. Cyproheptadine, a relatively
selective antagonist for the Sy serotonin receptor failed to
alter the effects of 8-OH DPAT in the cat.

In SHRs, 8-OH DPAT produced falls in both mean arterial
pressure (MAP) and heart rate whether given orally (minimum
hypotensive dose = 7.5 mg/kg) or i.p. (0.02). Upon intra-
cerebroventricular (ICV) administration, 8-OH DPAT produced
a fall in MAP but no fall in heart rate. Whereas cyprohepta-
dine (5 mg/kg, i.p., -30 min) and methergoline (1 mg/kg,
i.p., -30 min) failed to alter the cardiovascular effects of
8-0H DPAT, methiothepin (0.5 mg/kg, i.p., -30 min) blocked
the bradycardia produced by 8-OH DPAT (2.5 mg/kg i.p.) but
not the hypotension. The latter result is confounded
somewhat by the fact that methiothepin by itself produces a
fall in MAP. Pretreatment with the peripherally selective
dopamine receptor antagonists domperidone (2.5, 10 mg/kg
i.p.) or L-646,462 (10 mg/kg i.p.) failed to alter the hypo-
tensive and bradycardic actions of 8-OH DPAT.

The results indicate 8-OH DPAT is a potent hypotensive
agent. 8-0H DPAT may exert its cardiovascular effects via a
specific subset of serotonin receptors since neither cypro-
heptadine nor methergoline reversed its effects, whereas
methiothepin was active in blocking the decrease in RNA and
bradycardia. Clearly its hypotensive effect is not mediated
via Kp-adrenergic nor peripheral dopaminergic receptors.
Further characterization of serotonin receptor(s) may be
required before 8-OH DPAT's site of action is precisely
delineated.

PHARMACOLOGIC EVIDENCE THAT SUBSTANCE P IS INVOLVED 1IN
BULBOSPINAL CARDIOVASCULAR CONTROL IN THE RAT. J.R. Keeler
and C.J. Helke. Dept. of Pharmacology, Uniformed Services
Bethesda, MD 20814.
Studies of the neural components of central cardiovas-
cular control show the importance of a projection from the
ventral medulla to the intermediolateral cell column (IML)
of the spinal cord. Substance P (SP) and serotonin (5-HT)
are associated with this pathway, and excite sympathetic
preganglionic neurons when iontophoresed into the IML. In
addition, SP receptors are present in the IML [Charlton and
Helke, this meeting]. Our previous studies showed a sympa-
thoexcitatory pathway which is inhibited by GABA and acti-
vated by the GABA antagonist, bicuculline methiodide (BMI),
when applied topically to the intermediate area on the
ventral surface of the medulla oblongata (VSMO) of the rat.
In the present study, intrathecal injections were given
acutely (SP antagonists), or 10-14 days prior to the ex-
periment (5,7-dihydroxytryptamine; 5,7-DHT). The effects
of these drugs on mean arterial pressure (MAP) and heart
rate (HR), as well as their ability to block the responses
to topical application of GABA or BMI at the VSMO were
assessed in anesthetized, artifically ventilated rats.
These experiments showed SP, but not 5-HT, to be a
functional component in the pathway mediating GABAergic
responses from the VSMO to the IML. D-Pro2, D—Trp7:9-SP
D—Proz, D—Phe7, D—Trpg—SP, and D—Arg1 D—Pt02 D—Trp7 9
Leull-SP (50 ug) decreased MAP to 2/3 baseline values,
but did not change HR. These 3 SP antagonists also blocked
the characteristic increases in MAP and HR elicited by
BMI. Because of the long-lasting effects of the 50 ug
dose of antagonists, a lower dose was used to test their
reversibility. D-Argl, D-Pro2, D-Trp’/,9, Leull-sp (5 ug)
decreased MAP to 68% of control, and also inhibited the
BMI-induced increases in MAP and HR to 22% and 48%, respec—
tively. The inhibition lasted 1-2 hours. Not all of the
putative SP antagonists had the same actions in the spinal
cord. A 50 ug dose of D-Pro#, D-Trp’,9,10-Sp(4-11) (about
7 times less potent in binding studies) increased HR and
did not change MAP or the BMI-induced cardiovascular re-
sponses. Intrathecal injections of the 5-HT neurotoxin,
5,7-DHT (200 ug X 2), resulted in 56% depletion of 5-HT in
the thoracic spinal cord, but did not change either basal
MAP and HR, nor the responses to BMI and GABA applied to
the VSMO. This pharmacologic evidence supports the neuro-
anatomical, neurochemical and electrophysiologic evidence
for a role of spinal cord SP in cardiovascular regulation.
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20713 EFFECTS OF DIETARY Na' ON BRAI

ADRENERGIC RECEPTOR
BINDING AND ITS REGULATION BY Na JIN VITRO IN DAHL
SALT-SENSTITIVE AND RESISTENT RATS.
U'Prichard, and S. Azar*, Neuroscience Program and Dept. of
Pharmacology, Notthwgstern Univ., Chicago, IL 60611.

Excess dietary Na' in Sprague-Dawley rats alters kidney
ang brain adrenergic receptor binding and its regulation by
Na' in vitro (Soc Neurosci Abs 9:1121, 1983). We examined
these effects in the Dahl salt:—sensit:ive+ (DS) rat, which
develops hypertension when fed a high-Na' diet, and the+Dah1
resistent (DR) rat which lacks a pressor response to Na . 3
DS and 3 DR rats were sacrificed while on low-Na chow, and
after 1 or 3 weeks of an 8% NaCl diet. The brainstem
including hypothalamus was homogenized in 50 mM Tris-HC1
buffer containing 5 mM EDTA and washed twice by centri-
fugation. Binding assays for alpha,-, alpha,- and beta-
adxenesgic receptors were conduct ag prev ously described
u§im H-prazosin (H-PRAZ, 1.8 nM), H-p—amé'noclonidine
("H-PAC, 0.5 nM), and “H-dihydroalprenolol (“H-DHA, 0.62
nM) , respectivgly, and incubgted 20-40 min at 25 with
phentolamine (“H-PAC: 1 uM, “H~PRAZ: 10 uM) or 200 nM
(=) -propranolol (“H~DHA) used to define non-specific
binding. Data were analyzed by 2-way ANOVA by strain and
diet exposure. 3

DS rats displayed increases in “H-PAC specific binding
(all DS: 83 ;t§ fmol/mg protein, all DR: 59 + 3) apd the
proportion of “H~PAC binding displaced by §5 mM Na (all DS:
67 + 3%, all DR: 54 + 5), The increase in “H-PAC binding in
DS ratg could be accounted for entirely by a 66% increase in
thg Na’'—displacable (high-affinity alpha,) fraction, since
Na' -insensitive (low-affinity alpha,) bifiding was unchanged
(all DS: 27 + 2 fmol/mg protein, alf DR: 25 + 2). Alpha,—
receptor binding was also increased (all DS: 89 + 8 fmo'
all DR: 57 + 6), consistent with previous findings in SHR
hypothalamus. Beta-receptors were decrgased in DS rats but
increased with exposure to the high-Na 9iet, with strain
differences eliminated by 3 weeks (fmol “H-DHA specific
binding/mg protein) : + C .

Low-Na 1 wk High-Na
Sensitive 11 +5 19 +3 36 + 8
Resistent 33+ 2 32 +3 +43 4

These receptor changes may be related to Na -induced
hypertension, which ig in part neurally mediated (Clin Sci
61:49s, 1981), and Na -induced behavioral changes as well as
behavioral differences between DR and DS (Behav Neural Biol
37:10, 1983). Supported by a grant from Nova Pharmaceutical.

g,
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YOHIMBINE-INDUCED ALTERATIONS IN CENTRAL AND PERIPHERAL
MONOAMINES IN HYPERTENSIVE (SHR) AND NORMOTENSIVE (WKY)
RATS. R. Dawson, Jr., S. Nagahama and S. Oparil.
Cardiovas. Research and Training Ctr., Univ. of Alabama
in Birmingham, Birmingham, AL 35294.

Yohimbine is a relatively specific a, receptor
antagonist. Blockade of presynaptic a ;eceptors results
in an_inhibition of the autoregulatory control of
norepinephrine (NE) release. The present studies examined
the pharmacological actions of yohimbine in normotensive
(WKY) and hypertensive (SHR) rats by evaluating the blood
pressure (BP) responses and measuring alterations in
monoamine stores after peripheral administration of
yohimbine.

Eight week o1d male SHR (BP=153+10 mmHg) and WKY (BP=
126+3 mmHg) rats received yohimbine (10mg/kg,ip) and BP
and monoamine levels were determined in separate groups
of rats. Yohimbine resulted in a significant drop in BP
(p<0.01) and significant (p<0.05) elevations in plasma NE
and epinephrine, while adrenal catecholamine levels were
unchanged. One hour after yohimbine, NE levels in spleen
were reduced approximately 20% in both SHR and WKY.
However, significant (p<0.01) reductions in kidney NE
levels occurred only in the SHR. SHR had significantly
(p<0.05) higher basal levels of NE in kidney, cerebellum,
and medulla; after yohimbine administration these
differences were abolished. Cerebellar NE levels were
decreased 42-56% whereas in the medulla NE levels were
decreased only 16-27%. In all brain regions and the
kidney, the fall in NE levels after yohimbine was greater
in the SHR. Serotonin levels were increased and
5-hydroxyindoleacetic acid levels were decreased in the
medulla and cerebellum, suggesting a decrease in
serotonin turnover after yohimbine administration.

These results suggest a greater presynaptic control of
NE release in the SHR compared to the WKY. The finding of
regional differences in the effectiveness of yohimbine in
reducing NE stores, may be related to regional
differences in the density or subtype of o, receptors.

This research was supported by NIH grantg HL22544 and
HL25451.

207.14 ENHANCEMENT OF BULBOSPINAL EXCITATORY TRANSMISSION

207.16

TO SYMPATHETIC PREGANGLIONIC NEURONS (SPGNs) BY
DESIPRAMINE AND BY DEXTROAMPHETAMINE, Chaichan
Sangdee*, Scott C. Steffensen*, and Donald N. Franz.
Department of Pharmacology, University of Utah School
of Medicine, Salt Lake City, Utah 84132,

The present study examined the effects of two drugs
that selectively enhance central norepinephrine (NE)
transmission, desipramine and dextroamphetamine, on
descending excitatory transmission to SPGNs in an effort
to determine whether bulbospinal NE pathways are excita-
tory or inhibitory. Sympathetic discharges recorded from
upper thoracic preganglionic rami were evoked at 0.1 Hz
by stimulation of descending excitatory pathways in the
cervical dorsolateral funiculus of unanesthetized, spinal
cats. Drugs were administered intravenously.

Desipramine (1-2 mg/kg) produced gradual increases in
transmission to 145-200% of control values which were
sustained for several hours. Larger doses (3-5 mg/kg)
produced rapid increases in transmission which began to
subside within 20 min. Likewise, 0.5 mg/kg of dextro-
amphetamine produced a gradual increase in transmission
to over 300% of control which was sustained for several
hours, but 1-2 mg/kg produced comparable, rapid increases
which often subsided toward control levels. Enhancement
by either drug was sustained for more than 3 hr if alpha-2
receptors were blocked by yohimbine (0.5-1 mg/kg).
Increased transmission by either drug was prevented or
reversed by chlorpromazine (1 mg/kg).

These results indicate that modest facilitation of NE
transmission by blocking NE reuptake with desipramine or
increasing NE release with amphetamine produces marked
enhancement of descending excitatory transmission to
SPGNs, thereby supporting an excitatory function for the
NE pathways. However, excessive facilitation of NE trans-
mission by these drugs appears to permit sufficient spill-
over of NE into the neuropil to reach remote inhibitory
alpha-2 receptors and to produce depression of SPGN
excitability as does clonidine. SPGNs may be regulated
by two types of adrenergic receptors that are segregated.

(Supported by NIH grants HL-24085 and GM-07579)

ALPHA-2 BINDING SITES IN THE THORACIC SPINAL CORD:
AUTORADIOGRAPHIC EVIDENCE FOR POSTSYNAPTIC LOCALIZATION IN
THE INTERMEDIOLATERAL CELL COLUMN. J.R. Unnerstall, M.J.
Kuhar, R. Grzanna and L.P. Schramm. Dept. Neuroscience,

Johns Hopkins Univ. Sch/Med, Balto., MD 21205

Although adrenergic agonists can inhibit the tonic dis-
charge of sympathetic preganglionic neurons (PGNs) by an
action at alpha-2 receptors, stimulation of the ventro-
lateral medulla in the area of the epinephrine (EPI)
neurons which innervate the PGNs causes an increase in PGN
firing. Because of this anomaly, it is unclear where the
alpha-2 receptors are localized in relation to the
descending EPI neurons. We used autoradiographic tech-
niques to localize alpha-2 binding sites in relation to
PGNs and to obtain evidence for a pre- or postsynaptic
localization of these receptors in the intermediolateral
cell column (iml).

Female Sprague-Dawley rats were anesthetized, and the
spinal cords were surgically transected (T6). Rats were
allowed to survive for 1, 5 or 14 days. Alpha-2 binding
sites in 10 um horizontal sections were labeled with either
0.6 nM or 20 nM [3H]para-aminoclonidine ([3H]PAC) to
identify either the high- or high- and low-affinity sites
respectively according to published procedures (Unnerstall
et al., Brain Res. Rev. 7:69, 1984).

The highest grain densities in the sections labeled with
[3H]PAC were found in the iml between clusters of puta-
tive PGNs. Lower grain densities were seen over the neuro-
pil extending from the clusters toward the midline. Signi-
ficantly higher binding was seen in the iml in upper, as
opposed to lower, thoracic segments. Five days following
the surgery, a small decrease in binding (10-15%) was seen
below the transection when compared to sham-treated rats.
After 14 days, a statistically significant increase (73%)
was seen in the binding of [3H]PAC below the lesion in
sections labeled with both the low and the high concen-
trations of this ligand. Norepinephrine (NE) and dopamine-
beta-hydroxylase activity were reduced to near background
levels below the transection by 14 days.

The increase in [3H]PAC binding seen in the iml below
the lesion after 14 days may indicate denervation super-
sensitivity and suggests that most of these alpha-2 binding
sites are postsynaptic to NE or EPI neurons. However, the
small decrease seen after 5 days suggests that a subpopula-
tion of these binding sites may be on the terminals of
bulbospinal axons. (Supported by grants MH25951, DA00266,
MHO0053, HL16315, NS16654 and the McKnight Foundation).
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ROLE OF o, AND a, ADRENOCEPTORS OF THE MEDIAN HYPOTHALAMUS ON
THE SYSTEMIC ARTERIAL PRESSURE OF RATS. W.A. Saad, S.  Sede-

nho*, J.V. Menani*, William A. Saad*, L.A.A. Camargo* and A.
Renzi*. Departamento de Fisiologia e Patologia, F.0.A.-UNESP,
Araraquara, SP. e DeptQ de Cirurgia, FMSP-USP, Sao Paulo.

The median hypothalamus has noradrenaline levels similar
to those of other central areas involved in cardiovascular
control. Evidence obtained by receptor-labelling techniques
have indicated that both «; and a. receptors occur in brain
tissue (Langer, 1980). In the present experiment we compared
the effects of yohimbine and prazosin, which selectively
antagonize o, and a, receptors, respectively, on the hypo-
tensive effect of noradrenaline, which is a nonselective
agonist (Starke et al., 1975), when injected into the median
hypothalamus of rats. A dose-response :urve was determined
using noradrenaline doses of 10, 20, 40, 80 and 160 nM, which
induced increases of 21 to 65 mmHg in arterial pressure in
relation to the controls. Yohimbine previously injected at
doses of 10 and 40 nM shifted to the roght the dose-response
curve for adrenaline. The slopes for a 1 curves were
significantly different from zero (P < 0.05). PDgp values for
noradrenaline and yohimbine at doses of 10 and 40 nM were
40.192 and 80 nM, respectively, althouch mean values for the
groups injected with the two yohimbine doses did not differ
amongst themselves. Prazosin, also at the doses of 10 and
40 nM, antagonized the hypertensive effects of noradrenaline
more intensegy than yohimbine. The respective PD5p's for the
two prazosin doses were 768 and 10240 nM. These results may
be interpreted on the basis of the possible existence of two
types of a-adrenoceptors at the presynaptic and postsynaptic
sites which may have different affinities for the agonist and
antagonist used here. The decreased slope for the dose-
response curve for noradrenaline after treatment with
prazosin and the high respective PDgg's show greater
interaction of the agonist with o, adrenoceptors. In view of
the fact that a,-type adrenoceptors have high affinity for
prazosin, we may conclude that a, adrenoceptors of the
median hypothalamus play a more important role than «, adreno
ceptors in the control of systemic arterial pressure. -

207.18

CARDIAC DISTRIBUTION OF 1] ~ADRENERGIC AND MUSCARINIC RECEPTOR SITES IN
DAHL HYPERTENSION-SENSITIVE (S/JR) AND HYPERTENSION-RESISTANT (R/JR) RATS
FOLLOWING PRENATAL OR POSTNATAL EXPOSURE TO A HIGH SALT DIET, J.A,
McCaughran, Jr,, R, Friedman*, and C,J. Juno*. Dept, Psychliatry and

Behaviora! Science, SUNY € Stony Brook, New York, 11794,

The relationship between hypertension and the distribution of
muscarinic and alpha adrenergic receptor sites in the heart of S/JR and
R/JR rats was investigated. Four groups of S/JR and R/JR rats were used.
The HLH groups were exposed to a high salt diet (8,0% NaCl w/w) in utero
(via the pregnant dam), a low salt diet (0.4% NaCl w/w) during lactation,
and a high salt diet after weaning, The HLL groups were exposed fo a
high salt diet in utero followed by low salt, The LLH groups were
maintalned on high salt after weaning and LLL groups were exposed to low
Blood pressure (BP)
monitored twice weekly to the termination of the study at 4 weeks after
weaning, The antagonists {3H]=-prazosin (PRAZ) and
[3H)~quinuclidinyibenzilate (QNB) were used to assess the resepective
density of alpha adrenergic and cholinergic receptor sites in the left
and right ventricles (LV and RV), septum (SEP), and atria (AT). Although
both HLH and LLH S/JR groups developed significant elevations in BP, the
HLH group showed a facilitation in the postweaning development of
satt-induced hypertension, No significant elevations In BP were noted In
the R/JR groups. Both receptor sites were regionally distributed in the
heart, ONB receptor sites were distributed as follows: AT > RV > SEP >
tV. The lInverse was found for the PRAZ binding sltes: LV > SEP > RV >
AT, With some exceptions, rec
density were noted between the S/JR and R/JR groups, regardiess of the
prenatal or postweaning diet, However, a reduction in the density of PRAZ
binding sites was found in the LV, and an increase in the density of PRAZ
binding sites was found In the AT of the S/JR and R/JR HLH groups.
Furthermore, all $/JR groups displayed a greater density of QNB sites in
the AT than R/JR groups, The results indicate: (1) prenatal exposure to a
high salt diet can facilitate the subsequent development of hypertension
in genetically predisposed organisms; (2) the regional distribution of
each receptor site corresponds to the degree of cholinergic or adrenergic
innervation that the region recelves; (3) In utero exposure to high salt
has marked effects on the density of adrenoceptors in the LV and AT of
the R/JR and S/JR groups and, therefore, may not be related to the
pathogenesis of hypertension; and (4) the consistently greater density of
atrial in the S/JR tine suggests a disruption In
parasympathetic innervation of this region, In summary, the data suggest
an imbalance between sympathetic and parasympathetic input to myocardial
tissue in the S/JR line, Moreover, in some cases this can be exacerbated
by prenatal exposure to hypertensinogenic stimuli,

This work was supported by NHLBI Grant 7RO!HL3234501 and Amer ican
Heart Association (Suffolk County),

salt throughout the study. and heart rate were

no signficant alterations in receptor site

muscarinic receptors
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AN ANALYSIS OF p-AMINOCLONIDINE BINDING IN RAT KIDNEY.
B. Sripanidkulchai*, R. Dawson, S. Oparil* and J.M. Wyss

(Spon: J. Beaton), Department of Anatomy and CVRTC,
University of Alabama, Birmingham, AL 35294,

A population of «» adrenergic receptors are present in
the kidney and they are increased in number in
hypertensive models (Dahl and SHR). Previous studies
using tritiated » antagonists have indicated that there
is a single binding site of these receptors, In this
study the characteristics of these renal rece%tors have
been examined in the SHR through the use of [3H!
-para-aminoclonidine (agonist; SH-PAC) binding.

Seven week old male SHR rats were kilied by
decapitation and the binding of 3H-PAC (0.1-20nM) was
examined in crude membrane preparations. Saturation
analysis resulted in a curvilinear Scatchard plot which
revealed two binding sites. The high affinity site had a
Kd of 0.54nM and a Bmax of 47 fmoles/mg protein. The low
affinity site had a Kd of 4.4nM and a Bmax of 132
fmoles/mg protein. Both the high (Kd=0.67nM) and low
(Kd=6.8nM) affinity sites were also delineated by a
second type of analysis (kinetic analysis;
dissociation-association curves). Dissociation of

H-PAC was biphasic with apparent half-lives (50%
dissociation) of approximately 72 seconds and 19 minutes
respectively for the two sites.

A second study has addressed the questions of whether
either of these two binding sites is different in seven
week old SHR genetically hypertensive rats (n=5) versus
their normotensive controls (WKY,n=5). The results
demonstrate that the high affinity site displays
significantly greater binding of SH-PAC a* 0.5nM in the
SHR. These two studies suggest 1) that two binding sites
exist in the rat kidney (although it is possible that the
difference reflects a single receptor with different
affinity state), and 2) that the higher affinity site is
altered in SHR.

208.2

ACTIVATION OF THE SYMPATHETIC NERVOUS SYSTEM IN ONE-KIDNEY
PERINEPHRITIC HYPERTENSION IN THE RAT. R. M. Chinn, J. W.
Manning and D. K. Hartle. Depts. of Physiology and Pharma-
cology, Emory University Medical School, Atlanta, Ga. 30322.

Factors maintaining elevated blood pressure (BP) in one-
kidney perinephritic model of hypertension have not been
studied in the rat. These experiments were designed to de-
termine the involvement of the renin-angiotensin system
(RAS), vasopressin system (VPS) and sympathetic nervous sys-
tem (SNS) in this form of experimental hypertension. Groups
of 300 g. male Sprague-Dawley rats underwent: (1) unilat-
eral nephrectomy (UN), drinking tap water, (2) UN + contra-
lateral perinephritic wrap, drinking tap water, (3) UN,
drinking 0.9% saline, (4) UN + contralateral perinephritic
wrap, drinking 0.9% saline.

The BPs of all animals were monitored chronically by
means of a tail-cuff BP apparatus. When the animals became
hypertensive (150 mmHg or above), they were anesthetized and
a carotid cathetér was inserted for direct BP measurements.
Direct BP was recorded while the animals were conscious and
unrestrained in their home cages on the day following cathe-
terization. Control BPs were recorded for 30 minutes. The
results indicate that no animals in groups 1 or 3 became
hypertensive, indicating that reduced renal mass did not
effect an increase in blood pressure in either sodium re-
plete or sodium-loaded animals. A few animals in group 2
became hypertensive within one month of surgery but most
animals remained normotensive. Saline-loading significantly
enhanced the development of hypertension in perinephritic
rats (4).

Each animal was then injected with saralasin (50 ug), a
vasopressin antagonist (Peninsula Labs, #8109, 10 ug) and
chlorisondamine (5 mg/kg). Fifteen minutes was allowed be-
tween drug treatments to allow maximal changes in BP to occur
in response to each drug, but not enough time elapsed to al-
low reversal of the effectiveness of each agent.

BP reduction profiles during sequential drug blockade in-
dicate that the RAS and VPS contributed 20 mmHg to support
the BP of groups 1, 3 and 4 (no change in group 2). Gang-
lionic blockade with chlorisondamine significantly reduced
BP in all animals. The decrease in blood pressure was much
greater in the hypertensive animals in (2) and (4) than in
the normotensive animals in groups 1-4. CONCLUSION: Sodium
chloride accelerates the development of perinephritic hyper-
tension. This form of hypertension is maintained primarily
by an activation of the SNS. Supported by PHS-T35HL07305-
06A1, 1F32HL06685-02, AHA, GA.
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208.3 DORSAL RHIZOTOMY PARTIALLY PREVENTS ONE KIDNEY, ONE 208.4 THE EFFECT OF DIETARY SODIUM INTAKE ON REFLEX TACHYCARDIA
CLIP GOLDBLATT HYPERTENSION, N. Aboukarsh, S.R. Winternitz RESPONSES IN ONE-KIDNEY, ONE-WRAP RENAL HYPERTENSION.
and J.M. Wyss, Department of Anatomy and CVRT, University C. Hinojosa,* N.Ball* and J.R. Haywood. Pharmacology Dept.
of Alabama in Birmingham, Birmingham, Ai 35294 Univ. of TX Health Science Center, San Antonio, TX 78284.
Renal denervation can either diminish or prevent Sodium depletion has been shown to prevent the onset of
hypertension in several animal models o+ the disease. In one-kidney, one-wrap renal hypertension while increased
most of these models it has been assumed that the renal sodium intake enhanced the hypertensive process. The
efferent (sympathomotor) projection plays the critical present study was designed to determine whether the permis-
role in hypertension. However, several recent studies sive action of sodium in hypertensive rats was through a
“:vz suggested that the renal afferent sensory) component regulation of the activation of the sympathetic nervous
is the important factor in at least one form of system. Reflex increases in heart rate after atropine (0.4
experimental hypertension, i.e. one and two kidney mg/kg) were used as an index of increased sympathetic ner-
Goldblatt hypertension. In the present study, the vous system activity. Rats were maintained on low sodium
contribution of this component was indeoendently assessed, (LS) (2 pEq/gm chow), normal sodium (NS) (100 pEg/gm chow)
and the results indicate that intact renal sensory nerves or high sodium (HS) (1000 pEq/gm chow) diet for two weeks
are critical to the formation of 1 kidney, 1 clip prior to renal wrap or sham wrap procedure. Three days
Goldblatt hypertension. In twenty-two, male, postwrap, animals were prepared with femoral artery and
Sprague-Dawley rats, unilateral right nephrectomies were vein catheters under gaseous anesthesia. At least three
performed at three weeks of age. The animals were then hours later, the rats were treated with atropine (0.4
divided into three groups. In the first group (n=8), the mg/kg) and reflex tachycardia responses to graded bolus
dorsal root nerves through which the renal sensory nerves injections of nitroprusside (5, 10 and 10 pg/kg) were
travel (thoracic 8-Tumbar 2) were cut a' four weeks of determined. The relationship between the change in blood
age. The two other groups served as sham controls. At pressure and change in heart rate was determined for each
five weeks of age a 300um silver clip was placed around animal, and the slope was taken as an index of baroreflex
the left renal artery of the animals in the group sensitivity. Administration of atropine caused a similar
receiving the dorsal root lesions and one of the control increase in heart rate in sham operated animals maintained
groups (clipped control;n=9). The thira group served as a on all three diets (+26%11 bpm LS, +32%6 bpm NS, and +40%6
non-clipped sham control (n=5), After jne week the blood bpm HS). In the renal wrapped animals, the response to
pressure of the clipped control animals had risen to atropine was proportional to sodium intake (+14%5 bpm LS,
hypertensive (>150mm Hg) levels and con'inued to rise +44%4 bpm NS, and +84110 bpm HS)
for the following five weeks of the experiment (mean final Baroreflex Sensitivity
blood pressure = 177mm Hg+14). In contrast the mean blood Sham Wra
pressure in the lesioned group remained below 150mm Hg LS -0.62+0.14% ~0.63%0.18%
throughout the experiment. Mean blood sressure in this NS -1.68+0.46 -1.63%0.31
group 1 week after clipping was 140mm Hy t 16 and the HS -1.57%0.34 -1.45%0.38
final weekly mean was 138mm Hg + 20. I- should be noted There were no differences in reflex function between renal
that although the lesion reduced the hyoertensive effects, wrapped and sham operated rats on any level of sodium
the lesioned group's mean blood pressure was significantly intake. However, sodium depleted rats had a significantly
higher than the pressure of the non-clioped control (first reduced reflex sensitivity compared to animals maintained
week mean = 126 + 9mm Hg; sixth week mean = 114 * 1lmm Hg). on normal or high sodium intake. These data support the
This study provides the first direct demonstration that hypothesis that prior sodium depletion prevented the
renal afferent nerves are critical to tne development of increase in arterial pressure in one-kidney, one-wrap renal
hypertension. hypertension through an interference with the activation of
sympathetic nervous system function. (Supported by NIH
HL 26993 and American Heart Association, Texas Affiliate).
208.5 NOREPINEPHRINE AND SEROTONIN IN THE LOCJS COERULEUS OF THE 208.6 EFFECT OF NEONATAL TREATMENT WITH MONOSODIUM GLUTAMATE ON

DAHL SALT-SENSITIVE AND SALT-RESISTANT RAT. S.Y. Feltenl,
D.L. Feltenl, and J.A. Weyhenmeyerz, Depts. of Anat., Univ.
Rochester Sch. Med., Rochester, NY 156&21, and Sch. Life
Sci., Univ. of Tllinois, Urbana, IL 618012,

Dahl salt-sensitive (SS) and salt-resistant (SR) rats
were raised on a low-salt diet (0.47%) cr a high salt diet
(8.0%), starting at 4 weeks of age for i period of 1 and 10
weeks, and were compared with standard sSprague-Dawley (SD)
rats under the same dietary conditions. The SS rats raised
on an 8% salt diet develop hypertensior. The locus coeru-
leus (LC) was micropunched from the brazins, and norepineph-
rine (NE), serotonin (5HT), and 5-hydrcxyindoleacetic acid
(5HIAA) were assayed with high performance liquid chromato-
graphy with electrochemical detection, based upon our past
findings that LC develop premature dencritic length and
branching in the SHR but not the normotensive WKY or Wistar
control rats. After 1 week on 8% salt or 0.47 salt, no dif-
ferences in NE levels were tound, but «fter 10 weeks on 0.4%
salt, NE levels were higher in SS rats than in SD rats, with
SR rats at an intermediate level. NE levels may be genetic-
ally higher in LC in SS rats than in ccntrols. Since there
were no differences in LC levels acrosc all 3 age groups
after 10 weeks on 8% salt diet, NE levels in LC appear not
to be causal to hypertension. After 1 week on an 0.4% salt
diet, levels of SHT were higher in SS than in SR or SD rats,
while on an 8% salt diet for 1 week, 5FT levels in SS and SR
rats were greater than in SD rats. In other words, SHT
levels rise only in SR rats after 1 weck on a high salt diet.
After 10 weeks on an 0.4% salt diet, 5FT levels were highest
in SS, intermediate in SR, and lowest "n SD rats (all signi-
ficantly different), and were boosted ¢n a high (8%) salt
diet in all groups by approximately 2x but to the greatest
extent in the SS rats (12.18 + 2.72 ng mg protein). This
highest level of 5HT, which responded to the high salt diet,
correlates with the hypertensive state in these rats. The
SHIAA levels paralleled the SHT levels and 5HT/5HIAA ratios
did not differ significantly with high or low salt diets
among the 3 groups, suggesting that turnover is not dramatic-
ally altered by the salt content in the diet. We suggest
that the SS rats may demonstrate a gen¢ tic difference from
their SR and SD controls in the develo: ment of the seroton-
ergic svstem and its innervation of th: locus coeruleus, and
may show an acceleration of this difference when fed a high
salt diet. Supported by NIH grant HL2 757.

THE ANTIHYPERTENSIVE ACTION OF CLONIDINE IN SPONTANEOUSLY
HYPERTENSIVE RATS. A.R. Mosqueda-Garcia* and G. Kunos*
(SPON: F.V. Abbott).” Department of Pharmacology and
Therapeutics, McGill University, Montreal, Quebec H3G 1Y6.

We have previously shown that a g-endorphin-1ike peptide
is involved in the antihypertensive action of clonidine in
spontaneously hypertensive rats (SHR) but not in normo-
tensive rats. Outside of the pituitary, nerve cell bodies
containing g-endorphin have only been demonstrated in the
arcuate nucleus region (AN). Therefore, we tested the
hypothesis that g-endorphin in the AN is involved in the
antihypertensive action of clonidine. Monosodium glutamate
(MSG) was used to selectively destroy the cell bodies of
the AN and reduce brain g-endorphin levels.

SHR and Wistar Kyoto rats (WKY) received MSG during the
neonatal period as reported (Nature, 278: 562, 1979).
Systolic blood pressure (BP) and heart rate (HR) were
measured by the tail cuff technique. At 3 months of age
the developed hypertension of treated SHR (SHR-MSG) was
similar to control animals (SHR-C). Basal BP was 170 * 6
and 178 + 4 mmHg for SHR-C and SHR-MSG respectively.
Clonidine (5 ug/kg i.v.) reduced BP in both groups (SHR-C,
-28 +5 and SHR-MSG,-17 + 6 mmHg). The opioid antagonist,
naltrexone (NTX, 2 mg/kg i.p.) was administered on a
different day, 30 min prior to clonidine in the same
animals. The response to clonidine was inhibited by NTX in
SHR-C but not in SHR-MSG animals (SHR-C,-8 + 4; SHR-MSG,-20
+ 6 mmHg). Similar data were obtained for HR. NTX was
without effect in untreated WKY and the response to cloni-
dine or NTX was not modified by MSG-treatment of these
animals.

The absence of an effect by NTX in SHR-MSG animals
suggests that the lesioning of the AN damages of a
g-endorphin system which is involved in the antihyper-
tensive action of clonidine. Moreover the MSG-treatment
has no significant effect on this response in WKY, in which
the opioid contribution to this effect is not normally
detectable.
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208.7 CENTRAL NERVOUS SYSTEM CARDIOVASCULAR TOXICITY OF SUBCUTAN-

208.9

EOUS MONOSODIUM GLUTAMATE TREATMENT IN THE RAT. J. W. Man-
ning and D. K. Hartle. Depts. of Physiology and Pharmacolo-
gy, Emory University School of Medicine, Atlanta, GA. 30322.

Straight chain amino acids such as glutamic and aspartic

are potent neuroexcitotoxins (see Olney, Neurosci. Res. Prog

Bull., V.19, No. 4). Peripheral administration of these
compounds causes significant central neural toxicity and
cell death in regions of the brain that are not protected by
the blood-brain barrier (BBB). Brain damage in adult rats
is largely confined to circumventricular organs (highly vas-
cularized regions of the central nervous system without a
BBB). More extensive damage is produced if animals are
treated neonatally, e.g., monosodium glutamate (MSG) causes
depletion of cell bodies in the median eminence and in the
surrounding arcuate nucleus.

The circumventricular organs are very important sites of
integration of humoral and neural afferent cardiovascular
information. Humoral substances, as angiotensin II (AII),
for instance, interact at circumventricular organs with neu-
ronal substrates and promote central neural responses. AII
causes a centrally-mediated increase in blood pressure due
sympathetic activation and augmented vasopressin secretion.
AII also causes thirst and induction of drinking behavior.
These studies were designed to test whether pretreatment of
rats with sublethal subcutaneous injections of MSG would af-
fect the central actions of AII. Additionally, the effects
of MSG treatment on blood pressure in spontaneously hyper-
tensive rat was tested.

The results indicate that 4 day old rats treated with MSG
showed a dose dependent decrease in drinking response to
peripherally administered AII when they were tested as young
adults. MSG produces drinking and pressor deficits to AII
in some, but not all, adult rats treated with MSG. MSG
treatment lowered mean blood pressure from 220 mmHg to 120
mmHg in a group of spontaneously hypertensive rats but had
little effect on blood pressure in normotensive rats. The
decrease in blood pressure was sustained in 1/3 of the hy-
pertensive animals while 2/3 of these animals were again
hypertensive 24 hrs after treatment. These results suggest
that MSG treatment causes significant toxicity (sometimes
reversibly, sometimes irreversibly) to central neural me-
chanisms that are involved in blood pressure regulation and
fluid balance. Neural structures within or close to circum-
ventricular organs appear to play an important role in main-
tenance of high blood pressure in the spontaneously hyper-
sive rat. PHS-532HL06685-02, AHA, GA & Emory University.

CARDIOVASCULAR AND NEUROENDOCRINE RESPONSES DURING ACUTE
BEHAVIORAL STRESS IN RATS WITH NTS LESIONS. R.A. BUCHHOLZ,
J.W. HUBBARD, M.A. NATHAN, T.K. KEETON*. Dept. of Pharma-
cology, Univ. of Texas Health Science Center, San Antonio,
Texas 78284.

In this study, we evaluated the cardiovascular and neuro-
endocrine responses of rats at rest and during behavioral
stress 3-4 weeks after placement of electrolytic lesions in
the NTS. Means and standard deviations (SD), an index of
lability, were computed for MAP and HR during a 1 hr base-
line recording period and during a single 30 min signalled
avoidance/escape conditioning session. Plasma concentra-
tions of epinephrine (EPI) and norepinephrine (NE), and
plasma renin activity (PRA) were measured at the end of the
rest and stress periods.

MAP (mm Hg) SD MAP (mm Hg) HR (bpm)

Rest Stress Rest Stress Rest Stress
NTS(7) 12133 166+3%x 29.2+2.1%%24.9+1.8%% 384111 481+8%x
CON(4) 11621 133x4% 5.9#l.1 8.7+1.4 356417 443+17%
* p<0.05 from Rest
*%p<0.05 from Control

EPI (pg/ml) NE (pg/ml) PRA (ng/ml/hr)

Rest Stress Rest Stress Rest Stress
NTS(7) 46%8  465:68% 21024 617:59%x  5.040.8°%6.7+1.6°
CON(4) 39%14 344%21% 20949 32147 7.9+0.8 28.919.6

* p<0.05 from Rest
**p<0.05 from Control

No differences were found at rest between NTS lesion and
control rats for MAP, HR, EPI, or NE. NTS lesion rats
showed significantly greater lability of the MAP and a low-
er resting PRA than control rats. Both NTS lesion and con-
trol rats exhibited a significant increase in MAP and HR
during behavioral stress. The increase in MAP for NTS le-
sion rats was nearly 3 times that of controls. The increase
in MAP in NTS lesion rats was accompanied by increases in
plasma NE and EPI with no change in PRA. Control rats also
showed an increase in plasma EPI levels during stress that
was not different from NTS lesion rats. PRA in control
rats was significantly higher than that of NTS lesion rats
during stress. These results indicate that rats with NTS
lesions exhibit enhanced MAP responses during stress that
are supported primarily by an augmented sympathetic dis-
charge to the vasculature. Plasma renin activity may be
suppressed during stress in rats with NTS lesions by a di-
rect action of the high MAP on the kidney. Supported by NIH
HL27046, HL24529, and AHA, Texas Affiliate.

208.8

208.10

CONTRIBU [ION OF VASOPRESSIN TO HYPERTENSION
AFTER SOLITARY TRACT LESIONS OR SINOAORTIC
DENERVATION PLUS VAGOTOMY IN THE DOG. D.B. Averill,
K.L. Barnes and C.M. Ferrario. Research Division, Cleveland
Clinic Foundation, Cleveland, OH 44106.

The mechanisms responsible for the hypertension which
follows central interruption of vagal and carotid sinus afferents
in the dog are not well understood. In this study we interrupted
the vagal and carotid sinus afferents centrally in halothane
anesthetized mongrel dogs by lesioning the solitary tract (TS)
close to the entrance of the afferents into the medulla. The TS
on both sides of the brain stem was located with vagal evoked
potentials and lesioned in 5 dogs; two animals received sham TS
lesions. To compare the effects of peripheral interruption of
these afferents to the effects of TS lesions, six dogs were
studied after bilateral vagotomy and electrophysiological
identification and section of both carotid sinus nerves (SAVD).
The effectiveness of both procedures was confirmed
pharmacologically by the absence of reflex bradycardia after
phenylephrine (20 pg/kg, i.v.). Bilateral interruption of the
rostral TS was verified histologically in all 5 dogs in the TS
lesion group.

Blood pressure rose rapidly in both TS lesioned and SAVD
dogs after anesthesia was discontinued. Two hours following
baroreceptor denervation mean aortic pressure (MAP) and heart
rate were 165 + 21 mmHg and 172 % 17 beats/min in the TS
lesioned dogs and 163 + 9 mmHg and 196 + 8 beats/min in the
SAVD animals. Administration of a vasopressin antagonist
[d(CH,)s Tyr (Me) arginine vasopressin, 20 ug/kg, i.v.] decreased
MAP in"both TS lesioned (-25 + 2 mmHg, p < 0.001) and SAVD
animals (-34 + 5 mmHg, p < 0.002) but did not affect MAP in two
sham lesioned dogs (-4 + 5 mmHg, n.s.). Thirty minutes
following administration of the vasopressin antagonist MAP was
the same in the three groups of dogs (TS lesion: 141 + 24; sham
lesion: 139 + 10; SAVD: 141 + 7 mm Hg). Subsequent
administration of hexamethonium chloride 515 mg/kg, i.v.)
reduced MAP by a comparable amount in each group of dogs.

This study indicates that either central or peripheral
interruption of baroreceptor, chemoreceptor and pulmonary
stretch receptor afferent fibers produces an acute hypertension
which is primarily dependent upon an increase in circulating
vasopressin. (Supported in part by grants from NHLBI, HL-6835
and HL-31256).

FEED-STARVE CYCLING IN DIETARY OBESITY INDUCES MODERATE
HYPERTENSION VIA ALTERATIONS IN THE AUTONOMIC REGULATION OF
CARDIOVASCULAR FUNCTION D,O, Nelson and P. Ernsberger,
Neuroscience Program and Physiology Dept., Northwestern
University, Chicago, IL 6061].

In hypertension associated with human obesity, blood
pressure (BP) is best related to rates of change in weight
rather than to static obesity. Accordingly, BP and heart
rate (HR) were determined by tail cuff during cycles of
overfeeding and starvation. Dietary obesity was produced in
19 rats by feeding fortified (AIN 76) sweet milk in addition
to regular chow, while 10 rats continued to receive chow
only. Na' intake was equalized to the control level of
approximately 1.4 mmol/dzy. Caloric intake in the sweet-milk
group increased from a baseline of 114 + 4 kcal/day to 150 #
3, accompanied by tachycardia (391 + 7 bpm ys. 354 + 10)
within two weeks after the start of the diet, prior to
significant excess weight gain, but BP was unchanged. Four
weeks after the initiation of the diet, half of the obese
rats were fasted for 4 days, receiving only mineral and
vitamin solution (providing 1.4 mmol Na') and tap water.
Aftgr 4 days of fasting BP fell from 126 + 3 mmHg to 106
4, ard HR fell 25 + 9 bpm. BP returned to baseline after
days of refeeding and continued to rise, reaching near-
hypertensive levels (142 + 2 mmHg) by the 12th day. HR
remained depressed through 2 days of refeeding, but the
prefasting tachycardia returned by the end of the 12-day
refeeding period. BP and HR fell during each subsequent
fast, returning to elevated prefast levels with refeeding.
At the end of the 3rd refeeding period, the rats were
anesthetized and fitted with femoral arterial and venous
catheters, Hypertension and tachycardia persisted in the
cycled animals, while uncycled obese rats remained normo—
tensive, In both groups the HR decrease after beta blockade
(metopolol, 1 mg/kg) was enhanced and the HR increase after
N-methylscopolamine (2 mg/kg) was eliminated, suggesting
increased sympathetic and decreased para- sympathetic tone.
Cardiac beta-receptor binding, as measured with ~H-dihydro-
alprenolol, was down-regulated (control B (fm0}/mg
protein): 67 + 6, sweet-milk: 37 + 3, cyc 4. 47 + 3),
consistent with ipcreased sympathetic activity, while mus-
carinic binding (“H~-N-methylscopolamine) was unchanged. Thus
feed-starve cycling, but not static obesity, induces hyper-
tension associated with increased sympathetic tone, and is a
possible model for human obese hypertension. Initial results
Suggest that the paraventricular nucleus mediates the
effects of feed-starve cycles on cardiovascular function.

+
2
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PERIPHERAL ADRENERGIC MECHANISMS IN REPEATED IMMOBILIZATION
STRESS IN RATS. Z.Zukowska-Grojec*, J.Culman* and I.J.
Kopin (SPON: E.Stadlan). Laboratory of Clinical Science,
NIMH, Bethesda MD 20205.

Both central and peripheral neurons are involved in me-
chanisms of adaptation of the cardiovascular system to
chronic stress. In the present study we investigated the
effects of repeated immobilization (1-7 x IMC, 2 hrs daily)
on pressor and catecholamine (CA) responses to stimulation
(ST, 0.1 and 1.0 Hz, 50 V) of sympathetic outflow from the
spinal cord or administered norepinephrine (NE, 0.1 and 1.0
ug/kg, i.v.) in pithed, vagotomized rats, intact or after
bilateral adrenal demedullation (MEDX). When conscious,
tail-artery cannulated rats were IMO for the first time
(1xIMO) there were increases in blood pressure (BP, +23+5
mm Hg), plasma NE (+1.3 + 0.1 ng/ml) and epinephrine (EPI,
+2.1 + 0.5 ng/ml). After 1xIMO, basal BP anc plasma NE of
pithed rats increased whereas pressor responses to ST
(0.1 Hz) and NE (0.1 ng/kg) were lower than - n pithed non-
stressed rats. Those differences disappeared after des-
ipramine (DMI, 0.3 mg/kg, i.v.). MEDX 1 x IMO rats showed
lesser BP (50%) and plasma NE (30%) responses than intact
1 x IMO rats but pressor responses to ST and NE remained
reduced accompanied by decreased NE response to ST. Those
differences persisted after DMI, suggesting that decreased
removal of adrenal CA (+ uptake) may be responsible for the
elevated CA levels in the intact rats. Seventh IMO (7xIMO)
caused less increment in BP (+19 + 2 mm Hg) ind plasma NE
and EPI (+0.8 + 0.1 and +1.1 + 0.7 ng/ml, respectively)
than in 1 x IMO rats. In pithed 7 x IMO rats, basal BP
returned to control values while basal plasma CA levels
remained elevated. Pressor responses to 0.1 Hz ST were
reduced but normalized in the presence of DMI.

In conclusion, activation of the sympathc-adrenomedullary
system and vascular responsiveness to CA diminish with re-
peated stress. Reduced pressor responses of once-stressed
rats are not due to decreased CA release from sympathetic
neurones or adrenal medulla, nor do they seem to result
from receptor changes (Torda et al., J Pharm Exp Ther 216,
334, 1981) which occur later after 7 S IMU. There does,
however, appear to be a transient reduction in vascular
reactivity after 1 x IMO.

208.12

HYPERRESPONSIVENESS OF CENTRAL AND PERIPHERAL
MONOAMINERGIC MECHANISMS TO COLD STRESS IN 4 WEEK
DOCA/NaC1 HYPERTENSIVE RATS. Y.F. Chen, S. Nagahama*,
S.R. Winternitz and S. Oparil*,  CardiovascuTar Research
and Training Center, University of Alabama ‘n Birmingham,
Birmingham, AL 35294.

Previous studies from our laboratory fai ed to provide
evidence for increased activity of the sympathetic nervous
system (SNS) in conscious, unrestraired deoxycorticos-
terone-NaCl (DOCA/NaCl) hypertensive rats (° and 3 weeks
after DOCA/NaCl treatment) studied in the resting state.
To examine the hypothesis that basal SNS activity and
the responsiveness of SNS to stress are enhanced in
DOCA/NaC1 rats with established hypertension, plasma
norepinephrine (NE), epinephrine (E) and prolactin (PRL)
were measured in conscious, unrestrained 4 week DOCA/NaCl
hypertensive and control (uninephrectomized; rats before
and after cold exposure (4 hours, 4°C).

Systolic blood pressure measured by the tail cuff
method in DOCA/NaCl rats was significantly greater than
in H20 controls [181+5(n=14) vs 128+5(n=11)mmHg, P<0.01]
at 4°weeks. Results [Mean:SEM] of plasma NE(pg/ml),
E(pe/ml) and PRL(ng/ml1) were:

Before Cold Stress

208.14

After Cold Stress

NE E PRL NE PRL
H,0 328+34  276x44 1741  1068:64* 40455 1841
DGCA 550+56# 496:59# 32:3# 1658:124#* 834:160# 18+]

# P<0.05, as compared to H,0 controls
* P<0.05, as compared to bgfore stress value.

These results demonstrate that 4 week DCCA/NaCl treated
rats have increased circulating levels of NE and E both
in the resting state and following cold stress. Basal
plasma PRL levels were elevated in DOCA/Na(1 animals
compared to control, suggesting reduced hypothalamic
dopaminergic activity. Following cold stress, plasma
PRL levels fell in the DOCA/NaCl rats, suguesting that
cenrtral dopaminergic activity was increased. In con-
trast, no stress related reduction in plasma PRL was seen
in control rats. Taken together, these data support the
concept that DOCA/NaCl hypertensive rats have increased
sympathetic tone which may be related to reduced
hypothalamic dopaminergic activity.

CARDIOVASCULAR AND SOMATOMOTOPIC RESPONSES TO STARTLING
SENSORY STIMULI IN SPONTANEOUSLY HYPERTENSIVE RATS.
R. Rettig, M. Geyer, M.P. Printz*, Univ. of California,
San Diego, School of Medicine, La Jolla, CA 92093.

Primary hypertension has been described as being
closely linked with cardiovascular and behavioral hyper-
responsivity to a variety of environmental stimuli and
such hyperresponsivity has been implicated in the patho-
genesis of sustained hypertension. To test whether
spontaneously hypertensive rats (SHR) are hyperrespon-
sive - in terms of their cardiovascular and behavioral
reactions - to a well-defined sensory stimulus, when
compared to the normotensive Wistar-Kyoto control strain
(WKY), adult male rats of both strains were subjected to
15 consecutive trials of either tactile (air puff to the
back of the animal, 15 p.s.i., 40 ms, n = 8 per group) or
acoustic (123 dB, 4 kHz, 40 ms, n = 8 per group) sensory
stimuli with an intertrial interval of 60 s. For appli-
cation of the stimuli and simultaneous measurement of the
somatomotoric and cardiovascular responses, rats were
placed into a suspended plexiglass cylinder. Mean
arterial pressure and heart rate were measured continu-
ously via an indwelling catheter from the abdominal aorta
and displayed on a chart recorder. The magnitude and
latency of the somatomotoric startle responses was
recorded as displacement of the cylinder by a ceramic
phonograph cartridge and the data were analyzed by
computer (one reading per ms for 200 ms, starting with
the onset of the stimulus). SHR exhibited significantly
greater maximal and average motor responses as well as a
shorter latency for the maximal response following both
tactile and acoustic stimulation. Heart rate and pressor
responses were also significantly increased in SHR. How-
ever, whereas the magnitude of the heart rate responses
remained about the same within each strain and was con-
sistently elevated in SHR throughout the entire trial
sessions, pressor responses decreased in both strains
towards the end of the trial sessions.

Taken together, our data indicate that SHR exhibit
cardiovascular and behavioral hyperresponsivity to acute
sensory stimulation. The data are in keeping with the
hypothesis that increased transient pressor responses
occurring repeatedly during daily life situations in
hypertensive subjects contribute to the development
and/or maintenance of hypertension. (Supported in part
by HL25457, SCOR Hypertension.)

ENHANCED RENAL SYMPATHETIC NERVE RESPONSE TO STRESS 1IN
CONSCIOUS SPONTANEOUSLY HYPERTENSIVE RATS (SHR) ON HIGH
SODIUM DIET. J.P. Koepke* & G.F. DiBona* (SPON: E.M.
Burns). Dept. Int. Med., Univ. Ia. Col. Med. & VAMC, Iowa
City, IA 52242,

The effects of stressful environmental stimulation (air
jet to head) on renal sympathetic nerve activity (RSNA),
urine flow rate (V), sodium excretion (U_ V), glomerular
filtration rate (C,,) and renal plasma EE%W (CP ) were
examined in conscious SHR (MAP=150 mmHg) and norﬁgtensive
Wistar-Kyoto rats (WKY, MAP=115 mmHg) on either normal
(NNa) or high (HNa; 0.9% NaCl to drink for 15 days) sodium
diets. 24 hours prior to experimentation, an electrode
was implanted around a renal nerve branch for recording
RSNA. A different group had a urinary bladder catheter
implanted for urine collections.

Data for RSNA (integrated voltage) are meantSE integra-
tor resets/min; C=Control, R=Recovery; p<.05 vs. C,

SHR-NNa SHR-HNa WKY-NNa WKY-HNa

n=6 n=6 n=6__ n=5 _.

C 6.2%0.6 5.920.4 7.0%0.6 7.0%0.8

Air 10.9%1.0% 13.6+1.0% 7.7x0.6 7.0%1.1

R 6.2+0.5 7.5%0.5 6.8%0.5 6.6%0.7
Renal function data for SHR on NNa and HNa diets are

mean*SE per 100g BW:
v v, Vv C [

/min_ yEq)Rin _mif¥n_ nlffin
SHR C 15.7£2.5 2.5%0.6 0.87£0.05 4.34%0.47
NNa Air  14.4%3.2 1.8+0.6% 0.86+0.05 4.29+0.49
(8) R 15.6%3.0 2.7%0.7 0.90+0.05 4,3720.56
SHR C 27.125.0 4.3%0.8 0.8920.06 3.78+0.32
HNa Air  17.1%£3.3% 2.5%0.5% 0.77+0.08 2.94%0.19
(8) R 25.1£3.4 4.1$0.7 0.83+0.07 3.15%0.31

In SHR, HNa augmented the RSNA and antinatriuretic re-
sponses to air stress (p <.05). Air stress did not affect
RSNA or renal excretion in WKY on NNa or HNa diets.

Conclusion: The enhanced RSNA and antinatriuretic re-
sponses to air stress in SHR on HNa diet may reflect a so-
dium-dependent facilitation of central neurotransmission.
In SHR, the antinatriuretic response to air stress is de-
pendent on an increased tubular sodium reabsorption (NNa)
and a renal vasoconstriction with decreased filtered
sodium load (HNa). The greater renal responses in SHR
than WKY may reflect a genetic predisposition to increase
RSNA during stressful environmental stimulation. (NIH AM
15843, HL 14388 & VA).
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208.17

BLOOD PRESSURE AND PLASMA RENIN, ALDOSTERONE AND CORTISOL
IN ESSENTIAL HYPERTENSIVES. J.W. Turner, Jr.*, A.

McGrady, T. Fine*, M. Woerner* and J. Higgins*, Dept. of
Physiology and Behavioral Med. Clinic, Medical College of
Ohio, Toledo, Ohio 43699

The present study examines the effect of relaxation
training assisted by flotation REST (Restricted Environ-
mental Stimulation Therapy) or EMG biofeedback on blood
pressure (BP) and plasma renin, aldosterone and cortisol
in 18 unmedicated subjects with uncomplicated essential
hypertension. The average age was 45 and beginning BP
averaged -148/92. The experimental design included a 6
week baseline and multiple blood samples per sampling
session, Each subject experienced 20 treatment sessions,
one hour each, of REST or EMG biofeedback over a 10 week
period and a 12 week follow-up. The REST environment
consisted of a 4' x 8' rectangular chamber, completely
enclosed and filled to a 10-inch depth with saturated
MgSO4 solution (sp. gr. 1.28) maintained at 94 F. The
supinely floating subject experienced minimal Tlight,
sound, temperature awareness and spatial orientation. The
hiofeedback group (n=12) received forehead EMG feedback.
Each treatment session included relaxation training via
modified autogenic phrases which were practiced daily at
home. In both groups systolic and diastolic BP, plasma
renin, aldosterone and cortisol all decreased signifi-
cantly (p <.01, two way ANOVA) from baseline to post-
treatment. In both REST and biofeedback subjects 67%
achieved clinically significant BP reductions. However,
33% of REST subjects who showed significantly decreased
renin, aldosterone and cortisol did not significantly
reduce BP and 25% of biofeedback subjects who achieved
clinically significant BP reductions did not show
decreased hormone levels. The results of this study
demonstrate that REST-assisted and EMG biofeedback-
assisted relaxation training are associated with decreased
plasma renin, aldosterone and cortisol and clinical
significant decreases in BP. It appears that changes in
BP and changes in the levels of renin, aldosterone and
cortisol can be independent. This research supported in
part by BRS #94367 - Medical College of Ohio.

THE EFFECTS OF CALCIUM CHANNEL BLOCKERS ON VASCULAR ADRENER-
GIC NEUROTRANSMISSION IN SPONTANEQUSLY HYPERTENSIVE RATS
(SHR) AND WISTAR KYOTO RATS (WKY). W.H. Cline, Jr.. Dept.
of Pharmacol., So. I11. Univ. Sch. of Med., Spfid., IL 62708

Altered adrenergic neurotransmission has been reported
for several vascular beds of SHR, both in isolated, perfused
in vitro vascular preparations and in the in situ, blood-
perfused mesenteric vascular bed. In adult, male SHR, an
enhanced responsiveness of presynaptic beta-adrenergic and
angiotensin Il receptor-mediated facilitation of mesenteric
vascular adrenergic neurotransmission has been demonstrated
in vivo. No difference was observed in the sensitivity of
presynaptic alpha-adrenergic receptor-mediated auto-inhibi-
tion of adrenergic neurotransmission in the mesenteric
vascular bed of adult SHR in vivo. The effects of two
chemically different calcium channel blockers on mesenteric
vascular adrenergic neurotransmission were studied in 13 to
16 week old, male SHR and age-matched, . normotensive WKY
control rats. The in situ, blood-perfused mesenteric vascu-
lar bed was employed in these studies. Nifedipine (N),
administered i.a. at 300 ng/Kg, caused a significant shift
to the right of the mesenteric perfusion pressure frequency-
response curves to periarterial nerve stimulation (PNS) and
a significant shift to the right of the mesenteric perfusion
pressure dose-response curves to exogenous norepinephrine
(NE). Since the effect on the PNS response curves was
similar in magnitude to the effect on the NE response
curves, a postjunctional site of action is suggested. N, at
100 ng/Kg, shifted the PNS mesenteric perfusion pressure
response curve to the left in SHR and to the right in WKY,
with the difference being significant. This dose of N had
no significant effect of the mesenteric perfusion pressure
response curves to NE. Verapamil (V), administered i.a. at
300 ng/Kg, caused a significant shift to the left of the
mesenteric perfusion pressure curves in response to PNS
which did not differ between SHR and WKY. V did not alter
the mesenteric perfusion pressure response curves in
response to NE. Thus, calcium channel blockers may either
facilitate vascular adrenergic neurotransmission or inhibit
postjunctional responses to NE depending on the specific
agent and/or dose administered. These variable and seeming-
1y paradoxical effects may be the result of the reported
alpha-2 adrenergic receptor blocking properties of these
agents, especially that of V. The differential effect of N
on the PNS responses of SHR and WKY indicates altered
calcium-dependent mechanisms or receptor sensitivity (alpha)
in the SHR. (Supported by Am. Heart Assoc./I11. Affiliate.)

208.16

208.18

PROLONGED ENHANCEMENT OF INTRASPINAL SYMPATHETIC
TRANSMISSION BY BRIEF PERIODS OF LOW-FREQUENCY
ACTIVATION, Ralph L. Myers* and Donald N. Franz
(SPON: J.H. Petajan). Department of Pharmacology, Univ.
of Utah School of Medicine, Salt Lake City, Utah 84132,

Brief periods of repetitive (tetanic) stimulation of
descending excitatory sympathetic pathways in the cervical
spinal cord produces long-term potentiation (LTP) of sub-
sequent transmission to sympathetic preganglionic neurons
(SPGNs) that subsides in 20-30 min. Tetanic stimulation
at 50 Hz for 10 sec repeated four times at 20 min intervals
also produces inaemental increases in steady-state trans-
mission to SPGNs that are sustained for longer than 3 hr
(Soc. Neurosci. Abstr. 9:543, 1983). The present study was
conducted to determine whether such prolonged increases
could be produced by stimulation at lower, more physio-
logical frequencies of sympathetic activity.

Sympathetic discharges recorded from upper thoracic
preganglionic rami were evoked by stimulation of descend-
ing excitatory pathways in the cervical dorsolateral funic-
ulus of unanesthetized, spinal cats at 0.1 Hz. Tetanic
stimulation at 10 Hz for 20 or 30 sec produced significant
LTP (130-180% of control) that was less than produced by
stimulation at 50 Hz for 10 sec. Stimulation at 10 Hz for
30 sec repeated four times at 10 or 20 min intervals pro-
duced incremental increases in steady-state transmission
that frequently reached 200% of control levels or higher
and were sustained for more than 6 hr. Four tetanizations
of 50 Hz for 10 sec at 10 or 20 min intervals produced
similar increases in steady-state transmission. However,
no increases were produced at either frequency when
intervals of tetanic stimulation were 60 min.

The demonstration that brief periods of repeated acti-
vation of descending sympathetic pathways to SPGNs at
10 Hz can produce prolonged periods of increased trans-
mission suggests that similar increases may occur in
response to physiological stimuli. Such increases may
contribute to the development of hypertension during
emotional stress or other neurogenic conditions.
(Supported by HL-24085, GM-07579, & Utah Heart. Assn.)

DIHYDROERGOTOXINE DECREASES BLOOD PRESSURE IN SPONTANEOUSLY
HYPERTENSIVE RATS BY INTERACTING WITH PERIPHERAL DOPAMINE
RECEPTORS. G. Sagheddu*,C.Missale, P.Liberini*, L.Castellet=
ti*, G.Picotti*, M.0.Carruba*, M.Memo and P.F.Spano.(SPON:
E. Parati). Inst.Pharmacol.Exp.Ther., Univ.Brescia and Inst.
Pharmacol. Univ.Milan, Italy.

Different dopamine (DA) receptors affecting the cardio-
vascular system have been identified in peripheral nervous
system. In the present study we evaluated the effect of the
DAergic ergot derivative dihydroergotoxine (DHT) on the car-
diovascular system of normotensive and spontaneously hyper-
tensive (SH) rats.

DHT (10 ug/Kg s.c.) decreases mean carotid blood pressu-
re in uretane-anesthetized SH rats but failed to modify the
same parameters in normotensive rats. The effect was statis-
tically significant 15 min after the injection and relative-
ly long lasting (up to 90 min). The calculated EDgp was 2.5
ug/Kg. A marked decrease of plasma circulating norepinephri-
ne levels was also detected at the time when DHT induced the
reduction in blood pressure.

Pharmacological characterization of the phenomenon indi-
cated that this action is mediated by stimulation of DA re-
ceptors since pretreatment with haloperidol,cis-flupentixol
but not trans-flupentixol completely prevent the reduction
in blood pressure induced by DHT. Moreover, in spontaneous-
ly hypertensive rats pretreated with domperidon, (-)sulpiri-
de but not (+)sulpiride a challenge dose of DHT did not re-
duce mean blood pressure values.

These results suggest that the DAergic ergot derivative
DHT induces modifications in the cardiovascular system of
SH rats by interacting with peripheral DA receptors which
are possibly located on the terminals of sympathetic neurons.
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208.21

SUBSEQUENT TO ESTRADIOL TREATMENT. T.A. McCaffrey*, J.A.
Czaja, and E.A. Baronowsky* (SPON: L.J. Pellegrino). Dept.
of Psych. Sciences, Purdue Univ., W. Lafayette, IN 47907.

Using the guinea pig as our animal model, we have
attempted to document the effects of gonadal steroids on
the cardiovascular system, and the relationship of these
changes to concurrent behavioral responses of conscious,
unrestrained animals. Initially, we found that a single
30,8 estradiol injection was sufficient to produce
significant and prolonged depression in blood pressure with
a latency of 12 - 24 hours, and that these cardiovascular
changes were significantly correlated with concurrent
changes in water intake (McCaffrey & Czaja, Neurosci.
Abst., 9, 544, 1983). The present experiment was designed
to evaluate these relationships in males. Estradiol
stimulation has previously been found to produce a number
of effects in male guinea pigs (GPs) which were
qualitatively similar to effects of this hormone'in female
GPs (Czaja, Phys. Behav., 33, in press, 1984). Twenty male
guinea pigs, half of which had been castrated two weeks
previously, were housed in metabolic cages and catheterized
via the carotid artery and jugular vein. Baseline
measurements were followed by four days of treatment with
either 3 g of estradiol benzoate (EB, N=5 intact, N=5
castrate) or the oil vehicle. Among the variables measured
daily were food and water intake, body weight, urine and
fecal output, blood pressure, heart rate, pressor responses
to infusions of 1.6 yg norepinephrine (NE), and hematocrit.
Since no significant differences were found in the
responses of intact and castrated males, their data were
combined for analysis. Estradiol treatment resulted in
significant decreases in resting systolic and diastolic
blood pressure (df=18, t=5.40, p<.001 and t=4.70, p<.001,
respectively) and in pressor responses to NE (t=3.77, p<.0l
and t=3.98, p<.001). Neither heart rate nor NE induced
bradycardia were significantly affected by estradiol.
intake, but not water intake, was also significantly
depressed by the estradiol treatment. No significant
correlations were found between the degree of depression in
the ingestive behaviors and the cardiovascular changes.
Thus, the present results confirm that relatively low doses
of estradiol can effectively lower blood pressure and
cardiovascular responsiveness in the conscious,
unrestrained guinea pig. However, there was no evidence
that these cardiovascular changes are coupled to the
observed changes in ingestive behavior.

Food

EFFECTS OF PROPRANOLOL WITH OR WITHOUT NALOXONE IN THE
ISOLATED PERFUSED RAT HEART DURING MYOCARDIAL ISCHEMIA AND
REPERFUSION. A.Y.S. Lee*, C.Y. Zhan* and T.M. Wong*
(SPON: J.C. Hwang). Department of Physiology, University
of Hong Kong, Hong Kong.

The effects of propranolol with or without naloxone on
the electrical activities, left ventricular systolic and
diastolic pressures and heart rate following myocardial
ischemia and reperfusion were studied in isolated
perfused rat heart. The left ventricular pressures and
heart rate were greatly reduced and cardiac arrhythmias
invariably occurred during myocardial ischemia and reper-
fusion. These effects of myocardial ischemia and reper-
fusion were attenuated with prior administration of
propranolol (20 ug) into the isolated heart. With pre-
treatment of both naloxone (200 ug) and propranolol (20 ug),
the cardiac arrhythmias were more markedly attenuated and
both left ventricular pressures and heart rate were restored
to or above the original levels during the reperfusion
period.

When fibrillation was induced by myocardial ischemia
and reperfusion, propranolol (20 and 200 ug) attenuated
the arrhythmias dose-dependently. Administration of both
propranolol (20 ug) and naloxone (200 ug) apparently
attenuated the arrhythmias more markedly than propranolol
alone.

The results are compatible with the findings that
myocardial ischemia and reperfusion induce an increased
release of both catecholamines and endogenous opioid
peptides which cause alterations in cardiac functions
resulting in arrhythmias and reduction in contractility and
excitability of the heart. Joint administration of both
propranolol and naloxone appears to be a more effective
remedy of myocardial ischemia and reperfusion. These
results could be of clinical implications in the prevention
and treatment of ischemic heart diseases. (Supported by
Hong Kong University Research Grant 335/034/0008 and Wing
Lung Medical Research Fund 311/030/8009/64 to T.M.W. and
China Medical Board Fellowship to C.Y.Z. from Zhongshan
Medical College, China).

208.20 RAT BLOOD PRESSURE DURING ETHANOL WITHDRAWAL.

208.22

L.Y.Koda,
S.G.Madamba* and F.E.Bloom. Alcohol Research Center,
Research Institute Scripps Clinic, La Jolla, CA 92037.

Recent clinical studies indicate a positive correlation
between high ethanol consumption and hypertension. Since
acute ethanol withdrawal may precipitate CNS
hyperexcitability we have examined the possibility that
acute ethanol withdrawal may also precipitate a
cardiovascular dysfunction. Rat blood pressure and heart
rate were monitored in conscious rats during ethanol
withdrawal. Sprague Dawley rats with free access to food
and water were placed in plexiglass chambers and exposed for
3 weeks to either ethanol vapor (E) or to air alone (Q).
Blood ethanol levels in the ethanol treated group were
maintained above 100 my/dl during the last week of ethanol
exposure. Four to 18 hours prior to blood pressure
measurement , rats were removed from the ethanol chambers,
anesthetized with halothane and implanted with an indwelling
abdominal aortic cannula. Rats were either placed overnight
in the plexiglass chambers and re-exposed to ethanol or air
or withdrawn fram ethanol. Blood pressure and heart rate
were monitored at various periods from 5 hours to 4 days
following the cessation of ethanol exposure. Analysis of
variance revealed a significant decrease in blood pressure
and heart rate in rats exposed to ethanol vapor as compared
to controls. There was a significant negative correlation
between the average blood ethanol levels, taken during
ethanol exposure, and systolic blood pressure at 5 hours, 2
days and 3 days following cessation of ethanol exposure.
Although rats exposed to ethanol weighed less than control
rats, hypotension was probably independent of this weight
difference since blood pressure of weight-matched control
rats did not differ significantly. These results indicate
that although a cardiovascular dysfunction (hypotension)
exists, ethanol associated hypertension is not due solely to
ethanol withdrawal.

Systolic Blood Pressure Following Ethanol Withdrawal
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Supported by USPHS HL25457 and AA06420.

4 DAYS

ALTERATIONS IN ca''/Mg** ATPase IN BRAINS OF
SHR/WKY RATS. D.H. Ross and H.L. Cardenas*. Divi-
sion of Molecular Pharmacology, The University of Texas
Health Science Center, San Antonio, TX 78284.

Recent studies have reported that calcium metabolism in
spontaneously hypertensive rats (SHR) and theiraormoten-
sive controls (WKY) is significantly different. Ca  binding
to high affinity sites on plasma membranes from heart and
liver, nerve endings and erythrocytes of SHR exhibited re;
duced binding capacity, compared to WKY controls. Ca
transport in subcellular membrane fractions of brain is also
altered. Ca uptake into mitochondria was increased in
SHR, while Ca uptake into microsomes was decreased,
compared to WKY. _For these reasons, we have studigd the
activity of Ca /Mg ATPase and ATP-dependent Ca  up-
take in membrane fractions from brains of SHR and WKY
rats. Rat brains were prepared for isolation of subcellular
membrane fraction by density gradient centrifugation. Ani-
mals were sacrificed at 4 weeks of age. Ca /Mg ATPase
activity were not significantly different for SHR compared
to WKY. Microsomal enzyme activity wag, significantly re-
duced (25%) in SHR animals. Ca /Mg  ATPase activity
was significantly lower (35%) in SHR light synaptic mem-
branes (SPM;_,), while no change was seen in heavy plasma
membranes (SPM3). Also, ATP-dependent Ca uptake was
significantly reduced (25%) in SHR plasma membranes
(SPM; _») compared to WKY, while SPM3 activity was not sig-
nificantly different. These results demonstrate that Ca
transport activity in brain nerve ending plasma membranes
is reduced in SHR rats prior to the expression of measurable
hypertension. No changes in systolic blood pressure were
detected between the two groups. The results suggest that
alterations in brain nerve ending Ca levels may genetically
predispose these animals to hypertension during adult life.

Supported by USAF in Neurosciences to

DHR.

Program Project
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IN VIVO RELEASE OF ADRENAL CATECHOLAMINES BY FUSARIC ACID. 209.2
S. ’

K. Racz*, N.T. Buu, 0. Kuchel*, and S. Tenneson* (SPON:

Gauthier), CIinical Research Institute of
Montreal, Quebec H2W 1R7, Canada.

There are considerable discrepancies in estimates of
catecholamine (CA) turnover based on studies utilizing dif-
ferent CA biosynthetic enzyme inhibitors. Since the con-
flicting data may be in part related to pharmacological
properties of these drugs other than enzyme inhibition, we
studied the effect of fusaric acid, an inhibitor of dopami-
ne-g-hydroxylase on adrenal and peripheral CA content of the

Montreal,

Wistar-Kyoto rats receiving fusaric acid (single intra-
peritoneal dose, 100 mg/kg body weight) were killed at 0,
30, 60 and 120 min after the treatment and the CA content of
peripheral tissues was measured by reverse-phase high per-
formance liquid chromatography. The fusaric acid treatment
resulted in a progressive decline of adrenal epinephrine (E)
and norepinephrine (NE) and an increase of adrenal dopamine
(DA); the kidney and heart NE and DA contents were affected
in a pattern similar to that of the adrenals. In contrast,
we found marked increases of E in the kidneys and heart with
a maximum response at 120 min, when kidney E increased from
7 + 3 to 54 + 13 pmol/kidney and heart E in both atrium and
ventricle rose from 17 + 2 to 78 + 11 and from 38 + 3 to 256
+ 46 pmol/organ, respectively. In addition, a large increa-
se of E but not of NE and DA was found in the plasma of trea-
ted rats. Fusaric acid-treated bilaterally adrenalectomized
rats did not exhibit any increase in plasma, heart and kid-
neys E concentrations.

The results suggest that fusaric acid stimulates adrenal
E release in vivo, resulting in large increases of E in
peripheral Tissues and plasma. The decline in the adrenal E
content in the adrenals is thus not only due to its decrea-
sed synthesis but also increased release. The mechanism of
this potent adrenal E releasing action of fusaric acid re-
mains unknown. (Supported by the Canadian Heart Foundation
and the Medical Research Council of Canada).

CATECHOLAMINE RELEASE TO HEMORRHAGE: EFFECT OF PRIOR BLOOD
LOSS. D.A. Berelter, A.M. Zald* and D.S. Gann. Brown Univ./
Rl Hosplital, Div.Biol.& Med.,Providence, R.l. 02902

The reflex release of adrenal catecholamines(CA) during
hemorrhage(H) requires Innervation, Is sensitive to the rate
and magn!tude of H and responds simllarly to repeated H pro-
vided the duration of the hypovolemic pertod Is brief(3min).
In contrast, Increasing the duration of the Initlal hypovo-
lemic pertod to 20min markedly potentiates the CA response
to a subsequent H sustalned 90mIn later. To assess the ef-
fect of prior H on H-Induced CA release, adult cats were an-
esthetized with chloralose/urethane and sustalned 2 H
perfods 90min apart. Catheters were placed In the aorta(MAP,
HR monitor), femoral artery(H), femoral veln(blood samples)
and In the brachlal veln(infusions). All surglical prepara-
tion was complete by 2h prlor to the Initlal H perlod. Re-
sponses to 20fH(determined by dye dilution, blood removed
over 2min, returned to the animal after 20min) were compared
In 3 groups of cats: a)inlttal perlod of 0%(time controls)
followed 90min later by 20%H, b)initial period of 10%H fol-
lowed by 20%H, and c)initial pertod of 20%H followed by 20%
H. Blood samples were taken every 2min for the duration of
each 20min experimental perlod and extracted plasma was as-
sayed for CA's by HPLC with electrochemical detection. Re-
sults Include:1)a marked Increase In NE(>4ng/ml)during 20% H
when preceded by 20%H, but only a siight response to 20%H
(<1ng/m!) when preceded by 0fH or 10% H, 2)a marked Increase
In E(>0.9 ng/ml) to 20%H when preceded by 20%H, but only a
slight response(<0.1ng/mi)to 20%H If preceded by 0%H or 10%
H, 3)no signiflicant Increase In DA to 20%H In any group, 4)
the total decrease and spontaneous recovery of MAP during
20%H was equal In the 3 groups and could not account for the
apparent potentiation of the CA response. These data Indi-
cate that the magntitude of the Inlitial H critically deter-
mines the CA response to a subsequent H. The potentiation of
H-evoked NE and E release to 20%H !s not the result of al-
tered cardlovascular responsi{veness nor of elevated CA base-
Ilnes prlor to the onset of the second 20%H. It Is not yet
known !f H-evoked potentialon of CA release by prior H Is
the result of altered neural Input to the adrenal or the re-
sult of an Increase In some clrculating humoral factor.
Quantitative assessment of H as a stimulus for CA release
requires adequate knowledge of the magnitude(% of blood
volume), rate and duration of H. In experimental designs of
repeated H the prior stimulus history of the gland must also
be considered. Supported by NIH Grants AM-26831 & GM-27946.

209.4

ADRENAL CATECHOLAMINE RELEASE POTENTIATION BY NALOXONE
DURING HEMORRHAGIC SHOCK. M. Bouvier and J. de Champlain.
Centre de recherche en sciences neurologiques, Dept. de phy-
siologie, Université de Montréal, Montréal, Canada, H3C 3T8.
Naloxone has been shown to increase mean arterial pressure
(MAP) during hemorrhagic shock (HS). On the other hand the
systemic administration of opiate receptor antagonist has
been reported to be without effect on basal MAP. The mech-
anism whereby naloxone improves the blood pressure restau-
ration in hemorrhagic hypotensive animals remains obscure.
The present study was designed to evaluate the possible
contribution of the sympatho-adrenal system to the pressive
action of naloxone. The effects of naloxone (200 ug/kg) on
MAP, heart rate (HR) and circulating catecholamines (CA)
have been studied in control chloralose anesthetized rats
and in rats submitted to a severe hemorrhagic hypotension.
The withdrawal of blood to reach a MAP of 50 mmHg for
60 min induced a 6-fold increase in circulating epinephrine
(E) but caused only a slight increase in plasma norepineph-
rine levels. Bilateral adrenalectomy performed 48 hours
prior to evaluation abolished the E increase and greatly
potentiated the plasma NE augmentation caused by HS con-
firming the importance of the adrenal medullary secretion
during HS in intact animals. Hemorrhagic hypotension was
also accompanied by a significant bradycardia which can be
completely abolished by vagotomy. Naloxone given to control
animals was without effects on all the parameters studied.
In hemorrhagic rats however naloxone induced a significant
augmentation in MAP and HR associated to an increase in
plasma NE and E concentrations whereas saline injection did
not significantly alter those parameters. Plasma E concen-
tration which was already increased by the HS reached
500 + 89 pg/ml as compared to 150 % 71 pg/ml before naloxone
administration (p < 0.01). The NE potentiation was smaller
however and plasma levels raised from 136 + 23 pg/ml before
naloxone to 222 + 14 pg/ml following the opiates blocker
injection. The blood pressure increase and tachycardia
induced by naloxone in hypotensive animals therefore appears
to be related to an increased adrenal catecholamine release.
This possibility is consistant with several observations
suggesting that opiate peptides co-stored with CA in chro-
maffin cells diminish the adrenal release of CA. Whether
the effect of naloxone on adrenal secretion is mediated
through specific opiate receptors on chromaffin cells or
through central or less specific mechanism remained to be
clarified. Supported by Medical Research Council of Canada
and Quebec Heart Foundation.

SYMPATHETIC ACTIVATION OF ADRENAL ENKEPHALIN AND CATECHO-
LAMINE SECRETION AFTER HEMORRHAGE IN AWAKE DOGS. W.C.
Engeland*, D.F. Berelter* and D.S. Gann. Brown Unliv/ RI

Hospital, Dlv.Bloi.& Med., Providence, R.!. 02902,

The oplate-)lke peptides, methionine and leucline enke-
phalin(M=-Enk,L-Enk), are co-stored wlth adrenal catechola-
mines. However, the In vivo regulation of adrenal medul-
lary secretlion of enkephallns(Enk) has not been studled in
awake anlimals. To determine If the adrenal Enk response to
hemorrhage(H) varles with the magnitude of H, tralned
awake dogs(n=5) prepared with adrenal veln cannula 48h
prior to experimentation, were bled 10 or 20% of blood vo-
lume(BV;measured by dye dllutfon) over 3min. Adrenal ve-
nous samples were collected prior to and for 30min after
H. Plasma was extracted using Sep-Pak columns and M-Enk
and L-Enk were measured by RIA. Secretory rates(M-Enk,
L-Enk) were calculated as plasma concentration x adrenal
plasma flow. Basal M-Enk was 600-850pg/min, with no change
after 10%H. However, M-Enk Increased(p<0.01) after 20%H,
with a peak of 3500pg/min at 30min. The response to 20%H
was greater(p<0.01) than to 10%H. Basal L-Enk was 350-400
pg/min; L-Enk Increased(p<0.01) after20%H, with a peak of
2000pg/min at 30min. The ratlo of M-EnK to L-Enk varled
from 2.5-4.0, with no change after H. To examine the rela-
tlonship between M-Enk and eplinephrine seretion (E), adre-
nal plasma E was measured using HPLC with electrochemicaj
detection. Cross correlations(r) between M-Enk and E were
computed on each of 13 experiments. In 12 of 13 there was
a maximum positive correlation at a Omin delay (p<0.01),
with r ranging from 0.46-0.97(mean,0.82). To establish If
simtlar control mechanisms exist for adrenal Enk nd E, the
effect of adrenal sympathectomy was studied. Two weeks
following untlateral lumbar sympathectomy and splanchic
nerve cut, awake dogs(n=5) with bllateral adrenal vein
cannula were bled 20% of BV. Results showed that adrenal
denervatlion lowered(p<0.01) basal M-Enk and E and blocked
t+he M-Enk and E response to H. These studles show In awake
dogs that: adrenal Enk Increases after moderate H; the re-
sponse to H Increases with magnitude of H; both M-Enk and
L-Enk contribute to the response; adrenal secretion of Enk
Is highly correlated and synchronous with the secretion of
E; and sympathetic adrenal denervation blocks the adrenaj
E and Enk response to H. These findings suggest that In
awake animals adrenal Enk and E are regulated by the same
control mechanisms. Supported by NIH GM-27946.
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ACTJVATION OF THE ADRENAL MEDULLA BY CELL BODIES IN THE
LOCUS COERULEUS OF THE CAT. P.J. Goadsby* (SPON:
D.Rapaport). Div. of Neurol., Dept. of Med., The Prince
Henry Hospital, Little Bay. 2036. Australia.

The locus coeruleus of 40 cats was electrically and
chemically (l-glutamate) stimulated while both common
carotid arterial resistance and catecholamine release
from the adrenal medulla were measured. Stimulation lead
to generalized activation of the sympathetic nervous sys-
tem characterized by an immediate pressor response which
was followed in the post-stimulus period by an increase
of 49+10% and 44+6% in common carotid arterial resistance
ipsilateral and contralateral to stimulation respec-
tively. This later response was not affected by vagotomy
or bilateral cervical sympathectomy but was blocked by
high spinal cord section. The post-stimulus carotid
vasoconstrictor response could be entirely eliminated by
acute bilateral physiological adrenalectomy in the form
of adrenal hilar clamping, an effect which was reversible
if the clamps were removed. The carotid vasoconstrictor
response was associated with a rise in the circulating
level of noradrenaline (260%) and adrenaline (196%),
which was prevented by clamping the adrenal hilum. This
response was not mediated via the hypothalamus because it
persisted in the decerebrate animal, nor was it merely
excitation of fibres of passage since it was reproduced
by microinjection of l-glutamate into the locus coeru-
leus. The response was blocked by phentolamine suggest-
ing it is mediated by alpha adrenoceptors. These data
represent the first conclusive demonstration that cell
bodies in the brainstem are capable of activating the
adrenal medulla. This fact is central to our present
concept of the organization of the sympatho-adrenal axis.

FETAL ADRENAL CORTEX STIMULATES MEDULLARY CATECHOLAMINE (CA)
RELEASE-MEDIATION BY VIP. C.Y. CHEUNG, M. MALTO* AND M.A.
HOLZWARTH. DIV. PERINATAL BIOL, LOMA LINDA UNIV, LOMA LINDA,
CA 92350; DEPT ANAT. SCI. UNIV. ILLINOIS, URBANA, IL 61801

In the ovine fetus, circulating CA plays a major role in
the control of cardiovascular dynamics. The release of CA
from the adrenal medulla, the primary source of circulating
CA in the ovine fetus, is subjected to regulation by the
adrenal cortex. The purpose of the present study was to in-
vestigate the adrenal cortical factors involved in the stim-
ulation of medullary CA release in the fetus. Adrenal glands
from ovine fetuses of 135 days gestation were obtained, the
adrenal cortex was separated from the medulla, and each tis-
sue was separately dispersed into single cells using 0.05%
collagenase. The cortical and medullary cells were indepen-
dently plated in Krebs-Henseleit medium containing 0.5% BSA,
and incubated at 39.5°C in a humidified atmosphere of 95%
air and 5% CO,. Following plating, the cortical cells were
incubated for 2 h and the medium was collected and tested
for CA stimulatory activity. To test for CA stimulatory act-
ivity, medullary cells were treated with the 2-h adrenal
cortical cell medium (ACM) and the concentrations of the 3
CA's-dopamine (DA), norepinephrine (NE) and epinephrine
(EP1)-released were measured at 3, 6, and 24 h using a rad-
ioenzymatic assay. Total CA release was greatly enhanced by
13, 9 and 7 folds at 3, 6 and 24 h, resp. in the presence of
ACM. The stimulation of total CA was constituted by signifi-
cant increases of DA, NE and EPI. Following ether extraction
of ACM to remove steroids, CA stimulatory activity remained,
while little CA stimulatory activity was demonstrated in the
ether extract. Acidic extract of ACM contained 93% of the
activity which could be destroyed by protease digestion,
suggesting that the responsible factor was peptide in na-
ture. With the recent localization of vasoactive intestinal
polypeptide (VIP) in adult rat adrenal cortex, fetal cortex
was studied for the presence of VIP using PAP immunocyto-
chemical method. VIP-immunoreactivity was observed in abun-
dance in fine varicose fibers which ran among groups of glo-
merulosa cells and radially among fasciculata-reticularis
cells. The immunoreative fibers were distributed throughout
the entire thickness of the cortex. In addition, VIP sig-
nificantly stimulated total CA release from medullary cells
by 100% and 126% at 6 and 24 h, resp. The results suggest
that fetal adrenal cortex contains high concentrations of
VIP which can enhance CA release from the medulla. Thus,
fetal adrenal cortex may exert major influence on medullary
CA secretion through the release of VIP.

209.6 ARE TYROSINE HYDROXYLASE AND PHENYLETHANOLAMINE-N-METHYL

209.8

TRANSFERASE SELECTIVELY RETAINED IN DIGITONIN-TREATED
ADRENAL MEDULLARY CHROMAFFIN CELLS? Katrina L. Kelner,
Kyoji Morita*, Jon Rossen*, and Harvey B. Pollard. Lab of
Cell Biology and Genetics, NIADDK, NIH, Bethesda, Md. 20205

Several reports have suggested that two of the enzymes
involved in catecholamine biosynthesis, tyrosine hydroxylase
(TH) and phenylethanolamine N-methyl transferase (PNMT),
classically considered to be soluble proteins, may actually
be localized on the surface of the chromaffin granule.
Treatment of cultured bovine adrenal chromaffin cells with
the detergent, digitonin, selectively permeabilizes the
plasma membrane (Wilson and Kirschner, 1983; Dunn and Holz,
1983) and allows direct access to the cytoplasmic compart-
ment. We have used digitonin-treated chromaffin cells to
investigate the subcellular localization of TH, PNMT and
dopamine B-hydroxylase (DBH), which is localized in the
granules, by examining their extracellular appearance over
time at two digitonin concentrations in the absence of
calcium. Treatgent of cultured chromaffin cells with 40 uM
digitonin at 37 °C for times up to 30 min caused the rapid
extracellular appearance of a fraction of the cellular TH,
PNMT, lactate dehydrogenase (LDH) and total soluble protein.
Proteins of unknown function quantitated by SDS-PAGE and
densitometry also appeared rapidly. DBH, epinephrine and
norepinephrine remained in the cell, reflecting the invulner-
ability of the chromaffin granule to digitonin. In contrast,
treatment of the cells with 10 uM digitonin at 37 C for
times up to 30 min only caused the rapid extracellular
appearance of a fraction of LDH, total soluble protein and
proteins quantitated by SDS-PAGE and densitometry. PNMT and
TH appeared in the extracellular medium at a considerably
slower rate than the other proteins. As with the 40 uM
treatment, DBH and the catecholamines were not released. A
digitonin titration revealed that, as had been indicated by
the time course experiments, only a fraction of each protein
could be released from the cell by digitonin: soluble
protein (40%), LDH (70%), PNMT (55%), TH (90%). In summary,
TH and PNMT are selectively retained by cells treated with
10 uM digitonin, suggesting that there may be an interaction
between these enzymes and a subcellular structure, possibly
the chromaffin granule membrane. Additionally, digitonin-
treatment allows release of only a fraction of any given
protein. The nature of the digitonin-insensitive pool is
unknown.

ANALYSIS OF CATECHOLAMINE BIOSYNTHESIS IN CULTURED ADRENAL
MEDULLARY CHROMAFFIN CELLS BY HPLC: INFLUENCES OF SECRE-
TAGOGUES ON BIOSYNTHETIC RATE AND RELEASE. Robert A. Levine,
Katrina L. Kelner, and Harvey B. Pollard. Lab of Cell
Biology and Genetics, NIADDK, NIH, Bethesda, Md. 20205

Cultured adrenal chromaffin cells provide an excellent
system for investigating regulation of catecholamine bio-
synthesis and release. To this end, we have developed an
HPLC reverse-phase system to separate tyrosine, the cate-
cholamines (dopa, dopamine, norepinephrine, epinephrine) and
their major metabolites (DOPAC, HVA, normetanephrine, VMA,
metanephrine, and DOPEG). Fluorescence detection (Perkin-
Elmer LS-4) for unlabelled compounds minimized baseline
variations and allowed the use of gradient elution. Mobile
phase (10 mM phosphate, 10 mM TCA, 0.02% SDS) containing 5%
acetonitrile was run for 15 min followed by a 15 min gradient
to 20% acetonitrile. An in-line radioactivity detector
(Radiomatic H-S Flo-One) after the fluorometer was used to
monitor the incorporation of radioactivity into each inter-
mediate from radiolabelled tyrosine. 14

Incubation of cultured chromaffin cells with 20 uM ~'C-
tyrosine for various times up to 2 h established a basal
synthetic rate for each intermediate. Treatment of the
cells with a battery of secretogogues, including nicotine,
high potassium, veratridine and oubain caused increases in
the biosynthetic rates of the catecholamines that varied in
magnitude among the compounds tested. In addition, the
tested secretagogues varied in the specificity of their
released products, suggesting differences in their mech-
anisms of release. In summary, we have developed an HPLC
system for separation and quantitation of catecholamines
with which we can analyze the complete catecholamine bio-
synthetic pathway in adrenal chromaffin cells. This system
has been used to analyze the effects of various secretagogues
on biosynthetic rates and released catecholamines.
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POTASSIUM AND NICOTINE STIMULATED CATECHOLAMINE RELEASE FROM
CULTURED CHROMAFFIN CELLS ARE MEDIATED BY TWO DIFFERENT
MODES OF CALCIUM FLUX. E. Heldman*, M.A. Levine* K. Morita*,

H.B. Pollard, Laboratory of Cell Biology and Genetics,
NIADDK, N.I.H., Bethesda, Md. 20205

In adrenal medulla the rate of catecholamine release
decreases with continuous stimulation. We explored this
phenomenon using cultured bovine chromaffin cells stimulated
with several secretagogues. As expected, the rate of K (50
mM) and nicotine (62 uM)-stimulated catecholamine secretion
rapidly decreased during continuous stimulation. In con-
trast, veratridine (20 uM)-incuced release was prolonged and
resulted in greater+depletion >f cell catecholamines. Thus,
under nicotine or K stimulatisn, the rapid decrease in
catecholamine release was not due simply to depletion of a
re;iasable pool. We then examined catecholamine release and
Ca " entry during sequential stimulations. During the second
step of a repetitive K stimulation, the amount of catechola-
mine released waizdramatically decreased. However, when
extracellular Ca was omitted or LaCl, (2 mM) added to the
medium in the first step stimulation, Catecholamine release
was not decrg sed during the second step. These data indi-
cate that Ca entry must occur to produce decreaied release
in a subsequent K stimulation. Ip,contrast to K stimula-
tion, omission of extracellular Ca during a first step of
nicotine stimulation still resilted in decreased release
during a second step with nicotvine, indicating that desensi-
tization of the cholinergic re :eptor yas BEobably responsi-
ble for the decreased relegse. When Ca influx was
measured during a i}ngle K stimulation, we observed a rapid
inactivation of Ca entry wit: a rate that y3s nearly
identical to that of decreasin. release. Ca influx iuring
nicotine stimulation did not ialactivate a subsequent K
inggced release and only parti:lly inactivated K induced
Ca influx. These data igdic&te that the inactivation of
Ca channels requires Ca en:ry via the subsequg tly
inactivated channels and that aicotine induces Ca entry
via a different+ oute than K . The existence of at least
two sites of Ca entry was also suggested by experiments
with hyperosomotic media. We -“oygd that elevated osmotic
strength dg ressed K induced :a influx but not nicotine
ini&ced Ca influx. We conclide that the two independent
Ca channels are inactivated by separate mechanisms. One
population of chapgels, is act vated by voltage changes, and
inactivated by Ca itself. The other population is acti-
vated by nicotinic agonists anc indirectly inactivated by
desensitization of the recepto: .

ASCORBIC ACID REGULATION OF NOREPINEPHRINE BIOSYNTHESIS IN
ISOLATED CHROMAFFIN GRANULES FROM BOVINE ADRENAL MEDULLA.
K. Morita*, M. Levine*, and H. Pollard (Spon: D. Bergstrom).
Lab of Cell Biology and Genetics, NIADDK, NIH, Bethesda, Md.
20205

Ascorbic acid is the optimai electron donor for isolated
dopamine beta hydroxylase, but the importance of this obser-
vation to dopamine beta hydrox:lase function in chromaffin
granules has been open to question. To investigate this
problem, we studied the influence of ascorbic acid on syn-
thesis of norepinephrine from copamine in isolated bovine
chromaffin granules. Chromaffin granules incubated with
("H) dopamine and Mg-ATP were,able to transport the cate-
cholamine and to synthesize (“h) norepinephrine. With the
addition of.ascorbic acid, chromaffin granules doubled the
amount of (;H) norepinephrine biosynthesis as compared to
control. ("H) dopamine found in the same granules in the
presence of agcorbic acid was slightly less than control,
while total (“H) catecholamine was identical under both
conditions. Since dopamine beta hydroxylase is located
within granules, we then investigated ascorbic acid uptake.
Ascorbic acid was found to not be transported at all into
chromaffin granules, in the presence of Mg-ATP and in the
presgpce or absence of (“H) dopamine, and as measured both
by (T°C) ascorbic acid uptake or directly by HPLC. Despite
lack of ascorbic acid uptake, ascorbic acid increased nor-
epinephrine biosynthesis in chromaffin granules under many
conditions. Enhancement occurred at all concentrations of
Mg-ATP between 0.25 mM and 5.0 mM, although the optimal Mg-
ATP concentration §ppeared to be 2.5 mM. Likewise, ascorbic
acid doubled new ("H) norepinepnrine biosynthesis whether
external (“H) dopamine concentration was 20 uM, 50 uM, or
100 pM. The ascorbic acid effect was evident at concentra-
tions as low as 200 uM external ascorbate, and the optimal
concentration was 2 mM, a concentration nearly identical to
that previously found by us in ‘hromaffin cells. Ascorbic
acid enhancement of norepinephrine biosynthesis could not be
duplicated by other reducing agents such as NADH, gluta-
thione, homocysteine, or thiourea. We conclude that as-
corbic acid specifically enhances norepinephrine bio-
synthesis from dopamine in isolited chromaffin granules,
without uptake of ascorbic acid Our results strongly
suggest the existence of an ele:tron transport system across
the chromaffin granule membrane

209.10

209.12

TRANSFORMATION OF CHROMAFFIN CELL TO PC12 CELLS INVOLVES
SIMULTANEOUS PHENOTYPIC CHANGES IN MONOAMINE OXIDASE
ACTIVITY AND TYRAMINE RELEASABLE POOLS OF NOREPINEPHRINE.
M.B.H. Youdim*, H.B. Pollard and E. Heldman*. (Spon:
N. Bernick). Lab. of Cell Biology and Genetics, NIADDK,
NIH, Bethesda, Md. 20205

Monoamine oxidase (MAO) inhibitors have little effect on
the metabolism of nonepinephrine (NE) in the bovine adrenal
gland in spite of the substantial MAO activity present in
the medulla. Adrenal medulla MAO activity have been
differentiated into both A and B forms. The A form pre-
ferentially deaminates NE and serotonin while the B form
deaminates non-hydroxylated amines (e.g. phenylethylamine).
Dopamine and tyramine are substrates for both enzyme forms.
The isolated chromaffin cells (CC) are able to metabolize
monoamines by a process of uptake, deamination, and storage.
Its MAO activity, however, is entirely type B (Youdim et al.
Science, 1984 in press), thus explaining the lack of NE
metabolism in these cells. The presence of MAO-B in CC with
poor affinity for NE and the lack of effect of MAO inhibitors
on its NE content, are compatible with the physiology of the
cell to synthesize and store large amount of catecholamines.
It is paradoxical that while sympathetic neurons and adrenal
medullary chromaffin cells originate from the neural crest,
their MAO activities appears to be distinctly different,
since nerve endings contain primarily MAO-A. As a possible
window into the relationships between these two cell types,
adrenal-chromaffin cell-derived PCl2 has been observed to
have properties shared by both. PCl2 cells have a close
resemblance to NE nerve endings, because MAO inhibitors do
elevate its cytoplasmic catecholamine levels. Therefore, we
examined MAO activity in PC12 cells and found that it was
exclusively of the A type, very much like that of the nerve
endings. This may indicate nerve ending-like properties of
PCl2 cells, jn as much as PCl2 cells loaded over a 15 min
period with "H-NE released up to 87 of total labelled mate-
rial when stimulated with 1 mM tyramine. By comparison 50
mM KCl released twice as much. The additive effects of
tyramine and KCl induced release would indicate the exist-—
ance of two separate pools for NE, presumably a cytosolic
and,secretory granule. In contrast, CC released virtually
no "H-NE even upto 1 mM tyramine, in spite of a substantial
KCl (50 mM) induced release. We therefore suggest that since
PC12 is derived from CC the genes that control MAO-type and
tyramine-susceptibility may be linked and their coincident
expression related to the transformation of the CC.

SEROTONIN UPTAKE BY ADRENAL MEDULLARY CELLS. M.Holzwarth
and C.Sawetawan*. Dept. Anatomical Sciences, Univ. of IL,
Urbana, IL 61801.

Serotonin-like immunoreactivity has been previously ident-
ified in medullary cells of the rat adrenal gland using im-
munocytochemistry. Double labelling immunocytochemical ex-
periments lead to the conclusion that serotonin and epineph-
rine are found in the same cells. The immunostaining of
these cells is modifiable with various pharmacological agents
known to affect serotonin (5-HT) content of serotonergic
neurons: p-chlorophenylalanine (synthesis inhibitor) and
reserpine (monoamine depleter) treatment reduced 5-HT immuno-
staining, L-tryptophan (precursor) and pargyline (MAO-inhib-
itor) augmented immunostaining and p-chloroamphetamine (5-HT
releaser) decreased immunostaining.

In order to further evaluate the physiological signifi-
cance of adrenal medullary 5HT-immunoreactivity, the uptake
characteristics of 5-HT and its precursors, 5-hydroxytrypto-
phan and L-tryptophan, have been investigated. 5-HT uptake
was first demonstrated with immunocytochemistry of adrenals
which had been rreviously depleged of 5-HT stores with reser-
pine; when incubated with 1x107° M 5-HT, augmented immuno-
staining was observed. Uptake was further investigated by
incubation of quartered adrenals in Krebs-bicarbonate buffer
containing 1.2x10-7 M 3H-5-HT at 37 C. The amount of radio-
active amine taken up was determined by scintillation count-
ing of solubilized adrenals or of perchloric acid extracts
of homogenates. Adrenals continued to take up 5-HT for at
least 60 min with the greatest rate of uptake occurring
during the first 15 min. Reserpine pretreatment had no signif-
icant effect on the amount or rate of uptake. The uptake
was verified by measuring 3H-5-HT uptake in the presence of
increasing concentrations of unlabelled 5-HT (10-8 to 10-4 M),
To ascertain non-specific uptake adrenals were incubated at
4 C; uptake was reduced by at least 80%. Specificity of up-
take was determined by isotope dilution experiments and by
addition of 1x10-5 M fluoxitine (uptake inhibitor) which re-
duced uptake to 33% of controls. Cellular localization of
3H-5-HT has been verified with autoradiography. Significant
uptake of 3H-5-hydroxytryptophan has also been demonstrated.
These results provide evidence for the presence of a
specific serotonin uptake mechanism in the adrenal medulla
of the rat.



SATURDAY PM ADRENAL MEDULLA 723

209.13 INCORPORATION OF *°S AND *2P FROM LABELLED NUCLEOTIDES INTO 0914 CHARACTERIZATION OF ADRENAL MEDULLA HOMOGENATES.  S.W.
SAPONIN-SKINNED  CHROMAFFIN CELLS. J.C. Brooks and Carmichael, G.L. Pfeiffer,* D.R. Studelska* and W.S.
M. Brooks*. Marquette University School of Dentistry, Brimijoin. Section of Anatomy and Department of
Milwaukee, WI 53233, Pharmacology. Mayo Clinic, Rochester, MN 55905.

We  have prev1ously demonstrated a calcium enhanced This study is the first phase of our attempt to isolate
incorporation of *5S from the nucleotide ATP S into saponin- mitochondria~chromaffin vesicle complexes that have been
skinned, cultured chromaffin cells. The rationale for use of identified in vivo (Carmichael and Smith, Cell Tiss. Res.
this nucleotide was that cellular kinases can use it for 191:421-432, 1978). We have characterized homogenates of
thiophosphorylation of proteins  while the resultant the adrenal medulla by biochemical and morphological cri-
thiophosphoproteins are resistant to dethiophosphorylation teria and will later report on a fraction enriched in
by cellular phosphatases. Thus it should be possible to lock mitochondria-chromaffin vesicle complexes. Fresh bovine
cellular phosphorylation-dependent reactions in the thiophos- adrenal medullas were gently homogenized in a TCS Con-
phorylated state and determine their relationship to the tinuous Tissue Homogenizer. The supernatant from a 800xg
secretory process. When skinned cells were incubated for 5- 10 min centrifugation was spun at 15,000xg for 15 min.
30 min with tracer concentrations of [°°S)ATPYS, the label This pellet was resuspended in buffered sucrose and mixed
appeared primarily in two proteins, designated as Protein-I into a solution of 60% Percoll and 0.28M sucrose. The
(MW= 54,000 daltons) and Protein-II (MW= 43,000 daltons). mixture was spun at 42,000xg for 80 min, allowing for
Protein-1 was more heavily thiophosphorylated in control formation of the Percoll gradient and separation of organ-
cells and Protein-II was more heavily thiophosphorylated in elles based on buoyant density. Fractions were analyzed
the calcium stimulated cells. Neither protein was for monoamine oxidase (MAO, marker of the outer mito-
thiophosphorylated in intact cells; a series of other, chondrial membranes), dopamine R-hydroxylase (D8H) and
higher molecular weight proteins incorporated label in catecholamines (markers for chromaffin vesicles), and pro-
stimulated intact cells. tein. The same fractions were also examined by routine

In parallel  experiments with [SZP]AT YP, label was transmission electron microscopy (TEM), negative stain
incorporated into Proteins-I and II of skinned cells as well TEM of smears, and scanning electron microscopy (SEM) of
as a number of other proteins. However, the major difference filtrates. Based on particle size, mitochondria and
was a much lower total incorporation into the stimulated chromaffin vesicles could be identified by negative stain
cells compared to the unstimulated controls. This was not and SEM. Also, Percoll particles (20nm) could be seen by
due to protein loss from the stimulated cells, which negative stain. DRH peaks were found in the lightest frac-
actually contained significantly more protein than tions and presumed to be soluble contents of lysed vesicles.
unstimulated cells at the end of the usual 30 min. Intact vesicles were in a fraction heavier than mito-
incubation period. chondria as shown by their association with epinephrine

Thiophosphorylation causes both the abolition of and norepinephrine. The fractions were assayed for
secretion in skinned cells and the incorporation of membrane-bound DBH after subjecting the vesicles to freeze-
thiophosphate into specific cellular proteins. In contrast, thawing and sonication in a hypotonic buffer, high-speed
several other proteins were predominantely phosphorylated centrifugation, and resuspension in a Triton-containing
when ATP was used as the substrate for secretion. Thus buffer. This DRH peak correlated with the catecholamine
Proteins-I and Il appear to have a direct role in the peak. Mitochondria were in a fraction containing the
secretory process, while several others do not. Since the highest protein concentration. The MAO activity of both the
labelled nucleotides were present in tracer quantities, the medulla and the cortex appeared to be both Type A and B, as
greater phosphorylation of control cells than stimulated evidenced by studies with selective inhibitors. The exami-
cells probably reflects the rate of turnover of labelled nation of fractions by TEM confirmed the findings with
phosphate from phosphoproteins. markers. Mitochondria-chromaffin vesicle complexes could be

Supported in part by NSF grant BNS8304 154. identified in fractions at the MAO-DRH interface. This work

was supported by NIMH37937 and Mayo Foundation.
NEURAL CONTROL OF IMMUNE SYSTEM
210.1 NODOSE AND SUPERIOR CERVICAL GANGLTA PROJECTIONS TO THE RAT 210.2 PRIOR EXPOSURE OF RATS TO ESCAPABLE SHOCKS REDUCES THE

THYMUS GLAND. K.Bulloch, E.Roth* and M.R. Cullen.* (SPON:
T. Melnechuk) Dept. of Neuro., Div. of Neuroimmunol. Sch.
of Med. S.U.N.Y. Stony Brook, N.Y. 11794.

The thymus is innervated by fibers of the ANS.Horseradish
peroxidase (HRP) histochemical studies revealed that part
of the source of this innervation is derived from the brain-
stem's n. ambiguus, n. retrofacial and from three discrete
cell columns in the ventral horn of the cervical spinal cord.
To further characterize thymic innervation, an HRP study was
undertaken to determine if the superior cervical and nodose
ganglia projected to the rat thymus. HRP (5ul) was injected
via a Hamilton microliter syringe into both thymic lobes of
six-week-old Sprague Dawley rats. The rats were perfused 24
hours post-injection and the nodose and superior cervical
ganglia were removed, frozen and cut seriaily 36 um thick.
The tissue was processed for TMB retrograde transport re-
action. Control rats received HRP injections into the pec-
toral muscles ventral to the thymus. Injections of HRP into
the left and right thymic lobes produced labeling of neurons
in the ipsilateral nodose and superior cervical ganglia. In
the nodose ganglia large neurons (40 um) were labeled with
HRP in the area immediately adjacent to where the superior
laryngeal nerve joins the ganglia. In the superior cervical
ganglia labeled neurons were observed within two areas. One
group of small labeled neurons (24 um) was evident in the
caudal pole of the ganglia, whereas a group of medium size
neurons (32 um) was labeled in the mid-region of the ganglia.
Control HRP injections yielded no labeled cells in either the
nodose or superior cervical ganglia. The mammalian nodose
ganglia are sensory ganglia whose axons run within the vagus
nerve to provide sensory information from visceral receptors
to special centers within the brain. The presence of such
nerves within the thymus clearly demonstrates the ability
of this primary immune system organ to directly communicate
via neuroanatomical pathways with discrete regions of the
central nervous system. The superior cervical ganglia are
the primary ganglia of the sympathetic chain and are thought
to provide vasoglandular sympathetic innervation to tissues
of the head or neck e.g. pineal. Taken collectively these
findings add valuable new information about the types of in-
nervation that participate in thymic innervation and furthers
our basic understanding of the complex pathways of neuro-
immune integration.
(supported by NIH Grant #NS18401)

TMMUNOSUPPRESSIVE EFFECTS OF INESCAPABLE SHOCKS. J. E.
Kelsey and A. C. McGrath.* Dept. Psychology, Bates Cgllege,
Lewiston, ME 04240,

Recent research has demonstrated that exposure to uncon-
trollable, but not controllable, stressors can enhance
susceptibility to diseases, including cancer, by suppressing
the function of the immune system. Based on findings that
prior exposure to controllable stressors can reduce some of
the behavioral effects of uncontrollable stressors (e.g.,
learned helplessness), the intent of this study was to de-
termine if prior exposure to escapable shocks in rats would
reduce the immunosuppressive effects of subsequent inescap-
able shocks.

During the initial session, rats were placed in groups
of three in wheel-turn chambers. Rats in the escapable
shock group were allowed to escape 80 tail shocks (1.0 mA),
delivered on a VT 60~sec schedule, by turning a wheel at the
front of the chamber. Rats in the inescapable shock group
were yoked to rats in the escapable shock group and received
tail shocks whenever the latter group did. Wheel-turning
by rats in the inescapable shock group had no effect on the
amount of shock received. Rats in the third group served
as unshocked controls. Two days later, the rats in the
escapable and inescapable shock groups received 80 5-sec
inescapable tail-shocks delivered on a VT 60-sec schedule
in the same chambers. Rats in the control group were again
unshocked. One day later, all rats were exposed to five 5-
sec "reminder' footshocks (0.8 mA), and the function of
their immune system was then assessed by measuring the pro-
liferation of splenic lymphocytes in response to the T-cell
mitogen concanavalin A (Con A).

As expected, exposure to two session of inescapable
shocks caused a significant reduction in mitogen-stimulated
lymphocyte proliferation. More important, prior exposure
to escapable shocks completely eliminated the immunosup-
pressive effects of the inescapable shocks. Furthermore,
this "immunizing' effect of prior escapable shocks was
evident even when the escapable shocks occurred 21 days
prior to the inescapable shocks and even when the rats were
subsequently exposed to two sessions of inescapable shocks.
These data suggest that prior exposure to controllable
stressors are capable of reducing or eliminating physio-
logical as well as behavioral effects normally produced by
uncontrollable stressors, and indicate that behavioral 'im-
munization' may help maintain physical as well as mental
health.
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EFFECTS OF STRESS ON IMMUNE FUNCTION IN MICE AND RATS.
E. Gamzu, G. Vincent, N. Tare, W. Benjamin, J. Farrar,
and A.C. Sullivan, Hoffmann-La Roche Inc., Nutley, NJ 07110

We have attempted to establish a model of
stress-induced immune suppression (SISS) in order to study
possible drug effects in psychophysiological disorders. The
stressors have ranged from physiological (e.qg.
restraint/shock) to primarily psychological ("learned
helplessness"; LH). Adult male mice were injected with sheep
red blood cells and immediately restrained in a supine
position (Vincent et al., 1984) in a cold (7-9°C) environ-
ment for 3 hr, or exposed to 60 inescapable shocks (1.6 mA,
6 sec). The mice were sacrificed 4 days Jater and the number
of plaque forming cells (PFC) per 10° spleen cells were
counted as a measure of immune function (IF). IF was signif-
icantly reduced in restrained mice (x=180:57) compared to
controls (X=1953:591), but not in the shocked mice. In a
second experiment, mice exposed to 4 daily sessions of 60
shocks from the day of immunization until sacrifice had
lower PFC counts (X=407+478) than control mice (x=1183+293).
When mice were exposed to 3 hr of supine restraint at room
temperature, we were able to demonstrate decreased mitogen
responses to PHA, ConA, LPS, and PWM as well as reduced PFC
(pooled data X=380 vs 1980) and a significant decrease in
thymic weight (x=26.9 vs 47.1 gm). While these effects are
large, we have had considerable difficulty in consistently
reproducing these results despite attempts to control for
strain, temperature, housing, etc.

Rats given access to a running wheel and fed 1 hr each
day develop multiple indices of stress within 4-7 days
(activity stress (AS), Pare and Vincent, 1982), including a
possible SIIS. Exposure of adult male rats to AS for 6 days
significantly reduced thymic weights (x=106.4 vs 276.1 gm)
and decreased the mitogenic response of spleen cells to LPS,
PWM, PHA, and ConA. The third stressor was LH (Laudenslager
et al., 1983) in which adult male rats were exposed to
escapable or an identical pattern and amount of inescapable
shock (64 shocks, 1.0 to 1.6 mA). The psychological stress
of lack of control decreased thymic weight of the inescap-
able group (x=376.2 vs 443.4 gm) and its mitogen response to
LPS and PWM (but not to ConA or PHA). We are currently
assessing the reliability of the LH effect. The immune
system is clearly sensitive to a variety of stressors, but
the response is variable; one possible explanation is that
the SIIS might be an indirect rather than a direct effect of
stress.

NK CELL ACTIVITY, HYPERCORTISOLEMIA AND DEPRESSION.

H.A. Nasrallah, 7Z.K. Ballas®, S. Chapman®. V.A. Medical
Center and Depts. of Psychiatry and Medicine, Universitv
of Iowa College of Medicine, Iowa City, IA.

Corticosteriods have been reported to exert an
inhibitory effect on certain immune responses, such as
lymphocyte number and function. We have previously shown
that depressed patients with hypercortisolemia (indicated
by dexamethasone nonsuppression of cortisol) have
significantly lower lymphocyte number compared to depressed
patients with normal dexamethasone suppression. To examine
the effects of hypercortisolemia on lymphocyte function we
studied the level of Natural Killer (NK) cell activity in
depressed patients with and without dexamethasone
nonsuppression; NK cells are believed to be involved in
tumor surveillance.

62 male patients admitted to an acute psychiatric ward
with major depression (N=41) mania (N=10) and alcoholism
(N=11) consented to participate in the study. Exclusion
criteria included major medical illness, intake of steroids,
analgesics and antiseizure drugs. Dexamethasone testing
was done after collection of blood for the study.
Peripheral blood lymphocytes were obtained by Ficoll-Hvpaque
sedimentation and were examined for the NK cell activity.
We used a standard 4-hour *'chromium release assay to
measure the lytic activity of the NK cells. The target
cells employed were K562 tumor cells.

There were no significant differences in NK cell activity
among the depressed, manic or alcocholic/depressed groups.
No differences emerged between dexamethasone subpressors
and nonsuppressors in the entire sample and within each

up .

The data suggest that NK cell activity is not
significantly altered in depression, mania or alcoholism
with secondary depression, regardless of dexamethasone
status. The implications of these results for immune
function in affective illness are discussed.

2104

210.6

EARLY SOCIAL SEPARATION EXPERIENCES IN INFANT MONKEYS AND ADULT
IMMUNITY.

M.L. Laudenslager, J. Capitanio*, M.L. Reite, and R. Harbeck®,
University of Denver and University of Colorado School of Medicine,
Derver, 00 80208.

Brief separations of infant monkeys fram their mothers have been
shown to be accampanied by disruptions of behavioral, physiological,
and immunological function. We have recently noted long-term
behavioral alterations in adult monkeys triefly separated fram their
mothers es infants with regard to their social interactions with other
monkeys.

In the present study, we examined several aspects of immnological
functioning in nire adult pigtail (M. nemestrina) monkeys, four of whom
experienced a 10-14 day materral and/or peer separation during the
first year of life. On the same day (at ages of 4.4 to 7.7 years)
blood samples were obtained from all animals, and several aspects of
immnity were studied, including measurement of total white blood cell
counts, differential white cell counts, levels of specific
immunoglobulins (IgA, IgG, and IgM), rhematoid factor, and the
lymphocyte proliferative response to mitogens (PHA, ConA, and
pokeweed). At the same time on different days for each rorkey, each
monkey was rapidly removed from its social group, and a blood sample
was obtained for cortisol determination.

For ronstressed animals, we found no differences between groups
with regard to basal cortisol levels, immunoglobulin levels, rheamatoid
factor, total white cell counts, or differential white cell counts.
However, for all three mitogens tested, the previously separated
monkeys showed statistically significant (p<.05) lower lymphocyte
proliferative responses than nonseparated controls. These findings
Suggest that another effect of early social separation in monkeys is an
alteration in the ability of B- and T-cell lymphocytes to undergo
mitogeric transformation. (Supported by USPHS M 37373 and MH 19514).

GLUCOCORTICOID AND IMMUNE FUNCTION IN DEPRESSION: REL ATION
TO THE DEXAMETHASONE SUPPRESSION TEST. G.J. Gormley*, M.T.
Lowy, A.T. Reder*, V.D. Hospelhom*, J.P. Antel*, and H.Y.
MeTtzer. Dept. of Psychiatry, Neurology and Ben May
Caboratory, Univ. Chicago Pritzker Sch. Med., Chicago, IL
60637

Several lines of evidence suggest that glucocorticoid re-
sistance is present in some patients with major depression. We
have developed a protocol utilizing neuroendocrine, bio-
chemical and immunological techniques to assess glucocorticoid
receptor binding and function in lymphocytes of depressed
patients and normal controls following an in vivo dexa-
methasone (DEX) challenge. Serum cortisol leveTs were measur-
ed by RIA, glucocorticoid receptor levels by Controlled Pore
Glass (CPG) bead, assay, and mitogen-induced 1ymphocyte
proliferation by “H-thymidine uptake during a standardized
dexamethasone suppression test (DST). Our results indicate
that suppression of serum cortisol (< 5 ug/dl) following 1 mg
of oral DEX in both depressed and control subjects (N=10) was
associated with a decrease both in the lymphoproliferative
response to mitogen stimulation and in the numbers of cyto-
plasmic receptors in circulating lymphocytes (20% and 39%
reduction respectively). In contrast, failure to suppress
cortisol in depressed and control subjects (non-suppressors,
N=6) was associated with no change in the mitogen responses or
receptor levels. Thus, these results suggest that DST non-
suppression is related to an abnormality in glucocorticoid
receptor function. We further observed that the degree to
which post-DEX serum cortisol levels were suppressed corre-
lated with receptor changes (r=0.63, p < 0.01) and with
response to mitogens such as phytohemagglutinin (PHA: r=0.65,
p<0.001) and concanavalin A (Con A: r=0.54, p< 0.01). A
comparison between the DEX-induced receptor and mitogen
changes from the same subjects showed highly significant
correlations (PHA: r=0.79, p< 0.001, and Con A: r=0.59, p<
0.05). These results demonstrate that suppressors and non-
suppressors differ at the molecular, cellular and hormonal
level and that these changes occur in parallel, representing a
continuum of sensitivities to DEX rather than a dichotomous
response. Lymphocytes appear to be a useful peripheral tissue
to study glucocorticoid receptors and function in affective
disorders.
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210.7 BONE MARROW TRANSPLANT FROM AGED TO YOUNG MICE PRODUCES
BRAIN

210.9

REACTIVE ANTIBODIES AND OONCURRENT ACCELERATION OF
*

LEARNING/MEMORY DEFICITS. *

V. A. Hospital, Bedford, Mo 01730,
Boston Univ. School of Medicine, Boston, MA 02118, and
Dept. of Pharmacology, Texas Coll. of Osteopathic

Medicine, Fort Worth, TX 76107.

Rate of acquisition of active avoidance responses in
New Zealand Black (NZB) and C57BL/6J mice is inversely
related to the presence, in serum, of brain reactive
antibodies (BRA) selective for neuronal antigens. Deficits
in learning and BRA exhibit age-related increases in C57
mice, whereas NZB mice show higher serum BRA titers and
slower learning when much younger (Nandy, et al. Life Sci,

33: 1499, 1983; Spencer et al., Neuroscience Abs, 9: 96,
1983). In order to test for a cause and effect

relationship between BRA and the learning deficit, and to
further investigate mechanisms and sites of these
abnormalities, bone marrow and spleen cell suspensions
were transferred from aged into young C57 mice (e.g.,
AGED-YOUNG) along with other groups of transfers for
appropriate controls. Prior to the transfer, the recipient
mice were irradiated to inactivate their own immune system
and, after 3-5 months, the recipient mice were
investigated for simultaneous occurrence of BRA serum
titers and deficits in learning of a one-way conditioned
avoidance response. Camparison to like-aged, non-recipient
controls showed no effect of AGED-AGED or YOUNG-YOUNG
transfers on either BRA or learning. These measures
varied only as a function of age, with all the aged mice
showing higher BRA and slower learning. On the other hand,
young recipients of immunity camplement from aged donors
showed high BRA titers and an accelerated learning
deficit. In all high BRA groups, including NORMAL~AGED,
AGED-AGED, YOUNG-AGED, and AGED-YOUNG groups, the number
of trials required to learn the active avoidance response
was increased two-fold from that for low BRA groups. The
simultaneous increase of BRA and learning deficits in the
young mice resulting from transfer of immunopoietic
apparatus from the aged mice suggests that the learning
deficits could be caused through an immunological
mechanism. Furthermore, behavioral deficits associated
with the ageing process may involve autoimmune mechanisms
as well. Supported by Research Funds of Veteran
Administration, US Public Health Service Grant NS-129624
and National Institute of Aging Grant 1 RO 3 AG03623.

ACETYLCHOLINESTERASE (AChE), THE THYMUS GLAND AND THE EFFECTS
OF AN ANTI-AChE INHIBITOR ON A T-CELL DEPENDENT HUMORALIMMUNE

RESPONSE. S.Bossone*, S.Cohen*, A.Ho*, B.Stricker* M,Philips*,
Dept. of Neuro.,Div. Neuroimmuno.,

M.R.Cullen* and K. Bulloch.
Sch. of Med. S.U.N.Y. Stony Brook, N.Y. 11794.

AChE identified within nerves of the mouse thymus from
early embryonic development through adult life can be used as
an index of cholinergic innervation. Agents that supress

antigen specific, t-cell dependent immune responses have
been shown to increase the intrathymic AChE activity and
decrease cholinergic innervation within the thymus. We have
sought to characterize the predominant species of AChE
within the thymus. We have also potentiated intrathymic
cholinergic innervation and examined the antigen specific
t-cell dependent humoral immune response. Crude extracts
of AChE were prepared, and their kinetic properties found
The Km and Vmax were found to be 6.3x107%M and 1.3x10™3uM
of Acetylcholine hydrolyzed per min., respectively. The
specific activity of this enzyme was not affected by the
doses in the range of 10™% to 107 M of the non specific
esterase inhibitor iso-OMPA but were inhibited by 1073 to
10™°M of the specific inhibitor BW284c51; substantiating the
presence of true AChE enzyme. Preliminary sucrose gradient
purifications indicate that the 16S and 3S forms are the
predominant species of the thymic enzyme. The LD 50 for the
specific AChE inhibitor BW284c51 and the optimal dose for
its use in the immunological assay were evaluated in BALB/C
mice. A dose which produced 40% inhibition of the thymic
AChE was injected i.p. into mice 24 hours after the inocula-
tion of the antigen DNP-OVA. Control mice received saline in-
jections. Ten days later retro-orbital blood was tested for
the Ig Gy anti-DNP humoral immune response using an ELIZA
assay. Test mice showed a six-fold increase in Ig G] re-
sponse to the t-cell dependent antigen, DNP. These results
are similar to those produced in other species by less spe-
cific inhibitors of AChE, and are the reciprocal of studies
which show that reagents which increase thymic AChE levels
reduce the t-cell dependent immune response to DNP-OVA.

This study does not show at what level these cholinergic
agents exert their in vivo effect, i.e., within the thymus
other immune organs or within the central nervous system
pathways involved with the modulation of immunity. Further-
more, although AChE is considered nerve-related it is pos-
sible that the enzyme may have another role within the thy~-
mus, unrelated to nervous system regulation.

(supported by NIH Grant #NS18401)

210.8
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DETECTION OF IMMUNO-REACTIVE THYMOPOIETIN IN MOUSE
CENTRAL NERVOUS SYSTEM. J.S. Schweitzer*, R.H. Brown*,
T. Audhya*, G. Goldstein*, M.A. Dichter. (Spon: K.
Harris). Neurology Service, Massachusetts General
Hospital, Boston, MA 02114, Department of Neuroscience,
Children's Hospital, Boston, MA 02115; Ortho
Pharmaceutical Company, Raritan, NJ 08869.

The thymic polypeptide thyompoietin (TP) was initially
identified by its ability to impair neuromuscular
conduction and subsequently found to induce T and B cell
differentiation. We have investigated the possibility
that TP or a related peptide may exist in brain and
spinal cord. With a radioimmunoassay a thymopoietin -
immunoreactive substance (TP-IRS) was detected in
homogenates (10% weight/volume in phosphate buffered
saline) of mouse brain and spinal cord as early as the
thirteenth embryonic day at.levels of 10 - 20 ng/ml.
Levels were higher in spinal cord, peaking at birth (40
ng/ml in cord, 18 ng/ml in brain) and falling in
subsequent weeks. By RIA, TP-IRS was also detected in
supernatants from mouse neuroblastoma (NIE-115) and
primary spinal cord cultures; supernatants of human
astrocytic and meningeal tumors and and mouse primary
astrocyte cultures did not contain detectable TP-IRS.
Using affinity-purified rabbit anti-thymic TP globulin,
immunofluoresent staining was seen in mouse spinal cord
cultures in association with nuclear membranes of neurons
and large, flat background cells. Staining was abolished
by prior incubation of anti-TP globulin with pugified TP.
From iupernatants of NIE-115 cells grown with "H-leucine
and “H-lysine radiolabelled proteins of approximately
8,000 and 4,500 daltons were isolated by affinity
chromatography with an anti-TP column. When injected
into mice, these proteins partially blocked neuromuscular
conduction as assessed by a decrement in the compound
muscle action potential following repetitive stimulation.
The dose-response of this effect was comparable to that
of the active fragment of TP, TP-5 pentapeptide. It
remains unclear whether the TP-IRS identified in this
study is related to thymic TP or simply a cross-reactive
substance although the comparable neuromuscular effects
suggest the former interpretation. The function of
TP-IRS remains to be defined.

DISTRIBUTION OF CHOLINERGIC RECEPTORS IN THE THYMUS DURING
THE DEVELOPMENT OF NORMAL AND STAGGERER MUTANT MICE. A.
Rossi* and E. Trenkner. Dept. of Pharmacology, N.Y.U.
Medical Center, New York, NY 10016.

The control of the immune system development and its
functions has been tentatively linked to neuronal innerva-
tion (1). If the innervation plays a role in the devel-
opment of lymphoid tissue abnormal innervation and/or de-
layed expression of neurotransmitter receptors might cause
abnormal development and subsequently immune deficiency.

We have shown that the neurological mutation staggerer
(sg/sg) not only affects the development of the cerebellum
but aTso causes developmental and regulatory changes of
the immune system (Trenkner and Hoffmann, these Abstracts).
Bullock and Loy (2) have reported that the innervation
pattern into sg/sg thymus is abnommal. Very little is
known, however, about the expression of neurotransmitter
receptors during thymus development.

This study was performed to elucidate the expression
of acetycholine receptors during the'development of normal
and _§_g/_s_gbthymus. We have observed: 1. that the number of
specific binding sites for a-bungerotoxin increased with
age in both +/+ and sg/sg. 2. Double label experiments
showed that the majority of these receptors were located
in the thymus epithelium of the medullary region. 3. In
contrast the expression of muscarinic receptors appeared
to be developmentally regulated following similar
schedules as was described for NAc-neuramimic acid and
NAc-neuraminidase (3,4): in +/+ maximum binding activity
was expressed in the first week postnatally (P1-4), a
crucial time for the selection of thymocyte subclasses. A
second peak of propylbenzylcholine binding activity
occured in the third week (P19) postnatally, after the T
cell repertoire is established. 4. In sg/sg, however, the
number of muscarinic binding sites did not exceed back-
ground levels in the first week, but were expressed in
normal frequences in the third week. Localization studies
suggested that muscarinic receptors are expressed on both
epithelium and lymphocytes the majority of which were
located in the medullary region.

1. Robert Ader, Psychoneuroimmunology Academic Press, 1981

2. Bullock, K. and Loy, R. 1980 Society Neurosc.
Abstracts 6, 26, 5.

3. Trenkner, E. (1979), Nature, 277: 566-567.

4. Wille, W. and Trenkner, E. (1981) J. Neurochem. 37,
443-446.
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IMMUNOLOGICAL DISORDERS IN THE NEUROLOGICAL MUTANT
STAGGERER. E. Trenkner and M.K. Hoffmann*., Dept. of
Pharmacology, N.Y.U. Medical Center, New York, NY 10016,
Sloan Kettering Institute for Cancer Res., New York, NY
10021.

Inherited diseases are frequently characterized by
patterns of multiple disorder. These patterns suggest
developmental relationship between affected organs such as
time of development sequence of receptor expression (see
Rossi, A. and Trenkner, E., these Abstracts) which could
lead to simultaneous induction of differentiation. This
study describes a model system where two parallely
developing systems, cerebellum and thymus, appear to be
affected by the single gene mutation staggerer.

The autosomal recessive mutation staggerer located on
mouse chromosome 9 is recognized as a neurological mutant
because of movement abnormalities and defective cerebellar
development. We show here that the staggerer mutation not
only affects the development of the cerebellum but also
causes developmental and regulatory changes of the immune
system: 1) The premature cell surface carbohydrate
patterns observed on postnatal staggerer cerebellar cells
were observed on staggerer thymocytes and particular
spleen cell populations but not on other tissues tested.
2) The peak of particulate neuraminidase activity was
delayed in both cerebellum and thymus but not in other
tissues. 3) On gross inspection of staggerer we observed
a marked delay in the development of the thymus, generally
enlarged 1ymph nodes and undersized spleens. 4) In these
mice the frequency of B cell precursors was the same as
for normal littermates. 5) They generated antibody
forming B cells in vitro and helper T cells in vivo in
normal proportions; however, 6) a deficiency in
terminating antibody formation in primary responses was
noted, suggesting a defect in the regulatory feedback
control mechanism.

THE PRESENCE OF SEROTONIN RECEPTORS ON MURINE LYMPHOCYTES
AND MACROPHAGES. T. Roszman*, D.L. Sparks*, J.T. Slevin,
W.R. Markesbery*, J.C. Jackson*, and R.J. Cross* (SPONS:
L. Middaugh). Sanders Brown Research Center on Aging and
the Departments of Neurology and Medical Microbiology and
Immunology, University of Kentucky, Lexington, KY 40536.

An interaction between the central nervous system (CNS)
and the immune system remains to be proven. In this re-
port we present evidence for the presence of serotonin and
spiperone binding to mouse spleen cell membrane prepara-
tions devoid of red blood cells.

Saturation isotherms of [3H] serotonin and [3H] spip-
erone to membrane preparations obtained from spleen cell
suspensions containing both lymphocytes and macrophages
indicate a single class of saturable binding sites for
each ligand. Scatchard analysis of [34] serotonin binding
suggests a ligand affinity (Kp) of 0.85 nM and maximum
binding capacity of 0.56 pmoles/10° cells. ' Removal of
macrophages from the spleen cell suspension eliminated [3H]
spiperone binding to membrane preparations of the remaining
lymphocytes. [°H] serotonin bound to these membranes with
a Kp of 0.73 uM and a Bmax of 0.53 pmoles/10° cells. A
membrane suspension of peritoneal macrophages bound [~H]
spiperone with a Ky of 15.2 nM and a Bmax of 573 pmoles/
108 cells.

Evidence suggests that the neurotransmitter serotonin
can modulate immune function. Furthermore, [3H] serotonin
and [3H] spiperone preferentially bind to specific subpop-
ulations of serotonin receptors (Sy and Sy respectively)
in neural tissue. It is tempting to speculate that these
sites of binding activity represent an interaction between
the CNS and immune responsiveness.

This work was supported in part by NIH grants NS17423
(TR), NIA 1 T32 AGO0084-01A1 (DLS), NINCDS (TIDA) NS00732
(JTS), and AG02435 (WRM).

210.12

NALTREXONE-SENSITIVE SUPPRESSION OF THE IMMUNE SYSTEM'S
NATURAL KILLER CELLS BY MORPHINE. Y. Shavit, G.W.
Terman, F.C. Martin, R.P., Gale*¥ and J.C. Liebeskind.
Depts. of Psychology and Medicine, UCLA, Los Angeles, CA
90024.

Opiates and endogenous opioids have been implicated in
modulation of immune function and tumor development. We
have previously found that daily exposure to 10 min of an
"opioid" form of footshock stress for 4 days rendered rats
more susceptible to a mammary ascites tumor challenge.
This effect was blocked by naltrexone, suggesting
mediation by opioid peptides released by stress. In
contrast, daily exposure to a nonopioid form of footshock
stress for 4 days had no effect on tumor development. In
parallel with these results, we also found that the same

paradigm of opioid stress suppressed the cytotoxic
activity of natural killer (NK) cells (Science 223,
188, 1984). This effect was blocked by naltrexone, and

the nonopioid form of stress did not affect NK activity.
NK cells are a subpopulation of lymphocytes that
spontaneously recognize and kill certain tumor cells. In
the present study, we investigated the effect of morphine
on NK cell activity.

Fischer 344 female rats (n=5) were injected with a
single dose of morphine (10 or 50 mg/kg, s.c.) or saline.
Another group was pretreated with naltrexone (10 mg/kg) 20
min prior to morphine administration. Three hours after
morphine, rats were anesthetized and their spleens removed
and dissociated into a single cell  suspension.
Splenocytes were co-cultured with YAC-1 target cells
labelled with chromium-51, and NK activity was measured in
a 4 hr chromium release assay.

The percent of specific NK  cytotoxicity  was
significantly suppressed by the higher dose of wmorphine,
and this effect was blocked by naltrexone. Thus, morphine
at high dose can suppress immune function within 3 hours
of 1its administration, and this effect appears to be
mediated by opioid receptors. Several possible mechanisms
could explain these results. Morphine might affect NK
cells directly, although the occurrence of opioid
receptors on NK cells has not yet been determined.
Alternatively, morphine might effect NK activity
indirectly, for example by modulating activity in the
pituitary-adrenal axis or the sympathetic nervous system.
(Supported by NIH grant #NS07628 and a gift from the
Brotman Foundation).
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DEPENDENCE OF CORTICOTECTAL CELLS IN AREA 17 OF THE CAT UPON
SPECIFIC LAYERS OF THE DORSAL LATERAL GENICULATE NUCLEUS.
T.G. Weyand, J.G. Malpeli and C. Lee*. Dept. Psychology,
University of Illinois, Champaign, IL 61820.

The dependence of cortical neurons projecting to the
superior colliculus (corticotectal, CT cells) upon the in-
tegrity of individual laminae of the dorsal lateral gen-
iculate nucleus (LGNd) was examined in the paralyzed, barbi-
turate anesthetized cat. Specifically, the visual response
properties of 32 antidromically identified CT cells in area
17 were examined before, during and after reversible inacti-
vation of retinotopically-aligned regions of layers A or C
of the LGNd, or layer 1 of the medial interlaminar nucleus
(MIN). Reversible inactivation was achieved by pressure in-
jecting 125 nl of 4 mM cobaltous chloride or 1% lidocaine
into one of the geniculate layers. The results indicate that
injections into layer C or the MIN were ineffective in
blocking visual responses of CT cells. In contrast, inacti-
vating layer A revealed two populations of CT cells: one
rendered visually unresponsive and one largely unaffected.
Loss of visually driven activity following layer A inactiva-
tion does not appear to be simply related to the receptive
field properties or antidromic latencies of the individual
CT cell. Our sample of CT cells is a heterogeneous group of
complex cells possessing wide variability in spontaneous
activity, length summation, orientation selectivity and di-
rection selectivity. Nearly all cells tested responded well
to a broad range of stimulus velocities.

We conclude the following:

i) The corticotectal pathway from area 17 is composed of
a heterogeneous population of neurons. This heterogeneity is
ref lected both in the receptive field properties of these
neurons and in the composition of their geniculate inputs.

ii) Since CT cells do not receive monosynaptic input from
the LGNd (Ferster, D. and Lindstrom, S., J. Physiol. 342:
181-215, 1983) and neurons of layers IV and VI are dependent
upon layer A (Malpeli, J.G., J. Neurophysiol., 49: 595-610,
1983), we propose that the differences observed in suscepti-
bility of CT cells to blockade of layer A result from dif-
ferences in intracortical circuitry. Specifically, CT cells
whose visual activity is compromised by blocking layer A
depend upon layers IV and/or VI while CT cells unaffected by
such treatment are supported by other input. The cells of
layers II+III must be considered prime candidates for such
sustaining input.

Supported by NIH grants ROl EY02695, KO4 EY00229 and T32
EY07005.

RECEPTIVE FIELD PROPERTIES OF CORTICOTHALAMIC NEURONS IN
VISUAL AREA I OF THE AWAKE RABBIT. Harvey A. Swadlow. Dept.
Psychology, U-20, Univ. of Connecticut, Storrs, CT 06268.

The receptive field and axonal properties of TO neurons
which project to the thalamus from layer 6 of visual area I
were studied in awake, unparalyzed rabbits. All initial
surgery was performed under deep pentobarbital anesthesia.
Corticothalamic neurons were identified by antidromic
activation following electrical stimulation of the dorsal
lateral geniculate nucleus. Stimulating electrodes were
also placed in corresponding portions of the superior
colliculus in order to differentiate corticothalamic neurons
from corticotectal neurons activated in passage via
thalamic stimulation. Receptive fields were classified
according to the scheme)of Murphy and Berman (i. Comp.
Neurol., 188; 401, 1979). Eye position was monitored
+ 0.2%. ’

Antidromic latencies ranged from 1.98 to 34.70 msec
(median = 9.0 msec) which corresponded to axonal conduction
velocities of 0.49 - 9.55 m/sec (median = 1.93 m/sec).

Forty receptive fields were of the simple type (16 simple
type I, 24 simple type II). Eighty-five percent of these
simple cells were strongly or completely directional
selective whereas only 8% were end-stopped. The receptive
fields of seven corticothalamic neurons were concentrically
organized, and these fields were among the smallest found in
the visual cortex (median center diameter = 2.5°). One
neuron was directional selective but not orientation
selective and six neurons were strongly driven by visual
stimuli but had unusual receptive field properties. An
additional 16 corticothalamic neurons were vaguely
responsive or unresponsive to visual stimulation and most of
these cells had very long antidromic latencies (median =
25.9 msec, range = 9.16-34.7 msec). No corticothalamic
neurons with complex receptive fields were found.

The above visual and axonal properties of corticothalamic
neurons contrast with those of corticotectal neurons in
layer 4 and 5 of rabbit visual cortex. (Weyand and
Swadlow, Soc. Neurosci. Abstr. 9, 1983). Corticotectal
neurons have primarily complex receptive fields and
antidromic latencies of less than 2.5 msec.

211.2

2114

CORTICAL INPUT TO THE MONKEY LATERAL GENICULATE NUCLEUS
IS SPATIALLY STRUCTURED. R.T. Marrocco and J.W. McClurkin¥
Inst. of Neuroscience, Univ. of Oregon, Eugene, OR 97403.

Recent experiments have presented somewhat conflicting
findings regarding the sign of the cortical influence on
lateral geniculate nucleus (LGN) cells. Some studies have
reported excitatory effects, others showed inhibitory eff-
ects, and still others showed both. All of these studies,
however, judged the influence "in the negative", that is, by
what disappeared following cortical cooling. We have att-
empted to clarify this issue by combining visual activation
of the corticogeniculate pathway (e.g., McClurkin and Marr-
occo, 1984) with cryogenic blockade.

We recorded from single LGN cells and visually stimulated
them with drifting sine-wave gratings restricted in area to
2 deg. The cortical input was assessed by noting any diff-
erence in response to gratings before and during cooling.
We then rewarmed the cortex and stimulated the region from
2-20 deg around the receptive field with a spinning radial
grating, previously shown by us to evoke corticofugal acti-
vity. The LGN cell's responses to the drifting sine-wave
grating alone, and in combination with the peripheral stim-
ulation were then measured. The cortex was then recooled
and the observations repeated in order to determine whether
any differences due to the radial grating were cortical in
origin. About half of all cells tested showed cortical
input.

Our results showed that the cortical input to the central
2 deg was usually of a different polarity than that of the
periphery. Excitatory center/inhibitory periphery and vice
versa were equally common. In some cells there appeared to
be no spatial structure to the cortical influence. These
results are similar to those reported by Tsumoto et al
(1978) in spite of very different techniques. They suggest
that both influences can be found in single LGN cells with
the appropriate stimulation. Supported by NSF 82-07531.

McClurkin and Marrocco, J. Physiol. 1984, 348, 135-152.
Tsumoto, Creutzfeldt, and Legendy, Exp. Brain Res.
1978, 32, 345-364.

RETINOTOPIC ORGANIZATION WITHIN THE LATERAL POSTERIOR COM-
PLEX OF THE CAT. B. Hutchins and B.V. Updyke, Dept. of
Anatomy, LSU Medical Center, New Orleans, IA 70112.

The cat's LP complex contains several zones, each with
interconnections to extrastriate areas. Opinion differs con-
cerning the rumber of zones and their boundaries, however,
available data does not wholly resolve these differences.
In order to address these issues, we mapped the LP complex
electrophysiologically in paralyzed, chloralose-anesthetized
cats. The caudal 2/3 of the complex was explored in detail,
and limited sampling was done more rostrally. Subdivisions
of the LP complex are described using existing terminology
(Updyke, J.C.N., 1983; 219: 143-181). Within Pul and ILPi-c
lines of isoelevation are inclined from anterodorsal to
caudoventral with the representation of the upper quadrant
located cemdally. Representations of the VM are found at
the lateral border of Pul and at the LPl-c/IPi border. The
Pul/IPl-c border corresponds to a representation of the
lateral periphery. Isoelevation lines converge at the Pul/
LPl-c border to fan out in either direction toward the VM,
indicating expanded representations of central gaze in both
zones. Unexpectedly, the representation of the visual field
within candal LPi was found to be folded upon itself. The
representation of the VM at the LPl-c/LPi border continues
over the dorsomedial surface of LPi and extends for a vari-
able distance between LPi and IPm. As a result, lines of
isoazimuth with IPi form tight loops, and the periphery of
the visual field is represented in part within the center
of LPi. LPi also contains an expanded representation of
central gaze. Although LPm has not previously been recog-
nized as visually responsive, we have found a partial repre-
sentation of the visual field in this zone. At caudal lev-
els the VM is represented at the LPi/IPm border, and peri-
pheral regions of the visual field are represented medial-
1y within LPm. Limited mapping at more rostral levels sug-
gests that loci within the lower periphery of the visual
field are represented at the LPi/PLgm border. Preliminary
observations within the rostral third of the LP complex in-
dicate that continuous visual representations extend from
caudal to rostral Pul, and from LPl-c to LPl-r, and that
elements of the dorsal shell (LPs-d) contain limited repre—
sentations of the visual field. The present results support
subdividing the cat's LP complex into five zones and a
heterogeneous shell (Updyke, J.C.N., 1983,) and indicate a
more complex role for these subdivisions in integrating vi-
sual information and relaying it to diverse cortical areas.
Supported by NEI grant nos. F32 EYO5703 and RO1 EY01925.
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LAMINAR ORGANIZATION OF CORTICAL COERECTIONS WITH
THE TECTO- AND CORTICO-RECIPIENT ZONES IN THE
CAT'S LATERAL POSTERIOR NUCLEUS

B.P.Abramson and L.M.Chalupa.

Department of Psychology and the Physiology
Graduate Group, University of California, Davis,
CA 95616.

The cortical connections of the two visual
zones within the cat's lateral posterior (LP)
nucleus were examined using the anterograde and
retrograde transport of WGA-HRP. Microelectro-
phoretic deposits of this tracer into the main
tectorecipient region in the medial aspect of the
LP (LPm) revealed reciprocal connections with
seven extrastriate cortical areas. These included
areas 19 and 2t1a, the medial and lateral banks of
the middle suprasylvian sulcus (CBm and CBl1l), the
superior and inferior banks of the posterior
suprasylvian sulcus (DLS and VLS), and an area
within the fundus of the posterior suprasylvian
sulcus (PS). 1In each cortical area two distinct
populations of cells were labeled: small
pyramidal-like cells in layer VI and large
pyramidal cells in layer V. In each cortical area
the density of back-filled neurons in layer VI was
much greater than in layer V. Overlying these
filled cells were two bands of anterograde label:a
narrow strip in layer I and a significantly wider
band centered in layer 1IV. Deposits of WGA-HRP
into the striate-recipient zone in the lateral
region of the LP (LP1l) resulted in anterograde and
retrograde label within the striate cortex, as
well as in the following extrastriate cortical
areas: areas 19, 20a and b, 21a, CBm, CB1, PS, and
an area within the inferior bank and fundus of the
splenial sulcus. The laminar organization of
extrastriate connections with LPl was very similar
to that observed with the LPm. Labeled cells were
found in layers V and VI and anterograde label was
observed in layers I and 1IV. These labeling
patterns appeared to be qualitatively similar to
those obtained following deposits of tracer in the
LPm. However, areas 17 and 18 showed a different
pattern. Cortical cells projecting to LPl were
only found in layer V, whereas the projection from
LPl was observed to terminate in layer 1.

Supported by EY-03491 from NEI.

CONNECTIONS OF THE VENTRAL ANTERIOR NUCLEUS WITH THE VISUAL
CORTEX IN THE CAT R. Rieck Dept. of Anatomy, Tulane
University Medical School, New Orleans, LA, 70112.

The ventral anterior nucleus (VA) in the cat has been
suggested to be the homologue of the "paralaminar" portion
of the ventral anterolateral complex (VAL) in the rodent.
Furthermore, the paralaminar VAL has been shown to project
extensively to layer I of the visual cortex in the rat. The
present study relies upon anterograde and retrograde trac-
ing techniques to determine if a similar projection arises
from VA in the cat. Pressure injections of tritiated amino
acids (AA) were placed within VA, and the brains were pro-
cessed according to routine protocols for autoradiography.
Similarly, small electrophoretic injections of HRP also
were placed within separate regions of the visual cortex,
and the brains were processed for HRP visualization.

Following the placement of large AA injections into VA,
transported label is located over several neocortical reg-
ions. As anticipated by the spread of the tracer into the
anterior thalamus, anterograde label is found over the cin-
gulate gyrus. The heaviest label within the neocortex, how-
ever, is located over the full extent of the middle supra-
sylvian gyrus. Rostrally, dense anterograde label is seen
over layers I and III-VI in Areas 5 and 7. Similarly,
autoradiographic label is seen over layers I and V-VI of
Area 2la. Areas 20a and 20b also contain dense label over
layer I and layers III-VI. Anterograde label is located
primarily over layers V-VI within Areas 17 and 18. Like-
wise, Area 19 contains moderately dense label over layers
V-VI as well as faint label over layer I. Following place-
ment of HRP within Areas 17 and 18, retrograde neuronal la-
beling within the rostral thalamus is restricted to the
central medial and paracentral nuclei. Thus, the antero-
grade label observed over layers V-VI within Areas 17 and
18 most likely is contributed by intralaminar nuclei rather
than by the VA nucleus. In contrast, when retrograde trac-
ers are placed within the caudal part of the middle supra-
sylvian gyrus, labeled neurons are observed within the dor-
somedial segment of the VA nucleus as well as within the
intralaminar nuclei. Thus, neurons within the VA nucleus
contribute at least part of the laminar terminations seen
within Area 2la. In summary, these data suggest that in the
cat the projection from VA apparently terminates selective-
ly within the visual cortex rather than projecting to all
visual cortical areas as VAL does in the rodent. Supported
by NIH grant EY05033.

211.6 THE CONNECTIONS BETWEEN AREAS 18 AND 19 AND THE LATERAL PO-

211.8

STERIOR COMPLEX IN THE CAT’S THALAMUS.K.Albus and C.Sanides-
Buchholtz*, Dept.Neurobiol.,MPI Biophys.Chem.,Gottingen,FRG.
The lateral division of the lateral posterior complex
(LP1) in the cat’s thalamus has been claimed to be the only
area within IP to receive projections from the visual corti-

cal areas 17,18 and 19 (Updyke,B.V., J.camwp.Neur.,173:81,
1977) . However, own findings based on the axonal transport
of HRP(Albus,K. and Meyer,G.,Soc.Neurosci.Abstr., 7:761,181)
suggested that the connections between LP and visual cortex
are more widespread for areas 18 and 19 than for area 17.In
order to clarify this matter we have made use of retrograde
and anterograde axonal transport techniques. The tracers we-
re Fast Blue (FB,2%), Diamidino Yellow(DY,2%), Nuclear Yel-
low(NY,2%) and WGA-HRP(5%) . Prior to the application of the
tracer substances cortical injection points were determined
by physiological methods.Survival times were 10-16 days for
FB and DY, and 24-36hours for NY and WGA-HRP.Brains were cut
at 25um and in addition to HRP-histochemistry acetylthiocho-
linesterase histochemistry was routinely carried out.

The results confirm our earlier findings that areas 18
and 19 receive projections from IPl and from a zane medially
adjoining LP1l, which is tentatively called LPm. As a new fin
ding projections from areas 18 and 19 back to LPm were de-
monstrated. A precise reciprocity between thalamocortical
and corticothalamic projections was seen within ILPm, and it
could be also shown that the afferent and efferent connecti-
ons of areas 18 and 19 with IPm are in retinotopic register.
By injecting various parts of the visual field representati-
ons in areas 18 and 19 the retinotopy in LPm was found to
be a mirror image of the retinotopy seen in LP1,withIPm being
smaller in an anteroposterior direction than IP1l. By compa-
ring the thalamic plots of retro-and anterogradely transpor-
ted material with the plots of cholinesterase activity a clo-
se correspondance was seen betwenIPmasdefined in the present
report and ILPm as defined on the basis of cholinsterase hi-
stochemistry (Graybiel, A.M., and Berson,D.M.,Neurosci., 5:
1175,1980) . Since the zone of high cholinesterase activity
which is called IPm receives a strong projection from the su
perior colliculus our results assume that information from
the midbrain can be directly relayed via LPm to cortical are-
as 18 and 19 and /or modulated within IPm by neuronal acti-
vity descending from areas 18 and 19.

RADIOFREQUENCY, BUT NOT KAINIC ACID, LESIONS OF THE MONKEY
PULVINAR PRODUCE MASSIVE ANTEROGRADE DEGENERATION IN THE
SUPERIOR COLLICULUS. D.B. Bender* and J.S. Baizer (SPON:
D.S. Faber). Division of Neurobiology, Department of Physi-
ology, School of Med., University at Buffalo, Buffalo, NY
14226.

Although both physiological and anatomical studies have
clearly demonstrated an intimate relation between the pri-
mate pulvinar and the visual system, surprisingly little is
known of the pulvinar's function. Several studies have re-
ported behavioral deficits following thermocoagulation of
the pulvinar. Pulvinar lesions impair color discrimination
when the discriminanda are separated from the response sites,
they impair discrimination of tachistoscopically presented
stimuli, they reduce the rate of gaze shift in visual
scanning, and they impair localization of brief peripheral
targets. However, these deficits may not have resulted
from destruction of the pulvinar itself, but rather from
damage to corticotectal fibers passing through the pulvinar.

To evaluate this possibility, and to determine whether
kainic acid can be used to destroy pulvinar cells without
damaging corticotectal fibers, we compared anterograde de-
generation in the superior colliculus following kainic acid
and radiofrequency lesions of the pulvinar. Kainic acid
injections produced total loss of neuronal perikarya within
the inferior and lateral pulvinar. Four to seven days
following the kainic acid lesions, terminal and fiber degen-
eration within the superior colliculus was no greater than
that produced by control injections of saline. By contrast,
thermocoagulation lesions of the inferior and lateral pulvi-
nar produced dense fiber and terminal degeneration through-
out the superficial and intermediate layers of the superior
colliculus. Thus, whereas thermocoagulation of the pulvinar
severely damages the corticotectal tract, kainic acid lesions
spare these fibers of passage.

These results suggest that kainic acid lesions should
provide an effective tool for studying the functional signi-
ficance of the primate pulvinar. Furthermore, the behav-
ioral deficits seen following pulvinar lesions may have told
us more about the function of the corticotectal system than
they have about the function of the pulvinar.

Supported by NEI grants EY02245 and EY02230.
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TREE SHREW CLAUSTRUM: LAMINAR ORGANIZATION OF CONNECTIONS
WITH EXTRASTRIATE AND TEMPORAL VISUAL CORTICIES. R. G.
Carey and T. L. Neal. Div. of Neurobiol., Barrow
Neurological Institute, Phoenix, AZ 85013.

The dorsal claustrum has been shown to be connected
with vast regions of visual cortex in a variety of
mammals. Yet, with the exception of striate cortex,
little is known concerning the laminar organization of
these connections. In the tree shrew, for example, the
claustrum terminates in area 17 in a retinotopic manner in
the very cortical layers that receive an ascending
thalamic projection (i.e., IV, IIIb, VI and I). It is
uncertain how reflective this pattern is for all of visual
cortex. In order to examine the laminar organization of
claustral connections to other visual areas, small
electrophoretic injections of neural tracers (generally
WGA/HRP) were made directly into the tree shrew dorsal
claustrum.

After claustral injections that resulted in widespead
labeled activity in area 17, a number of distinct foci of
labeled cells and/or terminals were localized throughout
visual cortex. The majority of these foci had a laminar
organization similar to that seen in area 17 with the
densest terminations occurring in layers IV and VI. The
reciprocal projection originated primarily from small- to
medium-sized pyramidal cells in layer VI. Further, in a
majority of the visual areas, the density of the antero-
grade labeled terminals and the retrograde labeled cells
appeared positively related. However, certain of the
visual areas were conspicuous by their lack of symmetry.
Area 18, for example, received only a light and scattered
(layers IV-I) projection from the claustrum, yet its pro-
jection to the claustrum rivaled that of area 17 in
magnitude.

A pattern distinctly different from that of the other
visual areas was observed in temporal anterior visual
cortex. In this area, a number of periodically occurring
foci were found in which labeled cells were intermixed
with the labeled terminals within layer IV. The majority
of these labeled cells were small to medium pyramidals,
but a number of medium to large multipolar cells also were
labeled.

Thus, our results indicate that while the laminar
organization of claustral connections in most of the
visual areas is similar to that of area 17, a number of
definite differences do exist.

Supported by NIH Grants EY03641(RGC) and BRSG RR0S572.

INTRINSIC AND EXTRINSIC CORTICAL CONNECTIONS OF AREA 17
OF THE PROSIMIAN PRIMATE, GALAGO. J. H. Kaas and
C. G. Cusick, Dept. of Psychology, VanderbiTt University,
NashvilTe, TN 37240.

Surface view patterns of cortical connections of Area
17 of galagos (crassicaudatus) were investigated after
single or double injections of wheat germ agglutinin con-
jugated to horseradish peroxidase (WGA-HRP). After fix-
ation, cortex was separated from the brain, artifically
flattened, cut parallel to the surface, and processed for
HRP. For distances extending 1.5 mm or more, a systematic
pattern of patches of labeled cells and terminations in
supra- and infragranular layers surrounded each injection
site in Area 17. The patches were partially superimposed
on foci of high cytochrome oxidase activity. Other con-
nections were with Area 18 (V-II) and with the Middle
Temporal Visual Area (MT). A single injection in Area 17
produced several closely spaced foci of labeled cells and
terminations in Area 18 and MT. The locations of the
clustered foci varied with the injection site in Area 17,
so that injections in dorsolateral Area 17 resulted in
label in more lateral locations in Area 18 and MT, while
dorsomedial injections labeled medial locations in these
fields. In both Area 18 and MT, labeled cells were in
both supragranular and infragranular layers with a major
infragranular component. Additional very sparse label
was noted in cortex between Area 18 and MT, providing
evidence that Area 17 projects to the dorsolateral visual
area or its equivalent in prosimians. The results are
consistent with the concept of modular processing of
visual information in Areas 17, 18, and MT of galagos,
and indicate that Area 18 and MT are the principal corti-
cal receiving zones of information from Area 17.

Supported by Grant EY02686.

211.10 THE INFLUENCE OF THE VISUAL CORTEX ON THE RETINAL GANGLION

211.12

CELLS: QUANTITATIVE DATA. F. Tremblay*, S. Molotchnikoff,
and A. Cerat*. Département de Sciences biologiques,
Université de Montréal, Montréal, P.Q., Canada H3C 3J7.

The visual cortex (VC) influences light-evoked responses
of retinal ganglion cells (RGC) in rats. Previous reports
from our laboratory demonstrated that a local (4 mm2)
cryoblockade applied to the VC produces profound modifica-
tions of the RGC discharges. The present study is designed
to answer two questions: 1) What types of RGC are
influenced and; 2) How the response profile is modified,
following cortical inactivation. Experiments were conducted
on urethane anesthetized hooded rats. Ganglion cell acti-
vity was recorded from axons at the optic chiasma level with
glass micropipettes. Receptive fields (RF) were studied
with stationary images (spots, slits, etc.) generated onto
a cathode ray screen positioned 25 cm from the eye. Cells
were categorized as concentric, ON, OFF and suppressed-by-
light (SBL) according to their response properties when
light stimuli were shone within the RFS. The Pearson coef-
ficient (PC) compared control (prior cooling) and test
(during cooling) post-stimulus time histograms (PSTH). This
comparison indicated that the units most affected by cryo-
blockade were OFF (41%, N = 29); ON (33%, N = 57) and SBL
cells (29%, N = 17). 1In these RGC the average PC declined
to 0.24, 0.36 and 0.27 from 0.66, 0.72 and 0.71 respectively.
By contrast only 19% (N = 53) of the concentric cells were
influenced by cortical inactivation. The average PC is 0.47
(control = 0.65). As a matter of fact in this class, only
two units exhibited strong modifications. Cortico-retinal
influences were further studied by using the addition theo-
rem of the chi-squared analysis. The post stimulus time
analysis of 500 ms was divided in eight successive equal
intervals of 62 ms. This is done to detect during which
epoch the test response patterns deviate mostly from the
expected (control) profile. The discharges of ON- and SBL
cells are modified at the early stages of their response-
patterns (increased excitation), while OFF-units exhibited
modifications throughout the time of analysis. In conclu-
sion, the visual cortex influences all types of RGC except
the concentric class which seems to be spared from cortical
blockade. In addition, the VC dampens the inherent
oscillatory activity of RGC responses.

Supp. CRSNG (Canada) and FCAC (Québec).

COMMISSURAL PATHWAYS INVOLVED IN THE INTER-HEMISPHERIC
CONNECTIONS - OF THE ANTERIOR.ECTOSYLVIAN VISUAL AREA IN THE
CAT. D. Miceli, F. Leporé, R. Ward and M. Ptito*. Groupe
de recherche en neuropsychologie, Universit&€ du Québec,
Trois-Riviéres, Québec G9A 5H7

The anterior ectosylvian visual area (AEV) in the cat has
been shown to be reciprocally connected with the lateral
suprasylvian visual area (LSS) and AEV of the opposite he-
misphere (Miceli et al., 1984). Based upon the fact that
AEV is topographically isolated from the more classical vi-
sual cortical areas which are situated caudally in the he-
misphere, the present study was undertaken to determine the
commissural system(s) involved in its inter-hemispheric af-
ferent and efferent projections. This was accomplished
1) by examining the orthograde axonal labeling within the
forebrain commissures after injection of either of the
fluorescent tracers Nuclear Yellow (NY) or Fast Blue (FB)
into AEV and LSS, 2) by comparing the retrograde cell labe-
ling in contralateral AEV and LSS following sequential in-
jections of either FB or Evans Blue (EB) and NY into the sa-
me regions of AEV made respectively prior to and following
a complete transection of the corpus callosum. 1) After
LSS and AEV injections, orthograde labeling of glial ele-
ments by NY and fibers by FB (Weidner et al. 1983) was
observed within the caudal splenium of the corpus callosum,
although the AEV-injected tracer was also present rostrally
within the commissure. 2) In the corpus callosum transec-
tion experiments, compared to the pre-section retrograde
cell labeling observed in layers III, V and VI of contrala-
teral LSS and AEV,the post-section tracer injections into
AEV failed to label contralateral LSS and layer III of
AEV entirely. However, some labeling persisted in layers
V and VI of AEV. The results indicate that whereas the
AEV-LSS contralateral inter-connections cross over through
the corpus callosum, those which are AEV homotopic
exhibit both callosal and non-callosal trajectories. The
inter-hemispheric transfer of visual information has gene-
rally been assumed to involve only the posterior third or
splenium of the corpus callosum, however the present results
suggest that,with regard to AEV, rostral portions of the
callosum and extra-callosal pathways (e.g. anterior commis-
sure) may also be implicated.

This work was supported by CRSNG research grants
A0053 and A9959.
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COMPARISON OF THE STRUCTURAL AND FUNCTIONAL PROPERTIES OF
LAMINA V STRIATE CALLOSAL NEURONS WITH THOSE OF CELLS
WHICH PROJECT TO THE SUPERIOR COLLICULUS AND LATERAL
POSTERIOR NUCLEUS. B.G. Klein, R.D. Mooney, M.F. Jacquin

and R.W. Rhoades. Dept. of Anatcmy, Univ. of Medicine and

Dentistry of New Jersey, School of Osteopathic Medicine
and Rutgers Medical School, Piscataway, NJ 08854.

Vle have used intracellular recording and horseradish
peroxidase injection techniques to delineate the
structural and functional characteristics of 37 cells in
the hamster's visual cortex. Of these, 8 could be
antidromically activated from stimulating electrodes in
the gsuperior colliculus (SC) or lateral posterior nucleus
(LP)” and 9 were antidromically driven from the
contralateral hemisphere. While the receptive field
properties of the two groups of cells overlapped
considerably, they were morphologically distinct.

Seven of the 8 cortico-SC/LP neurons had uniform,
non-oriented, movement sensitive receptive fields. Two of
these were directionally selective. The remaining neuron
was a simple cell which exhibited both orientation and
direction selectivity. All cortico-SC/LP neurons were
large (average somal area 198um, sd.=87; not corrected for
tissue shrinkage) pyramidal neurcns with cell bodies
located in lower layer V. All had apical dendrites which
extended to the pial surface and extensive axonal
arborizations in layers V and VI. Axon collaterals which
ascended to layer II-ITI were also visible in 3 of the
cells.

Lamina V callosal neurons were more heterogeneous
physiologically. Four had uniform circular receptive
fields and gave both on and off responses to flashed
spots, one was a directionally selective complex cell, one
was axially selective, ore had a diffuse visual field and
two were,unresponsive. These neurons had relatively small
(X=133um~, sd.=67) somal areas and in only 5 instances did
their apical dendrites extend beyond layer II-III. They
also had much less extensive axorn collateralizations than
the cortico-SC/LP neurons.

Supported by EY04170, EY03546, DE06528, The March of
Dimes National Birth Defects Foundation and the UMDNJ
Foundation (RWR) BGK is the recipient of NRSA NS07240.
1These cells will be considered together since most
striate cortico-LP cells also project to SC (Rhoades,
R.W., Mooney, R.D. and Fish, S.E. Invest Ophthalmol. and
Vis. Sci. 22:46, 1982.) - -

CORTICAL DYNAMICS OF COLOR AND FORM PERCEPTION. E. Mingolla*

and S. Grossberg. Center for Adaptive Systems, Boston Uni-
versity, Boston, MA 02215.

A real-time visual processing theory is used to analyse
real and illusory contour formation, interactions between
contour and brightness effects, neon color spreading, com-
plementary color induction, and filling-in of discounted

illuminants and scotomas. The theory also physically inter-
prets and generalizes Land's retinex theory. These phenomena

are suggested to arise from adaptive processes which over-
come limitations of visual scanning to synthesize informa-

tive visual representations of the external world. Two func-
tionally distinct contour processes interact to generate the

theory's brightness, color, and form estimates. A Boundary
Contour process is sensitive to thc orientation and amount
of contrast but not to the direction of contrast in scenic
edges. It includes a binocular matching stage that is sen-
sitive to spatial scale, orientation, and binocular dispa-

211.14 THE PAT™RN OF INTERHEMISPHERIC CONNECTIONS IN THE VISUAL
CORTEX OF SQUIRREL MONKEYS. H.J. Gould, III, R.W. Rieck and
J.T. Weber. Departments of Anatomy, LSU Medical Center and
Tulane University Medical School, New Orleans, LA 70112.

The origins and terminations of interhemispheric pathways
were labelled in the visual cortex of adult squirrel monkeys
(Saimiri sciureus) by placing multiple injections of horse-
radish peroxidase (HRP) into the visual cortices of one hemi-
sphere. The hemisphere contralateral to the injections was
either cut in the parasagittal plane or removed, flattened
between glass plates and cut parallel to the surface. The
tissue was processed with the chromagen tetramethylbenzi-
dine according to the protocol of Mesulam ('78).

The flattened material consistently reveals two prominent
bands which contain both labelled cells and terminals. The
caudal band is located along the 17-18 border. Although
this band is oriented primarily in a medial-lateral direc-
tion it extends further rostrally on the lateral surface of
the hemisphere. The posterior portion of the caudal band is
uniformly dense but projections of labelled cells and termi-
nals extend rostrally into Area 18. Examination of the
candal band in the parasagittal plane reveals that the vast
majority of labelled cells are located in layer III of Area
18. Clusters of labelled neurons occasionally are found in
Area 17 within 150 pm of the 17-18 border. Isolated
labelled neurons also are observed in Area 17 up to 1 mm
from the 17-18 border. The rostral band forms roughly a
mirror-image of the caudal band; it extends caudolaterally
from the posterior end of the Sylvian fissure to a point on
the lateral surface of the hemisphere where it becomes con-
tiguous with the most rostral extension of the caudal band
and then extends rostrolaterally into temporal cortex. Al-
though less distinet than in the caudal band, the rostral
band contains a portion that is uniformly labelled and a
portion that periodically exhibits extensions. In contrast
to the caudal band, the extensions of the rostral band are
directed posteriorly. A dorsomedial region and a ventro-
lateral region between the primary bands, as well as the
middle temporal area are relatively free of callosal con—
nections. Although some similarities in callosal patterns
exist between the squirrel monkey and other New World
primates (Cusick et al., '83) distinct differences exist
with respect to Area 17 and the middle temporal area.
Supported by NIH Grant EY03731, EY05033 and Institutional
NIH-DRR Grant SO7-RRO5376.

211.16 MONOCULAR VERSUS BINOCULAR GANZFELD PRODUCES

DIFFERENTIAL UPTAKE OF 2-14C-DEOXYGLUCOSE IN
STRIATE AND PRESTRIATE CORTEX OF AWAKE MACAQUE.
S.J. Bolanowski, Jr., S. Demeter and R.W. Doty. Ctr. for Brain
Res., Univ. Rochester Med. Ctr, Rochester, NY 14642,
Cessation of visual sensation occurs despite continuing
stimulation when viewing a stabilized retinal image or Ganzfeld
monocularly. It has been commonly assumed, therefore, that:
a) such loss of visual experience is retinal in origin, and
b) transient inputs generated by saccades are essential for
sustained sensation. Such assumptions, however, are negated by
the simple fact that vision remains continuous in a binocular
Ganzfeld (Bolanowski and Doty, Soc. Neurosci. Abst. 8, 1982).
To assay the possible neural substrates differentiating fading
from continuing vision in monocular vs. binocular Ganzfelden,
we have placed macaques in the same apparatus as used for the
psychophysical  observations and  administered 2-14C-
deoxyglucose (2 DG) while they viewed Ganzfeld stimuli for 45

rity, and whose outcome triggers a process of monocular con-
tour completion. These completed contours form the bounda-
ries of monocular perceptual domains. A Feature Contour pro-
cess is sensitive to both the amount of contrast and to the
direction of contrast in scenic edges. It triggers a diffu-
sive filling-in reaction of featural quality within percep-
tual domains whose boundaries are dynamically defined by the
completed boundary contours. The Boundary Contour process is
hypothesized to be analogous to interactions initiated by
the hypercolumns in area 17 of the visual cortex. The Fea-
ture Contour process is hypothesized to be analogous to
interactions initiated by the cytochrome oxydase staining
blobs in area 17.

References: M.A. Cohen and S. Grossherg, Neural dynamics of
brightness perception: Features, boundaries, diffusion, and
resonance, 1984; S. Grossberg and E. Mingolla, Neural dyna-
mics of form perception: Contour completion, illusory fig-
ures, and neon color spreading, 1984.

min. Various stimulus configurations were used: monocular vs.
binocular; achromatic vs. chromatic; continuous vs. flashed.
Depending upon stimulus paradigm, various 2 DG patterns were
found in striate and prestriate cortex. For example, a
continuous monocular Ganzfeld (green) produced alternating
light and dark bands (350-500um) in layers IV A and IV C of V)
suggesting ocular dominance demarcations. No patterning was
found in layers I and II of V1 or in prestriate cortex. For the
binocular case (e.g., green, 30 sec on-90 sec off), labeling in V1
was continuous in layer IV and patch-like in layers II and III, the
patches being similar in size and distribution to those found on
adjacent sections reacted for cytochrome oxidase. Also
prominent in this binocular case was substantial uptake of 2 DG
in prestriate cortex arranged in strips (400-900ym in width)
within layer IV and extending into layers II and III where they
were narrower. Since monocular Ganzfelden presented
alternately to each eye (e.g., achromatic, 1 cycle/min) do not
produce prominent patterns of labeling in prestriate cortex,
even though striate cortex possesses patch-like labeling in
layers II and II and the expected continuous labeling of layer
IV, we suggest that disparate luminances presented to the two
eyes can substantially affect information flow between striate
and prestriate cortex of the alert macaque. If true, such
modulated transmission might underlie the subjective
disappearance of a monocularly viewed Ganzfeld.
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SOMATOSENSORY AREA I IS INVOLVED IN VISUAL NEGLECT IN THE
ZaT. Kenton L. Wertman*, Robert Sinclair*, and Simon
dorenstein. Departments of Neurology and Psychology, Saint
Zouls University, Saint Louis, Missouri 63104.

Ablation of a portion of Somatosensory Area I (SI) in
zats produced modification of a visuallv dependent learned
zask. As previously reported, ablation of auditory cortex
in posterior ectosylvanian gyrus (Ep), >r ablation of the
—edial portion and mesial surface of Ar=a 5, modified prefe-
ence to Double Simultaneous visual Stimulation (DSS) without
aifecting lateral preference to unilateral stimulation. Ab-
lation of AT, AII and SII had no signi‘icant effect on lat-
eral preference. Clinical cases of sensory neglect are often
tri-modal. Therefore, a somatosensory :nalogue of Ep is
iikely.

In this study, the functional role o' SI was investigated.
Six cats were appetitively conditioned n a specially design-
ed "Y" maze (Toga, A.W. et al., Psychological Reports, 40:
1071-4,1977) equipped for visual stimulation. On unilateral
stimulation animals were required to move into the sole light
ed arm of the maze and on DSS to move into either of two in
order to obtain food reward delivered from identical feeding
cups at the end of each. Each animal established its own
lateralization pattern to DSS. Response to unilateral stimu-
lation was usually appropriate to the side stimulated. After
training, sub-pial resection was performed and animals tested
from the lst to the 10th postoperative cays. After intra-
cardiac saline-formalin perfusion, brairs were removed for
anatomic study.

Lesions imposed no apparent postural »ias, or preference
to unilateral stimulation. In three cats with unilateral SI
lesions involving the Coronal and Ansate Sulci, statistical-
ly significant differences (p<.05) were found between pre
and post operative lateral preference in the DSS condition. A
substantial portion of SI was destroyed n each case. Some
lesions invaded SII. A previous report :ndicated that les-
ions restricted solely to SII did not afrect lateral prefer-
ence. In 3 other animals in the present study, lesions re-
stricted to area 5 both lateral and medi:l to the Lateral Sulk

cus did not produce significant changes .n lateral preference.

This latter finding is in agreement with a previous report
that lesions excluding the most medial p..rtion or mesial sur-
face of Area 5 did not affect lateral pr.-ference, and also
provides control for encroachment of the SI lesions into
Area 5.

Results suggest that destruction of scme portion of SI is
sufficient to produce visual neglect.

AFFERENT CONNECTIONS OF POSTERIOR CINGULATE CORTEX IN THE
CAT. C.R., Olson* and S. Edelstein®* (SPON: R. Cholewiak).
Department of Psychology, Princeton, N.J. 08544

The "cingular® cortex of the cat, as defined by Rose &
Woolsey (1948), occupies the parasplenial gyrus and extends
onto the adjacent ventral bank of the splenial sulcus. We
have recently become interested in this zone as a result of
finding that it projects strongly and topographically both
to area 7 (Olson & Lawler, 1982) and to the medial frontal
eye field (Jeffers & Olson, this volume). The present
study was designed to identify the sources and topography
of afferent pathways terminating in this ~egion. Small
deposits of distinguishable retrograde tracers (NY and Bb)
were placed at separate locations within or near the
cingular area of seven cats., The resulting patterns of
retrograde labeling, analyzed by use of standard methods,
are described below.

Cortex. (1) Area 7 and the medial frontal eye field
consistently contained moderate numbers ot labeled neurons.
More anterior tracer deposits produced more anterior
labeling in area 7 and more lateral label:ng in the medial
frontal eye field. (2) The lateral frontzl eye field,
insular cortex, and posterior ectosylvian cortex contained
moderate numbers of labeled cells, as did a cortical zone
apparently including visual area 20 and extending forward
into the caudal rhinal sulcus, (3) There was consistent
heavy labeling of prefrontal-orbital cortex and light
labeling of perirhinal, entorhinal and retrosplenial areas.

Thalamus. Labeled cells occupied a continuous region
encompassing the anteroventral, anteromedial and
laterodorsal nuclei and the shell zone of the
lateroposterior complex (LPs-d and LPs-v). Throughout this
region, topography was evident, with more rostral cortical
injections labeling more lateral and ventral thalamic
cells, It is striking that juxtaposed thalamic nuclei
projecting to cingular cortex, area 7 and the frontal eye
field are "in register": neurons at a given dorsoventral
level within these nuclei project to corresponding,
interconnected parts of the three cortical areas.

The results suggest two general conclusions. (1) The
cingular area and the anterior thalamic nuclei contain maps
of an unknown functional variable which is also represented
in area 7, in the medial frontal eye field, and in the
principal thalamic nuclei of these areas. (2) The cingular
area is suited by its connections to bring sensorimotor
processes under the control of prefrontal ‘:ortex.

21118
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AFFERENT CONNECTIONS OF THE CAT'S MEDIAL FRONTAL EYE FIELD.
I.M. Jeffers and C.R. Olson*. Department of Psychology,
Princeton, NJ 08544

The cat's cerebral hemisphere is thought to contain two
frontal eye fields. The more medial of these fields is
located on the ventral bank of the cruciate sulcus. The
aim of the present study was to identify brain areas
projecting to the medial frontal eye field (MFEF), and,
further, to establish on connectional grounds the borders
and internal divisions of this area. In 8 cats, we placed
deposits of distinguishable retrograde tracers (NY and Bb)
at separate locations in and around the ventral bank of the
cruciate sulcus, Standard charting methods were used.

In its thalamic connections, the MFEF stands out clearly
from surrounding prefrontal, limbic and motor areas.
Tracers deposited in the MFEF were transported to a medial
and ventral division of the ventral anterior nucleus and to
a narrow dorsolateral wedge of the mediodorsal nucleus.
Tracers deposited closer to the fundus of the cruciate
sulcus were transported to thalamic cells having a more
ventral and lateral location.

Cortical projections to the MFEF arise from association
and high-order sensory areas. These include the posterior
cingulate cortex, area 7, the insular cortex, the cortex of
the posterior ectosylvian gyrus, and cortex lying within
and around the caudal tip of the rhinal sulcus.
Occasionally, labeled cells were observed in the lateral
bank of the middle suprasylvian sulcus, Tracers deposited
closer to the fundus of the cruciate sulcus were
transported to more anterior sites within area 7, and
topographic patterning was also present in cingulate
cortex.

Labeled cells in the claustrum occupied an association
zone ventral to the visual and somatomotor divisions,

Our results suggest several general conclusions, (1)
The medial frontal eye field is a discrete area occupying
much of the ventral bank of the cruciate sulcus and
extending onto the adjacent medial face of the frontal
pole. (2) Regional specialization must exist within this
zone, as indicated by the presence of spatially ordered
inputs from several cortical areas and thalamic nuclei,

(3) The patterns we have observed are compatible with the
view that the cat's medial frontal eye field is homologous
to primate area 8. (4) By way of its thalamic afferents
the medial frontal eye field must receive input from the
cerebellar dentate nucleus, and may receive pallidal input
as well.

THE EFFECT OF VESTIBULAR STIMULATION ON THE SPONTANEOUS
ACTIVITY OF VISUAL CORTICAL CELLS, J.P. Landolt, S. Reinis
D.S. Weiss*, DCIEM, Downsview, Ontario, and Department of
Psych., University of Waterloo, Waterloo, Ontario, Canada.

The interaction between the visual and vestibular system
is required for an appropriate orientation of the indivi-
dual in three-dimensional space. At one level, this inter-
action takes place in the visual cortex where cells can be
found which respond to both visual and vestibular stimula-
tion. To study this phenomenon further, the spontaneous
unit activity of complex visual cortical cells from
Brodmann's area 18 was studied in immobilized, unanaesthe-
tized cats before, during, and after the stimulation of
the vestibular system.** The vestibular system was stimu-
lated in several ways: by intravenous injection of
deuterium oxide (a noted nystagmogenic agent), by direct
galvanic (electrical) stimulation of the labyrinth, by
head tilt with subsequent recording in the tilted posi-
tion, and by sinusoidal movement of the animal in the
horizontal plane. In all of these situations, visual
cortical cells responded to the vestibular stimulation
with an altered rate in spontaneous activity. The direc-
tion and shape of the averaged unit response were highly
characteristic for each cell, and both increases and
decreases in response were observed at the onset, during
and following the termination of the labyrinthine stimula-
tion. This indicates that the changes in the spontaneous
firing rate are not due to some general arousal effect,
but rather, that there is a structured, differentiated
response of the visual cells to vestibular stimulation. No
such changes were observed during unit recording from non-
visual cortical areas. In bilaterally-labyrinthectomized
cats, there was no response to deuterium oxide and sinu-
soidal movement; however,a response was observed to sus-—
tained head tilt. This 1indicates that visual cortical
cells are influenced also by a non-labyrinthine sensory
input, possibly a proprioceptive one.

This research was funded under DCIEM Research Contracts
3279017/8SU79-00225, and 97711-0-5951/8SE82-00100.

**  These experiments conform to the recommendations of
the Guide to the Care and Use of Experimental Animals,
published by the Canadian Council on Animal Care (CCAC).
Furthermore, all of these experiments were approved by the
CCAC following their careful analysis and repeated on-site
inspections of the anesthetic and immobilization proce-
dures used for animal treatments.
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STEREOSELECTIVE INTERACTION OF AN OPIATE WITH
THE NICOTINIC ACETYLCHOLINE RECEPTOR. R. E.
Oswald, N. N. Pennow* and J. T. McLaughlin*. Depart-

ment of Pharmacology, Cornell University, Ithaca, NY,
14853.
A class of opiate drugs, the benzomorphans, bind

stereospecifically to the nicotinic acetylcholine receptor
from the electroplaque of Torpedo californica. An optically
pure, radioactive benzomorphan derivative, (17,18-[3H]-
N-allyl-N-normetazocine; (-)[*H]JANMC), was used to
characterize this interaction. (-)[3H]JANMC exhibits
complex equilibrium binding with at least two independent
binding sites having KD's of 300 nM and 2 yM. The site
of higher affinity is decCreased allosterically by cholinergic
agonists. o-Bungarotoxin has no effect on the binding of
(-)[*H]JANMC and does not inhibit the effects of agonists
on the binding of (-)[*HJANMC. This suggests that the
allosteric regulation is not mediated by the two well
characterized high affinity binding sites for agonists but
by another site (or sites) on the receptor molecule. The
binding of (-)[*H]JANMC was inhibited by other benzo-
morphans, with (-) isomers being 4- to 5-fold more potent
than (+) isomers. Phencyclidine is capable of inhibiting
the binding of (-)[*H]JANMC, and (-)ANMC is capable of
inhibiting the binding of [3H]phencyclidine. Affinity
labeling with [3H]JANMC was performed using UV irradi-
ation. The o and § subunits were labeled with the same
speciticity as the binding of (-)[*H]JANMC to its high
affinity site. Trypsin degradation of the membrane-bound
receptor indicated that (-)[*H-ANMC labeled a 16 000
dalton C-terminal portion of the § chain. In contrast, a
local anesthetic derivative, 5-azido-[3H]-trimethisoquin,
labels an N-terminal 47 000 dalton fragment of the §
chain. These experiments suggest that the binding site
for benzomorphans may be a unique site of drug inter-
action on the acetylcholine receptor. This site is distinct
from the acetylcholine binding sites. The binding site of
(-)ANMC and that for phencyclidine and 5-azido-trimethi-
soquin are tightly coupled, but differentially regulated
and possibly physically distinct. (Supported by the
Muscular Dystrophy Association, NIH grant 1 R23 NS18660-
01 AM NEUB, Department of Defense contract DAAK
11-83-C-0049.)

BROMOACETYLCHOLINE IS AN AFFINITY LIGAND FOR THE ACETYLCHO-
LINE RECEPTOR OF CHICK (ILIARY GANGLION NEURONS. J.
Stollberg, D.K. Berg, K. Wan , and J.M. Lindstrom, Dept. of
Biology, Univ. of Calif., S.D.; La Jolla, CA. 92093; and The
Salk Institute, S.D., CA, 92138.

Chick ciliary ganglion neurons have acetylcholine (ACh)
receptors that mediate chemical transmission through the
ganglion. In many respects the ganglionic receptors resem-
ble nicotinic receptors in skeletal muscle, but they differ
in some ligand binding properties: the ganglionic receptors
are not blocked by alpha-bungarotoxin (and may not even bind
the toxin) and they appear to have a lower affinity for ACh.
Skeletal muscle receptors are known to have a disulfide bond
near the active site that can be reduced and covalently
labeled with the affinity ligand bromoacetylcholine (BAC).
If ganglionic receptors share this property, it may provide
a means for labeling the receptor and identifying subunits.
We have tested ganglionic receptors for the <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>