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behavioral effects ........................ 7 Symposium — 1:00 PM
7. Peptides: receptors I ...............coeunn.. 10 44. Behavioral functions of cholecystokinin in the
8. Development and plasticity: retina and optic central nervous system. Chaired by: J.N.
DEIVE . .oiteneneenaineanenneaneannns 13 CRAWLEY ....iiviniiniiiininniiannananans 140
9. Sensory systems: visual cortex I .............. 16
10. Regulation of pituitary functions I ........... 18 Workshop — 1:00 pM
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12. Spinal cord and brainstem I ................. 24 applications to the 2-deoxyglucose method.
13. Presynaptic mechanisms I ................... 27 Chaired by: D.L. MCEACHRON ............. 140
14. Sensory systems: auditory pathways I ......... 30
15. Cardiovascular regulation: ganglionic and spinal Slide Sessions — 1:00 PM
mechanisms ................ccc0viininnn.. 33 46. Molecular biology of gene expression and
16. Feeding and drinking: CCK ................. 36 nucleic acids I ..................oiin., 141
17. Clinical neurophysiology: epilepsy ............ 39 47. Peptides: anatomical localization I ........... 144
48. Action potentials and ion channels I ......... 147
Poster Sessions — 8:30 AM 49. Pharmacology of synaptic transmission I ..... 150
18. Other biogenic amines I .................... 42 50. Neurotoxicity I .........coviiiiviiinnennnnn 153
19. Monoamines and behavior IT ................ 47 51. Synaptogenesis and synapse elimination II .... 156
20. Feeding and drinking I ..................... 52 52. Endocrine effects on development and behavior 159
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Poster Sessions —1:00 PM 92. Coordination of respiratory and cardiovascular
60. Psychotherapeutic drugs: aminergic systems ... 184 homeostasis. Chaired by: J.L. FELDMAN 307
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62. Basal ganglia: anatomical pathways .......... 199 Slide Sessions — 8:30 AM
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ganglia: the old motor system in a new light. 120. Developmental disorders I .........5........ 398
AM. GRAYBIEL .....oovonvnienieinenne 306 121, Spinal cord and brainstem II . ............... 401
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THEMATIC LIST OF SESSIONS

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

Theme A: Development and Plasticity

Session Day and
Number Session Title Type Time
2. Actions of nerve growth factor in the central nervous system Symp. Mon AM
337. Autonomic nervous system Poster Thu pM
177. Biochemical and pharmacological correlates of development I  Poster Tue pM
328. Biochemical and pharmacological correlates of development II  Slide Thu pMm
354. Biochemical and pharmacological correlates of development III Poster Thu PM
193. Cell lineage: differentiation and development I Slide  Wed am
236. Cell lineage: differentiation and development II Slide  Wed pMm
309. Cell lineage: differentiation and development III Poster Thu aM
214. Development and plasticity I: aging Poster Wed aM
261. Development and plasticity II: aging Poster Wed pMm
376. Development and plasticity: motor systems Poster  Fri am
67. Development and plasticity: normal and transplanted visual
system Poster Mon pM
133. Development and plasticity: olfactory system Poster Tue aM
8. Development and plasticity: retina and optic nerve Slide  Mon aM
134. Development and plasticity: sensory system I Poster Tue AM
135. Development and plasticity: sensory system II Poster Tue AM
141. Development and plasticity: visual pathways I Slide Tue pM
235. Development and plasticity: visual pathways II Slide Wed pM
298. Development and plasticity: visual system plasticity Poster Thu am
267. Development of invertebrates I Poster Wed pMm
282. Development of invertebrates II Slide Thu am
120. Developmental disorders I Poster Tue AM
366. Developmental disorders II Slide Fri aM
161. Endocrine control of development I Poster Tue pPM
262. Endocrine control of development II Poster Wed PM
52. Endocrine effects on development and behavior Slide Mon pM
388. History of the brain Poster Mon aAM
117. Limbic system: development and plasticity I Poster Tue aM
151. Limbic system: development and plasticity II Slide Tue PM
91. Molecular synaptogenesis: transition from growth cone to
synapse Symp. Tue aAM
178. Morphogenesis and pattern formation I Poster Tue PM
292. Morphogenesis and pattern formation II Poster Thu am
180. Neural plasticity in adult animals I Poster Tue pM
225. Neural plasticity in adult animals II Poster Wed AM
269. Neural plasticity in adult animals III Poster Wed pMm
284. Neural plasticity in adult animals IV Slide  Thu am
318. Neural plasticity in adult animals V Poster Thu aM
75. Neuronal death Poster Mon pM
50. Neurotoxicity I Slide Mon pM
159. Neurotoxicity II Poster Tue pM
293. Neurotoxicity III Poster Thu AM
350. Neurotoxicity IV Poster Thu pM
333. Neurotransmitters: phenotypic plasticity Slide Thu pM



23. Nutritional and prenatal factors Poster Mon aM
57. Process outgrowth: growth cones Slide Mon pMm
102. Process outgrowth: guidance mechanisms Slide Tue AM
174. Process outgrowth: guidance mechanisms, growth cones Poster Tue PM
221. Process outgrowth: molecular mechanisms Poster Wed AM
287. Regeneration I Slide @ Thu am
367. Regeneration II Slide  Fri am
125. Regeneration: neuronal and glial responses Poster Tue am
175. Regeneration: patterns and responses Poster Tue PM
74. Regeneration: transplantation and modulatory factors Poster Mon pM
22. Specificity of synaptic connections I Poster Mon aM
288. Specificity of synaptic connections II Slide  Thu am
266. Sprouting and sprouting mechanisms Poster Wed pM
31. Synapse elimination and competition Poster Mon aM
30. Synaptogenesis and synapse elimination I Poster Mon aM
51. Synaptogenesis and synapse elimination II Slide Mon pM
200. Transmitters: phenotypic plasticity Slide Wed aM
197. Trophic agents I Slide Wed am
271. Trophic agents II Poster Wed pMm
272. Trophic agents: nerve growth factor Poster Wed pM
313. Trophic agents: neurotrophic factors Poster Thu aM
279. Trophic interactions I Slide Thu am
335. Trophic interactions II Poster Thu pMm
Theme B: Cell Biology
Session Day and
Number Session Title Type Time
330. Axonal transport I Slide Thu pM
381. Axonal transport II Poster Fri am
230. Biology of isolated brain capillary endothelia: an emerging
field in neuroscience Symp. Wed PM
202. Blood brain barrier I Slide Wed aMm
246. Blood brain barrier II Poster Wed pM
319. Cell surface macromolecules Poster Thu am
4. Cellular aspects of disease: CNS proteins Slide Mon aM
380. Cellular aspects of disease: nerve, muscle Poster  Fri amM
26. Functions of glia I Poster Mon aM
119. Functions of glia II Poster Tue aM
291. Functions of glia III Slide  Thu am
224. Glial and neuronal membrane composition I Poster Wed Am
331. Glial and neuronal membrane composition II Slide Thu pM
118. Metabolic studies Poster Tue AM
46. Molecular biology of gene expression and nucleic acids I Slide Mon pMm
108. Molecular biology of gene expression and nucleic acids II Poster Tue AM
233. Molecular biology of gene expression and nucleic acids III Slide - Wed pm
316. Molecular biology of gene expression and nucleic acids IV Poster Thu am
324. Molecular biology of gene expression and nucleic acids V Slide Thu pM
130. Staining and tracing techniques Poster Tue aM
77. Structure and function of identified cells I Poster Mon pM
184. Structure and function of identified cells II Poster Tue pM



Theme C: Excitable Membranes, Transduction and Synaptic Transmission

Session Day and
Number Session Title Type Time
48. Action potentials and ion channels I Slide Mon pMm
95. Action potentials and ion channels II Slide  Tue aMm
158. Action potentials and ion channels III Poster Tue PM
226. Action potentials and ion channels IV Poster Wed aM
227. Action potentials and ion channels V Poster Wed AM
231. Action potentials and ion channels VI Slide Wed pM
281. Action potentials and ion channels VII Slide  Thu am
346. Action potentials and ion channels VIII Poster Thu pM
148. CNS neurons: vertebrate and invertebrate I Slide  Tue pM
155. CNS neurons: vertebrate and invertebrate II Poster Tue pM
176. Drug effects on receptors Poster Tue PMm
49. Pharmacology of synaptic transmission I Slide Mon pM
247. Pharmacology of synaptic transmission II Poster Wed pMm
295. Pharmacology of synaptic transmission III Poster Thu am
142. Postsynaptic mechanisms I Slide  Tue pM
249. Postsynaptic mechanisms II Poster Wed pM
250. Postsynaptic mechanisms III Poster Wed pMm
13. Presynaptic mechanisms I Slide Mon AM
157. Presynaptic mechanisms II Poster Tue PM
248. Presynaptic mechanisms III Poster Wed pM
329. Sensory transduction Slide Thu pM
88. Synaptic structure and function I Poster Mon pM
192. Synaptic structure and function II Slide Wed am

Theme D: Neurotransmitters, Modulators, and Receptors

Session Day and
Number Session Title Type Time
112.  Acetylcholine I Poster Tue AM
289. Acetylcholine II Slide Thu am
360. Acetylcholine III Poster Thu pM
317. Acetylcholine: receptors Poster Thu AM
44. Behavioral functions of cholecystokinin in the central nervous
system Symp. Mon PM
348. Behavioral pharmacology: adrenergic and histaminergic
systems Poster Thu pM
201. Behavioral pharmacology: aminergic systems Slide Wed am
378. Behavioral pharmacology: cholinergic systems Poster Fri aM
377. Behavioral pharmacology: GABA and anxiolytics Poster  Fri AM
349. Behavioral pharmacology: neuroleptics and dopamine Poster Thu pMm
374. Behavioral pharmacology: phencyclidine and opiates Poster  Fri aM
347. Behavioral pharmacology: serotonin Poster Thu pMm
243. Catecholamines Slide @ Wed pMm
139. Catecholamines: dopamine receptors I Slide  Tue pM
211. Catecholamines: dopamine receptors II Poster Wed aM
260. Catecholamines: dopamine receptors III Poster Wed pm
127. Catecholamines: effects of MPTP Poster Tue am
312. Catecholamines: electrophysiology Poster Thu AM
311. Catecholamines: morphology and electrophysiology Poster Thu aM
94. Catecholamines: receptors I Slide Tue AM
305. Catecholamines: receptors II Poster Thu AM
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Characterization of cholinergic receptors I
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Coexistence of transmitters

Cyclic nucleotides I
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Estrogen and the nigrostriatal dopamine system

Excitatory amino acids: glutamate and glutamate analogs

Excitatory amino acids: physiology and pharmacology

Excitatory amino acids: receptor characterization and

localization

GABA and benzodiazepines: cellular and behavioral effects

GABA and benzodiazepines: electrophysiology

GABA and benzodiazepines: pharmacology

GABA and benzodiazepines: receptor characterization and
localization I

GABA and benzodiazepines: receptor characterization and
localization II

GABA and benzodiazepines: release and localization

Interactions between neurotransmitters I

Interactions between neurotransmitters II

Interactions between neurotransmitters I11

Metabolism of transmitters and modulators I

Metabolism of transmitters and modulators II

Modulators I

Modulators 1I

Molecular insights into GABA-receptor function

Neurotransmitters and receptors in disease

Neurotransmitters and receptors in disease: MPTP model of
Parkinson’s disease

Neurotransmitters and receptors in epilepsy

Neurotransmitters and receptors in human disease

Opiates, endorphins and enkephalins: anatomical localization

Opiates, endorphins and enkephalins: biochemical
characterization

Opioid receptors I

Opioid receptors 11

Opioid receptors 111

Opioids: physiological studies I

Opioids: physiological studies II

Opioids: physiological studies III

Opioids: physiological studies IV

Other biogenic amines I

Other biogenic amines II

Peptide-amine interactions in the neural regulation of cell
function

Peptides: anatomical localization I

Peptides: anatomical localization II

Peptides: anatomical localization III

Peptides: biosynthesis and metabolism I

Peptides: biosynthesis and metabolism II

Peptides: receptors I

Peptides: receptors 11

Physiological effects of peptides I

Physiological effects of peptides II

Poster
Poster
Poster
Poster
Poster
Slide
Slide
Poster
Slide
Poster
Wksh.
Slide
Poster

Poster
Slide

Poster
Poster

Poster

Slide

Poster
Slide

Poster
Poster
Poster
Slide

Poster
Poster
Symp.
Poster

Slide

Poster
Poster
Poster

Poster
Slide

Poster
Poster
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Poster
Poster
Poster
Poster
Poster
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Slide

Poster
Poster
Slide

Poster
Slide

Poster
Poster
Poster

Tue PM

Thu pMm
Thu pMm
Mon aM
Mon aM
Mon pM
Wed am
Mon am
Wed pM
Thu am
Fri AM

Wed pM
Mon aM

Mon am
Mon AM
Mon pMm
Mon pM

Mon pM

Thu pMm
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Tue PM
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Tue AM
Wed pMm
Tue PM
Wed aM
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285. Physiological effects of peptides III Slide Thu am
223. Receptor modulation: up and down regulation I Poster Wed am
237. Receptor modulation: up and down regulation II Slide Wed pMm
268. Receptor modulation: up and down regulation III Poster Wed pm
199. Regional localization of receptors and transmitters I Slide Wed am
263. Regional localization of receptors and transmitters II Poster Wed pM
307. Regional localization of receptors and transmitters III Poster Thu am
368. Serotonin Slide Fri aM
322. Towards a second generation understanding of neural circuits:
the role of modulation Symp. Thu PM
234. Transmitter cytochemistry and immunohistochemistry I Slide Wed pM
253. Transmitter cytochemistry and immunohistochemistry II Poster Wed pm
299. Transmitter cytochemistry and immunohistochemistry III Poster Thu am
99. Transmitters in invertebrates I Slide  Tue aMm
147. Transmitters in invertebrates II Slide  Tue pM
273. Transmitters in invertebrates III Poster Wed pM
106. Uptake storage and secretion I Slide Tue am
179. Uptake storage and secretion II Poster Tue pPMm
Theme E: Endocrine and Autonomic Regulation
Session Day and
Number Session Title Type Time
251.  Adrenal medulla Poster Wed pM
61. Cardiovascular regulation Poster Mon pM
150. Cardiovascular regulation: bulbar mechanisms Slide Tue pM
242. Cardiovascular regulation: diencephalic and cortical
mechanisms Slide Wed pM
15. Cardiovascular regulation: ganglionic and spinal mechanisms Slide Mon am
294. Cardiovascular regulation: hypertension Poster Thu am
92. Coordination of respiratory and cardiovascular homeostasis Symp. Tue AM
164. Endocrine control Poster Tue pMm
198. Neural control of immune system I Slide Wed am
252. Neural control of immune system II Poster Wed pm
339. Pineal gland Poster Thu pMm
222. Regulation of autonomic function Poster Wed am
10. Regulation of pituitary functions I Slide Mon am
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196. Regulation of pituitary functions III Slide Wed aMm
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334. Respiratory regulation I Slide Thu pMm
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363. Sensory mechanisms in sympathetic ganglia Symp. Fri AM
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72. Auditory sensory organs and transduction Poster Mon pMm
286. Chemical sensory systems I Slide Thu AM
356. Chemical sensory systems II Poster Thu pMm
369. Chemical sensory systems III Slide Fri aM
278. Effects of behavioral state and motor activity on sensory
neuronal processing Symp. Thu AM
53. Invertebrate sensory processing Slide Mon pMm
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39. Pain modulation: peptides, monoamines Poster Mon aM
190. Pain modulation: stimulation studies Slide Wed am
40. Pain modulation: stress analgesia Poster Mon AM
56. Pain: central pathways I Slide = Mon pM
123. Pain: central pathways II Poster Tue aM
172. Pain: central pathways III Poster Tue pM
70. Retina and retinofugal projections Poster Mon pM
71. Retina I Poster Mon pM
103. Retina II Slide Tue AM
145. Retina III Slide Tue pPM
355. Retina IV Poster Thu pMm
14. Sensory systems: auditory pathways I Slide Mon am
73. Sensory systems: auditory pathways II Poster Mon pM
215. Sensory systems: auditory pathways III Poster Wed am
306. Sensory systems: auditory pathways IV Poster Thu am
69. Sensory systems: subcortical visual pathways I Poster Mon pM
96. Sensory systems: subcortical visual pathways II Slide Tue AM
296. Sensory systems: subcortical visual pathways III Poster Thu am
9. Sensory systems: visual cortex I Slide Mon am
68. Sensory systems: visual cortex II Poster Mon pM
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205. Basal ganglia: electrophysiology and behavior Poster Wed am
63. Basal ganglia: immunocytochemistry Poster Mon pM
110. Basal ganglia: immunocytochemistry and physiology Poster Tue AM
340. Basal ganglia: Parkinsonism and its models Poster Thu pM
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xiv



156. Invertebrate motor function Poster Tue pMm
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144. Oculomotor system II Slide Tue PM
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SYMPOSIA

1
2 SYMPOSIUM. ACTIONS OF NERVE GROWTH FACTOR (NGF) IN THE CENTRAL 3 SYMPOSIUM. CEREBRAL PROCESSES AND CONSCIOUS FUNCTIONS. B. Libet,
NERVOUS SYSTEM. I.B. BLACK, Cornell University Medical College Univ. of California, San Francisco (Chairperson); J. C. Mazziotta,
(Chairperson); H. Thoenen, Max-Planck Inst. for Psychiatry; L. UCLA; S. A. Hillzard*.Univ. of California, San Diego; G. A.
Reichardt, Univ. of California School of Medicine; W.B. Mobley, Ojemann, Univ. of Washington, Sch. of Med.; J. C. Eccles, Max
WRFAIR, Walter Reed Army Medical Center; E. Johnson, Washington Planck Institute, Gdttingen.

Univ. Medical School. Conscious, subjective phenomena can be studied directly via
NGF is the prototypical neuronal trophic molecule: it was introspective reports but only in human subjects. The symposium
discovered over 30 years ago, it is the only neurotrophic molecule provides current examples of significant developments in our under-

for which the amino acid sequence is defined, and it has been the standing of this fundamental phenomenon.
molecular model for many concepts of ontogeny and trophic interac- Changes in neuronal activity patterns are accompanied by
tions. Until recently, the actions of NGF were thought to be altered rates of metabolism. The latter can be mapped in cerebral
restricted to peripheral neurons of neural crest origin, whereas cortex both spatially and temporally by the positron emission
brain trophic molecules, if any, were unknown. However, within tomography (PET). Mazziotta will discuss PET findings that des-
the past 2 years increasing evidence has indicated that NGF cribe altered local metabolic patterns in association with
regulates development and maintenance of subpopulations of brain conscious sensory responses and motor tasks, in normal and abnor-
neurons. This remarkable realization is the subject of the mal psychological states.
present symposium, Certain long-latency event-related brain potentials are

Hans Thoenen will begin by providing an overview of NGF reliably associated with the focussing of attention on sensory
research before discussing NGF transport in central systems, and input channels and the detection of relevant target signals.
the presence of mRNA coding for NGF in the brain. Lou Reichardt Hillyard will present evidence suggesting that these electrical
will review the central distribution of NGF mRNA, and discuss waves are manifestations of different aspects of conscious percep-
novel methods for message detection. Bill Mobley will discuss tual processing. The P300 wave, in particular, appears to
the effects of the trophic factor on developing populations of signify the conscious detection of a signal. This relationship
rat brain neurons in vivo. Ira Black will present work performed can be used to investigate the role of conscious processing in
with brain neurons in culture, indicating that NGF specifically the visually guided behavior of patients with cortical blindness
and selectively enchances growth of cholinergic neurons in rat (the "blindsight" phenomenon).
caudate-putamen and the nucleus basalis complex. Eugene Johnson Different aspects of language functions, - in naming, reading,
will discuss recent studies suggesting that the spinal cord verbal memory, orofacial movements in expression, and phoneme
dorsal horn contains NGF that regulates development of primary identification -, have been experimentally analysed by Ojemann in
sensory neurons in dorsal root ganglia. The symposium, conse- cerebral studies on awake neurosurgical patients. Differential
quently, is designed to synthesize converging lines of evidence, mapping of these cortical functions was achieved with electrical
indicating that NGF plays a critical role in brain development. stimulation, while electrophysiological field and single neurone

recordings enabled some functional analyses.

The initiation of a fully endogenous voluntary act has often
been assumed to be a conscious process. Libet reports finding
that onset of a cerebral process, the scalp-recorded 'readiness-
potential' (RP) precedes the appearance of conscious intent by
about 400 msec. However, conscious intent precedes the motor act
by about 200 msec, and some form of conscious control, for example
a veto of actual movement, still remains possible.

The intervention by a non-material mental/conscious event in
neural events of the brain can be envisaged within either a monist
(e.g., Sperry) or a dualist (e.g., Popper and Eccles) view of
mind-brain interaction. Eccles will present a theory of how such
an interaction may occur. The theory proposes that a mental event
can influence the probabilistic operations of synaptic boutons, by
actions in conformity with the physics of probabilistic fields of
quantum mechanics.

CELLULAR ASPECTS OF DISEASE: CNS PROTEINS
4.1 NUCLEUS BASALIS MEYNERT NEURONS CONTAIN THE VITAMIN-D 4.2 NEURON-SPECIFIC AND NON-NEURONAL ENOLASE (y AND ~« SUBUNIT) ISO-~

INDUCED CALCIUM BINDING PROTEIN:
DISEASE? M.R. Celio, A.W. Norman*. Anatomisches Institut
Universitdt 2Urich, CH-8057 Zurich (Switzerland) and
Biochemistry Dept. UCR, Riverside Ca 92521 (USA).

The basal nucleus of Meynert (NBM) comprises clusters
of large multipolar neurons in the basal forebrain which
are known to provide the major cholinergic input to the
cerebral —cortex. Central cholinergic pathways are
thought to modulate behavioural states and a selective
loss of cortical cholinergic markers has been recognized
in Alzheimer's discase. We report on the
immunohistochemical detection of the 28k Vitamin-D
induced calcium-binding protein (CBP) 1in the neurons of
the basal nucleus of Meynert in primates. For this study
we perfused sqguirrel and rhesus monkeys with fixative
and cut the brain with a vibrating microtome. The
sections were incubated with diluted antisera against
the 28k chicken 1intestinal CBP and processed by the
unlabeled antibody method of Sternberger. In the monkey,
the magnocellular components of the basal nucleus of
Meynert displayed strong immunoreactivity with the
antiserum against CBP. The cell bodies (25-30 um in
diameter) and the thick diverging stem dendrites were
homogeneously stained. 1n those cortical layers known to
receive NBM projections, CBP immunoreactivity was 1indeed

A CLUE TO ALZHEIMER

present. The NBM 1s not the only brain region which
contains CBP and CBP is not restricted to cholinergic
neurons 1n the brain. Interestingly, several of the

systems containing CBP have been
Alzheimer's disease pathology. For
coerules, Nucl. Raphe dorsalis,
interneurons of the neocortex, all seem to be affected
by the disease process. CBP, therefore, represent a
"common denominator" underlying several diverse elements
of the pathology of Alzheimer's disease. CBP may play a
direct role in the pathogenesis of this
neurodcgengiative disorder, because 1t shuttles and
puffer Ca -ions, thus regulating the 1intracellular
calcium distribution and concentration. Malfunctioning
or interference with the function of CBP 1n neurons may
render these cells susceptible to intermittent calcium
fluctuvations and perhaps more prone to accumulate
intolerable quantities of calcium. The uncontrolled
elevation of the intracellular calcium concentration may
lead to protein denaturation and cell death.

implicated in
example NBM, Locus
somatostatin containing

*Indicates nonmember of the Society for Neuroscience
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ENZYME IMMUNOREACTIVITY IN CEREBRAL CORTEX OF PATIENTS WITH ALZ-
HEIMER'S DISEASE. D,E. Schmechel (*), P.J, Marangos, B.J. Crain,

‘G.M, quk_ﬁ*),_A,D:>ﬁ§§§§-YSP6NSZ‘RﬂblAtriékson). Departments of

Medicine, Anatomy and Pathology, Kathleen P. Bryan Alzheimer's
Disease Research Laboratory, Duke University Medical Center; Durham
VAMC; Durham, NC 27710; NIMH, Bethesda, MD 20205 (PJM).

The cellular localization of the neuron-specific (NSE or y) and
non-neuronal (NNE or a) subunits of the glycolytic enzyme enolase
(EC 4.2.1.11) in primate cerebral cortex reveals that neurons are
immunoreactive for NSE, but only weakly (+) or non-reactive for
NNE. Especially in hippocampus, non-pyramidal neurons (NPN) are
strikingly more NSE immunoreactive than most pyramidal neurons. We
examined brain tissue from patients with Alzheimer's Disease (AD)
to see whether this normal profile might be changed. We used form-
alin-fixed routine autopsy material (3 elderly controls and 4 pat-
ients with pathological diagnosis of AD). Two other patients with
clinical AD had rapid autopsies (23 min and 1 hr to brain dissect-
ion); tissue from these cases was fixed for 24 hrs in a variety of
fixatives in 5 mm slabs (both proved to have AD). Immunocytochem-
istry for NSE and NNE (human antigens) and somatostatin was carried
out by peroxidase methods on 25-50 micron floating sections.

As in normal hippocampus, the hippocampus of all six cases of AD
showed strong NSE staining of NPN compared to pyramidal neurons.
This distinction is especially clear for NPN located in a loose
reticular plate at the oriens-alveus border and in CA4. They remain-
ed strongly NSE(+) even in sectors containing pyramidal neurons
with neurofibrillary tangles. Other evidence suggests that most of
these 'reticular plate' NPN (see Schmechel et al. Neurosci lLett 47:
227, 1984) are somatostatin-containing GABAergic neurons.

The two rapid autopsy cases of AD showed better enolase immuno-
reactivity similar to surgical specimens of human brain. Both NSE
and NNE localization was very consistent even in large scctions
resembling normal distribution in primates. However. in specific
hippocampal subfields, many pyramidal neurons were very weakly NSE
(+), but strongly NNE immunoreactive. Such a reversed nrofile was
also seen in sectors of frontal, temporal and parietal lobe, but
not in occipital lobe, cerebellum, or surgical samples of normal
human temporal lobe.

In summary, the enolase profile of cortical neurons in regions
affected by AD may range from normal (ex, preserved strong NSE(+)
of 'reticular plate' NPN in hippocampus) to an abnormal pattern
reminiscient of immature or axotomized neurons (ex, shift from NSE
to NNE of selected hippocampal pyramidal neurons). Since NSE is
involved in neuronal glycolysis, the NSE/NNE profile may allow
detection of differences in the metabolic state of specific classes
of neurons affected by the AD disease process. (DES supported by
VA Career Development Award: C. Cox aided technical effort).



CELLULAR ASPECTS OF DISEASE: CNS PROTEINS

MONDAY AM

4.3

4.5

A HYDROPHOBIC DOMAIN OF MICROTUBULE-ASSOCIATED PROTEIN 2 (MAP 2)
SHARES ANTIGENS WITH ALZHEIMER NEUROFIBRILLARY TANGLES (NFT). K.S
Kosik*, D.J. Selkoe and L.K. Duffy* (SPON: C.G. Rasool), Harvard
Medical School, Brigham and Women's Hospital, Boston, MA 02115

NFT are one of the major neuronal structural changes in Alzheim-
er's disease. The exact molecular composition of the fibers com-
prising NFT is unknown. Ultrastructural and immunological observa-
tions have implicated neurofilament protein and, most recently, MAP
2 or MAP 2 fragments as possible constitutive elements of NFT. The
latter finding (Kosik et al., PNAS, 1984) is based upon a monoclonal
antibody, referred to as 5F9, which is highly specific for MAP 2 and
also reacts with NFT. Characterization of the MAP 2 epitope with
which this antibody reacts may provide information about one protein
component of NFT. This report describes the isolation and charac-
terization of a MAP 2 cyanogen bromide (CNBr) cleavage product that
contains 5F9 immunoreactivity and has markedly different solution
properties than the parent molecule. MAP 2 was obtained from calf
brain using the taxol method (Vallee, J. Cell Biol., 1982) to pre-
pare microtubules, followed by salt precipitation of tubulin and
heat precipitation of MAP 1. Supernates highly enriched in MAP 2
were digested with CNBr for 48 h and resolved by SDS-PAGE. A
Western blot of the CNBr cleavage products revealed a 5F9-immuno-
reactive protein doublet of My ~40,000. The CNBr cleavage products
were also resolved by HPLC with an acetonitrile gradient over a
Vydac C4 column. In the region of 40% acetonitrile, the elution
profile showed the immunoreactive 40Kd doublet, a 65Kd doublet, and
a 92Kd protein. The hydrophobicity of the immunoreactive 40Kd frag-
ment was suggested by its relatively prolonged retention time, so
that it co-eluted with CNBr fragments of considerably higher molecu-
lar weight. A portion of the total CNBr fragments of MAP 2 remains
insoluble in aqueous buffers under both acidic and basic conditionms.
These relatively insoluble fragments were identified as the same
three that showed prolonged retention time by HPLC; their insolubil-
ity contrasts with the properties of intact MAP 2, which is highly
soluble under a wide range of salinities and pH's. A single HPLC
fraction containing the 40Kd immunoreactive protein was rechromato-
graphed under identical conditions as described above to purify
further this fragment. A single amino acid analysis of a 40Kd-en-
riched fraction suggests an abundance of non-polar, hydrophobic
residues, particularly glycine, in this fragment. Its composition
is in contrast to that of the parent molecule, which is unusually
low in non-polar residues. The other large molecular weight frag-
ments of MAP 2 appear to be highly enriched in glutamic acid and
thus bear some resemblance to the neurofilament carboxy-terminal
tail pieces. We conclude that the portion of MAP 2 which contains
an epitope shared with NFT is unusual in its hydrophobic nature in
contrast to the highly charged domains which constitute the major
portion of MAP 2. Supported by NIH grants 5KO7 NS00835 and ROl
AG05538 (KSK).

IMMUNOCYTOCHEMICAL STUDIES ON NEUROFILAMENT ANTIGENS IN THE
NEUROFIBRILLARY PATHOLOGY INDUCED BY ALUMINUM. J. C. Troncoso*,
L. A. Sternberger*t, N. H. Sternberger*t, P. N. Hoffman and D. L.
Price (SPON: M. R. DeLong). Neuropathology Laboratory, The Johns
Hopkins University School of Medicine, Baltimore, MD 21205;
tCenter for Brain Research, University of Rochester Medical
Center, Rochester, NY 14642.

Intrathecal administration of aluminum salts induces
accumulation of neurofilaments in axons and perikarya of rabbit
motor neurons. This pathology is associated with impaired axonal
transport of neurofilaments. Phosphorylation of neurofilaments,
in particular the 200-kd sidearm protein, seems to be important
for interactions between neurofilaments and between neurofilaments
and other cytoskeletal elements. Moreover, sidearms may play a
role in axonal transport #n the cytoskeleton. Therefore, it is
possible that aluminum may produce its effects by altering
phosphorylation of neurofilaments. To begin to test this
hypothesis, we used antibodies directed against phosphorylated and
nonphosphorylated epitopes of neurofilament proteins for
immunocytochemical analysis of spinal cord sections from
aluminum-injected rabbits. In control animals, phosphorylated
neurofilaments were not conspicuous in perikarya of motor neurons.
In experimental rabbits, two out of three phosphorylated epitopes
were readily demonstrated in perikarya of affected motor neurons.
The presence of phosphorylated epitopes of neurofilaments in
perikarya of motor neurons is distinctly abnormal and may have
important consequences for the organization and function of the
cytoskeleton. This inappropriate location of phosphorylated
neurofilaments may be associated with impairments in axonal
transport. Finally, it is of interest that a similar, but not
identical, pattern of neurofilament phosphorylation has recently
been described in neurofibrillary tangles in Alzheimer's disease.

4.4

4.6

COMPARATIVE PROTEIN CHEMICAL STUDIES OF SENILE PLAQUE AMYLOID
FIBERS AND PAIRED HELICAL FILAMENTS IN ALZHEIMER'S DISEASE.
D. Selkoe, C. Abraham* and L. Duffy*. Harvard Medical School,
Brigham and Women's Hospital, Boston, MA 02115

During aging of the human brain and particularly in Alzheimer's
disease (AD), progressive neuronal loss is associated with the
formation of highly stable intra- and extraneuronal protein fibers.
Intraneuronally, paired helical filaments (~20 nm in diameter), to-
gether with some straight 10-20 nm filaments, accumulate in cell
bodies (as neurofibrillary tangles) and in the dystrophic neurites
that comprise senile plaques. Extraneuronally, deposits of un-
paired ~8 nm filaments form the central cores of many senile
plaques. Similar filaments also occur in the walls of some paren-
chymal and meningeal blood vessels in AD brain. These various
fibers have physicochemical properties which allow their classifica-
tion as amyloid proteins. Taking advantage of the size (5-22 um)
and dense spherical form of isolated senile plaque cores, we have
developed a method to purify them to near homogeneity using
fluorescence~activated cell sorting. The isolated, purified cores
contain 70-130 pg protein each and contain abundant glycine and
other non-polar amino acids and very little proline or cysteine.
Their amino acid composition is similar to that of highly enriched
fractions of PHF. Although both the amyloid cores and the PHF are
insoluble in a variety of strong solvents, including SDS, urea and
guanidine HCl, treatment with either saturated (7 M) guanidine SCN
or concentrated (80%) formic acid causes disappearance of the
fibers by light and electron microscopy and releases two major low
My proteins at ~6,000 and ~12,000 daltons. The proteins released
from PHF and from cores co-migrate by gel electrophoresis and by
size-exclusion HPLC. These small polypeptides, which appear to be
oligomerically related, react with PHF antibodies that do not
recognize normal fibrous proteins. Intact, isolated amyloid cores
also react with these antibodies, although in situ cores in brain
tissue sections are not labeled. Both the purified amyloid core
fibers and highly enriched PHF fractions produce an x-ray diffrac-
tion pattern consistent with the presence of considerable cross-B8-
pleated sheet structure. Thus, intraneuronal PHF and extraneuronal
amyloid fibers, although ultrastructurally distinct, share solubil-
ity properties, similar amino acid compositions, major constituent
proteins, B-pleated sheet conformation and svecific antigenic de-
terminants. Identification of the molecular origin of the proteins
comprising these pathological fibers will now require sequence
analysis. (Supported by NIH Grants AG01307 and NS20110.)

IN SITU DISTRIBUTION OF PHOSPHORYLATED AND NONPHOSPHORYLATED
NEUROFTLAMENT EPITOPES FOLLOWING AXOTOMY AND NEURECTOMY OF SENSORY
NEURONS. J. Rosenfeld, M. E. Dorman*, N. H. Sternberger*t, L. A.
Sternberger*t, P. N. Hoffman and D. L. Price. Neuropathology
Laboratory, The Johns Hopkins University School of Medicine,
Baltimore, MD 21205; tCenter for Brain Research, University of
Rochester Medical Center, Rochester, NY 14642.

Axonal transection results in an alteration of the metabolism
of neurofilaments (NF). Evidence suggests that the 200-kd NF
protein plays a role in crosslinking NF. Immunocytochemistry
using monoclonal antibodies which recognize either phosphorylated
or nonphosphorylated epitopes of the 200-kd NF protein demonstrate
that NF epitopes have distinct distributions in the cell
bodies/axons of normal neurons. We hypothesize that changes in NF
metabolism, observed during regeneration, may be associated with
altered distributions of NF epitopes within different regions of
neurons. In the present study, the distributions of NF epitopes
were examined in neurons of the dorsal root ganglia (DRG) using
immunocytochemistry in the setting of effective and ineffective
regeneration.

An altered pattern of immunoreactivity was observed following
axotomy (nerve crush followed by regeneration) but was not
observed following neurectomy (permanent axotomy) of sciatic nerve
in adult rats. Three weeks following surgery, sections of DRG
were stained using antibodies against phosphorylated -and
nonphosphorylated NF epitopes. In control animals,
nonphosphorylated NF proteins were visualized predominantly in
cell bodies, dendrites, and proximal axons, while phosphorylated
NF proteins were localized primarily in axons and only rarely
observed in cell bodies. Following axotomy, 50-90% of the total
number of DRG cells showed phosphorylated epitopes in perikarya.
Following neurectomy, phosphorylated NF proteins were not
visualized in DRG cells. In both axotomy and neurectomy
preparations, antibodies directed against nonphosphorylated NF
proteins stained cell bodies of DRG.

This study demonstrated a change in staining patterns of NF
epitopes in regenerating sensory neurons, i.e.., epitopes of
phosphorylated NF proteins appear in the cell body. When
regeneration does not occur, e.g., neurectomy, phosphorylated NF
epitopes were observed only in axons. Mechanisms leading to
abberant patterns of immunoreactivity are unknown. The abnormal
distribution of epitopes could arise from increased amounts of
phosphorylated NF proteins, altered regulatory mechanism for NF
phosphorylatjon, etc. Abnormal patterns of phosphorylated NF also
occur in cell bodies in a model of neurofibrillary pathology
(aluminum intoxication) and in neurofibrillary tangles in
individuals with Alzheimer's disease.
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CYTOTOXIN { wHAJA nadh OxiANA) INHIBITS SFECIFIL nINASES
FRAOM SEIZURE SENSITIVE AND RESITANT SThANS UF sERBILS
Ao MICE. . ajorei# and A.V. Delgado-tscueta. Lept.

Neurology. Sc

. of red. Univ. Calif. Los Angeles , and V.A.
wWadsworth Med. Cir.,, Los Angeies, CA 70024,

Cyitotman [ thaja naja oxianar was usea to evaiuate
tne activity of phospholimid-calcium depenuent kinase
present :n crude fractions (shocked FZ) of mouse (C57/6.0)
and mongolian germl (meriones ungucuiatus) cerebrai
corte-. We nave previously noted that in vitro
phosphorylation assays of tmes fraction detect a
aitrerence petween seizure sensitive and resastant
strawne of these mice and gerbiis 1n tne phosphoryiation
of several proteins separ ated oy SDS poivacryiamide
wiectr opnoresis. Since the cytotaxin [ poivpeptide has
be2n reparted to be a relatively specific inhipoitor of
the pnospholipid-caicium dependent kinase in puritied
anzyme preparations (kuo et al FEBS Lett 153:183 1987),
we hopea to uwse this property to identity substrates
predominantly phosphoryiated by the kinase and to expose
possibie alterations of the enzyme 1n seizure susceptibie
aramals. Iin C57/6J mice proteins of i&k and 20Uk molecuiar
welgnt were i1nhibited by 15-2Z0% in an  incubation miture
contaiming 25ug toxin, SmM AT O.5mM Ca+2, SmM Mg+l
lugsul total proteiwn in . ml of Iris bufter. Other
proteins ac 44r., 48k, 32k, 61k, and /4-/9r were intiubifed
by only &-—& In the gerbiis, the 1&k and :fun proteins
wer2 not inmbited at Z5ug but stimuiated up to B%. Using
levels +ram w-iGdug, there was an i1nhibition notea of
20-2574 aiter 100Oug of toxin. This Diphaslic response was
seen 1n three senarate experiments. Seizure susceptible
and resistant strains of gerbils showed simiiar biphasic
patterns of toxin response, however seizure prone
ammals exibited a greater inhibition at the jvuug ieveis.
Mo er substrates were not inhibited but showed a
it stimulation. One protein at 48k which was
cstimulated by calmodulin had the calmodulin stimulation
inhibited (30-3I5%) by the toxin. The complexity ot this
crude fraction was exposed by the addition of the toxin
since the biphasic response may have been due to the
phosphoryiative activity of other kinases on the same
substrates or to the presence of other cofactors or
phospholipids which can modify the activity of the
kirtases. However, the toxin partially differentiated some
o+ the substrates and provides a tool tor studying
these kinases/phosphatases 1n epileptic models.

1)

PRION PROTEINS ACCUMULATE IN THE ROUGH ENDOPLASMIC RETICULUM OF
SCRAPTE-INFECTED HAMSTER BRAINS. R. K. Meyer*, M. P. McKinley*,
R. A. Barry* and S. B. Prusiner. Department of Neurology,

University of California, San Francisco, CA 94143.

Scrapie is a transmissible, degenerative disease of sheep and
goats which occurs after a prolonged incubation period. While
the scrapie agent or prion is found in most tissues, the highest
titers are found in brain. Animals with scrapie exhibit signs of
neurologic dysfunction. Experimental studies have been
facilitated by transmission to rodents. The scrapie prion
contains a protein PrP and little or no nucleic acid. Scrapie
PrP is a sialoglycoprotein, has a M_ of 27-30 kd in preparations
purified by proteinase K digestion,rand aggregates into amyloid
rods and filaments. TImmunoblots of unpurified fractions from
infected and uninfected hamster brains demonstyated PrP proteins
of higher M_ 33-35 kd. Similar rgsults were obtained with rabbit
antisera ralsed against PrP 27-30 ¢ or against a synghetic
peptide corresponding to the N-terminus of PrP 27-30 <.
Proceégase K digestigg of infected fractions converted PrP ¢
33-35"" to PrP 27-30" ; whereas, the cellular protein PrP 33-35
was complggely degraded. _After subcellular fractionation, both
PrP 33-35"" and PrP 33-35  were found in membrane fractions but
not in 103 x g supernatant fluids. The protease sensitivity gf
PrP 33-35 ag well as the proteolytic conversion of PrP 33-35 ¢
to PrP 27-30" were unaltered by extracting the membranes with 2%
sodium dodecyl sarcosinate (Sarkosyl). NaCl (0.1-0.5 M), 5 mM
EDTA and osmotic shock failed to release the PrP proteins from
microsomal membranes; in constrast 2% Sarkosyl did solubilize the
PrP proteins since they were recovered in the supernatant fluid
after centrifugation at 100,000 x g for 1 hr. Electron
microscopy of these microsomal fractions showed membrane vesicles
but not rod-shaped structures. The rods have been found in
purified preparations of scrapie prions and are thought to be
aggregates of the infectious particles. Sixty days after
1noculatig2 with ~107 ID5o units of prions, the concentration of
PrP 33-35  in scrapiezinfected brain was increased ~10 times
over that of PrP 33-35  in uninfected brain. Fractionation of
microsomal membranes on sucrose-CsCl gradients allowed separation
of smooth endoplasmic reticulum (SER) from rough endoplasmic
reticulum (RER) membranes. PrP 33-35 was found primarily in RER
fractions. Our observations suggest that PrP proteins are
integggl membrane proteins and that scrapie infection causes PrP
33-35"" to accumulate in RER. The transport and/or processing of
PrP appears to be impaired during scrapie infection. How this
alteration in cellular membranes relates to dysfunction of the
central nervous system remains to be established.
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VISUAL DYSFUNCTION ASSOCIATED WITH ANTINEUROFILAMENT ANTIBODIES.
S. Kornguth, T. Kalinke*, G. Grunwald* and D. Dahl. University of
Wisconsin, Madison, WI 53705; National Institutes of Health,
Bethesda, MD 20205; VA Hospital, W. Roxbury, MA 02132.

This report describes the presence of antineurofilament
antibodies in the sera of rabbits that were immunized against
large ganglion cells from ox retinas. The intravitreal injection
into cats, of these immunoglobulins, was shown to cause a
selective reduction in the number of large retinal ganglion
cells. The electrophysiological properties of Y-tvpe neurons
in the lateral geniculate nucleus were also affected. These
immunoglobulins were also shown to react with large retinal
ganglion cells by immunohistological methods.

Recent experiments on these polyclonal antibodies from rabbits
indicate that they react strongly with a 210 kDa protein from
bovine brain as shown by Western blot analysis. On 5% poly-
acrylamide gels, the 210 kDa antigen comigrates with the high
molecular weight protein of the neurofilament triplet. This
was determined using rabbit polyclonal antibodies that were
produced against the 200 kDa neurofilament protein ( from Dr.
Doris Dahl) .

In order to characterize further the relationship between
the large ganglion cell antigens and the neurofilament proteins,
our laboratory purified the neurofilament proteins. A crude
neurofilament fraction was obtained from bovine brain by Triton
X-100 extraction followed by centrifugation through sucrose
according the method of Tokutake et al. Anal. Biochem. 135,
102-105, 1983. The pellets, which contained neurofilaments,
were solubilized either in 8 M urea or 1.5 M sodium thiocyanate
buffered with 10 mM sodium phosphate, pH 7.4, containing 17
2-mercaptoethanol. Further purification of the 210 kDa protein
was obtained by ethanol fractionation. The 210 kDa protein
remained in solution at 50% saturation with ethanol. The
solution was dialyzed against water and lyophilized to recover
the 210 kDa protein.

These observations are of interest because our laboratory
has shown that patients with small cell carcinoma of the lung
who also have a visual paraneoplastic syndrome, contain a high
titer of immunog lobulins in their sera that react selectively
with a subset of the neurofilament triplet proteins. This
suggests that visual dysfunction may be associated with exposure
of the retina to antineurofilament (NF) antibodies in the
patient with the small cell tumor and in the cat model. These
immunog lobulins may be of etiologic significance in the deve-
lopment of retinal dysfunction.

SUSTAINED REACTIVE SPROUTING FOLLOWING MINOR HEAD INJURY. J.T.
Povlishock, Dept. of Anatomy, Med. Coll. of Va., Virginia Common-

wealth Univ., Richmond, VA 23298.

In previous communications we have observed that following
minor head injury various forms of reactive axonal change occur.
Typically such reactive change entails focal axonal swelling
which over a 21 day post-traumatic course persists unchanged,
degenerates or gives rise to multiple reactive [regenerative]
sprouts. Since such sprout-containing swellings persist over a 21
day period in contrast to other reports of CNS regeneration which
have characterized reactive sprouting as rapidly abortive, it
seemed appropriate to better characterize this response and to
follow it over a more prolonged post-trauamtic course. To this
end, anesthetized cats were subjected to minor fluid-percussion
brain injury. Following their complete and uneventful recovery
from the traumatic insult , the animals were allowed to survive
for periods ranging from 3 to 60 days. To aid in the recognition
of the reactive axonal sprouting , the anterograde axonal trans-
port of horseradish peroxidase [HRP] was utilized based upon our
previous experience that such HRP passage was a sensitive probe
for detecting focal reactive axonal change. At the designated
survival times, the animals were anesthetized, perfused with
aldehydes and prepared for LM and TEM analyses. Within 3 days of
the traumatic episode multiple reactive sprouts were observed
originating from the traumatically induced axonal swellings .
These contained numerous lucent and dense core vesicles and such
sprouts ranged from 0.5 to 2 um in diameter and 5 to 20 um in
length . By the second post-traumatic week numerous sprout-—
containing swellings were recognized and in addition to these
reactive sprouts , multiple robust processes, reminiscent of
growth cones, were now also observed. With continued post-
trauamtic survival both sprout and robust process-containing
swellings were identified. Typically both the sprouts and robust
processes had advanced beyond the swelling to parallel the
distended myelin sheath and when the myelin sheath was either
fragmented or totally lost, such processes could be observed
coursing into the substance of the surrounding brain parenchyma
which in the case of minor head injury was unaltered. Although
with continued survival macrophages approximated such sprout and
robust process-containing swellings, they did not appear to be
related to the onset of any degenerative change. Such sprout and
process extension was recognized to continue over a 60 day
post-trauamtic course and , as such , appeared remarkable. As
minor head injury causes only limited focal axonal change with
sparing of the surrounding brain parenchyma and vasculature, it
is conceivable that the retention of a realtively unaltered brain
microenvironment contributed to such a dramatic and sustained
regenerative response. Supported by NS-20193.
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ECTOPIC AXON HILLOCK-ASSOCIATED NEURITE GROWTH IS MAINTAINED IN
METABOLICALLY REVERSED SWAINSONINE-INDUCED NEURONAL STORAGE
DISEASE. S.U.Walkley, S.Wurzelmann*, and D.A.Siegel*, Dept.
Neuroscience, Rose F. Kennedy Center, Albert Einstein College of
Medicine, Bronx, N.Y.10461.

Select populations of neurons in a variety of neuronal storage
disorders have been shown to be characterized by growth of ectopic
neurites at axon hillock regions. Ultrastructurally these neurites
have been shown to resemble small dendrites and to possess spines
and synapses. Axon hillock enlargements (“"meganeurites”) often
occur on the same neurons and these unusual changes in neuronal
geometry and connectivity have been hypothesized to be major
contributors to neuronal dysfunction in such diseases.

Recently, a model of induced neuronal storage disease has been
developed using the reversible a-mannosidase inhibitor,
swainsonine, found in locoweed plants (Astragalua spp.). This
model has been shown to be characterized by induced neuritogenesis
and synaptogenesis qualitatively identical to that seen in
inherited o—mannosidosis and other storage diseases. The goal of
the present study was to use this model to determine the revers-
ibility of axon hillock-associated neurite growth following meta-
bolic correction (inhibitor withdrawal). Three littermate kittens
were used. Two animals received identical, measured quantities of

swainsonine per os daily, beginning at 1 mo. of age, while the
third animal served as untreated control. Neurological deficits
appeared in both treatment animals after 3 mos. Swainsonine

administration was ended for one animal after 7 mos. and a
cerebral biopsy was taken to confirm storage-induced morphological
changes. This metabolically “reversed” animal showed slight clini-
cal improvement following cessation of treatment, whereas the
animal maintained on inhibitor displayed increased deficits. At 14
mos. of age all three animals were killed and tissues processed
for LM and EM.

Combined Golgi-EM studies of pyramidal neurons in the cerebral
biopsy taken at the time of swainsonine withdrawal revealed the
development of characteristic cytoplasmic vacuolation, axon hil-
lock neurite growth, and neurite-assoclated synapses. At autopsy,
routine EM of cerebral cortex of this animal revealed that storage
vacuoles had disappeared but Golgi studies demonstrated the per-
sistence of axon hillock neurite growth which was indistinguish-
able from that of the continuously treated animal. Combined
Golgi-EM studies of these neurite-bearing pyramidal cells in the
corrected animal revealed the presence of large numbers of
lipofuscin-like inclusions. These preliminary studies suggest that
although storage vacuoles undergo modification and reduction in
the metabolically corrected disease, ectopic axon hillock-
associated neurites do not appear to undergo a similar process of
reversal. (Supported by NS-18804 and NS-03356).

4.12

THROMBOXANE/PROSTACYLIN RATIO CHANGES FOLLOWING EXPERIMENTAL
SPINAL CORD TRAUMA IN THE RABBIT. T.P. Jacobs, G. Feuerstein,
A.I. Faden. Dept. of Neurology, Uniformed Services University
of the Health Sciences, Bethesda, Md. 20814 and Neurology
Service, San Francisco Veteran's Admisistration Medical Center,
San Francisco, California 94121.

Morphologic damage caused by traumatic injuries to the spinal
cord result in part from secondary changes developing over a
period of several hours post trauma. These secondary alterations,
which may contribute to paralysis, appear to be due to release of
endogenous substances that may lead to a progressive reduction in
spinal cord blood flow (ischemia). Prostaglandins (PGs), which
have potent vasoactive properties have been found in increased
concentrations in brain tissue after ischemic injury. Recent
studies suggested that normal tissue perfusion may depend on a
balanced interaction between thromboxane A2 (TXA2) and prosta-
glandin I2 (PGI2) at the blood-endothelial interface. The present
study was designed to evaluate the rate of synthesis of TXB2 and
6-keto-PGFla after traumatic lumbar spinal cord injury. Thirty-
eight rabbits anesthetized with sodium pentobarbital were sub-
jected to a 200g-cm impact injury in the lumbar spinal cord
utilizing a modification of the Allen method. At 5 min, 30 min
and 24 hrs post trauma, the spinal cord was removed and 1.0mm
slices from the injury area were incubated in oxygenated Krebs
solution for 45 min. Prostacyclin (measured as 6-keto-PGFla) and
thromboxane A2 (measured as TXB2) released from injured spinal
cord slices and noninjured spinal cord were determined by radio-
immunoassay (RIA). The rate of release of the PGs expressed as
the TXB2/6-keto-PGFla ratio were as follows: control=0.87;

5 min=1,52; 30 min=1.24 and 24 hrs=0.74. The change in TXA2/PGI2
ratio in the injured zone of the spinal cord was due only to an
increase in TXB2 since the release of 6-keto-PGFla was not changed
by injury. These data suggest that there may be a preferential
increase in TXB2 synthesis immediately following trauma. TXA2,
which is a potent vasoconstrictor and platelet aggregator, may
therefore contribute to the reduction of spinal cord blood flow
and neurological dysfunction observed after trauma. The results
of this study are consistent with previous findings that combined
treatment of indomethacin, PGI2 and heparin improve neurological
recovery in cats after spinal trauma. (Hallenbeck, J.M. et.al.,

J Neurosurg 58:749-54, 1983).
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Alpha-2 Adrenergic Receptor Involvement in Adult Male Squirrel
Monkey Vocal Behavior. James C. Harris, M.D.* & John D. Newman,
M.D. Laboratory of Comparative Ethology, Bethesda, MD 20205.

The response to imipramine in children with separation anxiety
disorder (Gittleman-Klein, R. and Klein, D.F. Arch. Gen.
Psychiatry, 25:204-207, 1971) suggests the possibTe involvement of
adrenergic mechanisms. Since a reliable indicator of separation
distress in primates, including human infants, is the isolation
call (IC) (Newman, J.D. In: Infant Crying: Theoretical and
Research Perspectives, Lester, B.M. and Boubydis, C.F.Z. (eds.),
Plenum, NY, 1985), we have investigated the mechanism mediating
this behavior in the adult squirrel monkey, a species in which iso-
lation calls are produced throughout adult life. Because the
imipramine effect is thought to produce its anxiolytic effects via
a-adrenergic receptors, clonidine, an agonist at a-adrenergic
receptors and yohimbine, a specific ap-antagonist were chosen to
test the involvement of adrenergic mechanisms on isolation calls.

Previous studies- indicate that adult male squirrel monkeys
acoustically and physically separated from conspecifics reliably
emit isolation calls for periods of up to one hour. We used this
natural behavioral response to measure the effects of clonidine
HC1 and yohimbine HC1 in changing IC rate over a 15 minute test
period of separation from the conspecific group. Tests were per-
formed no closer than at weekly intervals. Animals were admi-
nistered 0.05 to 0.1 mgs. per kg. of clonidine IM 5 minutes prior
to testing. The larger dose consistently reduced production of the
IC. Subsequent administration of yohimbine (0.2mg/kg) reliably
reversed the IC suppression. In addition, animals given this dose
of yohimbine either after clonidine or alone, emitted significant
numbers of another vocalization, the twitter, normally produced
only rarely in isolation.

These findings support the original hypothesis of a role for
o-adrenergic receptors in the vocal component of separation
distress in the squirrel monkey. The reversal of clonidine
suppression with yohimbine, a drug with high affinity for the
ap-adrenergic receptors, implicates this receptor population in
this response. The unexpected production of twitters under yohim-
bine also suggests that adrenergic mechanisms are involved in other
aspects of squirrel monkey vocal behavior.

6-HYDROXYDOPAMINE (6-OHDA) LESIONS OF THE NUCLEUS ACCUMBENS, BUT
NOT CAUDATE NUCLEUS, ATTENUATE ENHANCED RESPONDING FOR CONDITIONED
REINFORCEMENT ~ PRODUCED  BY INFUSIONS  OF INTRA-ACCUMBENS
D-AMPHETAMINE.  J.R. Taylor* and JI.W. Robblns*, Dept. of
Experimental Psychology, University of Cambridge, Cambridge,
England. (SPON: B.J. Sahaklan).

Intra-accumbens d-amphetamine has been shown +to enhance
responding for reward-related stimull (conditioned reinforcers),
whereas Intra-caudate d-amphetamine has been found by comparison
to produce weak and variable results (Taylor and Robbins,

., 84:405, 1984). The present experiment was designed
to examine further the involvement of the nucleus accumbens, and
the role of dopamine (DA), In this behavioural effect using
Infusions of d-amphetamine in rats with 6-OHDA-Induced depletion
of DA In elther the nucleus accumbens or the caudate nucleus, and
sham-operated controls.

Thirsty rats were trained to assoclate a Iight (CR) with water.
After this training, all the subjects were Implanted with
permanent gulde cannulae aimed at the nuclieus accumbens and
assigned to one of four groups, which received elther billateral
6-0HDA (4 mg/ml free base In 2 ul of 0.9% saline) or sham
(vehicle) Infusions Into the nucleus accumbens or caudate nucleus.
In the test phase, water was no longer presented but responding on
one of two novel levers produced the 1ight (CR lever), whereas
responding on the other lever (NCR lever) had no effect. All four
groups of subjects received four counterbalanced Intra-accumbens
infusions of d-amphetamine (3, 10, 20 ug/2 ul) or vehicle over
four test days. On a fifth test day, all subjects were pretreated
with apomorphine (0.1 mg/kg).

Intra-accumbens d-amphetamine in both nucleus accumbens and
caudate nucleus sham-lesioned groups produced a dose-dependent
Increase in responding on the CR lever, but no significant change
In responding on the NCR lever. No selective dose-dependent
increases In responding on either lever were found In animals with
6-OHDA-Induced depletion of DA (>80%) In the nucleus accumbens
following Intra-accumbens d-amphetamine. However, Intra-accumbens
d-amphetamine in subjects with dopamine depletion of the posterlor
caudate nucleus (>80%) produced dose-related selective Increases
In responding on the CR lever, which were similar in magnitude to
both the sham- lesioned groups except at the highest dose of
d-amphetamine (20 ug). Following apomorphine, only the nucleus
accumbens leslioned group continued to respond, preferring the CR
lever, suggesting the involvement of 'supersensitive' DA receptors
induced by 6-0HDA administration.

These results provide evidence to support the hypothesis that
enhanced responding for CR found following psychomotor stimulant
drugs Is critically dependent upon activation of the nucleus
accumbens, rather than the caudate nucleus, and is suggestive of a
role for DA In mediating this behavioural effect.

5.2
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COLD WATER STRESS ABOLISHES HYPERACTIVITY PRODUCED BY CORTICAL
SUCTION LESIONS WITHOUT ALTERING NORADRENERGIC DEPLETIONS. Robert
G. Robinson, Kristy A. Zern , Godfrey D. Pearlson, Timothy H.
Moran, and Department of Psychiatry, Johns Hopkins University
School of Medicine, Baltimore, MD 21205,

Focal suction lesions of the right frontal cortex result in
hyperactivity and cortical and subcortical norepinephrine (NE)
depletions (Pearlson and Robinson, Brain Res., 218:233, 1981).
Previous work from this laboratory has indicated that although the
NE depletions are not necessary for the production of the
behavioral hyperactivity, such depletions are sufficient to
produce this behavioral outcome (Kubos, Moran, Saad, and Robinson,
Phar, Biochem. and Behav., 21: 163, 1984). In an effort to
further characterize the role of NE depletions in the mediation of
post lesion hyperactivity, we examined the effect of postoperative
forced cold water ( 15°C ) swimming, a procedure demonstrated to
increase NE turnover, on both the catecholamine depletions and
behavioral hyperactivity produced by focal right hemispheric
cortical suction lesions.

Throughout the thirty day postoperative period, lesion and
sham operated control animals received swim tests either four
times (i.e. once per week over four weeks), once during the first
postoperative week or not at all. The effect of swimming stress
was different for lesion and sham operated control groups. In the
sham group, swimming stress at weekly intervals produced
hyperactivity as measured by daily running wheel revolutions
(approximately 135% of preoperative baseline). 1In the lesion
group, either a single swimming stress or swimming at weekly
intervals blocked the development of the post-lesion
hyperactivity. Activity in the lesion, no swim group was 130% of
preoperative baseline, significantly greater than the one swim
lesion group activity which was 100% of preoperative baseline and
the lesion four swim group activity which was 90% of preoperative
baseline (F18,171 = 3.69, p <..001). Although altering the
behavioral response to cortical lesions, swimming stress did not
change the pattern or magnitude of NE depletions. NE was
significantly depleted in the lesion as compared with control
group in the frontal cortex (F1,41 = 9,16, p < .01), and posterior
cortex (F1,41 = 12.19, p < .01).

These findings suggest that the central catecholaminergic
effects of the forced swimming stress may have been interacting
with different receptor states in lesion and control groups and
support the hypothesis that receptor changes, secondary to the NE
depletions may be important in mediating the behavioral
hyperactivity following focal suction lesions of the right frontal
cortex. This work was supported by NIH grant RSDA MH 00163, NS
15178, NS 18622 and NS 15330.

THE TOPOGRAPHY OF LOCOMOTION: EFFECTS OF HALOPERIDOL. P.R.
Sanberg, M.D. Bunsey*, S.H. Hagenmeyer, K.H. Russell*, and M.A.
Henault. Behavioral Neuroscience Laboratory, Department of
Psychology, Ohio University, Athens, Ohio 45701.

The process of screening neurolepics has long been hampered by
inadequate methodology. Most behavioral studies on the effects of
neuroleptics have involved measuring either catalepsy or the inhib-
ition of stimulant-induced locomotion. However, tests such as cat-
alepsy are plagued with methodological and procedural problems
(e.g. inconsistent results, observer bias, learning effects, and
dose insensitivity), while inhibition of stimulant-induced activity
does not reveal any information on the spontaneous behavioral ef-
fects of neuroleptics. In an attempt to circumvent these problems,
the present study examined the use of recently developed automated
monitors on the behavioral effects of the neuroleptic, haloperidol.

Male Sprague-Dawley rats were placed into the activity monitors
at 19:00 and allowed to habituate for one hr. At 20:00 rats were
injected i.p. with haloperidol (HAL) in doses of 0.0, 0.1, 0.5, and
1.0 mg/kg and locomotor behavior was monitored for the next three
hrs. The rats received each of the drug dosages over a period of
two weeks. Dosages were counterbalanced among subjects and a two-
day rest period was provided between injections.

Data analysis indicated a significant dose effect for every
variable measured. At 0.1 mg horizontal activity (HA), distance
travelled (TD), vertical activity (VA), no. of stereotypy (NS),
stereotypy time (ST), and anticlockwise revolutions (AC) were sig-
nificantly decreased from controls. The 0.5 mg group showed addi-
tional decreases from controls in movement time, number of move-
ments (NM), av. distance per movement (AD), vertical time, vertical
movements, clockwise revolutions (CL), and an increase in rest time
(RT). Furthermore, there were significant decreases from 0.1 mg
values in VA, NS, AC, and NM and a significant increase in RT. The
1.0 mg rats displayed the same decreases seen in the 0.5 mg rats
with additional effects in HA, TD, ST, and CL from the 0.1 mg
values. Average speed (SP) was significantly greater at 0.5 mg
than at 1.0 mg HAL. In all locomotor categories the drug effect
peaked during the second hour.

This study demonstrated the power of the automated monitor as a
research tool. The monitor showed that a sub-cataleptogenic dose
of HAL profoundly altered several aspects of nocturnal locomotion.
The monitor also detected significant differences between the lower
and higher dosages. Furthermore, the system revealed a second hour
peak dose effect that was evident across all aspects of activity.
Finally, SP was revealed to have a peculiar dose effect showing the
least inhibition at 0.5 mg/kg.

Supported by Pratt Family and Friends, Heredity Dis. Found.,

HD Found. America, OURC, Baker Committee and MH 40127.
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LEARNING AND ATTENTIONAL IMPAIRMENTS IN HYPERACTIVE ADULT RATS
TREATED NEONATALLY WITH 6-OHDA. G. K. Hodge and E. A. Reyes.
Dept. of Psychology, Univ. of New Mexico, Albuquerque, NM 87131.

Hyperactive children are impulsive and have difficulty sustain-
ing attention. The sense that their inattention is cause for
greater concern than their hyperactivity is reflected by the
American Psychiatric Association's classification of their
behavior as attention deficit disorder (ADD; DSM-ITI, 1980).
Attentional problems persist into adulthood (Whalen & Henker,
Hyperactive Children. NY: Academic, 1980). Animal models of ADD
should therefore reveal early and persistent attentional problems.

In humans, Gordon (J. Abnorm. Child Peychol., 7:317, 1979) has
reported that hyperactive children do not perform as well as nor-
mal controls on a task involving differential reinforcement of
low rates of responding (DRL). Hyperactive children made more
errors of commission; i.e., they responded impulsively at inappro-
priate times. We report similar impairments in DRL performance of
rats treated neonatally with 6-hydroxydopamine (6-OHDA).

Following desipramine pretreatment (20 mg/kg), cross-fostered
male 5-day-old albino rats were injected intracisternally with
either 100 ug/25 ul of 6-OHDA or 25 ul of the ascorbic acid/saline
vehicle, Some pups received no treatment of any kind.

Beginning at postpartum Day 30, the animals were placed on an
alternate-day 22-h food deprivation schedule. Rats were shaped to
bar press for food pellets. Presses were eventually rewarded only
when a target 1ight was on. Initially, the target light alter-
nated between being on 10 sec and off 10 sec. A distractor light
Tater replaced the off period. On Day 40 and all subsequent days,
presses to the distractor light further delayed onset of the tar-
get 1ight by additional 10-sec periods. On Day 80, the target
1ight duration was reduced to 7.5 sec; on Day 100, to 5 sec; and
on Day 130, to 3 sec. Sessions ended after 50 successes or 20 min.

Analyses of variance revealed no differences between nontreat-
ment and vehicle groups; they were combined (n = 13) and compared
against the 6-OHDA group (n = 8). For all days, the 6-OHDA rats
weighed less than controls (p < .01). During the two sessions
that immediately followed shifts to shorter target 1light durations,
the 6-0HDA animals made more commission errors than controls (p <
.05). At 7.5 and 5 sec durations, the groups eventually attained
comparable performance levels, but at the 3-sec duration, the
6-0HDA rats continued to make more errors through Day 170 (p<.05).

The results suggest that although both groups are capable of
learning the DRL task, the 6-OHDA group has greater difficulty in
detecting and making transitions to more stringent criteria, and
at the most difficult criterion (3 sec), they continue to make
more commission errors than controls. These errors may reflect
attentional impairments and impulsivity.

(Supported by NIH grant RR08139.)

RATS TRAINED TO CIRCLE DO NOT EXHIBIT INCREASES IN DOPAMINE OR ITS
METABOLITES IN THE CONTRALATERAL STRIATUM OR NUCLEUS ACCUMBENS.
C. Szostak*, A. Jakubovic, A.G. Phillips and H.C. Fibiger, Div.
Neurol. Sci., Dept. Psychiat., Univ. British Columbia, Vancouver,
B.C., Canada, V6T 1W5.

Yamamoto & Freed (Nature, 298, 1982) have reported that rats
trained to circle have increased concentrations of dopamine (DA)
and 3,4-dihydroxyphenylacetic acid (DOPAC) in the striatum (ST) and
nucleus accumbens (nA) contralateral to their direction of turning.
The reliability of this effect was tested in two experiments.

Rats were trained to circle for water according to a continuous
schedule of reinforcement until stable performance was obtained.
Following a 20-min test session, rats were decapitated and left and
right ST and nA were dissected and prepared for analysis of DA,
DOPAC and homovanillic acid (HVA) by HPLC. Circling did not influ-
ence levels of DA, DOPAC or HVA in the ST or nA contralateral to
direction of turning. Moreover, the concentrations did not differ
from non-circling, water-deprived control group values. Since the
over-all response rates obtained were lower than those reported by
Yamamoto & Freed, additional rats were trained to circle according
to an intermittent schedule of reinforcement. Intermittent rein-
forcement resulted in much higher rates of circling. Despite the
higher levels of responding, ST levels of DA, DOPAC and HVA were
not influenced by circling. The rate of conversion of DA to HVA, as
estimated by the HVA:DA ratios, was elevated bilaterally when com-
pared with control ratios. Circling was found to decrease DA levels
in the contralateral nA. However, between group differences were
not observed. Relative to controls, HVA was increased bilaterally
in the nA. This increase was smaller on the contralateral side.

To further assess the role of DA in circling, changes in DA
activity resulting from stimulation-induced circling (SIC) were
determined. Three groups were used: stimulated rotators, stimulated
non-rotators and non-stimulated controls. Electrodes were implanted
into the medial forebrain bundle, at the level of the lateral hypo-
thalamus. Levels of DOPAC and HVA were selectively increased in the
ipsilateral ST of stimulated rotators. However, this effect was not
obtained in one animal that exhibited consistent rates of circling.
Levels of DA, HVA and DOPAC were not influenced in the nA.

The present results indicate that high levels of circling prod-
uced by positive reinforcement or electrical stimulation can result
in selective neurochemical changes. However, the present results
failed to confirm that conditioned circling enhances DA utilization
in the ST or nA contralateral to the direction of turning. Moreover,
while SIC can produce asymmetrical changes in DOPAC and HVA, such
effects are not always obtained.

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

5.6 DOPAMINE DEFICIENCY WITH CHRONIC COCAINE ABUSE. M.S. Gold
C.A. Dackis,* T.W. Estroff,* and A. Carter Pottash, REsearcﬁ
Facilities, Fair Oaks Hospital, 19 Prospect St., Summit, NJ
07901.

Prolactin secretion is tonically inhibited by infundibular
dopamine (DA) neurons. Cocaine increases DA neurotransmission
acutely by blocking DA reuptake. The chronic effects of
cocaine on DA neurons, however, may differ from acute
effects. In order to assess the chronic effects of cocaine on
DA neurons, we studied prolactin levels in 18 male cocaine
abusers and 20 normal male controls, matched for age.
Prolactin  levels were determined in  duplicate by
radioimmunoassay on fasting blood drawn at 8 a.m., within
72 hours after the last cocaine use. Prolactin levels in the
cocaine patients (mean + SD; 35.4 + 26.9 ng/ml) were
significantly greater (t=4.62, df=36, p<0.001) than those of
the controls (mean + SD; 7.0 + 5.0). Most of the prolactin
levels of the cocaine patients (67%) were also greater than
the established upper normal range (20 ng/ml) for prolactin in
males.

The findings of this controlled study in male cocaine
abusers are consistent with DA inhibition by chronic cocaine
exposure. DA inhibition by cocaine is supported by reports in
the literature of reduced DA levels and increased postsynaptic
DA receptor density after the administration of cocaine to
animals. DA depletion may result fron increased synaptic
metabolism of DA after reuptake blockade. The functional
inhibition of DA neurotransmission by cocaine could contribute
to the abstinence symptoms seen after the abrupt cessation of
chronic, severe cocaine abuse. DA depletion, as indicated by
hyperprolactinemia, may also underly cocaine craving states.
The duration of neuroendocrine  and neurotransmitter
disruptions by cocaine requires further study.

5.8 MONOAMINES IN THE HIPPOCAMPUS OF RATS FED AN AMINO
ACID-IMBALANCED DIET, D.W.Gietzen*,P.,M.B.Leung* and
Q.R.Rogers. Department of Physiological Sciences:
School of Veterinary Medicine and Food Intake Labora-
tory, University of California, Davis, CA 95616.

Animals will decrease their food intake if prefed
a low protein basal diet (BAS) and then offered a
ration containing an imbalanced amino acid pattern
(IMB). This behavioral response is characterized by a
rapid decrease in food intake followed by gradual
adaptation to IMB. Previous studies have demonstrated
facilitation of the rat's adaptation to IMB feeding
in animals bearing bilateral lesions of the hippo-
campus (Leung, P.M.B. and Rogers, Q.R., Physiol. and
_______ Since the monoamine neuro-
transmitter systems may play a role in this behavior=-
al response, we elected to measure the concentrations
of several neuroactive amines in hippocampus from
rats fed the IMB diet and in controls., Three groups
of young male Sprague-Dawley rats were prefed a basal
diet. On the day of the experiment they were offered
either BAS, IMB or .a corrected diet (COR) which
differs from IMB only in the addition of 0.5% of the
limiting amino acid, isoleucine, to correct the im-
balance. The animals were killed after having access
to the diet for 3.5 hr, Concentrations of nor-
epinephrine, epinephrine, dopamine, serotonin (5HT)
and the serotonin metabolite 5-hydroxyindoleacetic
acid (5HIAA) were measured in bilateral sections of
the hippocampus by HPLC with electrochemical
detection. The concentrations of the monocamines were
similar in all three diet-treatment groups. However,
the turnover of S5HT, as indicated by the ratio of
SHIAA:5HT, was increased in the hippocampus from the
IMB group when compared with either BAS or COR. Since
increased turnover is thought to be representative of
increased activity in neurons, these results suggest
that acute diet-associated increases in the activity
of the serotonergic system in the hippocampus may be
involved in the animals' later adaptive responses to
IMB. (Supported in part by NIH grants AM13252 and
AM07355.)
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5.9 BROMOCRIPTINE REVERSES COCAINE WITHDRAWAL.

C.A. Dackis*and
M.S. Gold, Research Facilities, Fair Oaks Hospital, 19
Prospect St., Summit, NJ 07901.

Dopamine (DA) neurons mediate cocaine reward and euphoria.
Increased DA neurotransmission after reuptake blockade by
cocaine presumably underlies its acute euphoric action. After
cocaine abstinence, abusers often experience dysphoria,
craving, and other withdrawal symptoms such as anergia,
hypersomnia, and irritability. We have previously
hypothesized that chronic cocaine abuse is associated with DA
depletion, based on hyperprolactinemia in cocaine abusers, and
DA disruptions in animals given cocaine. DA depletion may
contribute to cocaine withdrawal. In order to test this
hypothesis, we administered the DA agonist bromocriptine to
two female cocaine abusers (ages 18 § 20) after informed
consent. Both patients had hyperprolactinemia (35.7 & 22.9
ng/ml) and intense cocaine craving. They quantified their
degree of cocaine craving by marking a 100 mm line anywhere
between the two poles, labelled '"not at all" and "extremely."
Fifteen minutes later, they blindly received either
bromocriptine or placebo, and then rated their craving (see
figure). The patients reported decreased subjective
withdrawal complaints and objective decreases in self rated
cocaine craving after bromocriptine but not placebo in all
trials. One subject was given thioridazine, a DA antagonist
in a similar design and rated a dramatic worsening of cocaine
craving. These findings are consistent with DA depletion in
chronic cocaine abusers, and indicate that bromocriptine may
be an effective treatment for cocaine withdrawal.
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5.10 *COMPARISON OF THERAPEUTIC EFFECTS OF RESERPINE AND ANIONS IN
! CATION-INDUCED ANXIETY.

A.J. Giannini, W.A. Price, M,C, Giannini¥

R.H. Loiselle. Dept. of Psychiatry, Northeastern Ohio Univer-
sities College of Medicine, Rootstown, GH 44272,

Twenty four male volunteers received an exgosure of ambient
cations at a concentration of 2300 cations/cm” for 30 minutes.

This was sufficient to induce anxiety in all volunteers as measured
Half the volunteers were treated with one dose reserpine

by BPRS.
0.2 mg po and the other with ambient anions. Both groups showed
a significant reduction in anxiety within one hour.
significant differences between the anion- and reserpine-treated
group. This indicates that the anxiogenic effects of cations may
be mediated by biogenic amines.
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NEOCORTICAL PYRAMIDAL CELLS: GABA, AND GABA MEDIATED RESPONSES
AND TWO TYPES OF IPSP. B.W. Conno@s and R.CB Malenka. Depts. of
Neurology and Psychiatry, Stanford Univ. Sch. of Med., Stanford,
CA 94305.

We have compared the responses to activation of GABA, and GABAB
receptors with the inhibitory synaptic potentials in neocortex.
Experiments were performed on slices of rat sensorimotor cortex in
vitro, and intracellular recordings were obtained from physiologi-
cally identified pyramidal cells of layer II/III.

Local stimulation elicited a short latency depolarization con-
sisting of a brief EPSP and IPSP followed by a late hyperpolari-
zing potential (LHP). The early IPSP had a reversal potential of
-75 + 3.2 mV (n=7), which was slightly positive to the resting
membrane potential. The reversal potential for the LHP was
-91 £ 5.7 mV (n=7). At resting potential, focal application of
GABA elicited a depolarization; at potentials positive to rest the
response was bi- or triphasic, typically consisting of depolarizing
(GABAd) and hyperpolarizing (GABA,) phases that reversed at
<51 +°4.7 mV and -70 + 4.3 mV (n=11) respectively. We were unable
to segregate the two response phases by selective application of
GABA to dendritic or somatic regions, although the relative promi-
nence of each phase varied with the application site. Bicuculline
and picrotoxin are GABA, receptor antagonists. Either drug (10 uM)
suppressed the early IPgP, and resulted in a large increase in the
initial EPSP; the LHP was unchanged or increased slightly in
amplitude. Concurrently the GABA, response was blocked, leaving
the GABA, response unaffected or ?arger. In the presence of an
antagonigt the GABA, reversal potential increased significantly (to
-87 *+ 2.3 mV, n=5), approaching that of the LHP. When Ec was
shifted positively by decreasing extracellular [C1], the leversa]
potentials for both the GABA, response and the early IPSP also
shifted positively, while thg LHP and GABA, response were relative-
1y unaltered. No selective antagonists of GABA, receptors exist.
However baclofen is a selective GABA, agonist, Bnd 1ts focal
application increased membrane condugtance and elicited a small,
long lasting hyperpolarization that reversed at -91 + 6.2 mV (n=9).
The response to baclofen was resistant to GABA antagonists and
changes in E.,.

The resulsl suggest that GABA, receptors mediate both the early
IPSP and the major part of the néuron's response to exogenous GABA.
Both are largely C1 -dependent, although the complexity of the re-
sponse to GABA suggests that E 1 May vary on different parts of the
same neuron. The similar propgrties of the LHP, the GABA, response
(in the presence of GABA, antagonists) and the baclofen rEsponse
suggest that the LHP may 'be a GABA, receptor-mediated IPSP, although
its mediation by other transmitterg is not ruled out.

Supported by NIH grants NS 12151 and NS 19510.

6.2 PENICILLIN SHORTENS THE MEAN OPEN TIME OF GABA INDUCED MEMBRANE
CHANNELS IN CULTURED SPINAL CORD NEURONS. D.A. Mathers*
(SPON: E. Puil). Dept. of Physiol., Faculty of Medicine,
University of British Columbia, Vancouver, B.C., Canada V6T 1W5

Penicillin (PCN) can cause epileptiforin seizures when large

doses are administered to patients and experimental animals.
The convulsant effect of PCN is thought to involve a depression
of inhibitory postsynaptic potentials mediated by the neuro-
transmitter y-aminobutyric acid (GABA) (Avoli, M., Brain Res.
323: 154, 1984). In the present study, the extracellular patch
CTamp method was used to resolve currents flowing through
single GABA sensitive channels in the membrane of cultured
mouse spinal cord neurons. This approach has allowed direct
examination of the influence of PCN on the gating of these

channels.
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Fig. 1 shows the effect of 2 mM PCN on the open time distri-
bution of GABA induced single channel currents recorded in an
outside-out patch voltage-clamped to -60 mV (T=22°C). These
distributions were normalized by expressing the number of
observations in each time bin as a percentage of the total
number of observed events. The first bin was not included in
this analysis, since its event frequency was reduced by system
bandwidth limitations. A Chi square test indicated tht PCN
significantly altered the form of the open time distribution
(P<0.001). During PCN action, the mean value of the plotted
open times decreased from 3.6 msec (570 events) to 1.2 msec
(538 events). PCN (2 mM) did not itself display significant
agonist action on the GABA sensitive channels in these
patches. These data indicate that PCN shortens the mean open
time of GABA induced membrane channels, an effect consistent
with the convulsant action of this drug.

There were no
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ONSET AND SPONTANEOUS REVERSAL OF GABAERGIC SUBSENSITIVITY INDUCED
BY CHRONIC DIAZEPAM. S.F. Gonsalves and D.W. Gallager, Dept. of
Psychiatry and Neuroanatomy, Yale University School of Medicine and
Abraham Ribicoff Research Facilities of the Connecticut Mental
Health Center, New Haven, CT 06508

Recent electrophysiological studies have demonstrated that long-
term exposure to benzodiazepines attenuates their ability to enhance
postsynaptic GABAergic neurotransmission. These findings are
consistent with clinical and behavioral evidence that tolerance
develops to the pharmacological actions of benzodiazepines after
chronic treatment. We have recently reported that slow continuous
release of diazepam (DZ) from chronically (2 3 weeks) implanted
capsules selectively reduces sensitivity to microiontophoretically
applied GABA in serotonergic dorsal raphe (DR) neurons (Gallager et
al., Brain Res., in press). We now report the time course for the
development of GABAergic subsensitivity following DZ capsule
implantation and the time course for the reversal of GABAergic
subsensitivity following removal of the capsules.

Two silastic capsules containing 90 mg of crystalline diazepam
were implanted subcutaneously in male Sprague-Dawley rats under
halothane anesthesia. This protocol has previously been shown to
release the equivalent of 5 mg/kg of diazepam per day. Control rats
received empty capsules. Microiontophoretic sensitivities to SHT
and GABA were determined in serotonergic DR neurons 1, 2 and 3 weeks
after the capsules were implanted. Sensitivities were quantified as
IxTs, values, i.e., the product of iontophoretic current (nA) and time
(sec) required to reduce spontaneous firing rate of a recorded cell to
50% of its basal rate. Our results indicated that GABAergic
subsensitivity was fully expressed after 2 weeks of exposure to the DZ
implants (DZ 2 wk: IxXTs, 43.0+4.1; DZ 3 wk: IXTy= 46.7+3.1; VEH: IxTy,=
30.4 +1.5, p<.05). GABAergic responsiveness at 1 week was not
significantly different from control (DZ 1 wk: IxTs,= 29.0:2.8; VEH:
IxTso= 30.4 #1.5, ns). Sensitivity to 5HT was not altered from
control at any of the time points tested. 1In a second group of rats,
the time course for spontaneous reversal of GABAergic subsensitivity
was estimated after surgical removal of the implants (21 days minimum
exposure). Responsiveness to GABA remained depressed for 5 days
after the removal of the implants (DZ 5 day withdrawal: IXTg,= 44.0z
4.9; VEH: IXTg,= 29.4#1.2, p<.005) with control responsiveness
returning by 8 days (DZ 8 day withdrawal: IxTy, = 33.5¢:2.9; VEH: IxTg=
29.4#1.2, ns). 1In contrast, a single injection of the specific
benzodiazepine antagonist, Ro15#1788, on the final day of chronic
treatment restored GABAergic sensitivity to control levels within 24
hours. (Support: Klingenstein Fund, USPHS MH 14276 & NS 19655,
Epilepsy Foundation and the State of Connecticut).

INTERACTION OF t-BUTYLBICYCLOPHOSPHOROTHIONATE WITH GABA-GATED
CHLORIDE CHANNELS IN CULTURED NEURONS FROM THE CHICK EMBRYO
CEREBRUM. M. H. Jalilian Tehrani* and E. M. Barnes, Jr. Dept. of
Biochemistry, Baylor Coll. of Med., Houston, TX 77030.

The specific, picrotoxinin-displaceable, binding of [355]t-
butylbicyclophosphorothionate (TBPS) to isolated membranes of
chick cerebral neurons, 8 days in culture, was examined by satura-
tion studies at equilibrium. Scatchard plots of these data were
curvilinear. Using non-linear regression analysis via a SCAFIT/
LIGAND computer program, the best fit was obtained by a model
based on two TBPS binding sites which differ in affinity and
density: Kd(l% = 3.1 nM, Bpax(1) = 0.031 pmol/mg; Kd(zg = 270
ni, Bpax(2) = 3.9 pmol/mg. The dissociation constants for these
two sites were similar to those found in membranes from adult rat
and chicken cerebral hemispheres [Tehrani, M.H.J., et al. (1985)
J. Neurochem., in press]. As in adult tissues, the specific bind-
ing of TBPS to membranes from cultured neurons was displaced by
GABA (ICg5g9 = 0.6 uM)

The ef?ect of TBPS on 36C1- uptake by intact cerebral neurons
was studied in monolayers of cultured cells. The entry of 36C1-
was resolved into basal (GABA-independent, picrotoxinin-insensi-
tive) and GABA-dependent (picrotoxinin-sensitive) permeabilities.
The latter process exhibited a Ko .5 = 1.5 uM for GABA and an
apparent Vpay of 5.3 nmol Cl-/sec/mg. This Ky 5 value was in
reasonable agreement with the ICgg for GABA displacement of TBPS
binding. Kinetic analysis of the GABA-yated C1- flux revealed
that TBPS is an inhibitor (IC5y = 280 nM) whose action is non-
competitive (Kj = 140 nM) with respect to GABA. TBPS also
blocked the basal C1- flux observed in the absence of GABA, but
higher concentrations were required (TBPS ICgg = 8 uh). Since
no inhibition of C1- flux was observed at TBPS concentrations
near its Kq(1) for binding, the high affinity site may represent
a physiologically inactive form of the receptor. The TBPS dis-
sociation constant for the binding site of lower affinity, Kd(2)»
agreed well with the ICsg and K values for inhibition of
GABA-gated C1- flux, and thus is likely to represent an inter-
action with active C1- channels.

Supported in part by grants AM 17436 and NS 11535 from NIIl and
DAMD17-84-C-4102 from USAMRDC.

6.4 THE EFFECT OF BENZODIAZEPINES ON CHOLECYSTOKININ-INDUCED EXCITA-

TION OF RAT HIPPOCAMPAL PYRAMIDAL NEURONS APPEARS NOT TO BE
MEDIATED BY THE POTENTIATION OF GAMMA-AMINOBUTYRIC ACID.
J. Bradwejn and C. de Montigny. Neuroscience Research Center,
Universite de Montreal, Montréal, Canada.

We have previously shown that benzodiazepine [BZD] receptor
agonists, by activating BZD receptors, selectively suppress cho-
lecystokinin (OCK)-induced excitation of rat hippocampal pyramidal
neurons (Nature 312: 363, 1984). Since Y -aminobutyric acid
(GABA) receptors coexist with BZD receptors, we undertook the
present studies to determine whether GABA mediates the antagonism
by BZD's of CCK-induced activation.

Male Sprague-Dawley rats (200-300 g) were anesthetized with
urethane (1.25 g/kg, i.p.). Five-barrelled micropipettes were
used for extracellular unitary recording of CAj dorsal hippocampus
pyramidal neurons. The following substances were used for micro-
iontophoresis: sulphated CCK octapeptide (10 uM in 200 mM NaCl,
pH: 5; Squibb), acetylcholine.HCl [ACh] (20 mM in 200 mM NaCl,
pH: 4; Calbiochem), flurazepam.HCl [FLU] (200 mM, pH: 4; Hoffman-
Laroche), Met-enkephalin [mENK] (500 M in 200 mM NaCl with BSA
0.01%, pH: 4.6; Sigma), GABA (10 mM in 50 mM NaCl, pH: 4; Calbio-
chem) and bicuculline (10 mM in 100 mM NaCl, pH: 4; Sigma).

Microiontophoretic application of GABA during the activation of
hippocampal pyramidal neurons by CCK, ACh or mENK reduced the
firing activity of these neurons to the same extent for the three
excitatory neurotransmitters. Activations induced by pulse appli-
cations of CCK, ACh or mENK were also reduced to the same extent
by background microiontophoresis of GABA. The intravenous admin-
istration of picrotoxin (2.5 mg/kg), while completely blocking the
effect of microiontophoretically-applied GABA, did not alter the
suppression of CCK-induced activation by microiontophoretic appli-
cation of FLU. Similarly, microiontophoretic application of bicu-
culline blocked the suppressing effect of GABA, but not that of
FLU, on CCK-induced activation.

The results of the first two series of experiments show that,
unlike BZD's, GABA does not have any selectivity for OCK-induced
activation, as would be expected if a potentiation of GABA were
underlying the effect of BZD on CCK-induced activation. The
results obtained with picrotoxin and bicuculline show that the
ability of FLU to antagonize OCK-induced activation is not affect-
ed by GABA receptor blockade. Hence, these results suggest that
potentiation of GABA neurotransmission might not be the mechanism
through which BZD's selectively suppress CCK-induced activation.
This conclusion is consistent with the data of other investiga-
tors, suggesting that some of the clinical effects of BZD's, such
as anxiolysis, might not be due to the potentiation of GABA neuro-
transmission.

PHARMACOLOGICAL CHARACTERIZATION OF THE GABA/BENZODIAZEPINE RECEP-
TOR-CHLORIDE IONOPHORE COMPLEX USING A GABA-INDUCED 36CI INFLUX
ASSAY IN CULTURED SPINAL CORD NEURONS. P.F. Lehoullier* and M.K.
Ticku (SPON: J. Maas) Department of Pharmacology, University of
Texas Health Science Center, San Antonio, TX 78284.

GABA-mediated inhibition in the nervous system has been shown
in electrophysiological experiments to be due to an increase in
chloride ion conductance across the neuronal cell membrane. The
present study describes a biochemical method of measuring GABA-
stimulated 36Cl influx in cultured mouse spinal cord neurons and
the effects of various GABA-modulating drugs on this functional
assay. The cultures were prepared according to methods described
previously (Ransom, et al., J. Neurophysiol., 40:1132, 1977), with
the exception that the cells were grown on poly-l-lysine coated
plastic coverslips. Following 5 to 6 days in culture, the cells
on coverslips were removed from tissue culture medium and incu-
bated at 22°C for 20s in physiological buffer (136 mM NaCl, 5.4
mM KC1, 1.4 mM MgCl,, 1.2 mM CaCl,, 1 mM NaH,PO4, 20 mM HEPES, pH
7.4) containing 36Cl in the absence and presence of GABA and/or
other drugs. In the absence of any drug the time course of 36Cl
influx up to 30s was linear with time. For a 20s incubation,
basal 36C1 influx was 6.3 * 0.9 nmol 36Cl/mg protein and in the
presence of 100 uM GABA the influx increased to 12.1 * 0.9 nmol
36C1/mg protein. The half-maximal 36Cl influx occurs at approxi-
mately 10 pM. GABA-induced 36Cl influx was blocked by (+)bicu-
culline and picrotoxinin. (+)Bicuculline, in the absence of
added GABA, had no effect on basal 36Cl influx, indicating that
basal influx is GABA-insensitive. Pentobarbital (25 to 100 pM)
potentiated the effect of submaximal concentrations of GABA (20
M) on 36Cl influx. Pentobarbital in the absence of GABA, at
concentrations greater than 100 pM, increased 36Cl influx above
basal values. Diazepam (100 nM to 10 pM) also caused a concentra-
tion-dependent potentiation of the GABA-induced 36Cl influx.
These results are consistent with the electrophysiological evi-
dence and provide us with a functional assay for measuring the
properties of the GABA receptor-chloride ionophore, and for char-
acterizing the GABA synaptic pharmacology.
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IDENTIFICATION OF A DISCRETE SITE IN FOREBRAIN AS A SUBSTRATE FOR
THE GENESIS OF CHEMICALLY-INDUCED SEIZURES. S. Piredda* and
K. Gale, (SPON: D, Stoff), Department of PharmacoTogy, Georgetown
University Schools of Medicine and Dentistry, Washington, DC
20007.

Although systemic injections of chemoconvulsive agents have
been used to create experimental models of generalized epilepsy,
to date there has been no identification of a specific locus at
which these drugs act to initiate generalized seizures. By
directly microinjecting varying doses of chemoconvulsant agents
into several brain loci, we have discovered a discrete area in the
forebrain from which bilateral motor seizures are elicited after
unilateral application of pmol amounts of bicuculline, kainic acid
or carbachol, nmol amounts of n-methyl-d-aspartate and physo-
stigmine, and umol amounts of qlutamate and aspartate; strychnine
was ineffective at this site. This is, therefore, the first
identification of a site in the brain from which bilateral motor
seizures can be elicited by a single, unilateral and focal micro-
injection of chemoconvulsants in low doses. This site is located
in the deep prepiriform cortex (DPC) and is less than 2.0 mm in
diameter. When microinjections of the convulsants were placed in
areas adjacent to this active site, no convulsant actions were
obtained. The seizures were similar to those evoked by kindling
of the 1imbic system. The bilateral manifestation was evident
both behaviorally (forelimb clonus, rearing and falling) and
electrographically.

It appears that GABA-mediated inhibition exerts a tonic control
of the excitatory mechanisms identified as involved in the origin
of these seizures: direct microinjection of muscimol (40 or 80
pmol) prevented seizures induced by the local application of all
convulsants examined. In contrast, atropine (150 pmol) prevented
only those seizures induced by carbachol, but not those induced by
bicuculline and kainic acid. This suggests that the cholinergic
system is not crucial for the genesis of seizures from this
region. Some other excitatory input must therefore be responsible
for the seizures initiated by the local removal of GABAergic
inhibition. A specific n-methyl-d-aspartate receptor antagonist,
2-amino-7-phosphonoheptanoic acid (2APH) (100 pmol), was effective
in preventing seizures induced by focal application of all con-
vulsants examined, suggesting that excitatory amino acid trans-
mission may be critical for evoking seizures from this locus.

Supported by HHS Grants NS 20576 and DA 02206.

CHRONIC TREATMENT WITH FG 7142 POTENTIATES CONVULSIONS INDUCED BY
ISONIAZID AND DMCM. G. Biggio, O. Giorgi, B. Longoni* and M.G.
Corda. Institute of Biology, Chair of Pharmacology, University of
Cagliari, Italy.

We have previously shown that repeated intraventricular admi-
nistration of R-CCE (10 yg/twice a day) potentiates, three days
after the last administration, the convulsive pattern elicited by
isoniazid (1). Here we report that chronic (10 days) intraperitone-
al administration of FG 7142 produces a long-lasting (25 days) po-
tentiation of the convulsive effects of isoniazid and DMCM. Rats
were treated with FG 7142 (15 mg/kg i.p. twice a day) for 10 conse-
cutive days. Control groups received an equivalent volume of Tween
80 vehicle. A challenge dose of isoniazid (350 mg/kg s.c.) was admi
nistered 5,10 or 25 days after the end of the chronic treatment.
Control rats showed clonic seizures starting 40 to 90 minutes after
the administration of isoniazid. None of them showed more than one
convulsive episode. The convulsive effects of isoniazid on FG 7142-
treated rats had the same latency as compared with control animals
but a two-three fold increase in the number of convulsive episodes
per rat was observed. Moreover, the pattern of convulsions displa=
yed by these rats was distinguished by the appearance of severe
tonic hindlimb extension. The convulsive action of DMCM (0.33 mg/kg
i.v.) was also potentiated by chronic FG 7142. In fact, clonic sei-
zures were observed in 30 and 807 of control and FG 7142 treated
rats respectively. The effect of FG 7142 persisted for at least 25
days after the last treatment. The behavioural effcts elicited by
FG 7142 were paralleled by a marked decrease in the density of
low affinity GABA receptors in different brain areas. The results
indicate that chronic administration of g-carbolines induces in
the rat brain a persistent down-regulation of GABA receptors
which in turn potentiates the convulsive effect of isoniazid and
DMCM.

(1) Concas, A., Serra, M., Salis, M., Nurchi, V., Crisponi, G. and
Biggio, G., Neuropharmacology, 23(3), 323, 1984).

6.10

ANTICONVULSANT EFFECTS OF GABA AGONISTS AND AN EXCITATORY AMINO
ACID ANTAGONIST MICROINJECTED IN THE DEEP PREPIRIFORM CORTEX.
K. Gale, M. Pavlick*, and S. Piredda*. Department of Pharma-
cology, Georgetown University Schools of Medicine and Dentistry,
Washington, DC 20007.

We have recently identified a discrete site in the rat deep
prepiriform cortex (DPC) from which bilateral motor and electro-
graphic seizures can be induced by the unilateral microapplication
of pmol amounts of bicuculline (Piredda, Lim and Gale, Life Sci.
36:1295-1298, 1985). To determine whether this site plays a
crucial role in the development of seizures induced by the sys-
temic administration of bicuculline, we microinjected GABA ago-
nists bilaterally into the deep prepiriform cortex via chronic
indwelling cannulas and examined responses to intravenous bicu-
culline. Generalized seizures induced by bicuculline (.36 mg/kg
i.v.) were prevented by direct microinjection of muscimol (5 ng)
or gamma-vinyl-GABA (GVG, 5 ug) bilaterally into DPC. Muscimol
was effective when microinjected 15 minutes prior to seizure test-
ing; GVG was effective at six and 24 hour after microinjection,
consistent with its irreversible inhibition of GABA-transaminase.
In addition, 2-amino-7-phosphonoheptanoic acid (2APH, 225 ng), an
antagonist of n-methyl-d-aspartate receptors, protected against
seizures induced by i.v. bicuculline when the rats were tested 15
minutes following application of 2APH bilaterally into DPC. No
obvious behavioral or neurological changes were associated with
the drug injections into DPC. These results indicate that a
change in the balance between GABA-mediated inhibition and excita-
tory amino acid transmission in DPC may be a critical mechanism
for the initiation of seizures by systemic bicuculline.

In contrast, GVG (10 ug) bilaterally microinjected into DPC
was completely ineffective against seizures induced by maximal
electroshock (MES) when rats were tested at six or 24 hours after
GVG microinjection. These results are consistent with previous
studies (Iadarola and Gale, Science 218:1237-1240, 1982) showing
that elevation of GABA in substantia nigra and not in any other
brain region, confers protection against MES. -

Thus enhanced GABA transmission in DPC is selectively effective
against chemically-induced seizures. This, taken together with
the ability of several chemoconvulsants to induce seizures upon
direct application to DPC suggests that the DPC is a likely site
of origin of chemically-induced seizures.

Supported by HHS Grants NS 20576 and DA 02206.

CHRONIC FG 7142 ADMINISTRATION INDUCES LONG LASTING PROCONFLICT
EFFECT AND GABA RECEPTOR DOWN-REGULATION. M.G. Corda and G. Biggio.
Institute of Biology, Chair of Pharmacology, University of
Cagliari, Italy

The recent finding that the "proconflict' effect of B-carboline
derivatives is potentiated and mimicked by different GABA function
inhibitors, suggests that B-carboline-induced anxiety may result
from a decrease in the GABAergic activity at the level of the
GABA/benzodiazepine receptor complex. To further verify this
hypothesis we studied the effect of chronic administration of
the B-carboline derivative FG 7142 on an animal model of anxiety
and on the kinetic parameters of brain GABA receptors. Adult
male rats were injected with FG 7142 (15 mg/kg /twice.a day/i.p.)
or its Tween 80 vehicle for 10 days. Four and fifteen days after
the last injection rats were tested in a modified Vogel's conflict
test (PNAS 80: 2072, 1983) to detect proconflict drug action.
Punishment-suppressed behaviour was enhanced four days (Control:
24 + 1.9; FG 7142: 11 + 1.6 shocks, P<0.02) and fifteen days (Con-
trol: 27 + 2.1; FG 7142: 16 + 1.4 shocks, P<0.05) after the last
injection. On the other hand the same treatment failed to affect
unpunished behaviour. In a parallel series of experiments “H-GABA
binding was measured in different brain areas. Four and fifteen
days after the last Fg 7142 administration a 25% decrease in the
specific binding of TH-GABA was found in the cortex and cere-
bellum of FG 7142-treated rats. As revealed by the Scatchard plot
analysis the decrease was due to a reduction in the maximum
number of binding sites (Bmax) with no change in the apparent
dissociation constant (K_ ). The results suggest that the long-
lasting proconflict effect induced by chronic FG 7142 administra-
tion is the consequence of a persistent down-regulation of GABA
receptors. This finding may provide useful clues to elucidate the
molecular mechanism involved in persistent anxiety states in
humans .
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6.11 ANTICONVULSANT BUT NOT THE HYPNOTIC EFFECT OF

BARBITURATES APPEARS TO BE MEDIATED VIA GABAergic
TRANSMISSION. M.K. Ticku and S.K. Rastogi*. Department
of Pharmacology, University of Texas Health Science Center,
San Antonio, TX 78284 and Lafayette Clinic, Detroit, MI.

To define if the anticonvulsant and/or hypnotic effect of bar-
biturates is mediated through the GABA system, we compared
the behavioral profile of the optical isomers of 1-methyl-5-
phenyl-5-propylbarbituric acid (MPPB). R(-)MPPB. produced
dose-related loss of righing reflex, whereas S(+)MPPB produced
dose-related convulsions. Subconvulsive doses of R(+)MPPB
were proconvulsant with a single subeffective dose of picrotoxin
but not with subeffective dose of strychnine. The seizures
induced by S(+)MPPB were blocked by R(-)MPPB and pentobar-
bital. The loss of righting reflex of R(-)MPPB or pentobarbital
was not blocked by the convulsant S(+)MPPB. The radioligand
binding studies demonstrated that S(+)MPPB interacts with the
picrotoxinin site as studies with [35S]t-butylbicyclophosphoro-
thionate (TBPS) competitively, whereas R(-)MPPB inhibited it
noncompetitively. These isomers also give a differential profile
on the dissociation of [35S]TBPS; R(-)MPPB accelerating the
dissociation of TBPS the most and S(+)MPPB the least (J. Neu-
rochem. 44:480-486, 1985). Pentobarbital also protected against
maximal electroshock seizures in rats in a dose-related manner.
This protective effect of pentobarbital was blocked by bicucul-
line. Subprotective doses of pentobarbital in combination with a
single subprotective dose of ethanol or diazepam produced a
potentiation of the loss of righting reflex and the anticonvulsant
effect of pentobarbital. Bicuculline, picrotoxin and RO15-1788
did not block the loss of righting reflex produced by pentobar-
bital. These results indicate that a) the anticonvulsant but not
the hypnotic effect of barbiturates is mediated via GABAergic
transmission; and b) anticonvulsant and convulsant barbiturates
bind to distinct and/or possibly overlapping sites on the GABA
receptor complex.

Supported by Grants from NIH-NINCDS (#NSL 5339) and NIAAA
(#AA04090)
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BRAIN-HEART PEPTIDES: VISUALIZATION OF ATRIOPEPTIN RECEPTORS IN
MAMMAL IAN BRAIN. M. Dalpe*, T.V. Dam* and R. Quirion. Douglas
Hospital Research Centre and Dept. of Psychiatry, McGill Univ.,
Verdun, Quebec H4H 1R3 Canada

Recently, we reported on the autoradiographic distribution of
[*?%I]atrial natriuretic factor (ANF) 8-33 binding sites in rat
brain (Quirion et al, Peptides, 5, 1167-1172, 1984). We have now
further characterized these sites using ['2°I] rat and human atri-
opeptin. Male guinea pigs (500 g) were killed by decapitation and
brains were rapidly removed and processed for receptor autoradio-
graphy (Quirion et al, Peptides, 5, 1167-1172, 1984) or for mem-
brane binding assays. Assays were performed as follows: cere-
bellum and thalamus-hypothalamus areas were homogenized separately
and then centrifuged at 49,000 g for 20 min. Membranes prepar-
ations were subsequently incubated for 60 min in 50 mM Tris.HCI
buffer, pH 7.4 at 25°C plus 150 mM NaCl, 5 mM MnCl2, .0l mM EDTA.
Naz, 0.5% BSA and various concentrations of either (3-['2%I]iodo-
tyrosyl12®) rat atrial natriuretic peptide (ANP) or (3-[*25I]iodo-
tyrosyl2®) human a-atrial natriuretic peptide (a-ANP). Incub-
ations were terminated by rapid filtration under reduced pressure
through glass fiber filters (GF/C) presoaked in 0.1% polyethylene-
imine. Specific binding of both ligands was determined as the
difference in radioactivity bound in presence and absence of 1 uM
ANF (8-33). In vitro ANP receptor autoradiography was performed
exactly as described for ANF (8-33) by Quirion et al, Peptides, 5,
1167-1172, 1984. Our results indicate that both ANP and a-ANP
bind with high affinity (0.02 - 0.08 nM) to a single class of
saturable binding sites in guinea pig cerebellum and thalamus-
hypothalamus area. Ligand selectivity pattern demonstrates that
human o-ANP > ANF (8-33) > atriopeptin II in both tissues. In
vitro receptor autoradiography demonstrates that ANP binding sites
(in either ANP or a-ANP) are very discretely distributed in guinea
pig brain. Moderate to high densities of sites are found in the
external plexiform layers of the olfactory bulb, subfornical
organ, lateral-medial nucleus of the amygdala, amygdalo-hippo-
campal area, paraventricular, paratenial, rhomboid and reuniens
nuclei of the thalamus, granular cell layers of the dentate gyrus,
medial geniculate nucleus and lobules 9 and 10 of the cerebellum.
Very low to low densities of ANP sites are present in remaining
brain regions. Thus, this study demonstrates the existence of
specific ANP binding sites in mammalian brain and suggests the
existence of a new family of brain-heart peptides.

72

ONTOGENY OF SUBSTANCE P RECEPTORS IN RAT BRAIN. T.V. Dam* and

R. Quirion (SPON: P. Gaudreau). Douglas Hospital Research Centre
and Dept. of Psychiatry, McGill University, Verdun, Quebec H4H 1R3
Canada.

Recent data have demonstrated the existence of high affinity
binding sites for substance P (SP) in mammalian brain, including
man (Quirion and Dam, in press). SP binding sites are mainly con-
centrated in forebrain region such as the olfactory bulb, caudate-
putamen, septum, nucleus accumbens and hippocampus. In the brain-
stem, very low to low densities of SP sites are found except in
the locus coeruleus, parabrachial nucleus, nucleus ambiguus and
inferior olive, all areas enriched in SP binding sites (Shults et
al, Peptides, 5, 1097-1128, 1984). We now report on the ontogeny
of SP binding sites in rat brain using membrane binding assays as
well as in vitro receptor autoradiography. 15 days pregnant
female Sprague-Dawley rats were individually housed and had free
access to food and water. The development of brain SP binding
sites has been studied both pre- and post-natally in -3, -1, +3,
+7, +14, +21 days and 3 months old rats of either sexes. Brain
membranes were prepared for [*H]SP binding assay as described be-
fore (Park et al, Peptides, 5, 833-836, 1984). In vitro SP recep-
tor autoradiography was performed as described by Shults et al
(Peptides, 5, 1097-1128, 1984). Our.data indicate that SP binding
sites reach maximal value one day before birth (Bmax = 177.0 fmol/
mg protein) and then decreased 3 days after birth (88.8 fmol/mg
protein) to finally stabilize at adult levels (54.6 fmol/mg pro-
tein) fourteen days after birth (59.4 fmol/mg protein). Interes-
tingly, the autoradiographic distribution demonstrates that SP
binding sites undergo important redistribution during development.
Prenatally (-3 and -1) and early after birth, (+3 and +7), SP
binding sites are heavily concentrated in the brainstem with low
densities in the forebrain while the opposite is true in adult
brain. These data demonstrate the plasticity of SP binding sites
and suggest possible roles for SP during brain development.




MONDAY AM

PEPTIDES: RECEPTORS I 11

7.3 RAT BRAIN AND GUINEA-PIG ILEUM TACHYKININ SP-P RECEPTORS ARE

7.5

REGULATED BY DIVALENT CATIONS AND GUANINE NUCLEOTIDES.
Prem Mohini* and José M. Musacchio. Dept. of Pharmacology,
New York Univ. Med. Ctr., New York, NY 10016.

[3H]Physalaemin ([SHIPHY) was used to label the
tachykinin SP-P receptor_in rat brain and in the guinea-pig
ileum. The binding of [3HIPHY is specific, saturable and
reversible. _In the rat brain, monovalent cations increase the
binding of [3HIPHY in an fonic strength dependent manner.
Addition of 2.5 mM MnCl, results in a two fold ‘increase in
affinity and a 40 percent increase in Bpax. Scatchard
analysis demonstrates a single population of noninteracting
sites with a Kp of 3.3 nM and a Bpay of 81.3 fmol/mg
protein. GTP and Gpp(NH)p decrease the B, by 33-40 percent
in the presence of either 125 mM NapS04, ??é mM MnC1, or
both. However, guanine nuclsotides do not decrease the CNS
SP-P receptor affinity for [SHIPHY.

Divalent cations also markedly increase the affinity of
Gpp(NH)p for its binding sites as indicated by the increased
effectiveness of guanine nucleotides to inhibit binding to the
SP-P receptors.

Preincubation of the membranes with N-ethylmaleimide (NEM)
or p-chloromercuribenzoate for 30 min irreversibly inhibited
the binding of [3HIPHY with an ICgy of 1.0 and 0.15 mM
respectively. If the SP-P receptors were protected with 10 uM
PHY, 3 mM NEM did not inactivate binding, but inhibited the
effect of both, divalent cations and guanine nucleotides.
These effects could be prevented by reduced glutathione or DTT.

Similar experiments in the guinea-pig ileum also
demonstrated that manganese increases the binding of [3HIPHY
and that Gpp(NH)p inhibits it. Likewise, if the membranes are
pretreated with NEM while the receptors are protected with
10 uM PHY, the effects of divalent cations and guanine
nucleotides are blocked.

Since NEM has also been found to inhibit the regulatory
effects of guanine nucleotides on adenylate cyclase coupled
receptors, our findings indicate that even though the SP-P
receptors are not linked to adenylate cyclase, the binding of
SP-P agonists may be regulated by a GTP-binding regulatory
protein,

(Supported in part by PHS grants DA-02013, MH-29591 and
MH-17785).

COMPARISON OF NEUROTENSIN ANALOGS FOR SPECIFIC BINDING TO NEURO-
BLASTOMA CLONE N1E-115 AND INTRACELLULAR STIMULATION OF CYCLIC
GMP. J.A. Gilbert*, C.J. Moses*, M.A. Pfenning*, and E.
Richelson. Mayo Foundation, Rochester, MN 55905.

Neuroblastoma clone N1E-115 possesses receptors specific for
neurotensin (NT), an endogenous tridecapeptide (pGlu-Leu-Tyr-Glu-
Asn-Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu). Neurotensin bound to recep-
tors on N1E-115 cells cultured in growth medium containing fetal
bovine serum with an equilibrium dissociation constant (Kp) of
11 nM, stimulating the intracellular production of cyclic GMP with
a potency (ECgg) of 1.5 nM. A number of neurotensin analogs and
fragments were compared for their ability to inhibit [°H]neuro-
tensin binding and induce intracellular cyclic GMP formation with
intact N1E-115 cells. A direct correlation was found between the
EC5o for each of these peptides in stimulating cyclic GMP pro-
duction and its Kp for binding to neurotensin receptors.

The carboxyl-terminal half of neurotensin, NT(8-13), proved to
be fifty times as potent as intact neurotensin in stimulating
intracellular _cyclic GMP formation and 17 fold more active in com-
peting with [3H]neurotensin binding. In contrast, NT(1-6) and
NT(1-8) displayed no binding or biochemical activities, and sub-
stitutions of amino acids in the amino-terminal half of neuroten-
sin did not significantly alter the biochemical activity of those
analogs (e.g., [GIn#INT and [D-Pro/INT). Modifications in the
carboxyl-terminal half of neurotensin produced drastic changes in
activity. NT(1-11), NT(1-10), and NT-NHMe were inactive.
had 5 fold less biochemical activity than did native neurotensin
and a Kp twenty times larger. [D-Arg8INT had the same bio-
chemical potency as did neurotensin with half the binding activ-
ity, while substitution of a D-phe in position 11 and a D-pro in

position 10 of neurotensin almost coTYIetely destroyid the biochen-
P 1Nt

ical and binding activities. [D-Trpll]INT and [D-Tyr

retained some functionfl capabilities at very hif? concentrations.
Replacement of the Tyr'! of neurotensin with Phel! had no
significant effect on the ECg5y for stimulating cyclic GMP for-
mation but it increased the Kp almost 7 fold.

A1l of the neurotensin peptides which were active in stimulat-
ing intracellular cyclic GMP production induced maximal responses
similar to that of neurotensin itself except for those analogs
with D-amino acids in positions 10 or 11, which produced maximal
cyclic GMP levels that were E?utinely lower than that for neuro-
tensin. In addition, [D-Trpi]NT, a reported antagonist for the
neurotensin receptor, displayed no ability in the concentration
range of 0.01 to 1000 nM to inhibit the stimulation by neurotensin
of intracellular cyclic GMP formation. (Supported by Mayo
Foundation and USPHS Grant MH 27692).

NT(9-13)
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ANGIOTENSIN II RECEPTOR BINDING IN THE BRAIN OF SPONTANEOUSLY
HYPERTENSIVE RATS: AN AUTORADIOGRAPHIC QUANTITATIVE STUDY.

B.H. Hwang, J.-Y. Wu and J.W. Harding. Depts. of Anatomy and
Physiology, College of Medicine, The Pennsylvania State
University, Hershey, PA 17033, and Dept. of Vet. and Comp. Anat.
Pharmacol. and Physiol., College of Veterinary Medicine,
Washington State University, Pullman, WA 99164,

Angiotensin II (AII) is known to participate in several brain
functions includin§ the cardiovascular regulation. We used I-
[Sar1,11e8]-AII (! SI-SI-AII)' an AII antagonist, as radioactive
ligand, and localized AII receptors in many parts of the central
nervous system of the spontaneously hypertensive (SHR) and
Wistar-Kyoto (WKY) rats

The K4 values for 125I-SI-AII binding to AII receptors in the
membrane preparation from the septum/anteriorventral part of the
third ventricle, dorsal medial brain stem, olfactory bulb and
thalamus were around 0.1 nM. The By . values were between 6.95 *
1.60 to 15.52 + 4.99 fmol/mg protein. Heavy labelling for AII
receptors was recorded in nucleus tractus solitarius (NTS),
paraventricular hypothalamic nucleus (PVN), subfornical organ
(SFO), suprachiasmatic nucleus (SCN), area postrema, the dorsal
motor nucleus of the vagus (DMV), and the nucleus of spinal tract
of the trigeminal system (NST).

Among five areas assessed by ?S%ng quantitative receptor auto-
radiography in conjunction with I-standards, the NTS possesses
the highest AII receptor binding. For example, there were 0.85 %
0.05 fmol/mg protein AII binding in the NTS of 4-week old SHR
rats, whereas there were 0.80 * 0.17 fmol/mg protein AII binding
in the NTS of age-ma%gged WKY rats after incubation of 20-p
sections with 90 pM I-SI-AII for 60 min. Non-specific binding
was detsr’mined in the presence of 1 uM non-labeled SI-AII in the
above 1 5I-SI—AII. The heavy labelling of AII antagonist in the
PVN, SFO, NTS, DMV, and NST indicates that there are high
densities of AII receptors in these areas. One of the most
interesting findings of this study is that SHR rats at early
hypertensive (7 weeks) and established hypertensive (16 weeks)
stages contained significantly higher AII receptor binding in the
NST, as compared to age-matched WKY rats. Furthermore, AII
receptor binding was significantly higher in the DMV of SHR rats
at 16 week established hypertensive stage, but not at 7-week
stage. It has been documented that the NST and DMV also contain
high densities of opiate receptors. The literature and the
present study are therefore collectively in favor of a notion
that AII in association with the opiate system in the DMV and NST
may play important roles in the development of hypertension in
SHR rats. (Supported in part by AHA851334.)

NEURONAL CHOLECYSTOKININ RECEPTORS: BINDING CHARACTERISTICS
AND EFFECTS ON SECOND MESSENGER SYSTEMS. B. Petrack, D.J. Steel*
and L.P. Wennogle, Neuroscience Research, Research Department,
Pharmaceuticals Division, CIBA-GEIGY Corp., Summit, N.J. 07901

It has previously been reported that cholecystokinin (CCK)
recognition sites in the brain differ from those in the pancreas
(Science, 208: 1155, 1980). CCK binding sites in membrane prep-
arations from mouse and guinea pig cerebral cortex recognize
carboxyl terminal fragments of CCK-8, CCK-4 being the smallest
peptide with nanomolar potency. In the pancreas, the ICgo of
CCK-4 is 1000-fold greater.

To determine further the structural requirements for binding
to neuronal CCK receptors, some tetrapeptide analogs were evalu-
ated on 125I-(BH)-CCK-8 binding to mouse cortical membranes, ac-
cording to published procedures. (Life Sciences 36: 1485, 1985).
The results indicated that to retain nanomolar potency:

® The carboxyl terminus must be amidated. (The ICgq of
CCK-4 was 5.9 nM, whereas the free acid was inactive up to 1.3
HM; Gly extension of the C-terminus reduced activity).

® The amino terminus may be free, but its blockade by t-BOC
increased potency more than 20-fold.

® The B-carboxyl of Asp-32 should be free; esterification or
amidation of Asp-32 markedly reduced activity.

® Replacement by Gly of each substituent amino acid residue
in CCK-4 reduced potency 1000-fold.

® Ser or Gly insertion between Met and Asp abolished ac-
tivity.

Despite the marked differences between brain and pancreas
recognition sites, CCK receptors in both tissues have been re-
ported to be coupled to phosphatidylinositol (PI) hydrolysis
(J.B.C., 259: 4346, 1984; Cell Calcium, 3: 413, 1982). However,
the effect was not confirmed in brain slices; CCK-8 did not in-
duce inositol phosphate accumulation in 3H-inositol-prelabeled
mouse cortical slices under conditions where acetylcholine in-
creased PI hydrolysis 500-600%. Furthermore, although CCK-8
modulates cerebellar cGMP (Steel,Wood and Petrack, this volume),
the peptide did not affect basal or dopamine-activated adenylate
cyclase in rat brain P, membranes or bovine retina.

We conclude that the differences between central and periph-
eral CCK recognition sites are reflected also in differences in
effector coupling mechanisms.
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AUTORADIOGRAPHIC LOCALIZATION OF CHOLECYSTOKININ RECEPTORS IN
PRIMATE CORTEX. M.F. Kritzer, R.B. Innis, and P.S. Goldman-Rakic.
Section of Neuroanatomy, Yale University School of Medicine,
New Haven, CT. 06510.

Cholecystokinin (CCK), a putative peptide neurotransmitter, is
found in high concentrations in the cerebral cortex of many
species. Although CCK binding sites have been described in
several of these species, the highly differentiated primate
cerebrum allows a more fine-grained analysis of regional variation
in the distribution of cortical receptors. We report here in
vitro autoradiographic localization of CCK binding in the cerebral
cortex of three macaque monkeys labeled with 125 1_Bolton-Hunter
CCK-33. Briefly, thaw-mounted crgostat sections (20y) of unfixed
tissue were incubated in 50pM 1 51-CCK—33, dried, and placed
against LKB Ultrofilm. The addition of 10~ CCK-8 to the
incubation media was used to determine non-specific binding.
Binding studies in tissue homogenates and slide-mounted sections
showed that !251-CCK-33 labels a high affinity, saturable site in
primate cortex, similar to that of rodent brain.

The laminar organization of CCK binding sites varies among
cortical lobes and major cytoarchitectonic fields. In the frontal
lobe, the distribution of binding sites is discontinuous: dense
radiolabel is seen in the principal and cingulate sulci, while the
interposed dorsomedial cortex is only lightly and diffusely
labeled. Within all areas of the frontal cortex, radiolabel is
distributed with highest concentration in layer IV. The parietal
lobe has a similar laminar distribution, and also shows marked
regional variation. For example, label is pronounced in layer IV
in the rostral somatosensory cortex, but is very light in the
intraparietal cortex. In the temporal lobe, from posterior
amygdaloid to mid-hippocampal levels, high concentrations of
putative CCK receptors are found in layer IV throughout the
superior and inferior temporal cortex. A novel finding is the
emergence of a bilaminar pattern in the inferior temporal cortex,
with dense binding in layer II as well as layer IV. The occipital
lobe displays a unique laminar distribution of binding sites which
is uniform throughout primary visual striate cortex. In this
region, radiolabel is heavy in layers I, V and VI, and, in
contrast to other areas, layer IV is more lightly labeled.

Thus, CCK binding is unevenly distributed in primate cerebral
cortex. Variations in density of putative CCK receptors across
cytoarchitectonic regions and specific laminae in macaque monkey
indicate that this peptide may have selective rather than diffuse
influences on cortical functioning in primates.

Supported by MH00512 to R.B.I. and MH00298 and 38546 to P.S.G.-R.

ARE ANGIOTENSIN II AND SAR!, ILEB-AII BINDING SITES
IDENTICAL? J.B. Erickson, and J.W. Harding. Dept. of VCAPP,
wWashington State University, Pullman, WA 99164-6520

Angiotensin derivatives with a sarcosine substitution at the
carboxy terminus and an aliphatic amino acid substitution at the
amino terminus have been shown to be competitive ligands for the
angiotensin "receptor”. We have substantiated that data with
competition experiments and by analyzing the data using double
reciprocal plots. The results show that Angiotensin II and
Sar!,Ile®-AII are clearly competitive inhibitors in the
binding assay. However, a number of observations concerning the
binding properties of these two ligands suggest a more complex
story. (1) Scatchard plots derived from saturation isotherm data
in rat brain membranes and rat and bovine adrenal particulates
consistently demonstrate three to five times the number of
binding sites for 325I-sar?,Ile®-AlI than for *2%I-AIl in
experiments in which the two ligands are run side-by-side in the
same tissue preparation. (2) Time course experiments in which
dissociation was performed at equilibrium (60 minutes) reveals a
very slow off-rate for both ligands, whereas dissociation at a
time well before equilibrium (5 minutes) leads to complete
dissociation in about 15 minutes. (3) Brain distribution data
show binding sites for Sar?,Ile®-AlI in areas where AIL
binding is not detectable. The paradox is that two ligands which
interact competitively in vivo and in receptor binding studies
have distinctly different By,, values. An explanation
consistent with the above observations is that there are two
populations of binding sites, one with fast on-fast off kinetics
and a second with slow on-slow off kinetics. The slow on-slow
off site may represent a modulatory protein such as a membrane
bound angiotensinase associated with the angiotensin receptor.
Both ligands competitively interact, but only the degradation
resistant 12%I-Sar!, Ile®-AII analog may be detected at the
putative enzyme site since *2%I-angiotensin II would be rapidly
cleaved and lost. Thus, Sar?, Ile®-AII appears to interact
with multiple binding sites which include, but are not limited,
to the angiotensin receptor.

7.8
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THE PEARL MUTATION INDUCES HYPERSENSITIVITY OF THE RETINA TO
SOMATOSTATIN~14. H. Suzuki* and L. H. Pinto. Department of
Biological Sciences, Purdue University, West Lafayette, IN 47907.

We recorded action potentials from retinal ganglion cells, in
the isolated superfused retinas of wild-type (C57BL/6J), pearl
mutant (pe/pe) and pearl revertant (pe*/pe*) mice. Somatostatin
of either 14 (SS-14) or 28 (SS-28) amino acid composition was
introduced into the superfusate while the response of an on-center
cell to an optimally-positioned light spot was recorded. The
effects of SS-28 upon all genotypes were similar. 10-100 pM of
SS-28 enhanced the on-discharge and increased the maintained
discharge; 100 pM - 1 nM caused further enhancement of the response
in some cells and suppression of the response and maintained
discharge in other cells; over 1 nM suppressed in the response and
maintained discharge in all cells; and over 10 nM caused long-
lived suppression. The effects of SS-14 were similar to the
effects of SS-28 in pearl mutants. However, no effect was
observed in wild-type or pearl revertant animals for concentrations
less than 10 nM. Higher concentrations produced the long-lived
suppression seen with high concentrations of $S-28. We conclude
that the pearl gene causes hypersensitivity to SS-14. The
mechanism might be (a) expression of a normally unexpressed, high-
affinity receptor molecule, (b) suppression of an endogenous endo-
peptidase for SS-14, and (c) mutation of a somatostatin receptor.
If the free concentration of SS-14 in pearl mutant retinas were
sufficiently high, then this compound might cause the night-blind
phenotype observed in intact pearl mutants.

INTERACTION BETWEEN CENTRAL ASCENDING DOPAMINERGIC PATHWAYS AND
NEUROTENGIN BINDING SITES IN THE RAT,BRAIN. W.H§. Rosténe, *
D. Hervé , J,M. Studler , P. Kitabgi , C. Dana , J.P. Vincent ,
J. Glowinski and J.P. Tassin . INSERM U.55, Hopital Saint-Antoi-
ne, 75012 Paris; INSERM U.114, Collége de France, 75005 Paris,
and Centre de Biochimie CNRS, Faculté des Sciences, Parc Valrose,
06030 Nice, France

Several morphological, biochemical and behavioral data suggest
an interaction between dopamine (DA) and neurotensin (NT) in
both rat and human brains. We thus tested the possibility of
NT binding sites regulation by DA pathways. Quantitative auto-
radiography was used to study the effect of GOHDAlbgsion in the
ventral mesencephalic tegmentum (VMT) on monoiodo ~~I-Tyr,-NT
binding on slide-mounted sections from adult, male rats. Incuba-
tions were carried out with 0.1 nM monoiodo " 'I-Tyr ,-NT
(2000 Ci/mm) for 60 min at 4°C in 50 mM Tris-HCl bu}fer (pH 7.6)
containing 5 mM MgCl,, 0.2% BSA and 20 pM bacitracin. The

ections were washed; dried and apposed for 3 weeks on

H-Ultrofilm. Quiagita(ton of the autoradiograms was carried
out by means of I-standards. 125

Correlated to endogenous DA depletions after 60HDA, I-NT
binding was decreased in the VMT (-70%), central substantia
nigra (-76%) and in the medial and lateral caudate nucleus (-23%
and -417%, respectively). In contrast, no decrease was found in
the nucleus accumbens and even a significant increase (+45%) of
NT binding sites was observed in the prefrontal cortex (PFC)
dorsal to the forceps minor, related to a change in the topogra-
phical distribution of the binding sites, suggesting a differen-
tial DA control of NT binding sites sensitivity in various brain
regions.

In order to confirm this hypothesis, DA neurotransmission
was chronically blocked by means of administrations (40, 20
and 5 days before sacrifice) of a long-acting neuroleptic,
pipotiazine p?igitate. This treatment elicited important
increases of [-NT binding sites in the PFC, nucleus accum-
bens, entorhinal cortex and medial caudate nucleus (+54%;
+34%; +30%; +25%, respectively). No significant change was found
in the lateral caudate nucleus, the WMT and in the substantia
nigra. Our results confirm the presence of NT binding sites on
DA cell bodies and strongly suggest that NT receptors on DA
nerve-terminals are localized on two types of sites, one of
which, located postsynaptically in limbic and cortical areas,
is regulated by DA innervation.
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7.11 CORTICOTROPIN-RELEASING FACTOR (CRF) RECEPTORS IN RAT BRAIN.

April V. Applegate*, Michael J. Kuhar and Errol B. De Souza (SPON:
K. Dismukes). Dept. of Neuroscience, Johns Hopkins Univ. Sch. Med.
and Lab of Neuroscience, Addiction Res. Center, NIDA, Baltimore, MD
CRF, a 4l-amino acid peptide originally isolated from ovine
hypothalamus, stimulates the release of proopiomelanocortin—
derived peptides from the anterior and intermediate lobes of
pituitary. In addition, numerous pharmacological and immuno-
histochemical studies suggest a role for CRF as a neurotransmitter
or neuromodulator in the CNS. Further evidence for such a role was
provided by our autoradiogcaphic identification and localization of
high-affinity binding sites for a radioiodinated analog of ovine
CRF (oCRF) in discrete areas of rat brain (De Souza et al., Science
224:1449, 1984). More recently, rat CRF (rCRF) has been isolated
and sequenced, and this peptide differs from oCRF by seven amino
acid residues. 1In the present study, we have used a stable
iodine~125 labeled ligand (1251—rCRF; New England Nuclear) which
is homologous to the endogenous peptide to define the pharmacolo-~
glcal characteristics and regional distribution of CRF receptors in
rat brain homogenates. The kinetics and pharmacological
specificity of 1251-rCRF binding were characterized in membrane
prefatations of rat cerebral cortex and olfactory bulb. The binding
of L231-rCRF was saturable and of high affinity with an apparent
Kq of 1.9 aM and a Bpgx of 129 fmoles/mg protein in the
cerebral cortex. Rat CRF, oCRF and the weak receptor antagonist
o-helical CRF(9-41)NHy inhibited 1251-rCRF binding with ICso
values of 1.4, 2.2 and 68 nM, respectively. The relative poteancies
of various peptides in displacing 1251-rcRF binding were examined;
at a 1 uM concentration, the CRF-related peptides oCRF, c.-helical
CRF, o.~helical CRF(9-41)NHp and AcoCRF(4-41)NHy were equipotent
with rCRF, the biological weaker fragment oCRF(1-39)NHp displaced
40% of the specific binding, rCRF(1-20)OH, rCRF(21-41) and
rCRF(6-33)0H were minimally effective, and the unrelated peptides
arginine vasopressin, angiotensin II, vasoactive iantestinal peptide
and growth hormone releasing factor did not affect 125I-trCRF
binding. Regional analysis indicated a heterogenous distribution
of 125I-rCRF binding sites within the rat brala aad pituitary with
highest densities of receptors present in the antecrior pituitary
and progressively lower concentrations present in the olfactory
bulb and cerebral cortex; low but detectable levels of binding were
found in the striatum, cerebellum, hippocampus, brain stem and
hypothalamus. In summary, these studies using a ligand homologous
to endogenous rCRF confirm the presence of specific, high-affinity
receptors for CRF in discrete areas of rat brain. These data
provide further evidence ia support of a role endogenous CRF in
regulating CNS function. Supported by NSF Graduate Fellowship and
NIMH graats T32MH18030, MH25951 and MHOOO53.

7.12 COMPARISON OF THE AUTORADIOGRAPHIC DISTRIBUTION OF SUBSTANCE P,

SUBSTANCE K, ELEDOISIN, AND NEUROMEDIN K BINDIQG SITES IN THE RAT
CENTRAL NERVOUS SYSTEM. S.H. Buck, E. Burcher , C.J. Helke, and
T.L. O'Donohue. Sect. Biochem. Pharmacol., NHLBI; Exper. Ther.
Br., NINCDS; Dept. Pharmacol., USUHS Sch. Medicine, Bethesda, MD;
Div. Biol. & Hlth. Sci., Deakin University, Victoria, Australia.

In addition to the putative neurotransmitter, substance P (SP),
two novel tachykinin peptides have been identified in the mammali-
an CNS. These are substance K (SK) (neurokinin &, neurokinin A)
and neuromedin K (NK) (neurokinin B, neurokinin B), both similar
in structure to the amphibian tachykinin, kassinin (KAS). SP and
SK coexist in some neurons since a precursor, B-preprotachykinin,
containing one copy of each peptide has been identified. Three
distinct tachykinin receptors have been postulated in the CNS and
periphery based on bioassay and ligand binding studies: P-type
where SP and physalaemin (PHYS) are most potent, E-type where NK,
KAS, and eledoisin (E) are most potent, and K-type where SK 1?25
most potent. Autoradiographic examination of the binding of I-
Bolton-Hunter labeled (BH) tachykinins has revealed that BHE,
BHSK, and BHKAS binding sites have a different distribution from
those for BHSP. However, it is not clear if the former three
ligands all label one type (E) of site or E- and K-type sites in
the CNS. We have investigated this question by directly comparing
the autoradiographic distribution of BHSK, BHE, BHNK, and BHSP
binding sites in the rat CNS.

The distribution of BHSK, BHE, and BHNK binding sites was
strikingly similar but clearly distinct from sites labeled by
BHSP. BHSK, BHE, and BHNK labeled cortical layers 4 and 5, the
supraoptic n., paraventricular n., habenula, interpeduncular n.,
and the periaqueductal gray. Binding sites for BHSP were located
in other regions including striatum, septum, dentate gyrus, super-
ior colliculus, certain cerebellar vermi, n. ambiguus, hypoglossal
n., and dorsal motor n. of X. Some CNS regions, such as the
nucleus of the solitary tract and the dorsal horn of the spinal
cord, contained binding sites for all four ligands. In general,
BHSP binding sites have a more widespread distribution than those
for BHSK, BHE, and BHNK. In the brainstem, BHSP appears to label
both sensory and motor nuclei whereas BHSK, BHE, and BHNK label

only sensory nuclei.
%n crude membrane suspensions from rat cerebral cortex, the

high-affinity binding of BHE and of BHNK was inhibited by the
tachykinins in the potency rank order of KAS = E 2 NK > PHYS > SK
> SP indicating that both ligands bound to the recently character-
ized E-type cortical sites.

In conclusion, the results of these studies indicate that BHSP
labels the P-type tachykinin receptor while BHSK, BHE, and BHNK
all appear to label a distinct type of site, presumably the E-type
tachykinin receptor, in the rat CNS.

(Supported in part by NIH grant NS19317 to C.J.H.)
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8.1

OCULAR PIGMENTATION AND THE BOUNDARIES OF DORSAL AND
VENTRAL RETINA IN GOLDFISH. A.D.Springer and
A.S.Mednick. Department of Anatomy, New York Medical
College, Valhalla, NY 10595.

One operational definition used to distinguish
dorsal from ventral retinal ganglion cells (RGCs) is
to define them in terms of which optic tract their
axons enter. Ventral RGC axons enter the dorsal optic
tract and dorsal RGC axons enter the ventral optic
tract. Dorsal and ventral retina have also been
distinguished in terms of a horizontal meridian that
passes through the optic disc and is perpendicular to
a line that extends from the choroid fissure through
the optic disc (vertical meridian). Cobaltous-lysine
was applied to retinal slits that were centered on
either end of the horizontal meridian and were
parallel to the ora serrata. Such slits filled RGC
axons in the dorsal optic tract. Thus, the present
study found that the horizontal meridian does not
accurately predict which optic tract RGC axons enter
and it is, therefore, not a reliable indicator as to
the boundaries of dorsal and ventral retina. Instead,
the goldfish iris contains nasal and temporal pigmen-
tation marks (PMs) that are correlated with the path-
ways that adjacent RGC axons enter. The PMs varied
from fish to fish, but were located approximately 21°
above the horizontal meridian. When cobalt was
applied to retinal slits above the PMs, RGC axons
were filled in the ventral optic tract. When cobalt
was applied to retinal slits below the PMs, RGC axons
were filled in the dorsal optic tract. In order to
obtain converging evidence to prove that the PMs were
indicators of the retinal poles, we severed nasal RGC
axons along the dorsomedial edge of the optic tectum
and retrogradely labeled the RGCs that corresponded
to these severed axons. Cobalt-filled RGCs were
found ventral to the nasal PM. The present findings
indicate that these PMs are useful landmarks in that
they reliably predict the nasal and temporal retinal
poles. Thus, they could be a means by which to
standardize electrophysiological retinotectal maps
across studies. In addition, these landmarks would
allow reliable intraretinal labeling of RGC axons
from defined retinal sectors. Therefore, the PMs
will be useful for elucidating the topographical
transformations of the RGC axons within the visual
pathways. Supported by Grant EY-03552.

8.2 PHOTORECEPTOR DIFFERENTIATION IN VITRO: DEVELOPMENT

AND POLARIZATION OF OPSIN IMMUNOREACTIVE MATERIALS.
R. Adler. Wynn Center, Wilmer Institute, Johns Hopkins
University School of Medicine, Baltimore, MD 21205,

Retinal photoreceptors are highly polarized cells
showing several discrete compartments. Opsin-contain-
ing visual pigments, for example, are synthesized
in the inner segment and vectorially transported to
and selectively accumulated in the outer segment.

The mechanisms controlling the development and main-
tenance of this organization pattern are poorly under-
stood. This laboratory is investigating some of these
issues using a recently developed monolayer culture
system in which embryonic retinal cells express typical
photoreceptor phenotypic traits.

Photoreceptor-containing cultures were prepared
as described (Adler et al., J. Cell Biol. 99:1173-
1178, 1984) and fixed in paraformaldehyde. Opsin-
immunoreactive materials were identified by indirect
immunofluorescence using an anti-rhodopsin antibody
(courtesy of Dr. D. Papermaster). F-actin was loca-
lized with fluorescent phalloidin., These studies
showed that opsin-immunoreactive materials: i) are
not detectable during the first 2-3 days in vitro;

ii) appear first in an apparently random pattern;

iii) become selectively concentrated in the photo-
receptor apical region including the small outer
segment-like process; iv) co-localize with an apical
accumulation of phalloidin-stained materials; v) can
be detected without plasma membrane permeation; and
vi) are not present in neurons. In vivo studies
carried out using cryostat sections of chick embryo
retinas showed that opsin immunoreactivity is negative
through ED15, and becomes detectable in photoreceptor
outer segments by ED-16. Phalloidin-positive materials
are also abundant in this photoreceptor region.

In summary, these studies show that cells isolated
from the embryonic retina before overt differentiation
are programmed to express characteristic photoreceptor
phenotypic traits such as the polarized distribution
of opsin, The co-localization of phalloidin-stained
and opsin-immunoreactive materials is compatible
with a possible involvement of the cytoskeleton in
this phenomenon.

Supported by USPHS Grant EY04859.
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8.3 CALCIUM BINDING IN PIGMENTED AND ALBINO EYES. Ursula C. Dréger.

8.5

Dept. of Neurobiology, Harvard Medical School, Boston, MA 02115.

Pigment defect mutations in mammals are asscciated with a
diverse complex of neurological abnormalities which point to
functions of melanin beyond photoprotection. Possible functions
discussed include an involvement in redox reactions and scavenger
roles for free radicals and potentially harmful heevy metals.

The mechanism by which absence of these functions could lead to

the defects in aypopigmentatjon mutants is not clear, however.

Here the localization of Ca  binding sites in eygs was determined
autoradiographically by extracting endogenggs Ca  from tissue sec-
tions with EDTA and replacing it with 45ca”". The strongest label-
ing by far was associated with pigmented tissues,+gue to high con-
centration of melanin, which was shown to bind Ca  very effective-
ly and in a pH-dependent fashion. The second strongest binding
wvas over the tapetum lucidum of the cat eye, and moderate labeling
was associated with eye muscles and inner and outer epithelia of
the cornea. The neural retina was generally more lightly labeled
than the surrounding tissues of the eye; here the plexiform layers
stood out in comparison to the nuclear layers, as did a band lo-
cated internal to the photoreceptor outer segments.

The Ca bigding io pigmented tissue was not influenced+§y the
presence of Na or K ; it was relatively in§gnsiti¥e to M&+ N bu;+
it vas*xeduced by high concentrations of B2 , Mn  or Zn . Ca
and Mg  are probably the major natural ligands of melanin, since
they are the only metals with melanin affinity present in more
than trace amount$ under normal physiological condit} ns. As
binding of an idn of such biological relevance as Ca is not
likely to represent a scavenger function melanin, the possibil-
ity arises tg;t melanin contributes to Ca = regulation and that a
defect in Ca  buffering capacity may represent the common denom-
inator of the various neurological defects found in hypopigmenta-
tion mutants. Melanin starts to appear in the embryonic eye
around the time when the retina is presumably undergoing irrever-
sible specification. At thi§+stage the retinal pigment epithglium
may represent a temporary Ca  sink, causing a lowering of Ca  in
cells of the adjoining neural retina with which it is transiently
connected via gep junctions; this in turn might influence the
timing sequence of other processes by slightly delaying the clo-
sure of gap junctions; in such case the aberrant optic crossing in
albinos may reflect a de{gct in temporal coordination. In the
adult eye the messive Ca  buffering cggacity of pigmented tissues
behind the retina may influence the Ca  regulation in photo-
receptdrs, and the light sensitivity defect found under scotopic
conditions in the hypopigmented mouse pearl (Balkema et al. '81)
may reflect i*defect in Ca  regulation, which is consistent with
a role of Ca  in dark adaptation. Supported by EY 01938 and the
American Federation for Aging Research.

STAGES IN THE DEVELOPMENT OF THE INNER PLEXIFORM
LAYER OF THE CAT RETINA. Roger P. Zimmerman,
Polley, and Richard L. Fortney*, Rush Medical

H.
College and University of Illinois College of

Medicine, Chicago, Illinois 60612

The sequence of development of the inner plexiform
layer (IPL) of the cat retina was studied over the two
month period centered on the day of birth (E35 to
P37) in experiments in which in vitro staining with
Lucifer Yellow was combined with tritiated thymidine
autoradiography or with electron microscopy. In vitro
staining with Lucifer Yellow yields reliable and
consistent Golgi-like staining of individual cells.

Fetal Retina (E35): The retina appears to
consist primarily of ventricular cells, with a few
amacrine and ganglion cells. 'Cones and horizontal
cells have undergone their final mitosis, but are not
yet morphologically differentiated. A distinct,
unistratified, IPL is made up of the dendrites of
several sizes of ganglion cells and processes of
amacrine cells with somata lying on both sides of the
IPL. Postmitotic cells can be observed crossing the
IPL, indicating that the IPL is not a barrier to cell
migration at this stage.

Late Fetal Retina (ES51): The processes contributing
to the IPL are clearly multistratified. Although
differentiated cones and horizontal cells, and the
beginnings of the outer plexiform layer, are present,
no bipolar cell terminals are observed in the IPL.

Neonate Retina (RPQ - P37): Bipolar cells are being
produced during the first week after birth; their
terminals enter the IPL within seven days after the
final mitosis. By the end of the first postnatal
month, ganglion cell dendrites are stratified in
either sublamina a or sublamina b of the IPL, and
receive both ribbon and conventional synapses. By
P37 the pattern of branching of amacrine and ganglion
processes is similar to that found in the adult
retina., The laminar distribution of bipolar cell
terminals is similar to that of the adult.

Supported in part by EY 03189, EY 04593, The
Regenstein Foundation, and the Chicago Community
Trust.

8.4 Development of the Outer Plexiform Layer (OPL) of the Cat Retina.
" Edward H. Pollev, Roger P. Zimmerman, and Richard L. Fortnev®.

8.6

University of Illinois, College of Medicine, Department of
Anatomy and Ophthalmology, Chicago, IL 60680 and Rush Medical
College, Chicago, IL 60612.

The appearance and development of cells contributing processes
to the OPL was studied in the fetal and neonate kitten retina.
By using techniques of autoradiography after isotope labelling,
combined with Lucifer Yellow staining to give a Golgi-like
fluorescent representation of single cells, we were able to
identify cell "birthdays" and/or classify cells on the basis of
their cytoplasmic morphology. In an earlier study of
neurogenesis in the inner nuclear layer (INL) (Polley, Walsh, and
Hickey, 1982) we had shown that A-type horizontal cell
neurogenesis was virtually complete while amacrine cell labelling
was just starting at E28, No other cells in the INL are isotope
labelled in adult animals injected in utero at E28, although cone
photoreceptors are labelled in the outer nuclear layer (ONL).

Serial sacrifice at approximately weekly intervals of single
individuals from 1litters of kittens receiving intravitreal
injections clearly demonstrated the development, maturation, and
distribution of pulse labelled cells in the neuroretina.

After intravitreal injection of tritiated thymidine in the
neonate (postnatal Day 2) the principal population of labelled
cells in the INL are the B-type horizontal cell and bipolar
cells, Amacrine and Muller cells are rarely labelled although
rod photoreceptors in the ONL are frequently labelled. A-type
horizontal cells are completely unlabelled.

The differing time course for the production and development
of A- and B-type horizontal cells in the INL of the retina is
unique to our concepts of the development of laminar organization
in the nervous system. There is however, a parallel in the early
development of the A-type horizontal cell and associated cone
photoreceptors in contrast to the later development of the B-type
cell and associated rod photoreceptors. Indeed, the significant
increase 1in the vertical dimension of the OPL after B-type cell
birth is probably due to, 1) the developing dendritic processes
of B-type horizontal cells in relation to cone pedicles, 2) the
developing axonal processes of B-type horizontal cells to rod
spherules, 3) the greater than 2:1 ratio of B- to A-type
horizontal cells, and U4) the developing processes of newly
formed bipolar and rod photoreceptor cells.

The differing time periods of neurogenesis during which these
two cell types are produced and their insertion into the changing
morphology of the developing retina could account for the
reported differences in cell density and position in the adult
retina, (Wassle, et al,, 1978).

Supported in part by EY03189 and EYO4593.

RELATIONSHIPS BETWEEN GANGLION CELL DENDRITIC FIELD STRUCTURE AND
RETINAL TOPOGRAPHY IN THE CAT. J.D. Schall, S.J. Ault® and A.G.
Leventhal. Dept. Anat., Univ. Utah Sch. Med., Salt Lake City,

uT §U132.

The morphology of retinal ganglion cell dendritic fields
varies with distance from the area centralis (Boycott, B.B. & H.
Wissle, J. Physiol., 240:397, 1974) and with angle off of the
horizontal meridian (Leventhal, A.G. & J.D. Schall, J. Comp.
Neurol., 220:465, 1983). The center of the dendritic field of
many ganglion cells is displaced laterally from the center of the
cell body (Honrubia, F.M. & J.H. Elliott, Arch., Ophtholmol.,
84:221, 1970; Widssle, H., L. Peichl & B.B. Boycott, Proc. R. Soc.
Lond., B 212:157, 1981). We related the direction of displace-
ment and the orientation of horseradish peroxidase filled retinal
ganglion cell dendritic fields to the topography of the adult and
developing retina. 1In our analysis the ganglion cell's principle
dendrites primarily determine the displacement of the dendritic
field from the cell body, and the orientation of a dendritic
field is determined by the spatial distribution of higher order
dendritic branches in the inner plexiform layer.

We find that the direction of displacement of the dendritic
fields in any spot of retina can be predicted from the direction
in which the ganglion cell density falls off most steeply in that
spot of retina, i.e., ganglion cell dendritic fields are
displaced from their cell bodies down the ganglion cell density
gradient.

From approximately embryonic day 50 (of the 65 day gestation)
to postnatal day 10 the kitten retina undergoes a period of
maturation (reviewed by Rapaport, D.H. & J. Stone, Neurosci.,
11:289, 1984), This process begins at the area centralis and
EEreads over the retina in a horizontally elongated wave. We
find that the mean orientation of the dendritic fields in any
spot of retina is predicted by the angle through which the wave
of maturation passes in that spot of retina; the orientation of a
dendritic field does not correlate with the direction of its
displacement.

These findings indicate that the displacement of a ganglion
cell's dendritic field from its cell body results from mechanisms
different from those which are responsible for the orientation of
higher order dendrites in the inner plexiform layer.

MONDAY AM
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8.7 EXPERIMENTAL ALTERATION OF CAT RETINAL GANGLION CELL DENDRITIC

8.9

FIELD STRUCTURE. S.J. Ault*, J.D. Schall and A.G. Leventhal.
Dept. Anat., Univ. Utah Sch. Med., Salt Lake City, UT 84132,

Interactions among retinal ganglion cell dendrites (Wﬁssle,
H., L. Peichl & B.B. Boycott, Nature, 292:344, 1981; Perry &
Linden, Nature, 297:683, 1982) may be responsible for many
aspects of dendritic field structure. We have investigated these
interactions by studying the effects of reduced ganglion cell
density on dendritic field structure.

Areas of retina were depleted of ganglion cells following
lesions of the optic tract or pinpoint lesions of the retina near
the optic disc in two day old kittens. The dendritic fields of
horseradish peroxidase filled ganglion cells which survived
within or on the border of the depleted areas were compared with
those of their normal counterparts.

While the somas of beta cells which survived within an area
of reduced ganglion cell density were not significantly larger
than normal, their dendritic fields covered an abnormally large
area. To see how this was accomplished, we first related the
amount of dendritic material supported by a cell to the size of
its cell body. The resulting dendrite/soma ratios were compared
for cells in normal and depleted regions of retina. This analy-
sis indicated that the dendrite/soma ratios of beta cells in the
depleted areas were not significantly different from normal.
Moreover, all types of retinal ganglion cells exhibited similar
dendrite/soma ratios; dendrite/soma ratios did not change with
retinal eccentricity. A quantitative analysis of dendritic
branching indicated that the dendritic fields of cells in
depleted regions are abnormally large because their dendrites are
distributed more diffusely, branching less than normal.

In agreement with the observations of Perry and Linden (1982)
and Eysel, Peichl and Wdssle (Soc. Neurosci. Abstr., 9:26, 1983),
we have found that the dendritic fields of the alpha and beta
cells on the border between normal and depleted regions extend
preferentially into the depleted area. This is not accomplished
by the growth of an abnormally large amount of dendrite since the
dendrite/soma ratios of these cells were normal. Also, the
orientations of these dendritic fields were often not the same as
the direction of displacement. This provides support for the
hypothesis that dendritic field displacement and orientation are
determined by different mechanisms.

Based upon our results, we suggest that the size of a
ganglion cell's soma determines the amount of dendritic material
produced; the local ganglion cell density gradient determines the
direction in which the dendritic field grows, and the density of
neighboring ganglion cells of the same class determines branching
frequency and the area which the dendritic field covers.

RETINAL  TRANSPLANTS INTO NORMAL AND DAMAGED  ADULT
RETINAS. M. del Cerro, D.M. Gash, G.N. Rao*, M.F. Notter,

of Anatomy and
Univ. of

S.J. Wiegand and C. del Cerro*, Depts.
Ophthalmology and Center for Brain Research,

Rochester Sch. of Med., Rochester, NY 14642.

We performed transplants of embryonic (E 13-16) and
postnatal (PN 2) retina, neural portion, and pigment
epithelium, into the anterior chamber and vitreal cavity of
adult rats of the same (Long-Evans) and different strain
(Lewis) than that of the donor. The hosts either had
normal retinas or retinas selectively damaged by 15 days of
continuous exposure to low levels (0.47 mw/em2) of
fluorescent light. We report herein the successful outcome
of these experiments. The fate of the grafts was followed
by ophthalmoscopic examination for a period up to 5 weeks.
Two to 3 days after transplantation, the grafts became

vascularized; light and electron microscopic observations,
therefrom, showed histotypical differentiation of the
grafts. Although there was variability within different

areas, those regions that developed more fully showed
formation of all the nuclear and plexiformlayers, which
were populated by the usual neuronal and glial cell types;

the retinal pigment grew and differentiated in the
transplants. These results suggest that intraocular
retinal transplants may become a valuable tool in

determining the extent of neural
possible in the adult retina.

Supported by Supported by National Eye Institute grant
#EY 05262 and by the Rochester Eye Bank.
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DEVELOPMENTAL CHANGES IN CELL DEATH AND RETINAL
GANGLION CELL DISTRIBUTION IN THE POSTNATAL FERRET RETINA
Z. Henderson, K. C. Wikler and B. L. Finlay Physiology Laboratory,
University of Oxford, Oxford, England and Department of Psychology,
Cornell University, Ithaca, NY 14853

The ferret is a highly altricial mammal with large eyes and a marked
specialization for central vision which makes it particularly advantageous
for studies of the process of formation of retinal specializations. For
postnatal days | (the day of birth), 2, 3, 6, 10, 24 and adulthood, the
spatial distribution of retinal ganglion cells was reconstructed froin both
paraffin embedded, horizontally sectioned eyes stained with cresylecht
violet, and from sirmilarly sectioned material in animals that had received
multiple injections of horseradish peroxidase in the thalamus and superior
colliculus on postnatal days 1, 2, 5, 9 and at adulthood. Retinae were
reacted in the eyecup with cobalt-intensified diaminobenzidine. All
retinae were examined for the incidence and spatial distribution of
degenerating cells.

The adult ferret retina has an 8 to | ratio of cell density from the area
of maximum density in the area centralis to the extreme periphery, and a
4 to | difference between central temporal retina overall and the
remaining retina. On postnatal days 1 through 6, the distribution of all
cells and HRP labeled cells is only slightly elevated in superior temporal
retina (1.3 to 1). At all days, HRP labelled at maximum a third to half of
the cells in the ganglion cell layer, which were always the largest cells.
The remaining cells presumably are displaced amacrine cells and glia.

The period of cell degeneration in the retinal ganglion cell layer is
quite protracted in the ferret, with large numbers of degenerating cells in
evidence at birth, and many still visible by postnatal day 24. In the HRP
labeled retinae, HRP reaction product could often be seen in the residual
cytoplasm of degenerating cells. Numbers of degenerating cells were at
maximum on postnatal day 1. On this day, their spatial distribution was
distinctly inhomogeneous. Cell death rates were lowest in the superior
temporal retina and temporal margin (15.7 * 1.48), intermediate in the
nasal margin, and highest in the remaining retina (21.5 * 1.5). The
incidence of degenerating cells was particularly high in the inferior retina
and in the area immediately surrounding the optic disc in the nasal retina.
If the retina is divided into the areas corresponding to the prospective
area centralis and the periphery, there is no difference in rates (a.c. =
17.9 * 1.8; periphery = 19.4 ¢+ 1.6). On later postnatal days, the
distribution of degenerating cells appears more uniform, with a suggestion
of elevation in the periphery in the latest postnatal days. We suggest that
the early inhomogeneity in cell death rates is related to the establishment
of projection laterality; specifically, that the elevation of cell death in
nasal retina reflects the removal of cells with inappropriate ipsilateral
connections. The later cell death may reflect the mechanisms of creation
of the area centralis or numerical matching of the retina to its targets.
Supported by NIH grants KOl NS00783 and ROl 19245 to B. Finlay and
MRC Grant G979/49 to C. Blakemore (Z. Henderson).

GLIAL STRUCTURE IN RELATION TO FIBER ORDER IN THE FERRET'S OPTIC
STALK. C. Walsh, S. Price¥*, & R.W. Guillery. Dept. of Human
Anatomy, Univ. of Oxford, Oxford, OX1 3QX, England, and Dept. of
Pharmacological & Physiological Sciences, Univ. of Chicago,
Chicago, IL 60637, USA.

Retinal fibers in the ferret's optic nerve undergo a
systematic sorting in terms of age during their course from the
retina to the optic chiasm. Preferential labelling of the oldest
retinal fibers shows that older and newer fibers intermingle in
the nerve near the eye, but become segregated as the optic nerve
leaves the orbit and passes through the optic foramen (Walsh, C.,
unpublished). In order to determine whether this fiber re-
ordering occurs where the environment of the fibers shows a
morphological change, we have studied the developing eye stalk in
fetal ferrets from the twenty-first to the thirty-ninth days of
gestation (E21-E39) with the light and electron microscope.

In its intraorbital segment, the fetal optic nerve is sub-
divided into fasicles by early glial cells. Bundles of un-
myelinated axons are invaginated into the cytoplasm of these
cells rather as fine axon bundles relate to Schwann cells in the
peripheral nervous system. The axons lie close to the glial
nuclei, and growth cones show no preferential localization within
the cross-section of the nerve. In contrast, in the prenatal
tract there are few glial cell nuclei, and instead optic axons
grow in relation to the peripheral processes and end-feet of
radially oriented neuroepithelial cells. This radial glial
organization, typical of developing central tracts, is associated
in the optic tract with the preferential growth of newer axons
near the pial surface (Walsh, C. & Guillery, R.W., J. Neurosci.,
in press).

The transition from the "peripheral" glial structure to the
radial glial, "ecentral" structure occurs near the optic chiasm in
the older animals (E30 and on), but the younger animals (E24-E26)
show a radial glial structure in the eye stalk between the optic
foramen and the optic chiasm, with the point of transition moving
progressively nearer the chiasm at later stages. The youngest
animals (E21-E24) show a transient pigmentation of the stalk,
described previously (Stgongin, AC., & Guillery, R.W.,

J. Neurosci., 1:1193, 1981; Silver, J. & Sapiro, J., J. Comp.
Teurol., 202:521, 1981), which extends from the eye to the optic
foramen, the same region that shows the "peripheral" glial struc-
ture at slightly later stages. These data suggest that the
systematic fiber reordering that occurs near the optic foramen
reflects a change in the glial structure in this region.

Supported by funds from the MRC of the U.K., and by the
Medical Scientist Training Program, NIH grant 5T32 GM07281.
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MODULATION OF GABA, SUBSTANCE P AND PROTEIN KINASE
IMMUNOREACTIVITIES IN MONKEY STRIATE CORTEX FOLLOWING

EYE REMOVAL S.H.C. Hendry, E.G. Jones and M.B. Kennedy
Dept. of Anat., U. Cal. Irvine, Irvine, CA 92717 and
Div. of Biol. Cal. Inst. of Tech. Pasadena, CA 91125

Neurons displaying immunoreactivity for the inhibitory
neurotransmitter, GABA, for the neuropeptide, substance
P (SP), or for a calcium/calmodulin-dependent protein
kinase (type II1 CaM kinase) were examined in the striate
cortex (area 17) of normal monkeys and of monkeys from
which an eye had been removed one to three weeks before
sacrifice. In normal monkeys, large numbers of GABA
immunoreactive non-pyramidal neurons and punctate
profiles are found in area 17. The stained cell bodies
and profiles are densest.in layers IVA, IVC and VI.
SP-positive cells in area 17 are all non-pyramidal and
are found mainly in layers II-III1 and VI. Others in
layers IVA and IVC lie among a dense population of
stained punctate profiles. These SP positive cell
bodies and profiles are found to be also GABA positive
in immunofluorescent double-labeling experiments. The
CaM kinase immunoreactive neurons are present in all
layers of area 17 and include a subpopulation of both
pyramidal and non-pyramidal cells. They are densely
packed in layers II and IVB and to a lesser extent in
layer IVCB and VI. Within each subdivision of layer 1V,
staining for all three substances is uniform in normal
monkeys. By contrast, three weeks following removal of
one eye, GABA and SP staining in layers IVA and IVC
becomes patchy. Patches of darkly stained cell bodies
and terminals in layer IVC alternate with lightly
stained patches. Comparison with adjacent sections
stained for cytochrome oxidase shows that the patches
coincide with ocular dominance columns; darkly stained
patches correspond to columns driven by the intact eye
and lightly stained patches by the removed eye. One or
two weeks following eye removal, the protein kinase
stained neurons in layer IVCB also form lightly and
darkly stained patches. However, the darkly stained
patches here correspond to columns related to the
removed eye. Thus, eye removal leads to decreases in
GABA and SP immunoreactivities and an increase in kinase
immunoreactivity in neurons of removed-eye dominanace
columns. The altered immunoreactivities may occur
through changes in the concentration of each substance,
brought about by a reduction in synaptic activity.
Supported by NIH Grants NS 21377 and NS 17660.

DEOXYGLUCOSE LABELING OF MACAQUES WITH MONOCULAR ENUCLEATION
SHOWS STRIPES, NOT SPOTS, OUTSIDE OF LAYER 4 OF STRIATE CORTEX.
S.J.Schein#, F.M.de Monasterio#, C.Kennedy* & L.Sokoloff*
#Section on Visual Processing, National Eye Institute, NIH and
+Laboratory of Cerebral Metabolism, NIMH, Bethesda, MD. 20205.

Activity labeling with deoxglucose of macaques visually
stimulated by normal viewing of the room produces a pattern in
striate cortex of rows of dense spots in layers 2, 3 and less
prominently, 5 and 6 (Kennedy et al. PNAS 1976). Layer 4, which
is most heavily labeled, is uniform. Cytochrome oxidase (CO)
histochemistry replicates this pattern.

If one eye is occluded, the pattern of 2DG in the ocular
dominance "slabs' corresponding to the open eye is apparently
unchanged, including the presence of rows of spots outside of
layer 4. In the alternating slabs, no spots can be seen. Due to
uniform reduction of label in layer 4 of the occluded eye's
slabs, stripes appear in this layer. Others have reported this
result, and we have observed it in 10 animals (including one with
occlusion for 3 months) with only one exception.

Change in CO activity occurs slowly, so the CO pattern just
after occlusion is normal. However, 2 months after enucleation
of one eye, the CO pattern shows rows of dense spots outside of
layer 4 and dense stripes in layer 4, alternating with rows of
light spots and light stripes. The only difference between this
pattern and the 2DG pattern found in animals with occlusion of
one eye is the presence of the light spots in the former, perhaps
due to insufficient passage of time. It would thus seem that (1)
CO activity regulates according to chronic levels of metabolic
activity, in parallel with the acute picture afforded by labeling
with 2DG; (2) Removal of the input from one eye has little or no
effect on the activity in the ocular dominance slabs
corresponding to the other eye.

We report here, however, that the 2DG pattern after
enucleation of one eye is quite different from that described
above, in that all layers show stripes. Since activity of the
interspot zones of the dense (seeing) slabs increases, no spots
are found. This result has been obtained in 3 out of 3
unilaterally enucleated animals (and in the above-noted
unilaterally occluded animal). In 2 animals, enucleation was
performed on the morning of the 2DG procedure; in 1 animal,
enucleation was performed several weeks earlier. We speculate
that in normal macaques, activity in the interspot zones is
reduced by binocular inhibition, which is released by removal of
the other eye. We also suggest that the two conclusions listed
above should be reexamined.

9.2

9.4

COMPARATIVE EFFECTS OF IMPULSE BLOCKAGE ON CYTOCHROME OXIDASE
ACTIVITY IN THE VISUAL SYSTEMS OF MACACA MULATTA, FASCICULARIS AND
SAIMIRI SCIUREUS. E.W. Carroll*™an . Wong-Riley. T D.A.

Riley). Dept. of Anatomy, Med. Coll, of Wis., Milwaukee, WI 53226.

Intravitreal injections of tetrodotoxin (TTX) can reversibly
alter the levels of cytochrome oxidase (C.0.) in the visual system
(Wong-Riley and Riley, '83; Wong-Riley and Carroll, '84)., We
sought to compare our previous results in Macaca mulatta (Mm) with
M. fascicularis (Mf) and Saimiri sciureus (Ss). n Mf, C.0.
activity was also contrasted with monocularly enucleated (ME)
animals. 19ug TTX in 10ul sterile saline were injected monocularly
every 3-4 days, and survival times were 2, 4, 8, and 12 wks for Ss
and 2 wks for Mf (both TTX and enucleation). Perfused tissues were
then processed for C.0. histochemistry. Areal measurements of the
C.0. rich "puffs" in laminae 2-3 were made using computer-assisted
digitization. In the normal retina of each species, similar
patterns of C.0. activity were observed: the large ganglion cells
tended to be more reactive for C.0. than the smaller ones, and
sublamina b of the inner plexiform layer (IPL) was more reactive
than sublamina a. 1In both Mf and Ss, the difference between
sublamina a and b was not as pronounced as in Mm. Horizontal
cells, cone pedicles, photoreceptor inner segments and the outer
plexiform layer were highly reactive. In all three species, slight
decreases in C.0. activity (due to TTX) were observed in the
ganglion cell layer and in the IPL. The pattern of C.0. activity
in the normal dLGN (dorsal lateral geniculate) of Mf and Ss was
similar to that of Mm (Wong-Riley and Carroll, '84). Magnocellular
layers (1 and 2) were more reactive than the parvocellular layers,
layer 6 was more reactive than 5, which in turn was more reactive
than layers 3 and 4. In all three species, dramatic decreases in
C.0. activity were observed after TTX treatment, the ipsilateral
side being more affected than the contralateral. Both ME and TTX
were equally effective in decreasing the amount of C.0. activity.
In the visual cortex of Ss, TTX injections had little effect on the
level of C.0. activity; however, one animal (4 wks) exhibited a
slight banding pattern in lamina 4C in a limited region of area 17
In Mf (both TTX and ME), the decrease in C.0. activity produced the
typical banding pattern (ocular dominance columns, ODC) in lam 4C,
and shrinkage of the puffs overlying the affected ODC. On the
average, there was no significant difference in areal decreases of
affected puffs between Mm and Mf, and no difference between TTX
injections and ME in Mf. However, in both Mm and Mf it appeared
that lam 4C® (normally 4.7% higher in optical density than 4CR)
decreased by 9.7%, while lam 4CB decreased by 21.9%.  These
results indicate that even in the adult monkey, neurons in the
retina, dorsal lateral geniculate nucleus and cortex (primarilyin
the Macaque) remain sensitive to impulse blockage at the retinal
level. [Supported by NIH EYO5439 (MWR) and IF32NS07664 (EWC)].

2DG EVIDENCE EQE A BINOCULAF BORDER ENHANCEMEN
MACAQUE STRIATE ~CORTEX. Tcotell, R.B.H.,
#Switkes, EX¥ +Dept. Psychol., U. Calif., Berkeley,

#Dept. Psychobiology, U. Calif., Santa Cruz, CA

In the course of an extensive series of 2DG experiments in
anesthesized, paralyzed macaques, we have discovered (quite seren-
dipidously) a significant 2DG effect which appears to indicate a
striate mechanism for extracting binocular object borders from more
complex images in the monocular striate inputs. This 2DG “border
enhancement” is a diffuse swath of obviously higher 2DG uptake
(about 2 mm wide) which appears at the striate representation of
certain stimulus borders (described below). Two aspects of the
border enhancement are especially significant. First, it occurs
only in striate layers 1-3: it is completely absent from the geni-
culate input layers 4A, 4C and 6, as well as from 4B and 5.
Secondly, it appears only following binocular (but not monocular)
viewing conditions.

An enhancement is produced at the striate border between the
representations of: 1) two (or more) adjacent patternei stimulus
fields which differ from each other in orientation, spatial fre-
quency, or texture; or 2) one such patterned field and an adja-
cent unpatterned (diffuse) grey field of the same mean luminance.
An enhancement does not appear at the representation of borders
between two unpatterned grey fields of different mean luminance:
this and other evidence indicate that the border enhancement is not
an artifact of mean luminance per se. The enhancement is robust at
the borders of regions of high (but not low) spatial frequency
gratings. When the binocular convergence of the border is slightly
misaligned, the border enhancement occurs between the diverged
border representations, as well as on the border representations
themselves. Surprisingly, binocular misaligrment of up to a degree
has no obvious effect on 2DG results within the representation of a
given screen region, in any layer.

Tt is conceivable that the 2DG border enhancement is the
result of feedback interaction from extrastriate areas, perhaps
from V2. However, this seems unlikely because: 1) certain aspects
of the striate border enhancement are retinotopically more discrete
than any known extrastriate 2DG pattern, and 2) the border enhance-
ment is faint in striate layer 1, where much of the projection from
extrastriate cortex terminates.

Since the border enhancement appears to be computed de novo
within striate layers which are largely binocular, this 2DG mechan-
ism may provide a significant insight into the striate disparity
archi tec ture. Because the 2DG border enhancement occurs in layers
2+3 (which project to V2) but not in layers 4B and 6 (which project
to MT and perhaps V3), it appears that at least some aspects of bi-
nocular coding are completely segregated within the V1-V2 (rather
than the V1-MT) stream of visual information processing. Supported
by PHS EY-00014 and NSF BNS &-02275 to R. L. De Valois.
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9.5 BINOCULAR CORRELATION SYSTEM IN MONKEY VISUAL CORTEX. G.F.Poggio,

9.7

F.Gonzalez* and F.Krause*. Bard Laboratories of Neurophysiology,
Department of Neuroscience, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

The activity of cortical visual neurons during binocular
vision reflects the interaction between the inputs from the two
eyes and its characteristics are greatly influenced by the spatial
and temporal correlation of the afferent signals. In order to
investigate the neural substrate for binocular correlation, we
have studied the effects of dynamic random dot patterns with
different dot correspondence on the activity of single neurons.

Rhesus monkeys were trained on a fixation/detection task under
conditions of normal binocular vision. Visual patterns irrelevant
to the behavioral task were presented during the periods of eye
fixation and the associated neural response observed. The response
properties of the neuron, including its disparity sensitivity to
contour stereograms and to dynamic random-dot stereograms, were
first assessed. Subsequently, correlation sensitivity was tested
with dynagic randgm-dot correlograms (RDC) generated on a square
field (5 or 10°) of random dots and displayed over the neuron's
receptive field. A1l neurons were tested with fields of 50% dot
density in which the dot pattern of a smaller (1°-4") central
region alternated from binocularly identical (correlation) to
binocularly complementary (uncorrelation or negative correlation).

Whereas a majority of cortical neurons do not signal binocular
correlation, others respond in opposite ways to correlated and
uncorrelated patterns. One third of the neurons we studied in V1
(297) responded to uncorrelation either with an increase of their
discharge (60) or with suppression (46); for both types the
reciprocal effect was evoked by correlation which reduced the
discharge of the former and increases that of the latter. Similar
effects were found for smaller samples from areas V2 and V3.

A majority of neurons activated by binocular uncorrelation
also responded to dynamic random-dot stereograms. Nearly all these
neurons had complex receptive field properties, whereas complex
and simple neurons occured in nearly equal proportion among the
neurons suppressed by or insensitive to binocular correlation.

Although no relation was found between the neuron's disparity
sensitivity for 'local' features and its sensitivity to binocular
correlation, a particular association was observed for neurons
whose activity was suppressed by decorrelation for, if disparity
sensitive, they all had tuned excitatory response profiles.

These observations provide some support to the conjecture that
binocular correlation and binocular disparity are processed by
separate neural system, and that both modes of processing may be
part of the functional repertoire of the neuron. (Research
supported by USPHS, EY02966).

ULTRASTRUCTURAL CHARACTERIZATION OF LONG-RANGE CLUSTERED HORI-
ZONTAL CONNECTIONS IN MONKEY STRIATE CORTEX. B.A. McGuitez C.D.
Gilbert and T.N. Wiesel, The Rockefeller University, New York, NY
10021.

Most pyramidal cells in the striate cortex form long-range
clustered horizontal connections (Gilbert and Wiesel, J. Neuro-
sci., 3: 1116-1133, 1983). To learn more about the functional
role of these connections in monkey visual cortex, we are studying
them using electron microscopy of cells which have been injected
intracellularly with horseradish peroxidase (HRP). Cortical
neurons were impaled with a micropipette, their receptive fields
mapped, and the HRP injected iontophoretically. After fixation by
perfusion, the cortex was sectioned, reacted with diaminobenzi-
dine, and processed for electron microscopy. The first cell we
have examined ultrastructurally had a well-oriented complex
receptive field located a few degrees from the fovea. It was a
pyramidal cell with the soma located in layer IIIB of area 17.
Light microscope reconstruction revealed that the axon arborized
extensively within the superficial layers and also projected into
the white matter. In surface view, the axonal field of this cell
was long and narrow, projecting antero-posteriorly, perpendicular
to the 17/18 border, and extending for 2 mm along its long axis.
The axon collaterals branched in 4 distinct clusters within layers
II-1II, separated from one another at regularly spaced intervals.
One cluster, located 300 ym lateral to the apical dendritic tree,
was chosen for analysis and serially sectioned for electron
microscopy.

The HRP-labeled collaterals were followed through consecutive
sections and photographed with the electron microscope. Labeled
terminals were found to make asymmetric synapses. From an initial
sample of HRP-labeled synaptic contacts, 80% were axo-spinous, the
remainder being axo-dendritic. No labeled contacts were found on
cell bodies. Serial reconstruction of the postsynaptic dendrites
suggests that almost all of the postsynaptic cells were spiny.
Furthermore, our preliminary evidence is that a disproportionate
number of the postsynaptic processes were apical dendrites
belonging to pyramidal neurons. Taken together, our results
indicate that the long-range lateral interactions are excitatory,
and exist between clusters of pyramidal cells. These results are
consistent with the results of Ts'o et al. (Abstr. Soc. Neurosci.
9: 476, 1983) who have found excitatory long-range interactions
in striate cortex on the basis of cross-correlation analysis. We
speculate that the apical dendrites of pyramidal cells may repre-
sent a specialization for receiving the long-range horizontal
connections within the cortex.

supported by grants EY05253 and EY04782

9.6 INTRINSICALLY PROJECTING PYRAMIDAL NEURONS OF MONKEY STRIATE

CORTEX: AN EM-HRP STUDY. K.S. Rockland. E.K. Shriver Center,
Waltham, MA. 02154

Periodic intrinsic connections have been reported in primate
visual cortex within layers 2-3 and 4B (Rockland and Lund,'83).
In layers 2-3, HRP injections show these connections to originate
from pyramidal neurons, mainly small and medium in size (8.0 -
15.0um at soma base). These neurons have long horizontal axon
collaterals that intracellular HRP injections (Gilbert and Wiesel,
'83) show to branch at regular intervals. Still unknown from
these light microscopic studies, however, is the type of synaptic
contact made by these neurons. To address this issue, extra-
cellular HRP injections were made in macaque striate cortex.
After a 3 day postoperative survival, animals were perfused with
a brief saline prewash, followed by 1.0% paraformaldehyde and
1.5% glutaraldehyde. Tissue blocks were vibratome sectioned at
50-60um, reacted with DAB, postosmicated, and plastic embedded.
After light microscopic inspection to identify labelled areas,
relevant portions were trimmed, reembedded for 1.0um sectioning,
then reinspected and trimmed for electron microscopy (EM).
Initial inspection has been restricted to layer 3. In this layer,
EM reveals many HRP-filled axons, which can be clearly identified
in longitudinal section as myelinated and of small caliber
(commonly <0.75um in diameter). HRP reaction product is localized
in large terminals (typically 1.0 x 1.5um), usually containing
numerous mitochondria and a conspicuously high density of
round vescicles. These terminals consistently form asymmetric
synapses (about 0.25um in length) with dendritic spines. There
are occasional examples of terminals synapsing with two adjacent
spines. En passant synapses are also observed between large HRP-
filled terminals (5.0um long in one ultrathin section) and two
spines spaced 2.0um apart. These data are consistent with earlier
lesion-degeneration studies on intrinsic cortical connections
(Fisken et al.,'75), which reported a large population of degen-
erating terminals making asymmetric synapses with spinous profiles
The degeneration technique also labelled asymmetric synapses with
dendritic shafts and stellate cell bodies, as well as a smaller
proportion of symmetric synapses. Examples of these contacts
have not yet been found in EM-HRP material. The present work
indicates that intrinsically projecting pyramidal neurons in
primate layer 3 form asymmetric, presumably excitatory synapses
onto dendritic spines. Further experiments are necessary to
determine whether these spines belong to other layer 3 pyramidal
neurons, to sparsely spinous stellate neurons, or to other
elements passing through layer 3.
Supported by EY04946

RELATIONSHIPS BETWEEN HORIZONTAL CONNECTIONS AND FUNCTIONAL
ARCHITECTURE IN STRIATE CORTEX AS REVEALED BY CROSS-CORRELATION
ANALYSIS. D.Y. Ts'o, C.D. Gilbert, and T.N. Wiesel. Laboratory
of Neurobiology, The Rockefeller University, NY, NY 10021

We have been investigating the functional relationships between
cells participating in horizontal interactions in striate cortex
which may be mediated by intrinsic horizontal connections that
have been demonstrated anatomically. We have previously reported
experiments in cat and monkey striate cortex using cross-
correlation analysis of pairs of superficial layer cells recorded
from two independently manipulated extracellular electrodes.

These experiments revealed excitatory horizontal connections that
spanned distances in the millimeter range. The observed
interactions were found in pockets suggestive of the clustered
nature of long range horizontal connections. The horizontal
interactions were found between cells with matched receptive field
properties such as orientation specificity. The dependence of the
horizontal interactions on matching orientation specificity was
strong evidence that these connections were intrinsic.

Further experiments in the cat have shown that these horizontal
interactions extend over several millimeters and at the longest
distances the cells had non-overlapping receptive fields. The
cytochrome oxidase-rich patches (blobs) in the monkey visual
cortex offer another opportunity to study the relationship between
intrinsic connections and functional architecture. Experiments
show a tendency for unoriented monocular cells in the blobs to be
connected to unoriented monocular cells in other blobs and not to
oriented non-blob cells. These blob-to-blob interactions are
excitatory. Correlated firing between blob cells with the same
eye preference is more prevalent than between blob cells with a
different eye preference.

We have found that a large proportion of the observed
correlated firing between cell pairs is due to common input from
an intrinsic source. In some cases, the orientation tuning of the
cells providing the common input could be established. Several
experiments used local iontophoresis of a glutamate analogue (DLH)
at each recording site to raise the firing rates of the cells
under study instead of light stimuli. In these experiments DLH
stimulation usually did not reveal a direct connection between the
cells, The prevalence of common input is likely to be due to
interconnections between large numbers of cells in columns of like
functional specificity.

(Supported by grants EY05253, BNS9318794, and BNS8351738.)
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VOLTAGE SENSITIVE DYES IN MACAQUE STRIATE CORTEX. G. G. Blasdel
and G. Salama*. Departments of Ophthalmology, Physiology, and the
Center for Neuroscience, University of Pittsburgh, Pittsburgh, PA
15261.

Recent successes in the application of voltage sensitive dyes
to mammalian cortex (Orbach, Cohen, and Grinvald, 1983) have
encouraged us to explore the use of optical probes in monkey stri-
ate cortex. Macaque monkeys were anaesthetized and prepared in a
manner suitable for physiological studies. We then imaged a small
(Ix1lmm) patch of cortex on 4 photodiodes and stained the cortex
with an absorbence dye (NK2367). While the cortex was illuminated
with light at 720nm, currents from the photodiodes were amplified
and fed into a computer where they were averaged as the monkey
viewed 20-40 presentations of visual stimuli - blank screen, vert-
ical, or horizontal gratings (0.5 cy/deg, moving 8 deg/sec). 1In
order to control for movement artifacts, we randomly interleaved
sham presentations, where the animal saw only a blank screen, and
synchronized each sequence to the animals respiration and its EKG
(as first suggested by Orbach et al., 1983). Visually driven
responses consisted usually of a reduction (by 0.1%) in the light
reflected from a specific region of stained cortex. They appeared
believable because they: (1) coincided with the orset of visual
stimulation (either Horizontal or Vertical) and returned to base-
line with its cessation, (2) showed different responses at
different sites, (3) were repeatable from one sequence to the next,
(4) were of large amplitude - twice that of anything produced by
respiration or heartbeat, and (5) because their strength depended
upon the focal plane - the optimal plane lying some 100-200 micra
beneath the cortical surface. Due to their relatively slow time
course - 1-2 sec to develop or decay - these changes seem unlikely
to derive directly from membranes yielding action potentials. They
could develop, however, from the depolarization of glial cell
membranes or from the invasion (with repeated depolarizations) of
small dendritic processes.

Preliminary experiments, using a TV camera and frame averager
(together capable of detecting 0.02% changes in reflected light),
have revealed stripe-like patterns of activity in 1.5x2mm patches
of cortex. These patterns develop in response to visual stimula-
tion and are specific for orientation. Those resulting from
stimulation with vertical are approximately 0.2 to 0.4 mm in width
and, for the most part, separate from those resulting from stimu-
lation with horizontal. The sets of patches seen with vertical
and horizontal do not form simple complements of one another,
however, since there are regions where the cortex appears to
respond to both vertical and horizontal, as well as regions where
it appears not to respond to either orientation. Supported by
EY05403, AHA18253, and in part by EY05282.

9,10 REAL TIME OPTICAL MAPPING OF NEURONAL ACTIVITY IN THE MAMMALIAN

VISUAL CORTEX IN VITRO AND IN VIVO. A.Grinvald, C.D.Gilbert,
R.Hildesheim*, E. Lieke¥ EEQ T.N.Wiesel. Wiesel. Laboratory of Neurobiolo-
8gY, Rockefeller | Univ., New York, N.Y. N.Y. 10021 and Dept. of Neuro-
biology, The Weizmann Institute, Rehovot, Israel.

The use of voltage-sensitive dyes and optical recording of neu-
ronal activity (Cohen, et al; Grinvald, Ann. Rev. Neurosci., 1978,
1985) is a potentially powerful technique for the evaluation of
local circuits using in vitro brain slices (Grinvald, et al., d.
Physiol., 1982) and for studying the functional organization of
exposed brain structures in vivo (Orbach, et al., J. Neurosci.,
1983, 1985; Grinvald, et al., Nature, 1984). However, past at-
tempts to use optical mapping for the investigation of the cat
visual cortex in vivo and in vitro were not fruitful due to the
lack of penetration by the dyes into the cortex and to the inade-
quate signal-to-noise ratio (S/N).

To overcome these difficulties we have evaluated the perfor-
mance of 57 dyes, including 29 which were newly synthetized, with
a hippocampal slice preparation. We were able to improve the S/N
considerably by finding a better dye (giving a 3 to 5 fold im-
provement over the best dye available previously, RH-414), by mak-
ing fluorescence rather than transmission measurements and by us-
ing a brighter light source. This yielded a total improvement in
S/N by a factor of 10 to 20, thus facilitating the recording of a
pattern of population acitivity in hippocampal slices with a S/N
of 20 to 30 without signal averaging (the fractional change in
fluorescence was 0.5%). Several dyes were then tested on slices
of visual cortex from cats and monkeys, where the electrically
evoked activity is much smaller than that in the hippocampal
slice. We therefore averaged over 20 to 30 trials when using the
dimmer tungsten light source. Optical mapping of local circuits
in the visual cortex confirmed many features of the known micro-
circuitry of the visual cortex.

Some of the newly designed probes were then used in in vivo ex-
periments. Following topical application for 1-1.5 hours on cat
and monkey visual cortex, the full cortical thickness was stained.
When we used a flashing grating on a monitor screen, we obtained
large optical signals, with a fractional change in fluorescence of
0.07%. The S/N was 10 to 15 when averaged over 20 trials, and 6
to 8 such measurements could be repeated on the same cortical
area. For other visual stimuli, however, the signals were smaller
and the heartbeat associated movement artifact interfered with re-
liable interpretation of the different patterns that were observed
for different visual stimuli.

Supported by the Klingenstein Foundation and NIH grants EY05253,
BNS9318794 and NS-14716.
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THE PLASMA GROWTH HORMONE RHYTHM DRIVES THE RHYTHM OF EPISODIC
SOMATOSTATIN RELFASE. M. Zorzaj A. Williams*, T. Hughes*, and L.C.
Terry. University of Michigan and VA Hospitals, Ann Arbor, MI
48105.

In the rat, growth hormone (@) is released episodically with a
period of about 3 h between bursts. To account for the reduced
responsiveness to iv injections of growth hormone-releasing factor
(GRF) during the trough compared to the peak phase of GH release,
Tarnenbaum (Endocrinology, 115:1952, 1984) has proposed that hypo-
thalamic somatostatin (SS) is also released episodically, about
180 degrees out of phase with the GH rhythm. This study was
undertaken to determine if the GH rhythm induces the SS rhythm.

Chronically cannulated, unanesthetized, male rats were admin-
istered 500 ul antiserum to rat GRF (1-43) iv at 0930 h, which
inhibited endogenous GH release to undetectable levels until at
least 1800 h. GH release was stimulated by iv injection of 1 ug
hpGRE (1-44) to which the antiserum to rat GRF showed no cross
reactivity. Animals received two hpGRF injections either in phase
(3 h apart) at 1245 and 1545 h or out of phase (4.5 h apart) at
1245 and 1715 h. No significant difference in pituitary GH re~
sponsiveness to hpGRF was found between the two injections whether
delivered in phase or out of phase. Mean plasma GH (ng/ml) 5 min
after the first and second injections was 1810 + 288 and 1999 +
438, mpectxvely, in the in phase group (M=8) and 1610 + 256 and
1730 + 355 in the out of phase growp (N=7). If SS continues to be
released episodically at 3 h intervals even though the endogenous
GH rhythm is suppressed, a significant difference in responsive-
ness to hpGRF injections delivered out of phase would have been
anticipated. SS rhythmic release is apparently absent in GH
suppressed rats.

A second experiment was designed to detemmine if an iv pulse
of exogenous rat GH could induce SS release, acain in rats treated
with 500 ul antiserum to rat GRF at 0930 h. In rats given 1 ml
normal sheep serum (NSS) at 1000 h, 20 ug rat GH in 250 ul saline
was administered 1.75 h prior to a 1 ug hpGRF injection at 1245 h
and 250 ul saline was administered 1.75 h before a 1 ug hpGRF in—
jection at 1545 h. GH pretreatment significantly diminished the
pltu.ttazy respanse to hpGRF at 1245 h. Mean plasma GH (ng/ml)

5 min after the first hpGRF injection was 500 + 130 campared to
2180 + 421 after the second (N=8). Administration of 1 ml anti-
serum to SS at 1000 h, instead of NSS, reversed the GH induced
reduction of hpGRF mpmsiveness. In this group (N=6), mean
plasma GH (ng/ml) 5 min after the first hpGRF injection was 1332 +
362 and 1068 + 220 after the second.

These results suggest that the G rhythm drives the rhythm of
episodic SS release. The hypothalamic samatostatinergic neurons
constitute a QI dependent, passive oscillatory element in the
control of the GH rhythm.

10.2

GROWTH RATE <GR)
RESPONSIVENESS TO
M.A. Della-Fera,
Nutr. Chem. Div.

SOMATOSTATIN  (8S)  AUTOIMMUNIZATION INCREASED
BUT FREDUCED GROWTH HORMONE {GH) SECRETORY
GROWTH HORMONE RELEASING FACTOR «GRF) IN LAMBS.
F.C. Buonomo#*, C.A. Baile and M.J. Sabacky#.
Morcanto, St. Louis, MO 63147

GH secretion 1s requiated primarily by two hypothalamic
hermones: the inhibitory factor 58, and the releasing factor
GRF . The balance between thece two 1s thought to determine the
frequency and amplitude of OGH secretory episodes. Because of
the inhibitory effect of S5 on GH secretion, immunoneutraliza-
tion should lead to increased GH secretion and thus increacsed
GR. Lambs immunized with ovalbumin-55 developed high anti-3S§
titers and increased GH 1levels, but grew slower than controls
tYarner et al, 1980). In contrast, lambs immunized with human
a-globulin-SS <hg-58) had increased GR <compared to controls
iSpencer & Garsen, 1983), We have tested two SS-antigens: 1)
lambs (N=4/treatment) were immunized with thyroglobulin-S5
TG-SS)» or TG <control); 2) lambs “N=7/treatment) were immunized
with HG-SS or HG «contrel)>. In both cases GR, measured ower a
14 wK period, was significantly agreater in the SS-immunized
sheep than in controls (TG-SS vs TG: .29 ve .24 Kas/day, p{.0!}
HG-8S we HG: .31 vs .27 Kags/day, p<.01). Although there was no
significant difference between TG-SS and TG sheep in plasma
Somatomedin (SmC) levels, sheep immunized with HG-SS had
increased plasma SmC levels compared to controls (0-16wk mean
plasma SmC: S.1 vs 4.2 U/ml, p<.001). To determine whether
increased S5 secretion was responsible for decreasing GH
secretory responsiveness with multiple injections of GRF,
SS-autoimmunized and control sheep were injected IV with GRF

¢.016 and .045 nmol/kqg doses in separate tests) hourly for three
hours. In both TG6-SS and HG-SS sheep plasma GH levels after
each GRF injection <(either dose) were significantiy lower
compared to controls. Thus, refractoriness to GRF may result

from depletion of GH, changes in GRF receptor affinity or number
and/or changes in post-receptor functions, but increased S§
secretion does not appear to play a major role. Increased GR of
SS-autoimmunized sheep, however, does suggest that SS-antibodies
decreased the amount of SS reaching the somatotrophs, thereby
resulting in greater GH secretion (as evidenced by increased SmC
in one study), and increased GR.
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10.5

SOMATOSTATIN IMMUNOCYTOCHEMISTRY IN GROWTH HORMONE-
DEFICIENT SNELL DWARF AND "LITTLE" MICE. G.E. Hoffman and
C.J. Phelps. Department of Anatomy, University of Rochester Medical
Center, Rochester, NY 14642

Snell dwarf mice manifest a recessive genetic disorder which, when
present in the homozygous condition, results in a pan-hypopituitarism;
the condition includes failure to transcribe GH mRNA (Cheng et al.,
Endocrinology 113:1669, 1983). Mice possessing the unrelated "little"
mutation exhibit an isolated GH deficiency, to  10% of normal levels
(Ibid). GH has been shown to stimulate hypothalamic somatostatin (SS)
levels, including restoration after SS depletion by hypophysectomy
(Kanatsuka et al., Neuroendo. 29:186, 1979). Two recent reports have
noted a significant decrease in radioimmunoassayed SS in median
eminence, but not in pineal or stomach (Webb et al., Life Sci 36:1239,
1985), and in hypothalamus, but not other CNS sites (Fuhrmann et al.,
Brain Res. 328:161, 1985) among Snell dwarfs. The present study was
undertaken to determine the anatomical distribution of SS in the brains
of dwarf (dw/dw) and little (lit/lit) mice, and in their phenotypically
normal counterparts, DW/? and LIT/?.

Brains of young adult (2-3 months old) male and female mice (Jackson
Labs) were prepared by vascular perfusion with Zamboni's fixative;
coronal sections were cut at 30 wum and processed for
immunocytochemistry using SS antiserum (Immunonuclear 1:1000), and
the avidin-biotin technique.  Specific staining was eliminated by
substitution of non-immune serum, or by preabsorption of SS antiserum
with 5-10 uM SS. In dw/dw mice, distribution of SS fibers and perikarya
was comparable to the pattern observed in DW/? brains, except for
immunoreactivity in hypothalamus. In dwarf median eminence (ME),
there was a marked loss of SS terminals in the external zone;
immunoreactive SS cells of the periventricular hypothalamus (PE) were
extremely sparse and numbered less than 10% of normal. Despite the
reduction in the PE-ME pathway, other hypothalamic SS cells and fiber
projections appeared normal. In the brains of lit/lit mice, SS distribution
was similar to LIT/? patterns in the PE-ME pathway, as well as in other
regions.

These observations indicate that the SS abnormality in the
hypothalamus of dwarf mice, detected by others biochemically,
represents a specific defect in hypophysiotropic neurons. This defect
maybe a primary manifestation of the Snell mutation, or be secondary
to the pituitary disorder. The presence of normal SS patterns in the
lit/lit mouse suggests that SS expression is independent of GH in that
strain or that the small amounts of GH present in the little mice are
sufficient to maintain SS expression.

Little mice were provided courtesy of the research facilities of Dr.
W.G. Beamer. The study was supported by NIH grants HD18243 (CJP)
and HD 18418 (GEH).

VENTRAL MEDIAL PREOPTIC NUCLEUS (vMPN) OR SUPRACHIASMATIC
NUCLEUS (SCN) LESIONS COMBINED WITH ESTROGEN, PROGESTERONE
TREATMENT; EFFECTS ON PROLACTIN (PRL) AND LUTEINIZING HORMONE
(LH) IN THE CYCLING FEMALE RAT. M.A. Dykshoorn*, M.J. Kelly
and O.K. Rgnnekleiv. Department of Physiology, Oregon Health
Science University, Portland, OR 97201 and Oregon Regional
Primate Research Center, Beaverton, OR 97006.

The hypothalamic site of action of progesterone to induce an
LH surge has been found to reside in the ventral medial preop~
tic nucleus (VMPN). Although SCN lesions abolish the proestrus
and estrogen-induced PRL surge, the site of action of proges—
terone to induce a PRL surge has not been determined. In the
present study bilateral electrolytic lesions were performed in
the SCN (N=10) and/or the VMPN (N=6) of 4-day cycling female
rats. The lesions were produced by passing 1-5 pA of anodal
current for 3 min through a glass micropipette filled with
Wood's metal, with a tip diameter of 60-75 pm and resistance of
2-10 MR . Vaginal smears were monitored before and 5-10 weeks
after the lesions were made. Serial blood samples (0.4 ml)
were obtained every 30-45 min for 6 1/2 hr on the afternoon of
various stages post lesion. The plasma was retained for hor-
mone determinations, the blood cells were resuspended in
Plasmanate and reinjected. Lastly, partially (N=4) and com—
plete (N=4) SCN-lesioned animals were injected subcutaneously
with estrogen (25 ug) and then progesterone (2 mg) 48 h later.
Control animals (N=4) received progesterone only on the morning
of estrus.

Control lesioned animals cycled normally and exhibited low
levels of LH and PRL during diestrus and estrus (3-50 ng/ml).
PRL showed occasional spikes during the afternoon of estrus
(100-250 ng/ml), and on proestrus PRL and LH surges occurred
precisely on successive afternoons. Progesterone treatment on
the morning of estrus induced PRL surges in all control ani-
mals. Discrete lesions in the SCN or the VMPN caused persis-
tent estrus, interrupted occasionally with 1-2 days of
diestrus-type smears. Animals with vMPN lesion or SCN lesions
extending rostrally showed an estrus-type pattern of LH and
PRL. Estrogen and progesterone treatment of vMPN or partial
SCN-lesioned animals caused elevation of plasma PRL, whereas LH
remained low. SCN-lesioned animals showed no significant
change of plasma PRL or LH in response to estrogen and proges—
terone. Therefore, these findings indicate that the vMPN and
the SCN both control the proestrus surge of PRL and that the
SCN is necessary for the estrogen/ progesterone-induced surge
of PRL.

Supported by NIH grants HD16793; HD19905 and RR 00163.

10.4 ©-MELANOCYTE

10.6 ACUTE

STIMULATING HORMONE EVOKES A
STIMULATORY EFFECT OF B ENDORPHIN ON SOMATOSTATIN
RELEASE. M.C. Aguila,* 0. Khorram* and S.M. McCann. Dept.
of Physiology, Univ. Tx. ci. 5

The influence of a-melanocyte stimulating hormone (a-MSH)
and B-endorphin on the secretion of somatostatin (SRIF) from
the median eminence (ME) was studied using an in Vvitro
incubation system. Adult male rats were ‘used as tissue donors.
The ME's were first preincubated in 0.4 ml of Krebs-Ringer
bicarbonate-glucose buffer with bacitracin, pH 7.4 at 37 C, in
an atmosphere of 95% 0., 5% CO, with constant shaking for 30
minutes. Medium was® discardéd and replaced by medium
containing different. doses of_a-MSH, B-endorphin, or a fixed
dose of a-MSH (10 ° M or 10 ° M) plus B-endorphin at various
concentrations. By themseives o-MSH and _B-endorphin were
unable to affect basal SRIF release, but a 10 ° M concentration
of a-MSH evoked a stimulatory effect of B—endor_@hin on
somatostatin release. This effect was significant at 10 © M and
higher doses of B-endorphin. The pgrmissive effect of a-MSH
was observed at a dose as low as 10 ° M, but in this case the
stimulatory effect of B-endorphin became evident only at higher

doses tested (10 M). It is suggested that a-MSH and
B-endorphin participate in the modulation of SRIF release. By
themselves B-endorphin and a-MSH did not affect basal release
of SRIF but in the presence of a-MSH, B-endorphin had a
stimulatory effect on SRIF release. The mechanism for this
interaction is unknown, The results are consistent with the
possibility that pB-endorphin neurons have stimulatory and
inhibitory effects on SRIF release and that a-MSH by biocking
the inhibitory components, discloses the stimulatory effect of
B-endorphin on SRIF release. Experiments are being performed
to test the wvalidity of this hypothesis. (Supported by
AM10073-19)

EFFECTS OF PROPRANOLOL IN UNILATERAL
DECORTICATED ANIMALS DURING LH AND FSH PULSATILE
RELEASE. J.C. Bedran de Castro*, S.L. Petrovic*, S.M. McCann
(SPON: S. Speciale]. Dept. of Physiology, Univ. Tx. HIth. Sci.
Ctr., Dallas, TX 75235,

Previous studies indicate the involvement of the
cortico-rhinencephalic pathways in pulsatile LH and FSH release
since unilateral removal of these structures shortened the cycle
period for LH and had the opposite effects for FSH. At the same
time there was a significant increase in B-adrenoreceptor binding
density probably due to a decrease in firing rate of the
noradrenergic neurons projecting to the remaining cerebral cortical
structures. Recently a possible inhibitory influence on
gonadotropin  secretion emanating from the cortex via a
B-adrenergic pathway was suggested. To assess the physiological
significance of these observations during the pulsatile cycle, female
Sprague-Dawley control (C) and hemidecorticated (HD) rats
(180-200 g) maintained under controlled lighting conditions (14 h
light/10 h dark) were used 21 days after ovariectomy. In freely
moving rats blood samples (250 ul) were withdrawn every 10 min
over a period of 3 1/2 h and LH and FSH were measured. After 1
1/2 h d,| propranolol (PROP) (3 mg/kg) was administered i.v. in
C and HD. The analysis of hormonal profiles indicated changes in
number of LH cycles and cycle period after PROP. The LH and
FSH overall means before PROP were higher in. HD (p<0.05)
compared with C. After PROP a decrease in LH overall mean
occurred at 60 min (p<0.05) and at 120 min (p<0.05) in the HD
group. The lower overall LH mean suggests a PB-adrenergic
blockade induced by PROP in the unilateral decorticate animals. A
cortico-rhinenecephalic B-adrenergic mechanism inducing
modulations in LH release in ovariectomized rats may be due to the
increase in B-adrenergic binding capacity in HD animals as
previously demonstrated. The lack of acute modulation in FSH
levels suggests once more a differential LH and FSH pulsatile
modulation. (Supported by FAPESP and HD09988).
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10.7 WHICH LHRH NEURONS PROJECT TO THE MEDIAN EMINENCE? A

10.9

COMBINED RETROGRADE TRACING AND IMMUNOCYTOCHEMICAL
ANALYSIS. Ann-Judith Silverman and Leo Renaud. Dept.
Anatomy & Cell Biology, Columbia Univ., P&S, New York,
N.Y. 10032 and Neuroscience Unit, Montreal General
Hospital, McGill Univ., Montreal, Canada, H3G 1lA4.

LHRH neurons in the rat CNS are not concentrated
into a single nuclear group but are widely distributed
in preoptic, hypothalamic, septal and olfactory re-
gions. The major, if not sole, neurosecretory ter-
minus where neurohormone is released is in the median
eminence (ME). Since it is not known which specific
LHRH neurons innervate this structure, we used a modi-
fication of the procedure of Wiegand and Price (J.
Comp. Neurol. 1980 192:1) to answer this question. A
10% wheat germ agglutinin solution (WGA: EY Labs) was
administered by pressure injection in nanoliter quanti-
ties via a micropipette (20-40 um tip) directly into
the ME via a transpharyngeal approach in pentobarbital
anesthesized male Sprague Dawley rats. 10-12 hrs la-
ter, animals were perfused (Zamboni's fixative) and
the lectin localized immunocytochemically in 50-75 um
vibratome sections (antibody: EY Labs) using an avidin-
biotin-HRP procedure (Vecastain) with DAB as the chro-
magen. The reaction product was seen as discrete
brown dots within neuronal cytoplasm corresponding to
the vesicular structures within which WGA was transpor-
ted. Sections were washed and then incubated in an an-
tibody to LHRH (Benoit, LR-1) which was localized with
an avidin-fluorescein procedure (Vecastain). Sections
were analyzed to determine which LHRH neurons were
retrogradely labeled, i.e., projected to the ME. Ap-
proximately 50% of the LHRH neurons found in the diag-
onal band of Broca, the medial and triangular septal
nuclei, the medial and lateral preoptic area and the
lateral hypothalamus just dorsal to the supraoptic nu-
cleus also contained WGA. The doubly and singly la-
beled cells showed no obvious preferential distribu-
tion in any of these regions. Both smooth contoured
and thorny or spiny LHRH cells were observed; both
types were also doubly labeled. These data suggest
that the neurosecretory cells that directly influence
gonadotropin secretion are widely distributed in the
rat CNS and that neighboring cells containing the same
peptide may have different efferent projections.

Supported by USPHS HD10665 (AJS) and the Canadian
MRC 5038 (LR).

ANTIDIURESIS PRODUCED BY o-ADRENERGIC AND DOPAMINERGIC STIMULATION
OF THE RAT SUPRAOPTIC NUCLEUS. Sarah F. Leibowitz and Kenneth F.
Garay.* The Rockefeller University, New York, N.Y. 10021.

To examine the role of central catecholamine (CA) systems in
the control of urine formation, CA agonists were injected through
a chronic cannula directly into the supraoptic nucleus (SON), and
their effects on the urine output of freely-moving, hydrated rats
was measured. 1-Norepinephrine (NE) and 1l-epinephrine (EPI), in
contrast to their d-isomers or various control solutions with ad-
justed pH, osmolarity or bitartrate concentrations, produced a
clear state of antidiuresis, characterized by a strong suppression
of urine flow (30-70%), an increase in urine osmolality and Nat and
K+ concentrations, but no change in the ratio of Na+/K+, nor in the
clearance of creatinine. This antidiuretic effect was dose-depend-
ent (0.05-100 nmoles), lasting 15-120 min and, in particularly re-
sponsive animals, could be observed at a dose at least as low as
1.0 pmole (170 pg free base). A 25 ng dose induced a similar re-
sponse, comparable in magnitude and duration, to that induced by sc
injection of 300 MU lysine vasopressin. A somewhat less robust
antidiuretic effect was obtained with SON administration of dop-
amine (DA).

SON injections of the a-adrenergic antagonists, phentolamine,
phenoxybenzamine and tolazoline, were effective in blocking the
action of NE or EPI, whereas other receptor antagonists, including
3 -adrenergic, DA, cholinergic (muscarinic and nicotinic), and
serotonergic blockers were,without effect. The DA antagonists,
haloperidol and pimozide, in addition to the ®-adrenergic blockers,
antagonized DA-induced antidiuresis. At higher doses, both phen-
tolamine and haloperidol, and also the CA synthesis inhibitor

x-methyl-p-tyrosine, each acted in the opposite direction to the
agonists, producing increased diuresis after SON injection.

Cannula mapping studies with NE (0.1-20 nmoles) showed that the
hypothalamic paraventricular nucleus (PVN) can exhibit a similar,
although somewhat less robust, antidiuretic response to 2-noradren-
ergic stimulation. The sensitivity of this nucleus contrasted with
that of the ventromedial nucleus, which responded only to a high
dose (10 nmoles) of NE, and with that of the caudal lateral hypo-
thalamus, the rostral perifornical hypothalamus just lateral to the
PVN, the nucleus accumbens and caudate nucleus, which were gen-
erally unresponsive to NE.

From these results, it is concluded that NE (%) and DA, in the
SON and PVN, act to induce a state of antidiuresis. Based on a
variety of evidence, including measurements of cardiovascular
changes, it is suggested that this antidiuretic effect may result
from the release of vasopressin from magnocellular neurons in
these hypothalamic nuclei.

(This research was supported by grant MH 22879 and by funds from
the Whitehall Foundation.)

10.8

10.10

CORRELATIVE STIMULATION OF SUPRAOPTIC NEURONS AND VASOPRESSIN
RELEASE TO NORADRENERGIC STIMULATION IN VITRO W.E. Armstrong, M.J.
Gallagher* and C.D.Sladek. Dept.of Anatomy, Univ. of Tenn. Ctr.
for Health Sci., Memphis, TN 38163 and Depts. of Neurology and
Anatomy, Univ. of Rochester Sch. of Med., Rochester, NY 14642.
When a neuroactive substance is implicated in the control of
neurohypophysial hormone release, seldom does an investigator have
the opportunity to directly measure the substance's action on both
hormone release and on the electrical activity of the neurons
synthesizing the hormone in question. Such an experiment can be
accomplished in vitro using the isolated hypothalamo-
neurohypophysial system, which retains intact a substantial number
of supraoptic neurons and their projection to the neurohypophysis.

In the present study, explants prepared from male albino rats were
used to assess the action of noradrenergic agonists on the
electrical activity of supraoptic neurons and vasopressin released
into the perifusate.

Following their excision explants were perifused in a balanced
salt solution at 2 ml/min. After a 2-3 hr recuperative period,
extracellular recordings were made in the retrochiasmatic portion
of the supraoptic nucleus, which contains a majority of neurons
immunoreactive for vasopressin. Potentials identified

antidromically from neural stalk stimulation were held for a 2 hr
period during which drug applications were made and samples of the
effluent collected every minute for radioimmunoassay.

Basal vasopressin release ranged from being undectable to
approximately 5 pg/min. Transient injection of the X-agonist,
phenylephrine (0.1 um-1 mM) into the perifusate resulted in a
dose-dependent release of vasopressin and a burst of action
potentials in the recorded supraoptic neuron. Within an explant
the mean within-burst firing rate for the first 30 sec of the burst
was positively correlated with the peak rate of vasopressin
release, which wusually occured during the second minute of
collection following drug application. In equimolar amounts,
noradrenaline was associated with a greater rate of vasopressin
release than was phenylephrine and also excited supraoptic neurons.
Neither the A-agonist isoprenaline (100 mM) nor theo(-agonist
clonidine (100 mM) stimulated vasopressin release or supraoptic
neurons.

The consistent ability of phenylephrine to release
is predictable considering that in additional
logical experiments 887% of all retrochiasmatic
were excited by this compound,
neurons and 16 of 17 phasic neurons. Since the great majority of
these neurons synthesize vasopressin, the results indicate
vasopressin release and excitation of vasopressin secreting neurons
are directly associated during noradrenergic stimulation.

Supported by NIH grants NS22348 (WEA) and AM19761 (CDS).

vasopressin
electrophysio-
supraoptic neurons
including 48 of 56 slow/silent

OPIOID PEPTIDES MEDIATE THE WATER-INDUCED REDUCTION IN PLASMA
VASOPRESSIN AND OXYTOCIN CONCENTRATIONS OF HYPOVOLEMIC RATS. L.M.
Rosella-Dampman®*, R.D. Hartman*, and J.Y. Summy-Long (SPON: W.B.
Severs), Dept. of Pharm., Penn St. Univ., Hershey, PA 17033.

Overhydration inhibits release of vasopressin (VP) and
oxytocin (OT) from the hypothalamo-neurohypophysial system (HNS)
stimulated by hypovolemia (Stricker and Verbalis, Soc. Neuroseci.
Abstr. 10:90, 1984). We proposed that endogenous opioid peptides
(EOP) mediate inhibition of the HNS by H20 during hypovolemia. The
effect of naloxone (NAL), an opiate recéptor antagonist, on plasma
[VP] and [OT] was studied in normal and overhydrated male rats made
hypovolemic by either hemorrhage (HEM) of 35% blood volume (B.V.;
65 ml/kg) or injection of polyethylene glycol (PEG; 20-M). B.V. was
reduced by removing blood at a rate of 0.51 ml/min from catheters
placed in the femoral artery 2 days earlier or by s.c. injection of
30% PEG (w/v, 35 ml/kg). When 10% of the B.V. was removed (HEM) or
6.75 hr after PEG, rats were intubated (no H,0) or given H,0 (40
ml/kg, p.o.), which lowered plasma osmolality §-18 mOsm/kg. Saline
(SAL, 1 ml/kg) or NAL was injected 4 min before HEM (2 mg/kg, i.v.)
was ended or 6.83 hr after PEG (5 mg/kg, s.c.). Rats were
decapitated 5 min (HEM) or 10 min (PEG) later. Control animals were
treated similarly but not HEM or were injected with SAL without PEG.
Plasma VP and OT (pg/ml + SE; n4-14) were quantified by RIA, and
analyzed by ANOVA. HEM increased (p < 0.05) plasma [VP] (5+1 vs
334+92) and [OT] (83410 to 329+72). Water reduced (p < 0.05) the
rise in [VP] (127+427) and [OT] (146+27) after HEM, but not in
controls (VP: 6 + 1; OT: 78 + 10). NAL elevated [OT] in HEM rats
that were intubated (508+83) or overhydrated (469+86) without
affecting [VP]. In control rats that were not HEM, plasma [OT] but
not [VP] was increased by NAL after intubation (OT: 127+11) or
overhydration (OT: 181+28). Since surgery (vs unoperated
controls) in the HEM study altered basal levels of OT (83 + 10 vs 6
+ 0.2 pg/ml), we examined NAL effects during hypovolemia produced
by PEG, a less invasive protocol. PEG increased [VP] (2+0.2 vs
41+6) and [OT] (6+40.2 vs 77+17). Water suppressed (p<0.05) the PEG-
induced rise in [VP] (13+1) and [OT] (22+4) without altering levels
in controls (VP: 2 + 0.3; OT: 6 + 0.8). As during HEM, NAL
augmented the rise in [OT] (395+75) but not [VP] (42+6) after PEG.
However, in overhydrated animals, NAL partially reversed (p<0.05)
the water-induced reduction in both [VP] (21+3) and [OT] (118+33)
after PEG. Neither NAL nor H20 affected [VP] or [OT] in controls.
Similar results were obtained in the PEG study when data were
expressed as pg hormone per mg plasma protein. Thus, H,0 attenuated
release of hormones during hypovolemia rather than only diluting
their concentrations. We conclude that EOP: a) inhibit release of
OT after surgery and hypovolemia, and b) mediate, in part, the
inhibitory effects of water on release of VP and OT during
hypovolemia. (Supported by NIH HL 32826).
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10.11 OXYTOCIN ANTISERUM BLOCKS STEROID-INDUCED PROLACTIN

RELEASE AND ATTENUATES THE PROLACTIN RESPONSE TO
SUCKLING. WK Samson, MD Lumpkin & SM McCann (SPON: A.
Ru%ert) Physiol, Southwestern Med 3¢ h, Dallas, Tex 75235.

e have reported previously that synthetlc oxytocin (OT)
possesses powerful and specific prolactin (PRL) releasing activity
in vitro (Endo. 112:1711, 1983; Fed. Proc. 43:503, 1984) at
doses similar to those found in hypophysna| portal blood in vivo
(Endo. 114:1216, 1984). Additionally, we have reported that OT
surges in peripheral plasma preceed those of PRL following a

suckling stimulus and after steroid treatment in the rat. Steroid
treatment: Injection of estradiol benzoate (5ug, sc) in

ovariectomized rats results two days later in a significant release
of OT at 1200 and 1300h and PRL at 1300h. When 1ml normal
rabbit serum was infused i.v. at 1000hr, the PRL peak at 1300h
was still present (1100h:9.23+1,30; 1200h:17.64+5,84;
1300h:40,88£13,15; 1400h:23,20+12,60ngm PRL/mI plasma).
However, infusion of 1ml antiserum specific to OT completely
abolished the PRL surge (1100h:13.23%7.63; 1200h:10,28+3.91;
1300h:10,.68+3.22; 1400h:13,53#3,36). These preliminary data
suggest a possible physiological PRL releasing factor (PRF) role
for endogenous OT released into hypophysial portal blood on the
afternoon of proestrus (Sarker and Gibbs, Neuroendo. 39:481,
1984) just prior to the proestrous PRL surge. Lactation: Both
OT and PRL are released in response to a suckling stimulus;
however, if suckling is maintained, levels of PRL remain
elevated, while those of OT return within 30 min to presuckling
baseline (Soc. Neurosci. 136:12, 1983). When mothers were
denied their pups for 4hr and 1ml normal rabbit serum (NRS)
was infused (n=6) i.v. just prior to pup reinstatement, suckling
induced PRL release occured as expected, however following
infusion of 1ml antiserum to OT (n=9) the surge was significantly
attenuated (prior to pup reinstatement:NRS 18.3%#8.1, anti OT
21.0%42.9 ngm PRL/ml plasma; 45 min later:NRS 300.1+76.8, anti
OT 113.8%40.4, p<.05; 60 min later:NRS 399.0+89.1, anti OT
115.2#25.6, p<.005). Infusion of a lower titer anti OT serum
was without effect. Thus while some investigators feel that the
initial PRL response to suckling is dependent upon dopamine
withdrawal (Grosvenor and Mena, Neuroendo. Persp., Vol. 1,
1982) the initial release of PRL appears to be in part due to OT.
The ability of OT antiserum to completely block this initial PRL
surge is similar to results obtained by Abe et al. (Endo.
116:1383, 1985) using antiserum to VIP suggesting a multiplicity
of peptidergic PRFs during this phase of PRL release. In
summary, the ability of OT to stimulate PRL release in vitro
coupled with our present data on passive immunoneutralization of
endogenous OT strongly suggests a role for OT in the
physiological control of PRL release.

10.12 HIGH GLUCOSE UTILIZATION IN THE PITUITARY NEURAL LOBE OF BRATTLE-

BORO RATS IS DECREASED BY DESMOPRESSIN. M. Kadekaro and P.M. Gross.
Lab., of Cerebral Metabolism, NIMH, Beth;sda, MD 20205, Div. of
Neurosurgery, UTMB, Galveston, TX 77350 and Dept. Neurological
Surgery, SUNY, Stony Brook, NY 11794, *Present addresses.

Our previous studies showed that high glucose utilization in the
pituitary neural lobe of Brattleboro (DI) rats persisted after
chronic treatment with arginine vasopressin (AVP), while other
brain structures exhibited normal rates of glucose utilization
(Brain Res. 275:189, 1983). This finding conflicted with the semi-
quantitative studies of another group (Sutherland et al., Brain
Res. 271:101, 1983) who found an apparent normal level of glucose
utilization in the neural lobe of DI rats after acute treatment
with desmopressin (dDAVP, 1-desamino-8-D-arginine vasopressin), a
synthetic analogue of AVP with a more potent and prolonged antidi-
uretic effect., Using the quantitative autoradiographic deoxy-
glucose method we have reexamined the local rates of glucose utili-
zation in the brain and neural lobe of DI rats given dDAVP, Four
month-old DI rats were injected either with dDAVP (100ug/kg ip)
once a day for two days (n=4) or with vehicle (n=4). Water intake
was measured daily for five days before treatment with dDAVP and
for two days afterwards. Local rates of glucose utilization were
determined and compared to our previous results from rats receiving
AVP for one week (reference above).

Long-Evans DI DI+AVP DI DI+dDAVP
(n=10) (n=10) (n=7) (n=4) (n=4)
Water intake * ok
(m1/100g/24hr) 11£1 84£5 224 66£10 15+1
Glucose utilization
(umols/100g/min)
* *k
Subfornical organ 482 69+3  53%4 603 45%2,
Paraventricular nuclei 59+3 58+2 57+3 58+1 47+3
Supraoptic nuclei 58%2 61%3 55+2 52£2 5123,
Neural lobe 41£2 83+5  84+6 69+5 4526

Values are means+SEM; *p<.05, **p<,01,

respective control

¥¥¥p<,001, compared to

The results demonstrate that dDAVP has a potent inhibitory effect
on water intake and on glucose utilization in the neural lobe and
other brain structures. We suggest that the ineffectiveness of
chronic AVP treatment in decreasing glucose utilization in the
neural lobe of DI rats may be due to the reported phenomenon of
physiological adaptation which leads to diminished response to the
hormone.
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CHARACTERIZATION OF CAT NASAL RECEPTORS PROJECTING TO
TRIGEMINAL SUBNUCLEUS INTERPOLARIS. G, E. Lucier and R.
Egizii*. Department of Medical Physiology, University of
Calgary, Calgary, Alberta T2N 4N1, Canada.

The ethmoidal nerve innervates the anterior pertion of
the rasal mucosa and constitutes the afferent limb of
several upper respiratory tract protective reflexes.

Previous anatomical studies (lucier and Egizii, Froc, IUPS,
25:123,30, 1983) have shown that ethmoidal afferents project
to all regions of the spinal trigeminal nucleus. The
purpose of this study was to characterize the nature of the
ethmoidal inputs onto cells in the subnucleus interpolaris.
Adult cats were anaesthetized with alpha chloralose. Two

tracheal cannulae were inserted, one to provide access to
the lungs for ventilation and a second to allow air and test
cderonts to ke pulled through the upper airway. Arterial
blood pressure and end tidal CO were monitored. Bi-polar

stimulating electrodes were placed on the ethmoidal, vagus,
hypoglossal, glossopharyngeal and superior laryngeal as well
as the ipsilateral, maxillary and mandibular canine tooth
pulp. During recording, all animals were paralyzed with
gallamine triethiodide and artificially ventilated. The
activity of functionally identified single neurons in
subnucleus interpolaris  was recorded using tungsten
microelectrodes.

The inputs to over 100 interpolaris neurons which had a
discrete trigeminal receptive field were studied. Neurons
which received short latency (&£ 10 msec) input from the
ethmoidal nerve also responded to non-noxious tactile
stimuli either applied to the nasal region or facial
receptive fields. A much smaller group of neurons were
cncountered which resembled neurons previously described in

subnucleus caudalis which receive an ethmoidal projection.
These neurons, in addition to having a long latency input
from ethmoidal (>10 msec) also receive input of a
nociceptive rature from other trigeminal divisions (i.e.

tooth pulp stimulation, noxious radiant heat applied to the

face). These cells could also be stimulated by
non-electrical noxious ethmoidal input (i.e. ammonia
vapour). Supported by the Canadian MRC.

STRUCTURE-FUNCTION-CONNECTIVITY RELATIONSHIPS FOR NEURONS IN SUBNUC-
LEUS INTERPOLARIS (SpVi). M.F. Jacquin, D. WOerner*, R.D. Mooney &
R.W. Rhoades. Dept. of Anatomy, UMDNJ-School of Osteopathic Medi-
cine & Rutgers Medical School, Piscataway, NJ 08854

Intracellular recording, antidromic stimulation, and HRP injec-
tion techniques were used to compare the morphological and physio-
logical properties of 56 neurons in rat SpVi. In most experiments,
stimulating electrodes were inserted in the trigeminal ganglion,
cerebellum (CB), and subnucleus principalis (PrV) ipsilateral, and
the ventral posteromedial thalamus (VPM) and deep layers of the sup-
erior colliculus (SC) contralateral, to the recording electrode. 20
cells projected to VPM and, of those tested, 917 also projected via
axon collaterals to SC, 647 to PrV, 647 to adjacent parvicellular
reticular formation, and 737 to SpVi itself. 6 of these cells pro-
jected to all of these targets, while none were driven from CB. VPM-
projecting cells had medium or large sized multipolar perikarya
(range of average diameters=20-48um) with widespread, transversely
oriented dendrites. All but 2 were responsive to deflection of any
1 of a # of vibrissae (4-19). Significant correlations were noted
between VPM conduction latency and axon diameter, and # of targets
innervated and axon diameter. 9 other cells projected to CB with
small or medium sized (16-3lum) multipolar somata. None of these
had multiple projections and all but 1 had a small receptive field
(1 or 2 vibrissae). 2 cells projected to SC, but not VPM, and 1 of
these projected to PrV as well. Each had multipolar perikarya (15 &
41um) and they responded to 4 and 6 vibrissae, respectively. 4 medi-
um sized multipolar cells (20-24um) were backfired from PrV only
and had dense compact local axon arbors; each responded to 1 vibris-
sa. For all of the above projection neurons, receptive field size
was correlated with dendritic area in the transverse plane.

The 21 remaining cells did not have an identifiable long range
projection and, in most cases, their axons terminated locally. 11
of these responded to 1 vibrissa and had small or medium sized (12-
25um) round, fusiform or multipolar somata; all had similar, longi-
tudinally oriented, compact dendritic and axon arbors. 5 responded
only to guard hair deflection. These had small or medium sized (15-
27um) fusiform or multipolar perikarya and widespread dendrites. 5
responded only to noxious pinch or pressure and their morphology
ranged from small (18um) and round with compact dendrites, to medi-
um sized (30um) and multipolar with widespread dendrites. Nocicep-
tors were located along the medial border of SpVi. Other cells were
topographically organized in a manner consistent with prior mapping
studies in SpVi. We conclude that strong structure-function-
connectivity relationships exist for individual neurons in SpVi.
Supported by DE06528, EY03546, EY04170, the UMDNJ Foundation and
the American Osteopathic Association.
MFJ'S current address: Dept. of Neuroscience, New York College of
Osteopathic Medicine, 0ld Westbury, N.Y.
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INTRINSIC AND EXTRINSIC CONNECTIONS OF THE SPINAL TRIGEMINAL NU-
CLEUS IN CATS: SUBNUCLEUS ORALIS. N.F. Capra and J.M. Bailey*.
Dept. of Anatomy, U. Miss. Med. Ctr., Jackson, MS 39216.

The subnucleus oralis (Vo) of the spinal trigeminal nucleus re-
ceives primary afferent input from the face, temporomandibular
joint, teeth, and periodontium. The diversity of its peripheral
inputs suggests a complex role for Vo in orofacial mechanisms.
Central connections which may serve to modulate activities in Vo
are the subject of this report.

Discrete electrophoretic injections of wheat germ agglutinin-
conjugated horseradish peroxidase (WGA-HRP; 2-4%) were made into
physiologically identified regions of Vo. The animals were eutha-
nized 12-24 hours later and perfused transcardially with saline
followed by a mixed aldehyde fixative. Serial sections (40-60 pm)
made through the brain stem, upper spinal cord, and portions of
the cerebral cortex were processed for histochemical demonstration
of HRP using TMB as a chromagen.

Eight cats selected for this study had discrete injection sites
restricted to the rostral part of Vo. Labeled perikarya were
identified throughout trigeminal sensory nuclei, dorsolateral re-
ticular formation, nucleus cuneatus, and the orbital gyrus of the
cerebral cortex. Of these, the largest number of neurons project-
ing to Vo originated in laminae IV and V of the ipsilateral medul-
lary dorsal horn (MDH) and layer V of the contralateral orbital
gyrus. Contributions from laminae I-III of the ipsilateral MDH,
contralateral trigeminal nuclei, ventrolateral region of nucleus
cuneatus, though sparse, were reliably observed. Anterogradely
filled axons from Vo projected caudally to terminate on cells in
trigeminal subnucleus interpolaris and the MDH. Rostrally direct-
ed axons either crossed exiting fibers of the facial nerve and
terminated in the region of the trigeminal motor nucleus or decus-
sated and ascended in the pontine tegmentum.

These results are consistent with electrophysiologic data sug-
gesting that MDH neuron project rostrally and modulate the activi-
ty of neurons in Vo which receive primary afferent input from the
tooth pulp (Hu et al., '84). These connections may provide an in-
direct avenue for the periaqueductal gray (PAG) and the nucleus
raphe magnus (NRM) to exert inhibitory effects on primary afferent
transmission from Vo. Both PAG and NRM project to MDH but not to
Vo. Corticofugal fibers from the orbital gyrus, participate in
modulation of orofacial reflexes and mastication. Efferent pro-
jections from Vo to trigeminal motor neurons complete the mastica-
tory reflex pathways. Other extrinsic and intrinsic projections
that originate in Vo may be involved in mechanisms which underlie
the conscious appreciation of jaw position and oral stereognosis
since many of the neurons in this region are activated by passive
jaw movements and by pressure applied to the teeth (Capra and
Anderson, J. Dent. Res., '85). Supported by DE06027

AROUSAL -RELATED RESPONSE MODULATION OF VP THALAMIC NEURONS TO
SOMATIC AND SPINAL LEMNISCAL STIMULATION IN THE AWAKE MONKEY.
J.J. Morrow and K.L. Casey. Neurology Research Laboratories.
V.A. Medical Center. Ann Arbor. MI 48105.

RATIONALE: Our sensory systems are continually bombarded by
inputs from which we select information as a basis for action,
ignoring all the rest. It is reasonable to hypothesize that
certain properties of a neuron's response to a specific sensory
stimulus should covary wilh changes 1n behavioral state.
Accordingly. the somatosensory responses of ventral posterior
(VP) thalamic neurons would be expected to vary with the level of
arousal in unanesthetized, behaving animals. Previous studies
have tailed to demonstrate this relationship, and have shown
changes in only the spontaneous discharge of VP somatosensory
neurons (Baker, 1971: Hayward. 1975).

METHODS: The responses of single neurons in the ventral posterior
thalamus to a variety of controlled, calibrated, somatic stimul:
and to electrical stimulation of° the midbrain spinal lemniscus
(SL) were recorded 1n four awake squirrel monkeys. Movements of
the animal and EEG changes were continually monitored, and used
to identify periods of drowsiness, quiet waking and waking with
movement. Neural responses to stimuli delivered during these
periods were separately analyzed by computer for changes which
correlated with changes in the state of arousal.

RESULTS: Many VP thalamic neurons (29/51) exhibited changes in
somatosensory responsiveness which correlated with shifts in
arousal. Arousal—related changes were not selective ftor neurons
responding to any specific stimulus type (ie. hair movement,
touch, tap., etc.) and included modulation of 3 neurons in the
wide dynamic range class (ADR). Most neurons discharged
maximally during quiet waking. Responses were significantly
reduced during drowsiness and either unchanged or reduced during
periods of waking with movement. Similar arousal—related changes
were seen in 13 of 30 neurons driven by SL stimulation. The
spontaneous discharge of many somatically driven neurons also
varied as 8 function of the state of arousal. All changes in
stimulus evoked responses were, however, independent of the
pre—stimulus background discharge frequency since reduced
responses to somatic and spinal lemniscal stimulation were seen
during increased or decreased background activity.

CONCLUSIONS: The somatosensory responses and the spontaneous
discharge of VP thalamic neurons are significantly modulated
during concurrent changes in the state of arousal. One
modulating mechanism includes inhibition (possibly presynaptic)
at the level of the VP thalamus.
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MECHANICAL RESPONSE PROPERTIES OF TRIGEMINAL THALAMIC NEURONS IN
THE ALERT MONKEY. G.H. Duncan* and M.C. Bushnell. Fac. Medecine
dentaire, Univ. de Montreal, Montreal, Que. CANADA H2V 3B5

Previous studies of trigeminal thalamic neurons have not yiel-
ded a consensus regarding the neurophysiological properties of the
ventroposterior medial nucleus (VPM). Most investigators have ob-
served an overwhelming majority of rapidly adapting low threshold
(RA) neurons. Recently, however, some studies have documented
smaller populations of slowly adapting (SA) low threshold, wide
dynamic range (WDR), and nociceptive specific neurons. Most
reports of VPM in monkeys are incorporated within larger surveys
of the ventrobasal complex, so that frequently VPM is not systema-
tically explored. In addition, most studies have been conducted
in either anesthetized or paralyzed animals. The present study
explores the properties of trigeminal cutaneous thalamic neurons
in an alert monkey to determine receptive field and response prop-
erties in neurons unaltered by pharmacological agents.

One macaque monkey received juice reward for sitting quietly
while an investigator probed the monkey’s face with mechanical
stimuli. Extracellular single-unit recordings were made from VPM
neurons, and mechanical response properties were evaluated for
each cell having an extraoral cutaneous receptive field.

Sixty-four VPM neurons with receptive fields on the face were
characterized. Fifty-two (81%) of these neuroans responded maxi-
mally to gentle touch of hair or skin. Twenty-nine (56%) of the
low threshold cells adapted rapidly to sustained touch (RA), bhut
23 (44%) continued to respond throughout the stimulus presentation
(SA). Most low threshold neurons had receptive fields on the con-
tralateral side, but 7% showed fields confined to the ipsilateral
face. Both RA and SA neurons were found throughout VPM. Six neu-
rons (9%), classified as WDR, showed a graded response to
increasingly intense stimuli, with a maximum discharge to noxious
pinch. Receptive fields of WDR neurons were smaller than those
previously observed in trigeminothalamic neurons of the medullary
dorsal horn, and no larger than those of low threshold VPM cells
in the curreat study. WDR cells were located primarily in the
caudal third of VPM. Finally, the activity of six neurons (9%)
was inhibited during innocuous mechanical stimulation. These
cells had small contralateral receptive fields and were located in
the caudal third of VPM.

In summary, response characteristics of VPM neurons show more
diversity in the alert monkey than has been reported in paralyzed
and/or anesthetized animals. In addition to the large proportion
of RA neurons, there exists a similar population of SA neurons,
and smaller populations of inhibitory and WDR cells. Thus, VPM
contains neurons capable of coding both static and dynamic mecha-
nical properties of noxious and innocuous cutaneous stimuli.

CEREBELLAR RELATIONSHIPS WITH SOMATIC SENSORY PORTIONS OF THE
PRETECTUM AND ZONA INCERTA IN THE CAT. M.S. Bull and K.J. Berkley
Dept. of Psychology, Florida St. Univ., Tallahassee, FL .

Considerable evidence has accumulated showing that neurons in
the dorsal column nuclei (DCN) project not only to the ventropos-
terolateral nucleus of the thalamus (VPL), but also to a number of
other structures throughout the neuroaxis (e.g. Hand and Liu, 1966;
Berkley and Hand, 1978). Recent evidence from several laborator-
ies suggests that the group of DCN neurons projecting to VPL dif-
fers both anatomically and functionally from the groups projecting
to these other targets (see Berkley, 1985).

One common feature of some of the extra-VPL-projecting groups
of DCN neurons is that they project to the cerebellum and to pre-
cerebellar nuclei such as the inferior olive (I0) and PONS. In
addition, another group of DCN neurons projects to the anterior
pretectal nucleus ?PTA) whose neurons in turn project to the DCN-
recipient portions of the I0 and PONS (Bull and Berkley, 1983).

In the course of studying these cerebellar-related pathways, it
became apparent that the neurons in the DCN-recipient portion of
the pretectum, (i.e. PTA), had reciprocal connections with the DCN-
recipient portion of the zona incerta (ZI). It is difficult to
speculate, however, what role the ZI might have in the context of
a cerebellar-related system involving DCN and PTA. This difficul-
ty may be due in part to ZI's diverse nature as a structure with
putative motor as well as sensory (nociceptive) functions (Kaelber
and Smith, 1979).

In an effort to understand what role, if any, the ZI inputs
might play in a cerebellar-related system, the DCN inputs to ZI
and PTA were compared with those from the cerebellum using a dou-
ble orthograde labeling strategy. The results showed that the
DCN and cerebellar terminations overlapped in PTA but did not
share the same domain in ZI. (The DCN terminations were ventral,
lateral and caudal to those from the cerebellum.)

That the DCN and cerebellar terminations converge in PTA, a
structure which projects to the cerebellum through the PONS and IO,
but do not converge in ZI, is consistent with the suggestion that
the pretectum and its afferent DCN input is involved in somatic-
motor feedback functions associated with the cerebellum. The sep-
aration of the DCN and cerebellar inputs in ZI, on the other hand,
suggest that the afferent DCN input contributes to a different,
perhaps more sensory (i.e. nociceptive) role for ZI.,

Supported by NIH grant ROT NS 11892 from NINCDS.
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SYNAPSES UPON PHYSIOLOGICALLY CHARACTERIZED THALAMIC
NEURONS WHICH RESPOND TO HAIR FOLLICLE STIMULATION: AN
ELECTRON MICROSCOPE STUDY. P.T. Ohara, D.D. Ralston*, and H.J.
Ralston, IIl. Department of Anatomy, University of California, San
Francisco, CA 94143

The morphological features of the synaptic populations contacting
single, physiologically characterized thalamic neurons which were
iontophoretically labeled by the intracellular injection of HRP have been
studied in the cat by the electron microscopic analysis of serial thin
sections. The purpose of the study was to determine whether the
populations of synapses contacting various regions of the cells, (soma,
primary, secondary or tertiary dendrites) varied, and whether cells which
responded to movements of hairs had different synaptic inputs than those
upon thalamic neurons which responded to other nonnoxious or noxious
peripheral stimuli. Cats were anesthetized with IM ketamine followed by
intravenous pentobarbital, placed in a stereotaxic headholder and the
cortex overlying VB removed by suction. A glass guide tube was placed on
top of the thalamus, and a metal electrode used to search for receptive
fields. Once the stereotaxic coordinates had been determined, a glass
micropipette containing 4% HRP with a resistance of 100 MQ was
advanced into the thalamus and the receptive fields and response
properties of neurons recorded. In this study, we report on 3 neurons with
small receptive fields on the contralateral forepaw which responded to
deflection of small clusters of hairs and which adapted rapidly to the
stimuli. The cells were held intracellularly from 5-10 minutes, during
which time 0.5 nA of positive current was injected. One to 4 hours later
the animal was perfused with aldehydes and the thalamus serially
sectioned at 50um, reacted with DAB, and sections containing labeled
neurons osmicated and embedded in epoxy resins. Drawings were made of
labeled cells and the 50um section cut serially for EM, with frequent
drawings and photographs being made for the identification of various
neuronal elements. In this way, most of the synaptic input to a single
neuron can be examined. Examination of 425 consecutive sections of the
first 40um of a dendrite, from cell body to the initial portion of a tertiary
branch, has revealed 27 contacts made by large synaptic profiles with
round vesicles (RL), 7 by presynaptic dendrites (PSD), 10 by flat-vesicle
axonal profiles (F-1), 7 by F profiles of unknown origin, and 8 by profiles
which could not be classified. No contacts by small profiles with round
vesicles (RS) were seen on this protion of the dendritic tree. The serial
sections permitted a determination of the dendritic character of several
PSD's, as well as the synaptic input to these PSD's. In addition, PSD's
could be found to follow a tortuous course, forming multiple contacts with
the labeled dendritic shaft. These contacts were not involved in triadic
synaptic relationships with RL profiles. An extensive description of the
synaptic input to all regions of this physiological class of neurons will be
presented. (Supported by NS-11614 from NlH%.

THE SOURCES OF PEPTIDERGIC INPUT TO THE LATERAL SPINAL NUCLEUS IN
THE RAT. K.D. Cliffer, G. Urca,* R. Elde and G.J. Giesler, Jr.
Dept. of Anatomy, Univ. of Minnesota, Minneapolis, MN 55455 and
Dept.‘of Physiology and Pharmacology, Tel Aviv Univ., Ramat Aviv,
Israel.

The lateral spinal nucleus (LSn) of rats is rich in fibers that
are immunoreactive for met-enkephalin (ENK), substance P (SP), so-
matostatin (SOM), dynorphin (DYN) and FMRF-amide (FMRF-NHZ). In
this study we examined the sources of these peptidergic fibers.

In rats with unilateral dorsal rhizotomies of at Teast three
lTumbar segments ten days prior to sacrifice, no difference was
seen between sides in staining for any of the five peptides in the
LSn, even though the staining for SP was greatly reduced in super-
ficial laminae of the dorsal horn on the side of the rhizotomy.
Thus, little, if any, of the peptidergic input to the LSn appears
to come from primary afferents.

In spinal cords transected at low thoracic levels nine days
before sacrifice, no loss of immunoreactivity was apparent for any
of the peptides in the LSn below the transection. In addition,
unilateral transections of the lateral funiculi resulted in no
consistent difference between sides in the amount of immunoreac-
tivity to any of the substances in the LSn. These results demon-
strate that few, if any, of the peptide-containing fibers afferent
to the LSn in lumbar cord originate in the brain or in upper
levels of the spinal cord.

Since these experiments indicated that the peptidergic input to
the LSn originates locally, we examined cells in the lumbar spinal
cord of colchicine-treated rats for immunoreactivity for the five
peptides. Immunoreactivity for ENK was found in cells in the
marginal zone (MZ), substantia gelatinosa (SG), nucleus proprius
(NP), lateral reticulated area (LRA) and near the central canal
(CC). Cells were labeled by antibody to SP in MZ, NP, LRA and the
dorsal lateral funiculus (DLf). Cells immunoreactive for SOM were
found only in NP. Staining for DYN occured in cells in MZ, NP, SG
and LRA. Cells had immunoreactivity for FMRF-NHp in MZ and NP.
Following injections of fast blue into the LSn, retrogradely
labeled cells were found ipsilaterally in all areas in which immu-
nocytochemically stained cells had been seen. Contralaterally,
cells were retrogradely labeled in SG and NP. While some label
may have been picked up through axons of passage or from spread of
the injection to the lateral dorsal horn, the cells afferent to
the LSn should be among those labeled. These results, in conjunc-
tion with the results from transections and rhizotomies, indicate
that virtually all peptidergic fibers afferent to the LSn origi-
nate locally in cells among those in the MZ, SG, NP, LRA, DLf or
near the CC.

Supported by NS17540, DA02148 and BNS8418787.
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THE CUNEATE NUCLEUS OF THE MONKEY: ANATOMICAL AND ELECTRO-
PHYSIOLOGICAL EVIDENCE FOR SUBMODALITY SEGREGATION.

M. Wiesendanger, H.Hummelsheim*_,. R. Wiesendanger* and
M. Bianchetti¥.

Institut de Physiologie, Université de Fribourg,
CH-1700 FRIBOURG, Switzerland.

The main cuneate nucleus (MCN) and the external cuneate
nucleus (ECN) were investigated by means of transganglionic
labeling with WGA-HRP, field potential mapping, and extra-
cellular unit recordings in the anesthetized monkey. It was
found that labeling following incubation of the deep radial
nerve occurred in the pars triangularis of the MCN and in the
ventromedial segment of the ECN. Field potentials evoked by
electrical stimulation of low-threshold muscle afferents were
likewise focused on these subdivisions of the ECN and MCN. By
contrast, the pars rotunda of the MCN is projected upon by
cutaneous afferents: loading of the superficial radial nerve or
cutaneous infiltration of a single digit with WGA-HRP produced
dense patches in this 'core' region of the MCN. After having
established the territory of the 'proprioceptive' bulbar relay
of the forelimb, single neurons were studied with respect to
their sensitivity to small sinusoidal and ramp stretches of the
extensor digitorum communis (EDC) muscle, to their convergence
pattern, and to their projection to the thalamus and the
cerebellum. In the MCN 27 neurons and in the ECN 8 neurons were
found to project to the thalamus. In each nucleus two additional
cells were found to project to both targets. With controlled
longitudinal displacements of the EDC muscle, neurons in both
ECN and MCN discharged phasically, often with partial entrain-
ment in response to 100-200 Hz sinusoidal stretches. Many
neurons were activated with minimal step amplitudes of 50 pm or
less. The majority of neurons appeared to react specifically to
one muscle. Our electrophysiological results corroborate
previous suggestions that a subpopulation of ECN neurons
contribute to a proprioceptive transmission system, via the
thalamus, to the cerebral cortex (Boivie and Boman, 1981). The
electrophysiological properties of the 'proprioceptive' bulbar
neurons were very similar to those recorded in the thalamus and
in cortical area 3a with the same experimental protocol. The
transmission system thus functions with high synaptic efficacy,
providing the cortex with precise musculotopic information about
small changes of muscle length.

SOMATOSENSORY EVOKED POTENTIALS RECORDED FROM HUMAN THALAMUS
C.D.Yingling, Y.Hosobuchi* and J.E.Adams*, Dept. of Neurological
Surgery, University of California, San Francisco, CA 94143

Somatosensory evoked potentials (SEPs) have been recorded from
the thalamic somatosensory nucleus (VPL) in over 30 patients
permanently implanted with multi-contact electrodes (Medtronics)
for relief of chronic deafferentation pain. Electrical stimulation
of the median nerve at the wrist elicits a P17-N20-P24 complex with
a limited spatial distribution (often seen at only 1 or 2 of the
contacts, which are spaced 2 mm apart). In surface recordings of
SEPs, P/N14 1is thought to be generated by dorsal column nuclei or
medial lemniscus, and N20 by the primary somatosensory cortex; it
is thus 1ikely that P17 represents the initial activation of the
somatosensory thalamus. Recordings a few mm anterior to VPL during
thalamotomy for movement disorders show a polarity reversal of P17
to N17. P24 is more variable and not recorded in all patients.

Of particular interest is the presence of fast oscillatory
wavelets riding on the P17-N20 waves, with a frequency of 1 kHz or
faster. These components are highly reproducible within each
subject (see figure below) and may correspond to the scalp recorded
high frequency waves reported by Eisen et al (EEGJ 59:388-395,1984)
and others using 250 Hz high-pass digital or analog filtering.

The 1imited subcortical distribution of thalamic SEPs suggests
that they are generated by relatively closed dipole fields, and are
thus unlikely to contribute substantially to the major SEP compo-
nents recorded from the scalp. On the other hand, this gives them
clinical utility in guiding precise placement of thalamic elec-
trodes in VPL. Finally, it is tempting to speculate that the fast
oscillatory activity reflects a recurrent intrathalamic mechanism
which may play a role in encoding the thalamocortical represen-
tation of sensory events.

LVPL 0

TOTAL SWEEP TIME: 50 MSEC
TWO SUPERIMPOSED AVERAGES, 128 TRIALS EACH.
EACH RECORDING SITE IS 2 MM DEEPER THAN THE ONE ABOVE.

STIM: R MEDIAN NERVE, 10/SEC
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EXCITATORY EFFECTS OF NORADRENALINE ON BURSTING PACEMAKER NEUROYS
IN CULTURED SPINAL CORD CELLS. J.D. Vincent and P. Legendre .
INSERM U.176 Rue Camille Saint-Saéns 33077 BORDEAUX-Cedex France.

Intracellular recordings were made from dissociated mouse spi-
nal cord cells in primary culture (Legendre, P. et al., Brain Re-
search 297 : 287, 1984). One type of neuron with a large cell
body and several short thick neurites was found to fire rhythmic
bursts of action potentials with a phase duration of approxima-
tely 1 sec when the membrane potential was depolarized to -55 mV.
These cells remained generally silent at resting potential (-65
mV). Bursts did not arise from spontaneous synaptic input but
appeared to result from endogenous ionic conductance properties
of the membrane ressembling those observed in molluscan bursting
pacemaker (BP) neurons. Pharmacological application of ionic
coaductance blockers and of modified ionic media suggested that
Ca is involved in burst generation and controls the burst
duration by activating a kK* conductance. Na* appeared principally
involved in pacemaker potential generation and partially involved
in spike generation.

Since Noradrenaline (NA) seems to be involved in the activa-
tion of spinal cord rhythmic generators, we looked at the effects
of NA application on the electrophysiological properties of our
cultured spinal cord BP neurons. Application of NA (Sigma 1 uM in
the delivery pipette) onto the surface of BP neurons evoked, in a
dosedependent manner, an increase in the input resistance (Ri)
associated with a progressive depolarization of the membrane
potential.

This response was potential dependent. The maximum change in
Ri was observed at membrane potential values between -60 to -45
mV. No response was observed at membrane potential less than -80
mV. The extrapolated reversal potential (Rp) of the NA effect was
close to -90 mV. The Rp value was not altered by increasing the
intracellular Cl~ concentration whereas it was modified by in-
creasing extracellular K concentration. This excitatory effect
was not blocked by extracellular applicailon of tg}raethylamonlum
but it was reversibly suppressed by Ba and Cd application.
Ours results demonstrate that NA has an excxtator& effect on pace-
maker SC neurons in culture by decreasing a Ca and potential
dependent K" conductance. Alpha 1 receptors seem to be involved
in this response since Phentolamine, an a 1 antagonist, prevent
the effect of application whereas Clonidine, an o2 agonist, did
not mimick the NA response and since the # antagonist, L-Apre-
nolol, had no effect.

AN INTRACELLULAR STUDY OF THE EFFECTS OF ACETYLCHOLINE ON MOTONEU-
RONS IN A NEONATAL RAT SPINAL CORD SLICE PREPARATION. N. J. Dun
and Z. G. Jiang® (SPON: R. S. Schmidt).
Univ. Med. Ctr., Maywood, IL 60153
Intracellular recordings stable for many hours were made from

motoneurons situated in thin (400-500um) transverse slices in vitro

of rat thoracolumbar spinal cord removed from neonatal rats aged
8-15 days old. Spinal cord slices were superfused with a Krebs
solution saturated with 95% 0, & 5% CO,; the temperature of the

solution was maintained at 34 + 0.5°C.” Motoneurons were identified

by the appearance of an all-or-none action potential following
stimulation of the ventral rootlets that remained attached to the
spinal cord slices. Two types of motoneurons could be categorized
on the basis of their electrical membrane properties. The first
group of motoneurons, constituting the majority of motoneurons
sampled here, had conduction velocities between 20-50 m/s, lower
input resistance (5-40 MQ) and shorter time constant (2-5 m&). The
conduction velocity of the second group of motoneurons was below
10 m/s. These motoneurons exhibited higher input resistance (50-
150 MQ) and slower time constant (10-15 ms). These two groups of
motoneurons observed here may correspond to the alpha and gamma
motoneurons that have been extensively studied in the adult spinal
cord. Acetylcholine (ACh) applied by either pressure ejection or

by bath superfusion in known concentrations (10-100 uM) depolarized

nearly all the motoneurons tested. In the majority of motoneurons
the depolarization induced by ACh was slow in onset and lasted se-
conds to minutes. The slow ACh depolarization was accompanied by
an increase in input resistance and the response was made smaller
upon membrane hyperpolarization. Atropine (< 1 uM) completely and
readily abolished the slow ACh depolarization. Tetrodotoxin (TTX,
0.1-1 uM) or low Ca (0.12 mM)/high Mg (12 mM) solution did not ap-
preciably affect the slow depolarization induced by ACh. These
findings collectively suggest that the slow depolarization evoked
by ACh was probably due to a direct action of ACh on motoneuron
muscarinic receptors. ACh evoked a biphasic depolarization in a

small number of motoneurons tested; an initial brisk depolarization
was followed by a slow depolarization. The fast and slow component
was reversibly depressed by d-tubocurarine and atropine, indicating

that the respective response may be due to an activation of nico-
tinic and muscarinic receptors. The effect of eserine (< 1 uM) on
muscarinic depolarizations induced by ACh on motoneurons was bi-

phasic; an initial enhancement was followed by a long lasting de-

pression. The high incidence of ACh sensitive motoneurons observed

here in conjunction of the report of the presence of nerve fibers
exhibiting immunoreactivity to choline acetyltransferase near the
motoneurons by others may suggest a transmitter/modulator role of
ACh in the ventral horn. (Supported by NIH Grant NS18710).

Dept. of Pharmacol. Loyola

12.2 AN ISOLATED IN VITRO PREPARATION OF THE NEONATAL RAT BRAINSTEM

AND SPINAL CORD. K. Walton and R. Llings. Dept. Physiol. &
Biophys., New York Univ. Med. Ctr., New York, NY 10016.

We have developed a preparation suitable for the study of
the development of supraspinal inputs to spinal motoneurons in
rats during the first postnatal week. The preparation consists
of the brainstem posterior to the inferior colliculus and the
entire spinal cord (SC) with the dorsal roots (DR) and ventral
(VR) roots attached; the cerebellum may also be included.
Cranial nerves V, VIII, XI and XII are long enough to be stim-
ulated individually via suction electrodes. The dissection was
caried out under ether anesthesia. The preparation was pinned
in a Sylgard-lined chamber and continually superfused with a
modified Ringer's solution bubbled with 0,/C0, (95%/5%);
oxgenation was supplemented with 0.004% H,0,. Recordings
were made from the SC at the lumbar level using suction elec—
trodes placed on the VR; glass micropipettes were used to
record field potentials and intracellular responses. Stimu-
lation was accomplished using suction electrodes on the DR and
selected crainal nerves; a twisted pair of silver wires was
used for stimulating the spinal column and brainstem areas.
Typical spinal reflexes were recorded from the ipsilateral VR
following DR stimulation and bilaterally following ventral
column stimulation. The response consisted of a sharp mono-
synaptic component followed by a 1low amplitude polysynaptic
component. Stimulation of the trigeminal nerve elicited
responses in the 1lumbar ventral roots bilaterally. These
comprised long latency, prolonged (about 50 ms) responses.
Stimulation of the pyramidal tracts at the posterior margin of
the pons, the nuclei gracilis and cuneatus, the posterior and
the anterior funiculus at the cervical level also elicited
ventral root potentials. Intracellular recordings indicated
both excitatory and inhibitory responses to DR and ventral
column stimulation. The preparation can be maintained in good
condition for 8 hours at room temperature as indicated by VR
potentials recorded following brainstem activation. These
preliminary results indicate that this preparation should prove
to be a valuable tool in studying the development of the
descending synaptic inputs to spinal motoneurons and their
interaction with DR inputs during the first week of postnatal
1ife. Supported by USPHS grant NS-13742 from NINCDS.

MOTOR PATTERNS FOR RESPIRATION AND LOCOMOTION GENERATED BY AN IN
VITRO BRAINSTEM-SPINAL CORD FROM NEONATAL RAT. J. C. Smith* and
J. L. Feldman. Department of Physiology, Northwestern University,
Chicago,IL. 60611

In vitro brainstem-spinal cord preparations of lower vertebrates
are commonly used to investigate properties of central pattern
generators (CPG's) for respiration and locomotion, but a suitable
in vitro preparation for routine study of these CPG's in a
mammalian system has not yet been developed. We have found
spontaneous rhythmic respiratory motor activity, and locomotor
patterns elicited by excitatory amino acids, in an in vitro
preparation of the brainstem-spinal cord of the neonatal rat. The
finding of spontaneous respiratory motor activity confirms the
observations by Suzue (J. thsiol.,354:173,1984). The preparation
consists of the brainstem and spinal cord up to the lumbar level
from 0-4 day old rats placed in modified oxygenated Krebs
solution (pH 7.4) at 27-30" C. Preparations including portions of
the body wall (rib cage with intercostal musculature) with dorsal
and ventral thoracic roots intact, preserving mechanosensory
afferent input, have also been used. The respiratory pattern
consists of a synchronous periodic discharge on the hypoglossal
nerve, 4th and 5th cervical and thoracic ventral roots. The
brainstem origin of the pattern was verified by transection
experiments. Following spinomedullary transection, the periodic
discharge persists on the hypoglossal nerve but is absent on
ventral roots of the spinal cord. The spontaneous discharge
frequency is increased by bath applied N-methyl D-aspartic acid
(NMDA3;1-10 uM), acetylcholine (ACH;0.01-1 mM) and reduced pH;
preliminary observations indicate that the discharge frequency is
reduced in a dose-dependent manner by GABA (0.01-1 mM) and
atropine (1-10 uM). The respiratory burst pattern is altered by
mechanical perturbation of the rib cage musculature indicating
the presence of functional afferent circuitry. The locomotor
patterns recorded on ventral roots ars elicited by ACH (0.1-1
mM), NMDA (1-10uM) and D-glutamate (0.1-1 mM) in a manner similar
to the induction of locomotor patterns in lower vertebrates
(Grillner & Wallén, Ann. Rev. Neurosci.,B8:233,1985; McClellan &
Farel, Brain Res.,332:119,19855. These motor patterns range from
alternation to synchrony in bursting between contralateral
ventral roots in a given segment with burst frequencies varying
with the excitatory neurotransmitter concentration. The results
indicate that this preparation should be suitable for study of
mammalian respiratory and locomotor CPG function. It may also
provide data for a comparative analysis of CPG mechanisms among
lower and higher vertebratas. The induction of locomotor patterns
by similar amino acids in this and lower vertebrate preparations
may suggest a phylogenetic conservation of mechanisms controlling
the locomotor circuitry. Supported by NIH Grant HL-23820.
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CONTROL OF ABDOMINAL MUSCLE ACTIVITY DURING VOMITING: ROLE OF
VENTRAL RESPIRATORY GROUP EXPIRATORY NEURONS. A.D. Miller,

I. Suzuki* and L.K. Tan. Lab. of Neurophysiology, The
Rockefeller University, New York, NY 10021,

Vomiting is produced primarily by the synchronous contraction
of the diaphragm and abdominal muscles (2,5). The brainstem mech-
anism controlling these muscles during vomiting is unknown. In an
attempt to identify these neurons, we examined the firing patterns
of ventral respiratory group (VRG) expiratory (E) neurons during
fictive vomiting in decerebrate, paralyzed cats. VRG E neurons
project to the region of abdominal motoneurons and are probably
the main source of expiratory modulation of abdominal muscle
activity (3,4). However, since VRG E neurons are inhibited during
inspiration (6), it is uncertain what their firing patterns will
be during co-contraction of the diaphragm and abdominal muscles.

Fictive vomiting was defined by co-activation of phrenic and
upper lumbar abdominal nerves in response to sub-diaphragmatic
vagal stimulation (1) or emetic drugs. We find that vagal stimula-
tion (pulse trains) readily produces vomiting in non-paralyzed,
decerebrate cats but does not elicit other expulsive acts in which
the abdominal muscles and diaphragm are knownto be co-active, such
as coughing, eructation, or defecation. Latencies from onset of
vagal stimulation to onset of nerve co-activation average about 30
sec. Each episode of fictive vomiting consists of an average of 8
bursts of nerve co-activation. Abdominal nerve activity increases
an average of about 10 times during fictive vomiting, as compared
to respiration, while phrenic discharge increases about 3 fold.

Data have been obtained from 21 VRG E neurons,located 1.6-5.2mm
caudal to the obex, that were antidromically identified as project-
ing to the lumbar cord. Eighteen cells were studied during 1-3 epi-
sodes of vagal-induced fictive vomiting while 4 cells were studied
during drug-induced nerve co-activation. The activity of two-thirds
of these neurons (14/21) was greatly reduced or abolished during
nerve co-activation. These neurons typically fired between bursts
of co-activation. The maximum firing rates of the 7 remaining
neurons were either unchanged (N=3) or increased 2-4 times (N=4),

Thus, it would appear that abdominal muscle activity during
vomiting is mainly controlled not by VRG E neurons but by some
other as yet unknown descending input.

This study was supported by grants from NSF (BNS8317651), NASA
(NAG2164, NSG2380), and NIH (NS02619, RR0O7065).

1. Derbyshire & Fergurson, Amer. J. Physiol. 123: 52-53, 1938.

2. McCarthy & Borison, Amer. J. Physiol. 226: 738-743, 1974.

3. Merrill, Fed. Proc. 40: 2389-2394, 1981.

4. Miller, Ezure, Suzuki, J. Neurophysiol. (1985) in press.

5. Monges, Salducci, Naudy, J. Physiol. (Paris) 74: 541-554, 1978.
6. Richter et al., Pflugers Arch. 380: 245-257, 1979.

A RETICULOSPINAL TRACT THAT PREVENTS SYNCHRONY OF DISCHARGE
BETWEEN GAMMA MOTONEURONES IN THE CAT. P.H.Ellaway and N.J.Daveyx
(SPON: D.G. Stuart). Department of Physiology, University College
London, London WClE 6BT, England.

Neurones that share presynaptic stem fibres may show a tendency
to synchrony in their discharges as a result of near simultaneous
synaptic potentials. Background and reflex discharges of gamma
motoneurones in the spinal cat show such synchrony of discharge
(Ellaway & Murthy. Quart.J.Exp.Physiol., 70: 1985). In motor
control the consequence of synchronized discharges of gamma
efferents to muscle spindles would be a state of tremor. We show
here that this undesirable tendency is prevented by activity in
fibres of the descending dorsolateral funiculus.

The discharges of individual gamma motoneurones in the decereb-
rated cat are regular and show no tendency to synchrony. After
complete spinal section, discharges ofsgamma motoneurones below
the cut became irregular and a tendency "to synchronized firing
appeared. Synchrony was evident as a peak (half-width 3-5 ms) in
the cross correlogram between the discharges of two efferents.
Discrete lesions of the spinal cord were made, in the region T8-10,
by section with a fine blade. The site and extent of the lesions
were verified by histological preparation. The degree of synchrony
between pairs of gastrocnemius gamma motoneurones, and the
regularity of firing of the individual efferents, were assessed
before and after each lesion. We found that discrete lesions of the
dorsolateral funiculus needed to be made on both sides of the
spinal cord to produce synchronous and irregqular firing at the
level observed after total spinal cord section. Large lesions of
the cord that spared either the ipsilateral or contralateral,
dorsolateral funiculus did not produce any marked change in
regularity of firing or tendency to synchrony.

Reticulospinal neurones descend in the dorsolateral funiculus.
They are known to control the flexion reflex by release of
catecholamines (Anden, Jukes & Lundberg. Acta Physiol.Scand. 67:
387, 1966). In the spinal cat intravenous injection of 75mg/kg of
L-Dopa, a precursor of catecholamines, caused a pronounced
reduction in the degree of synchronized firing and an increase in
regularity of gamma motoneurone discharge. This effect was
antagonized by intravenous injection of chlorpromazine (1 mg/kg).

We conclude that the prevention of synchronized gamma efferent
discharge is exercised through a bilateral reticulospinal tract
that involves catecholaminergic transmission in the spinal cord.

Supported by NIH grant NS19215.
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D.W. Pfaff.

LONG LASTING HYPERPOLARIZATION OF SOLEUS ALPHA MOTONEURON ELICITED
BY PONTINE STIMULATION IN DECEREBRATE STANDING CAT. T. Sakamoto*,
Y. Ohta*, S. Mori (SPON: H. Asanuma),Dept. of Physiol.,Asahikawa
Med. Col., Asahikawa, JAPAN 078-11.

Stimulation of the dorsal part of the caudal tegmental field
(DTF) along the midline of the pons (P5 to P6, H -4.5 to H -5.5)
suppresses the postural muscle tone of hindlimb in the decerebrate
cat. Such a suppression continues for more than several minutes
after termination of stimulation.

To understand the neuronal mechanisms underlying such a long
lasting suppression, we attempted intracellular recording of soleus
alpha motoneurons with glass micropipettes filled with 2M
potassium citrate. While the animal was maintaining the standing
posture, soleus motoneurons were identified by antidromically
stimulating the nerve endings within soleus muscle. DTF stimulation
(10-50 uA, 0.2msec, 50 cps) which lasted 5-10 sec always produced
hyperpolarization in soleus motoneurons with amplitude ranging
between 1 to 16 wV and these hyperpolarizations continued several
minutes after termination of DTF stimulation.

To examine whether there were differences in the mechanisms for
producing hyperpolarizations which were observed during and after
DTF stimulation, following measurements were made. 1) Character-
istics of Ia EPSPs which were evoked at stimulus strengths sub-
threshold for antidromic invasion of identified motoneurons before,
during and 10 sec after DTF stimulation. 2) Delay of antidromic
spike potentials which were evoked at a frequency of 1-2 Hz. 3)
Differences in input resistance. These were determined by deliver-
ing depolarizing and hyperpolarizing current pulses through the
impaling microelectrode and dividing the elicited voltage changes
by the amount of injected current. 4) Reversal of hyperpolarization
by injecting ClTion through 3M potassium chloride microelectrode.

The results obtained were: During DTF stimulation, 1) :here
were reductions in amplitude and in the time of decay of the
averaged EPSPs, 2) there was a suppression of antidromic impulse
propagation,i.e., increased IS-SD delay or IS-SD block, 3) there
was a reduction of the input resistance and 4) there was a reversal
of the membrane hyperpolarization. None of such modifications were
evident during the hyperpolarization which outlasted beyond the
termination of DTF stimulation.

These results indicated that there were differences between
different parts of long lasting hyperpolarizations, i.e., during
and after DTF stimulation. It was concluded that postsynaptic
inhibition played a major role during the DTF stimulation but
disfacilitation or other mechanisms played a major role after
termination of DTF stimulation.

VESTIBULOSPINAL AND RETICULOSPINAL INTERACTIONS IN ACTIVATING
AXIAL MUSCLE EMG IN THE RAT. S.L. Cottingham*, P.A. Femano, and
The Rockefeller University, New York, NY 10021.

Lesion and electrical stimulation studies show that vestibulo-
spinal and reticulospinal systems are necessary for lordosis, an
hormonally-dependent female rat sex behavior (Modianos and Pfaff,
1976). Electrical stimulation of the medullary reticular
formation (MRF) activates the axial muscles medial longissimus
(ML) and lateral longissimus (LL) essential for the vertebral
dorsiflexion of the lordosis reflex (Femano et al, 1984). The
present study examines activation of ML and LL muscles by
electrical stimulation of the lateral vestibular nucleus (LVN),
and interactions between vestibulospinal and reticulospinal
stimulation of these muscles.

Female rats were anesthetized with urethane, and two multi-
stranded stainless steel EMG recording electrodes were placed in
ML and LL at spinal level L4-L5. EMG units were amplified and
displayed on an oscilloscope, and PST histograms were constructed.
Electrical stimulation to MRF and LVN consisted of neg-pos
biphasic pulses (0.2 msec/phase) at 200 Hz delivered in trains
(30-100 pulses/train, one train/sec). Effective current range:
20-100 uA; 40-50 pA was typical. Data reported were from nucleus
gigantocellularis in RF, and medial, central, and lateral place~
ments in LVN. Electrical stimulation of LVN activated ML
(threshold range 20-50 pA) and LL (thr 20-50 pA). Similarly,
electrical stimulation of MRF activated ML (thr 20-40 pA) and LL
(thr 20-50 pA). With repetitive delivery of trains to LVN or MRF,
each successive train was more effective; that is, the tenth train
elicited more units, at shorter latency than the first. LVN-
evoked activity in the axial muscles can be facilitated by elec-
trical stimulation of MRF. Facilitation was observed as a lower-
ing of threshold to elicit muscle activity; for LVN stimulation
already above threshold, an increase in number of units firing for
a given LVN current was seen. MRF sites that produced facilitation
of an LVN response were sites that evoked firing in axial muscles.
LUN stimulation also facilitated MRF-evoked axial muscle activity.
Trains using currents subthreshold for both MRF and LVN (the lower
being 10-50% of threshold), delivered simultaneously to MRF and
LVN, could lead to activity in axial muscles. Inhibitory MRF
sites did not activate ML or LL, but ventroflexion of the animal
was sometimes observed. Such inhibitory interactions were
accompanied by rebound facilitation.

Ventral and medial motor control systems long have been
suspected to be important for axial motor control (Lawrence and
Kuypers, 1968). These EMG data in the rat show some ways in which
lateral vestibulospinal and medullary reticulospinal neurons could
cooperate in activating deep back muscles important for reproduc-
tive and other behaviors. (Supported by NIMH grant MH38273).
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12.9 LOCUS COERULEUS FACILITATION OF LUMBAR MONOSYNAPTIC REFLEXES IN THE
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RAT. Julie Y.H. Chan, Simon J. Fung, Samuel H.H. Chan and Charles
D. Barnes. Washington State University, College of Veterinary Med.,
PulTman, WA 99164-6520.

Stimulation of the locus coeruleus (LC) in the cat has been
demonstrated in our Taboratory to unequivocally produce facilitat-
ion of both extensor and flexor monosynaptic reflexes (MSRs) of the
hindlimb. Since the majority of work on coerulospinal projections
was performed on rodents, and there are known structural differen-
ces in the LC of cats and rats, the possibility arises for a
specific difference in LC influences on spinal motoneurons. The
present study was initiated to examine this possibility, by extend-
ing our previous investigations on cats to the rat.

MSRs were evoked in chloral hydrate-anesthetized male Sprague-
Dawley rats by stimulating either the L5 dorsal root or the post-
erjor tibial (TIB)/common peroneal (CP) nerves, respective repre-
sentative of extensor/flexor muscle nerves. They were quantified
by the amplitude of the compound action potential recorded from the
L5 ventral root. Electrical activation of the LC, using a train of
four 100- or 500-us rectangular pulses at a train pulse frequency
of 770 Hz, consistently promoted facilitation of these MSRs regard-
less of their origins. Such LC-evoked potentiations may vary in
degree (37.5-147.4%), duration (70.6-72.9 ms) and latency (3.0-5.5
ms) among different animals. Further experiments, using the
tracking technique, ascertained that our observations were speci-
fically the result of activating LC neurons locally and not due to
current spread to neighboring tissues.

While affecting minimally the control MSRs, intravenous admin-
istration of prazosin (20 ug/kg) significantly antagonized the
enhancing effects of LC on MSRs. It is also interesting to note
that the ventral root discharges elicited by LC stimulation were
also depressed by this alpha,-adrenoceptor blocker. These data
confirmed the involvement of noradrenergic neurotransmission in the
LC-promoted facilitation of MSRs.

Since the results obtained in the present study are in general
agreement with previous observations from this laboratory on the
cat, we conclude that the LC exerts similar actions on the spinal
motoneurons in at least two animal species, cat and rat. We
postulate that this pontine nucleus may directly or indirectly
excite the motoneuron pool, allowing more neurons to be included
in the discharge zone upon the arrival of afferent volleys, in a
process that involves noradrenergic neurotransmission.

(Supported by NIH grant NS20979)

RETROGRADE LABELING OF SPINAL NEURONS FOLLOWING INJECTION OF HRP
INTO THE FLEXOR DIGITORUM LONGUS MOTOR NUCLEUS IN THE CAT.
D. Meyers®, J.W. Fleshman and B.J. Schmidt* (SPON: J.S. McIntosh).
Laboratory of Neural Control, NINCDS, NIH, Bethesda, MD 20205.

It has been known for some time that EPSPs can be evoked in
motoneurons following electrical stimulation of cutaneous mnerves.
Previous results from this laboratory (Fleshman et al., Exp. Brain
Res. 54: 133, 1984 and Fleshman et al., this meeting) have shown
that, following electrical stimulation of the superficial peroneal
nerve, short latency EPSPs are generated in flexor digitorum
longus (FDL) motoneurons. The segmental onset latency of these
EPSPs is so short (1.3-2.0 ms) as to suggest the existence of a
disynaptic pathway from the skin to the FDL motoneurons. If this
pathway exists, the intercalated neuron should be located in the
deeper laminae of the medial dorsal horn (the termination region
of cutaneous afferents innervating the distal hindlimb). At
present there is no evidence that this region of the grey matter
contains neurons that are both presynaptic to motoneurons and
monosynaptically driven by cutaneous afferents.

In the present work we are attempting to determine whether
there are last-order premotor interneurons in the dorsal horn by
making small pressure injections of lectin-conjugated HRP through
a micropipette (tip size 5-10 pm) at a number of sites in the FDL
motor nucleus. The pipette tip was positioned by recording the
antidromic field potential elicited from the FDL nerve. Animals
were perfused after a survival period of 24 hr. The cord was then
sectioned and reacted with tetramethyl benzidene.

Of three experiments, one with effective injection sites about
1 mm in diameter is presented below. Retrogradely labeled neurons
were found on both sides of the cord in the L6-L7 segments. Cells
labeled contralateral to the injection site were restricted to
lamina VIIXI. These cells may be the last order neurons in the
crossed extension reflex pathway. As expected, most cells labeled
ipsilateral to the injection site were located in laminae VII and
IX with a few cells in lateral lamina VIII. There was, however,
another group of labeled cells located in ventral lamina V and
lamina VI. These data are consistent with the hypothesis of a
disynaptic cutaneous pathway to FDL motoneurons. Further
experiments are in progress using smaller injection volumes and
techniques to minimize problems associated with uptake from
damaged axons.

12.10 STUDIES ON INPUT-OUTPUT ORGANIZATION OF MEDIAL PONTINE RETICULAR

12.12

FORMATION. R.W. McCarley and K. Ito. Neuroscience Lab., Harvard
Medical School and VAMC, Brockton, MA 02401.

Considerable data indicate the importance of mPRF for a number
of behaviors, including saccadic eye movements, somatic motor
activity and REM sleep, but there have been few physiological
studies of mPRF organization and none explicitly addressing the
question of whether some mPRF neurons are specialized to receive
input ("input neurons') and others are specialized as "output
neurons'. We have recently examined this question with intra-
cellular mPRF recordings and microstimulation (<85 uA) of reti-
cular areas, using undrugged cats so as not to introduce an-
aesthetic confounds. Monosynaptic responses were defined as PSPs
of <1.2 ms latency and antidromic (AD) responses by the usual
intracellular criteria.

In 40 mPRF neurons antidromically activated from ipsilateral
bulbar magnocellular tegmental field (FTM) we varied stimulation
current to below AD threshold; in 38/40 neurons (95%) monosynaptic
PSPs were seen, with 87% EPSPs and 13% IPSPs; these were the same
proportions as seen in a larger sample (N=470) of mPRF neurons
showing no AD activation (chi square test, p=0.5). Furthermore,
the histograms of monosynaptic latencies for the AD and non-AD
groups were not different (Kolmogoroff-Smirnoff test, p > .4) and
the mean latency was identical (0.73 ms). Thus there was no
evidence for any distinction on any of the input parameters
between the population of "output neurons" (AD) and the total
sample population, and thus no evidence for the presence of a
specialized "input neuron'". We simularly found no differences in
the proportion of monosynaptic PSPs in mPRF neurons that were and
were not AD activated by microstimulation of ipsilateral bulbar
lateral and gigantocellular fields and contralateral gigantocellu-
lar PRF, although the small Ns (10) made detailed statistical
comparisons impossible.

The apparent identity of input and output elements in mPRF
suggests that a great deal of integration of input for response is
done in individual mPRF neurons rather than having a "cascade" of
information flow from one neuronal type to another as in cerebral
cortex. The large size of mPRF soma and of dendritic fields and
the absence of anatomical evidence for Golgi II neurons among mPRF
neurons is also compatible with this concept. If there are no
"interneurons" in mPRF, this raises the interesting question of
the origin of relatively short latency IPSPs which follow EPSPs.
On the veatral and lateral borders of mPRF we have recorded
neurons with a burst discharge that occurs just after the time of
EPSPs in mPRF neurons. While further data are necessary, these
burst neurons are possible candidates for neurons inhibitory to
mPRF.

CYTOCHEMICAL LOCALIZATION OF CYTOCHROME OXIDASE IN THE SPINAL CORD
AND DORSAL ROOT GANGLIA, WITH QUANTITATIVE ANALYSIS OF VENTRAL HORN
CELLS IN THE MONKEY. M. Wong-Riley and D.A. Hoppe*. Dept. of
Anatomy, Med. Coll. of Wisconsin, Milwaukee, WI 53226,

At the 1984 Neuroscience meeting, we (Wong-Riley and Kageyama)
reported the histochemical pattern for cytochrome oxidase (C.0.) in
the spinal cord and dorsal root ganglia of several mammalian
species. The present report represents an extension of that study
to the ultrastructural level in the macaque. The spinal cord
exhibited a heterogeneous but consistent pattern of C.0. staining,
which could be correlated positively with known levels of activity
in various nuclear groups. We have selected the substantia
gelatinosa, dorsal nucleus of Clarke, ventral horn and dorsal root
ganglia for further EM analysis. 1In the lightly reactive
substantia gelatinosa layer, there were relatively few mitochondria
in both neurons and neuropil. Most of the neurons were small,
spindle-shaped, and contained very few and lightly-reactive
mitochondria. In the dorsal nucleus of Clarke, medium to large
neurons contained numerous darkly reactive mitochondria intermixed
with a rich array of other organelles. Some of the smaller neurons
were much less reactive, In the ventral horn, many of the large
motoneurons had lightly-reactive mitochondria, while small and
medium-sized neurons often contained moderate to darkly-reactive
mitochondria. Axon terminals in the ventral horn had varying
degrees of C.0. reactivity, Medium-sized "F" terminals with
flattened synaptic vesicles typically had darkly~reactive
mitochondria, while small "S" terminals with spherical vesicles
often had light to moderately-reactive ones. The largest "C" type
terminals were richly supplied with lightly-reactive mitochondria.
"M" terminals with Taxi bodies were rarely encountered.
Quantitative analysis of 1770 ventral horn neurons from 3 macaque
monkeys indicated that the distribution of cell sizes as well as
optical densities (for C.0. activity) at every level of the cord
fell on a continuum. There was a negative regression coefficient
such that a greater proportion of large neurons tended to be less
reactive than the small ones. However, neurons of all size
categories had representations in the dark, moderate, and light
ranges of C.0. reactivity. Dorsal root ganglion neurons likewise
exhibited a heterogeneous distribution of C.0. reactivity in every
size category. The darkly reactive ones had a large number of
reactive mitochondria, while others with equivalent volume of
cytoplasm had fewer mitochondria, most of which were only lightly
reactive. Satellite cells were not reactive for C.0.

Thus, our analyses indicate that the oxidative enzymatic
activity of neurons in the spinal cord and dorsal root ganglia
cannot be correlated strictly with size, but it is likely to
reflect their total functional demand which, in turn, is strongly
governed by their cumulative levels of synaptic and spontaneous
activities. (Supported by NIH NS18122.)
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ANATOMICAL AND PHYSIOLOGICAL ASPECTS OF THE ELECTROGENIC SYSTEM
IN THE SPINAL CORD OF GYMNOTUS CARAPO. E. Decima, J. A. Echague*,
D. Lorenzo* and O. Trujillo-Cenoz*. Dept. of Anatomy, UCLA School
of Medicine, Los Angeles, CA 90024, U.S.A., and Neurobiology,
Inst. C. Estable, Montevideo, Uruguay.

The electrogenic system of the so-called '"weakly electric
fish" consists of a muscle-derived electrogenic organ (EO) and a
complex neural command determining the characteristics of the
EO discharge (EOD). The main components of the command network
are located in the fish medulla and spinal cord. This report
concerns the spinal cord portion of the system, particularly the
electrogenic neurons. These represent the final output of the
EO command system and they were unambiguously identified by means
of the somatopetal transport of HRP previously injected in the
EO. The HRP-labelled cells are located medially, close to and
dorsal to the ependyma. They form a long slender column along
the spinal cord. When silver-impregnated, each neuron appears as
a monopolar pear-shaped cell (about 25 in diameter), whose
axon runs perpendicular to the main axis of the fish. Under the
EM the electromotor neurons show synaptic knobs apposed to the
somatic plasma membrane. Most of these synaptic terminals
exhibit the characteristics of both chemical and electrical
synapses.

Electrophysiological recordings of extracellular activity
(field potentials and unitary responses) were obtained from the
spinal cord with glass micropipettes while the EOD was simul-
taneously monitored. In the first type of experiment a high
spinal cord section was made and stimulating electrodes were
implanted in the caudal stump. Their aim was to activate the
descending tract. In a second design, the animal was immobilized
with gallamine and artificially oxygenated. Under this condition
the normal activation of spinal electrogenic cells was maintained.
In both experiments, field potentials and unitary responses were
recorded preceding the EOD by 0.6 to 0.8 ms.

It remains to be elucidated whether these electrical events
correspond to the activity of the electrogenic neurons themselves
or to their driving pre-synaptic elements (i.e., those axons from
the medullary command centers).

Partially supported by NSF Grant AM95, INT - 3411858.
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MESOLIMBIC AND NIGROSTRIATAL DOPAMINERGIC AUTORECEPTOR PROPERTIES
OF (-)~APOMORPHINE: SEROTONERGIC INTERACTIONS. P.A. Broderick,
Department of Psychiatry, Albert Einstein College of Medicine,
Bronx, New York, 10461 and Department of Biology and Medical Tech-
nology, Bronx Community College, The City University of New York,
Bronx, New York 10453.

(-)-Apomorphine's presently suggested role as prototypic dopa-
mine autoreceptor agonist is intriguing. Small doses of (-)-apo-
morphine selectively stimulate presynaptic autoreceptors on dopa-
minergic nigrostriatal neurons and may serve as the mechanism for
the suppression of firing rate and possibly release in dopamine
neurons. This is in keeping with behavioral effects of (-)-apo-
morphine which show that administration of small doses of (-)-a-
pomorphine decrease locomotor activity, similar to the effects of
dopamine receptor blockers; nonetheless, larger doses of (-)-apo-
morphine produce an increase in locomotor activity (Strombom, U.,
Acta Physiol. Scand. suppl., 431:1-103, 1975). 1In vivo electro-
chemical procedures are particularly suited to further investigate
autoreceptor hypotheses because they measure the ongoing dynamics
of neurotransmitter release in the synaptic cleft. A previous
paper using in vivo electrochemistry (Broderick, P.A., Annals of
N.Y. Acad. Sci., 1985, in press) demonstrates evidence for a sig-
nificant suppression (p<0.05) of dopamine release after intraperi-
toneal administration of small doses of (-)-apomorphine to male,
Sprague-Dawley rats, stereotaxically implanted with stearate in-
dicator electrodes in anterior striatum (for methodological de-
tails, cf. Broderick, P.A., Life Sci., 36(24):2269-2275, 1985).
The data further show a reversal of this (-)-apomorphine effect at
larger doses, possibly stimulating postsynaptic dopaminergic re-
ceptors and perhaps explaining unexpected, behavioral responses
(Strombom, U., NamynSchmiedeberg's Arch. Pharmacol., 292:167-176,
1976). The present paper further shows that the sensitivity of
mesolimbic dopaminergic autoreceptors, as shown by dopamine re-
lease from tuberculum olfactorium, after systemic (-)-apomorphine
administration, may be greater than that of striatum, in agreement
with electrophysiological studies (Roth, R.H., Comm. Psychopharm-
acol., 3:429-445, 1979). Preliminary data showed that serotonin
release from rat striatum after (-)-apomorphine appeared incon-
sistent; serotonin release from rat tuberculum olfactorium, after
(-)-apomorphine, decreased 30-40% below basal levels. These data
support previous data (Lee, E.H. and Geyer, M.A., Eur. J. Pharma-
acol., 94(3-4):297-303, 1983) which showed differential effects
of dopaminergic autoreceptor agonist activity in striatal and mes-
olimbic serotonergic systems in rat brain.

13.2 ASSOCIATIVE PRESYNAPTIC INTERACTIONS IN THE CAy AREA OF RAT

HIPPOCAMPUS. B. R. Sastry and J. W. Goh*. Neuroscience Research
Laboratory, Department of Pharmacology and Therapeutics, Faculty
of Medicine, The University of British Columbia, Vancouver,
B. C., Canada, V6T 1W5.

A tetanic stimulation of stratum radiatum in the hippocampus
results in a post-tetanic long-lasting potentiation (LLP) of the
CA1 neuronal population spike evoked by the same input. Some
investigators reported that a coactivation of several input
fibres is needed to induce LLP and suggested that the necessity
for a coactivation of several input fibres and the associative
nature of the induction of LLP could be explained if LLP is
postsynaptic. In the present studies on rat hippocampal slices,
we examined whether Schaffer collateral terminals interact with
each other.

Individual CA3 neurones were antidromically activated with
an electrode in the CAlp area to determine the threshold for
the generation of an action potential in the terminal region of
the fibre. The threshold was usually decreased (by about 15% at
50 ms delay) for about 300 ms following the activation (with a
separate electrode in the CAy area) of other nearby fibres in
stratum radiatum (5 conditioning pulses at 100 Hz, n = 14). The
decrease in the threshold was less intense if the conditioning
was given in Ca**-free (substituted with Mn*t) medium (n =
81. Exposure of slices for 1 min to a medium containing 4.5 mM
K (control medium had 3.1 mM K*) also decreased the
threshold (by 11-36%, 5/6). When the number of conditioning
pulses was increased to 10 (at 100 Hz), the threshold was
increased (by 88-294% at 50 ms delay, 3/7; by 83-278% at 300 ms
delay, 5/7). Exposure for 1 min of slices to a medium containing
6 mM K resulted in an increase in the threshold (by 22-215%,
5/7) while an exposure to a 12 mM K* containing medium caused
even a larger increase in the threshold (by 55-300%, 7/7).
Subsequent to the exposure of the slices to 12 mM K%, the
threshold was maintained at higher than control for a long period
of time (increase in threshold 20 min post 12 mM K*: ~25-76%,
5/7) as was seen during LLP of the population spike.

These results indicate that presynaptic terminals in the
hippocampal CA] area interact with each other to alter their
excitability. The interaction may be a consequence of a build-up
of extracellular K* or secondary to the release of
transmitters. In view of these results, future studies should
eéamine if such interactions play a role in associative induction
[4

(Supported by the Medical Research Council of Canada.)
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LARGE MYELINATED CLUB ENDINGS ON THE GOLDFISH MAUTHNER CELL.
J.-¥. Lin and D.S. Faber. Div. Neurobiology, Dept. Physiology,
SUNY at Buffalo, Buffalo,NY 14214,

The major excitatory inputs to the goldfish Mauthner (M-)cell
are the large myelinated club endings (LMCE) which arise from
the saccular nerve and terminate on the lateral dendrite.
Ultrastructural studies demonstrated that all the endings
established morphologically mixed synapses on the M-cell
(Nakajima,Y., J.Comp.Neurol. 156:375,1974). In contrast, our
electrophysiological investigations, utilizing simultaneous pre-
and postsynaptic intracellular recordings, show that impulses in
most of the saccular fibers sampled (>80%) produce only
electrotonic coupling potentials in the M-cell, i.e. they are
chemically 'silent'. In the remaining cases, chemical
excitatory postsynaptic potentials (EPSPs) are recorded as well.
Presynaptic HRP injections demonstrate that the individual
afferents send one process to the M-cell which terminate as
LMCEs. Thus EPSP fluctuations could be studied under conditions
where branch point failure does not occur and presynaptic spike
variations can be monitored directly.

The average unitary EPSP amplitude was 137+77uV (n=15) and
was significantly less than the electrotonic coupling potential
(826+410pV) produced by impulses in the same fibers. When
individual saccular fibers were activated repetitively at
intervals of 1.5 to 3 msec., the EPSPs showed pronounced
facilitation; the second and third EPSPs averaged 91% (n=6) and
102% (n=5) larger than the first, respectively. The coefficient
of variation of the second EPSP was always smaller than that of
the first, which is expected if transmitter release is quantal
and probabilistic. Furthermore, fluctuations in the amplitudes
of the first and second EPSPs were uncorrelated. This
independence strongly suggests a presynaptic origin for the
facilitation and is consistent with the notion that it occurred
at any active site regardless of whether or not it had undergone
exocytosis.

Repetitive stimulation of the 'silent' junctions failed to
evoke any detectable EPSPs following the second or third spikes.
Similarly, while 4-aminopyridine increased EPSP amplitude and
duration, it had no detectable effect on the silent junctions.
The contrast between facilitation of functioning chemical
synapses and the inability to evoke EPSPs at silent synapses
suggests that in the latter case either: (1) the postsynaptic
receptors, if present, did not respond to the released
transmitter, or (2) there is an overriding mechanism in
presynaptic terminals which block release at all active sites
and is insensitive to the facilitatory mechanisms described
here. Supported by NIH Grant #NS-15335.

DIFFERENTIAL MODULATION OF ENDPLATE POTENTIALS IN SLOW AND
FAST MAMMALIAN MUSCLES.

A. Lev-Tov, The Department of Anatomy, The Hebrew University
Medical School, Jerusalem, Israel.

The modulation of endplate potentials during double pulse
stimulation and repetitive stimulus trains was studied in
the fast twitch extensor digitorum longus (EDL) versus the
slow-twitch soleus (Sol) muscles of the rat. Nerve-muscle
preparations were isolated from 8 rats and the muscular
contraction was abolished by decreasing the calcium level of
the perfusate. The muscle nerve was stimulated by a suction
electrode and the synaptic potentials were recorded using
surface-extracellular and conventional intracellular
recording methods. Twin-pulse facilitation (F) was measured
from 32-sweep computer averages. Tetanic potentiation (TP)
and posttetanic potentiation (PTP) were evaluated from
computer averages of endplate potentials at the end and
immediately following stimulus trains of 200 pulses. The
data revealed that F, TP and PTP were substantially higher
in EDL versus Sol synapses (see the table below).

Interpulse P(max) PTP

F
100(V2/V1i-1)

interval (#potentiation)
25ms EDL *30.3#2.0 (5) *251.1417.7 (11) *44.0#5.7 (11)
Sol 25.6+2.0 (5) 169.4+12.7 (14) 22.6£10.7(14)
100ms EDL 13.6%2.0 (4)
Sol 11.7#3.0 (4)
200ms EDL *10.5#1.0 (5) *41.36.5 ( 9) *12.5+2.9 ( 9)
Sol 3.1+1.0 (5) 16.4+2.2 (10) 7.2+3.7 (10)

These data are based on surface recordings from populations
of synapses. The number of recording sessions (each from a
different recording site) are in parentheses. Sig- nificant
differences between the respective means of EDL and Sol (two
tail t-test P<0.001) are denoted by asterics (*).

The results thus demonstrate that the synaptic potentials
generated in neuromuscular synapses of slow twitch mammalian
muscles are modulated differently from those generated in
fast twitch muscles. Further studies regarding the basis for
these differences are now in progress.

Supported by a grant from the Israel Academy of Sciences and
Humanities.
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QUANTAL ANALYSES DURING PRESYNAPTIC INHIBITIO}! AND CORRELATED
MORPHOLOGY OF CRAB MOTOR AXON SYNAPSES. F.W. Tse and H.L. Atwood,
Dept. of Physiology, University of Toronto, Toronto, Ontario,
Canada M5S 1A8

The crab limb stretcher muscle is innervated by one excitor (E)
axon. In Pachygrapsus crassipes, this single axon provides
individual muscle fibers with synapses that show diverse synaptic
performance. At low frequencies of stimulation, low-output and
high-output synapses are apparent. Low-output synapses (1 mV
EPSPs at 1 Hz stimulation) show strong facilitation at higher
frequencies of stimulataion and high-output synapses (20 mV EPSPs
at 1 Hz stimulation) show depression or poor facilitation. The E
axon receives diverse strength of presynaptic inhibition (PI) from
a specific inhibitor (SI) axon that is known to form axo-axonal
synapses with the E axon. The distribution of synaptic terminals
and the branching patterns of both axons can be observed with
fluoresence microscopy using rhodamine 123 to stain the nerve
endings. Such staining has no significant effect on synaptic
transmission or on the muscle fibers' resting membrane potential
Focal extracellular ("loose patch") recordings of synaptic
currents from morphologically identified neuromuscular synaptic
sites show that PI is stronger at sites with high-output synapses.
Quantal output of the E axon at identified sites was analysed
statistically with a computer programme. Binomial statistical
parameters (n and p) were calculated before and during PI.
Without PI, the output of the E axon can be described by binomial
statistics which assume that a focal electrode records from a
fixed number (n) of equivalent synapses, each with a uniform and
stationary probability (p) of releasing one quantum of
transmitter. With PI, the reduction in probability of output at a
group of synapses is seldom uniform and sometimes non-stationary.
Usually, the probability of quantal release at some synapses in a
site is reduced to almost zero, while that of adjacent synapses in
the same site is still appreciable. In some cases, PI is strong
and stationary; the output of the E axon can be described by
binomial statistics with a reduced number (n) of detectable
synapses. Fluorescence microscopy shows that high-output synapses
with strong PI occur on compact, end-plate like clusters of
boutons, while low-output synapses with weaker PI occur on more
diffuse axonal branches with sequential boutons. 1In electron
microscopy, active synapses can be distinguished from inactive
ones by an uptake of extracellular markers (e.g. HRP) after
stimulation. This method is being applied to verify whether there
are inhibited synapses adjacent to active ones during presynaptic
inhibition.
Supported by NSERC of Canada.

SEROTONIN PRODUCES A DECREASED CONDUCTANCE EPSP
AND BROADENING OF THE ACTION POTENTIAL IN GROWTH
CONES OF APLYSIA SENSORY NEURONS. F. Belardetti*,
S. Schacher, E.R.Kandel, and S. A. Siegelbaum. Howard Hughes
Medical Institute and Center for Neurobiology & Behavior, Dept. of
Pharmacology, Columbia Univ., College of P & S, and N. Y. State
Psychiat. Instit., New York, NY 10032,

Serotonin (5-HT) facilitates transmitter release from sensory
neuron terminals in Aplysia abdominal ganglia, and produces a slow
EPSP and broadening of the action potential (AP) due to closure of a
specific class of K* channels (S channels). In the past, exploration of
the relation of the S channel modulation to presynaptic facilitation
was restricted to studies of the cell body membrane. To explore
whether K* channel closure also occurs in presynaptic terminals, we
have used the whole cell patch clamp and studied the action of 5-HT
on both intact and isolated growth cones (g.c.), the precursors to the
mature synaptic terminal of Aplysia sensory neurons in culture.

Using patch pipettes filled with an "intracellular" solution
(containing KCl, EGTA, MgATP, GTP, and HEPES at pH 7.3) we
recorded resting potentials of -50 to -60 mV. Recordings from cell
bodies (n=8) show that a brief puff of 5-HT (100 uM serotonin
creatinine sulfate) produces a slow depolarization of 4-10mV, a
15-20% increase in input resistance, and a 14-30% increase in the
action potential duration. Recordings from intact growth cones (n=4)
show that before application of 5-HT, the growth cones are either
inexcitable or fire only a small AP. After application of 5-HT either
on the growth cones or the cell bodies, the growth cones show a slow
depolarization of 2-7 mV and a 3-14% increase in input resistance.
In addition, all growth cones now display action potentials, and in
those that had action potentials prior to 5-HT, there is an increase in
duration (25%).

To determine whether these effects of 5-HT result from a
modulation of ionic conductances within the growth cone itself, we
have begun to record from growth cones that had been mechanically
isolated from their axons with a glass needle. Most of the growth
cones remained morphologically and electrically intact and
depolarizing current pulses elicit an action potential. In preliminary
experiments, we have found that 5-HT (n=2) induces a 22%
broadening in action potential duration, a slow 2-5 mV depolarization
of the resting potential, and a 12-24% increase in input resistance.
Application of a control solution (n=2) (creatinine sulfate) had no
effect. These findings indicate that 5-HT induces a slow EPSP in
sensory neuron growth cones that is similar ot the EPSP produced in
the cell body, and suggest that an increase in excitability and in the
broadening of the AP at the terminals contributes to presynaptic
facilitation.
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13.7 PRESYNAPTIC FACILITATION IN APLYSIA SENSORY NEURONS: A

13.9

PROCESS INDEPENDENT OF K* CURRENT MODULATION BECOMES
IMPORTANT WHEN TRANSMITTER RELEASE 1S DEPRESSED.
B. Hochner ¥, S. Schacher, M. Klein*, and E. R. Kandel. H. Hughes Medical
Institute and Center for Neurobiology and Behavior, Columbia P & S.

Sensitization in Aplysia involves cAMP-mediated presynaptic facilita-
tion of transmitter release from sensory neurons. This process is
accompanied by reduction in a K* current (S-current). Closure of these
channels can produce spike broadening which increases Ca** influx and
enhances transmitter release. Two recent findings raised the possibility
that another process might also contribute to facilitation: 1) 5-HT
increases the Ca** transient (measured with arsenazo III) caused by long
depolarizing commands under voltage clamp (Boyle et al., 1984); 2) Block-
ade of 5HT-induced facilitation using K* channel blockers reduces not only
the S current but also the increase in Ca** transient (Hochner et al., 1984).

To reveal additional processes in facilitation we prevented the voltage
changes produced by 5-HT-induced closure of the S-channel using voltage
clamp. To achieve optimal control of the terminals, we isolated sensory
neurons and their followers and plated them in close proximity in
dissociated cell culture. The synaptic connections formed are similar to
those in vivo and in some cases we could control transmitter release from
the cell body in normal sea water using a two-electrode voltage clamp.
The dependence of PSP amplitude on voltage step duration is steep.
Release starts with a duration of l.5msec and asymptotes at 10 to
20 msec. In the range of l.5msec to 3 msec, a 0.5 msec increase in
duration causes a 2 to 3 fold increase in transmitter release, suggesting
that in the normal range of release spike broadening plays an important
role in facilitation. This input-output relationship is not mantained,
however, when this synapse undergoes homosynaptic depression with
repeated stimulation as in vivo. In the depressed state, the increase in
release caused by increasing step duration is greatly reduced. This
suggests that now the amount of transmitter available for release is
limiting; this is also supported by the fact that the PSPs produced by short
pulses are more refractory to depression. When 5-HT is applied to
depressed synapses, there is only little or no facilitation of the PSPs
produced by short duration pulses, but large facilitation for PSPs elicited
with longer duration pulses. In addition, 5-HT restores the steepness of the
input-output relation. TEA does not mimic this effect.

These data suggest that 5-HT induces presynaptic facilitation by two
mechanisms: 1) By closure of S-channels. This predominates for short
duration pulses (comparable in duration to the action potentials) and for
normal (nondepressed) levels of release. Here release is strongly dependent
on pulse duration. 2) By mobilization of transmitter or other steps in the
release mechanism. This predominates when the synapse is in a depressed
state and might be related to 5-HT modulation of Ca** handling. In the
intermediate range of release, duration and mobilization both regulate
transmitter release, and here, 5-HT-induced facilitation presumably
involves synergistic interaction of the two processes.

EXPRESSION, PACKAGING, AND REGULATED RELEASE OF HUMAN
GROWTH HORMONE IN PC-12 CELLS. E.S. Schweitzer and R.B.
Kelly. Univ. Cal. Sch. of Med., San Francisco, CA 94143.

We have transfected the gene coding for human
growth hormone into the rat pheochomocytoma-derived
cell line, PC-12,in order to study the processing and
secretion of a foreign peptide by a cell with neuronal
characteristics. The genomic DNA coding for hGH was
introduced in a plasmid containing the selectable
marker for neomycin resistance, permiting the selection
of stably transformed cell lines. The hGH gene is
expressed in these cells, and immunoreactive growth
hormone that co-migrates with authentic hGH is secreted
into the medium. In addition to the major form of the
hormone (MW=22,000), a smaller form of Mr=20,000 is
secreted. This peptide is also found in normal human
(but not rat) pituitary, and is thought to be the result
of alternative RNA splicing.

Human growth hormone is stored within the cells in
a compartment that appears to correspond to the
endogenous catecholaminergic vesicles. These vesicles
can be specifically immunoprecipitated by either of two
vesicle-specific monoclonal antibodies. On sub-cellular
fractionation, hGH co-purifies with the norepinephrine-
containing vesicles. Treatment of the cells with NGF
causes a 2-3 fold increase in the storage of hGH.

Stimulation of the transfected PC-12 cells either
by elevated external K or 5 mM carbachol causes a large,
rapid increase in the release of hGH. This release
peaks in less than 2 min; approximately 40% of the total
stored hGH is released in 10 min. The kinetics of the
hGH release parallel those of norepinephrine, support-
ing the suggestion that they are packaged into the same
vesicles. Differentiation of the cells with NGF causes
an increase in the stimulated secretion of hGH. In these
cells, stimulated release is 25-fold higher than the
basal release. )

The packaging and release of hGH from synaptic
vesicles involves segregation of secretory proteins,
since not all proteins seem to be packaged into these
same vesicles. For example, laminin, a soluble .
protein that is a component of extracelluar'matrlg, is
secreted by PC-12 cells independently of stlmulatlon.
Carbachol causes no increase in the rate of its release.
PC-12 cells therefore possess at least two pgthways for
protein secretion, and are cagable of selectively
packaging a foreign hormone into one of the two paths.
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13.8 RELEASE OF TRANSMITTER FROM APLYSIA SYNAPTOSOMES. G.d. Chin,
" E. Shapiro & J.H. Schwartz. Howard Hughes Med. Inst., Columbia
Univ. Coll. of Physicians & Surgeons, New York, NY 10032.

We have developed a preparation of isolated nerve endings
from Aplysia to examine the biochemistry and physiology of
transmitter release. We find that this synaptosomal prepara-
tion releases neurotransmitter in a Cal*-dependent manner and
displays a Co2*-inhibitable Cal* influx. To prepare synapto-
somes, central ganglia from 8-10 Aplysia (trimmed of all
extraneous connective tissue, but not desheathed) were homo-
genized in buffered 0.8 or 1.1M sucrose using a ground-glass
tissue grinder. Connective tissue debris was removed manual-
ly, and the remaining suspension (10 mg protein in 1.0 -1.5
ml) was centrifuged for 10 min at 1000 x g on a two-step
density gradient (0.8M/1.1M sucrose). We isolated three
fractions: P1l, the pellet below the 1.1M sucrose layer; P2,
the material suspended in the 1.1M layer and the 0.8M/1.1M
interface; and P3, the 0.8M layer and floating material. The
two lighter fractions were diluted with several vol of CaZ*-
free seawater and centrifuged for 10 min at 10,000 x g to
obtain membrane pellets P2 (2 mg protein) and P3 (1 mg
protein).

For electron microscopy, the pellets were fixed and sec-
tioned and then compared stereometrically (n=4). Profiles con-
taining synaptic vesicles enclosed by external membrane were
called synaptosomes. The % area occupied by synaptosomes in
the unfractionated homogenate was 7.1, Pl contained 4.2%
synaptosomes, P2 14.4% synaptosomes, and P3 22.1%. The
average diameter of an Aplysia synaptosome is 1 um, with many
profiles as large as 3 um.

To measure Cal* uptake, the membranes were resuspended and
incubated for 30 sec at room temperature in normal or high K*
solutions containing 5Ca. Uptake assayed on glass fiber
filters was greatest in the P3 fraction; it was stimulated by
high K*, and inhibited by 5 mM Co2*. Transmitter release was
assayed similarly. Membrane fractions were labeled with 3H-
choline for 30 min at 150C, then washed and suspended in Calt-
free seawater at 40C. Aliquots were exposed for 30 sec to
normal or high K* seawater at room temperature, then rapidly
filtered. Release of radioactivity from the P3 membrane was
stimulated by high K* only in the presence of external Cal*.

We are currently extending these investigations in two
directions: First, we are prelabeling identified Aplysia
neurons with radioactive transmitter by intracellular
injection before homogenization to study modulation of release
from identified, isolated presynaptic terminals. Second, we
have begun to characterize these fractions biochemically by
examining protein phosphorylation.

Y.H. Ehrlich, 1.B. Davis*, L. Kornecki and R.H. Lenox. Neurosci.

Res. Unit, Dept. of Psychiatry, Univ. of VT, Burlington, VT 05405

ECTO-PROTEIN KINASE ACTIVITY AT THE SURFACE OF INTACT NEURAL CELLS.

Lxtracellular adenosine triphosphate (ATP) exerts potent effects
on the activity of excitable cells, neurons and muscle. Furthermore

it is known that ATP is released in association with neurotrans-

mitters at synapses and neuromuscular junctions. The molecular mech-

anisms underlying the modulation of neuronal function by extracel
lular ATP may involve the phosphorylation of surface proteins by

ccto-protein kinase activity. Conclusive evidence for the existance

of an ccto-kinase and the identification of its specific protein
substrates requires that studies be carried out with a homogenous

population of intact, viable cells. In the present study, this was

done by incubating intact, viable cells of neuronal origin, the
ncuroblastoma X glioma hybrid clone NG108-15, with extracellular

radiolabeled ATP. -’ZP-incorporation into specific protein components

was measured by autoradiography of SDS-solubilized proteins separ
ted in slab polyacrylamide gels. To exclude the possibility that

a-
the

measured activity arises from serum proteins or resides in membranc

fragments formed when some cells break during harvest, XG108-15
cells were grown and differentiated for 6-8 days in a chemically

defined (serum-free) medium supplemented with insulin, transferrin

and linoleic acid. Cells were grown and assayed whilc attached to
individual wells of 96 well plates. Prior to the assay, the cells
were rinsed with a modified Krebs-Ringer buffer (containing 145mM

NaCl, 6mM KC1, 0.8mM MgCl, and 1.8mM CaCly) and the reactions were
carried out in this physiological medium. Intact cells utilized cox-
traccllular ATP to phosphorylate surface proteins within 30 seconds.

The labeling of intracellular proteins with equivalent amounts of
inorganic 32pj proceeded with a nmuch slower time-course, and pro-

duced a different pattern of protein phosphorylation. Evidence for
the ecto-cnzymatic nature of the measured activity includes the ab-
ility of intact NG108-15 cells to phosphorylate an exogenous protein
(casein), and the climination of the activity by mild treatment of

intact cells with 0.01% trypsin.
cecto-kinase activity in NG108-15
120K, 97K and 44K. When NG108-15
ryl cyclic AMP for 4-6 days they

The major protein substrates of

cells have apparent M.W.'s of 190K,
cells are treated with ImM dibuty-
differentiate morphologically, bio-

chemically and physiologically, and acquire many properties charac-

teristic of mature neurons. In such differentiated NG108-15 cells

Fhe phosphorylation of endogenous proteins by extracellular ATP was
increased compared to nontreated cells, suggesting that ecto-protein
kinase activity is associated with the neuronal properties of these

cells. A possible function for this activity was indicated by our

finding that extracellular ATP induced an increase in the uptake of

Ca**-ions by intact NG108-15 cells.
Supported by grants BNS82-09265 from the NSF, 84-0331 from the
USAFOSR and MH-35735 from USPHS.
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13.11

ATP RELEASED POSTSYNAPTICALLY CONTRIBUTES TO PRESYNAPTIC
NEURONAL ATP POOL AND MODULATES NEURONAL CALCIUM UPTAKE.
C.A. Lindgren and D.O. Smith. Department of Physiology,
University of Wisconsin, Madison, WI 53706.

Stimulation of the excitor axon to the opener muscle in
the crayfish walking leg causes bath levels of ATP, ADP,
AMP and adenosine to increase significantly. Addition of
the postsynaptic antagonist, y-methyl-glutamate, prevented
the increase in ATP and reduced the levels of ADP, AMP,
and adenosine below their limit of detection (1 pmol).

This suggests that activation of the muscle causes it to
release ATP and possibly also its products of hydrolysis.

The released ATP may contribute to the neuronal
intracellular ATP pool. Addition of ATP to the bath
solution increased ATP levels in the negye. Moreover,
addition of 2-deoxy-D-glucose agd [y -""P]-ATP to the bath
resulted in the formation of [~ “P]-2-deoxy-D-glucose-6-P
by the nerve. This implies that the extracellular ATP
must have entered the neuron chemically intact because
these results cannoszbe explained by ext chllular
hydrolysis of the P-ATP to ADP and P-orthophosphate.
We conclude that ATP released by the muscle is capable of
contributing to the neuronal ATP pool.

The released ATP may also modulate transmitter release
from excitor nerve terminals. In cells with normal
intracellular ATP levels, exogenous ATP was found to
inhibit evoked transmitter release by 43%; neither ADP,

AMP nor adenosine had any effect. Omission of glucose from
the bathing solution caused nerve ATP levels to decrease
by 40% within 80 minutes and an additional 10% over the
next two hours. Under these conditions, 5 mM exogenous ATP
increased release by 26%. This latter effect did not
result from changes in intracellular ATP levels induced by
the extracellular ATP since low intracellular ATP levels
per se do not significantly alter average quantal
content, synaptic delay nor interquantal latency.

These effects may be related to changes4§n the cell's
Ca permeability. Stimulation-induced Ca uptake was
reduced exogenous ATP. However, 5 mM ATP increased
resting Ca uptake. These results are interpreted
as follows. Exogenous ATP normally inhibits evoked
transmitter release by reducing stimulation-induced Ca
influx into the synaptic terminal. In the absence of
glucose, however, 5 mM ATP increases transmitter release
because under these conditions the nerve has insufficient
in&;acellular ATP levels to buffer the increased resting
Ca influx. Supported by NIH grant NS13600.
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13.12 CYCLIC AMP REGULATES CALCIUM UPTAKE IN CORTICAL SYNAPTOSOMES OF

THE RAT. J. A. Wagner, I.J. Reynolds and S.H. Snyder.
Department of Neuroscience, 1he Johns Hopkins University School
of Medicine, Baltimore, MD 21205.

Electrophysiological evidence suggests that an adenylate
cyclase system in heart cells regulates calcium conductance
through voltage-sensitive calcium channels. No such evidence
exists for calcium channels in the brain, but modulatory agents
such as enkephalins and adenosine, which influence adenylate
cyclase, regulate release of neurotransmitters through their
effects-on calcium flux in nerve terminals.

Calcium flux into nerve terminals was measured as 45Ca**
uptake into rat brain synaptosomes. Synaptosomal fractions were
prepared according to Hajos (Brain Res. 93:485-489, 1975).
Synaptosomal fractions were preincubated with or without drugs
at 30°C for 30 min and incubated with 45Ca** for 45 sec.
Undepolarized (3 mM KC1) and depolarized (57.5 mM KC1 iso-
osmotically substituted for NaC1) 45ca**uptake was
measured. Uptake was stopped by rapid filtration and assessed
as radioactivity trapped on filters.

Agents that enhance the adenylate cyclase systems, dibutyryl
cyclic AMP, forskolin, and fluoride, enhance depolarized but not
undepolarized synaptosomal ca** uptake in a dose-dependent
fgshion. At 100 uM dibutyryl cyclic AMP maximally enhances
45ca**  uptake by  33°/°. Forskolin  increases  uptake
maximally at 10 wM by 33°/°. Fluoride enhances uptake by
1007 /¢ at 20 mM. These effects are all pharmacologically
specific to adenylate cyclase because inactive analogs of these
agents do not affect 45Ca** uptake. In addition, agonists
at adenosine Aj, GABAg and opiate receptors, which block
neurotransmitter release and inhibit adenylate cyclase, block
depolarization-induced Scatt uptake. These findings
suggest that adenylate cyclase is a major regulator of calcium
uptake into nerve terminals in the brain and thereby modulates
neurotransmitter release. (J.A.W. was supported by an NSF
graduate fellowship.)

PATHWAYS I

14.1

Representation of Envelope Information in Cochlear Microphonic
Responses to Sinusoidal Amplitude Modulation

%
Susan E. Shore and Ben M. Clopton
Kresge Hearing Research Institute

The University of Michigan
1301 E. Ann Street
Ann Arbor, Michigan 48109

Amplitude modulated sinusoids produce responses in VIII nerve
fibers synchronized to the carrier (C), upper and lower sideband
(U and L) and envelope (E) frequencies (Javel, E. J. Acoust.
Soc. Amer. 68:133-146, 1980). For this to occur, the signal
components (C, U and L) must fall within the unit's response
area. The neuron's response to the modulation envelope is
presumed to occur as a result of the relative response amplitudes
and phases of these components. The amplitude of the VIII nerve
response to the envelope varies with modulation frequency (Fm).
The function describing this variation (the modulation transfer
function or MTF) is low pass with a cutoff frequency which
increases as the characteristic frequency of the fiber increases,
reflecting a decrease in discharge modulation as the width of C,
U and L exceed the width of the fiber response area (Palmer, A.
R. Arch. Otorhinolaryngol. 236:197-202, 1982).

However, there are instances in which MTFs may not be directly
predictable from single fiber filter functions. At high
intensities, low CF fibers show synchronized responses to
envelopes at their CFs, although the C, U and L frequencies  do
not fall within their response areas (Javel, 1980). The
responses therefore arise from distortion products propagated to
low frequency regions.

In this study, round window cochlear microphonic (CM)
responses from guinea pigs were obtained to amplitude modulated
sinusoids of different frequencies. Modulation frequency was
varied from 25-800 Hz. Fourier Transforms (FFTs) of the CM
waveforms revealed major frequency components at E and C with
minor components at U and L. The magnitude of E, now expressed
as a ratio of E/C, varied as a function of Fm. The MIF was
bandpass with a maximum around 100 Hz.

These findings suggest that a distortion component at Fm is
generated within the cochlea in response to sinusoidal amplitude
modulation. Our data supports the hypothesis that this could
partly determine those aspects as the response modulation
observed in VIII nerve fibers which are not attributable to
filter bandwidth. This work was supported by grant NS #21769.

Single-Unit Responses at Cochlear Nuclei to
Group Delay in Noise

B. M. Clopton', Y. N. Au" and S. S. Shore
[SPON. Sandord C. Bledsoe]

Kresge Hearing Research Institute

The University of Michigan

1301 E. Ann Street

Ann Arbor, Michigan 48109

The cochlea analyzes sounds with multiple frequency components
into narrowband frequency channels. The outputs of these
channels have amplitude envelopes which slowly vary in time. We
modified the phase spectrum of a wideband noise to produce a
second noise with envelopes delayed relative to those in the
first by an amount proportional to frequency. A comparison of
unit responses in the cochlear nuclei to the two noises show
temporal delays which are predictable from a unit's
characteristic frequency and the envelope or group delay
appropriate to that frequency. In addition to providing a rapid
technique for estimating characteristic frequency using complex
sounds, this experiment illustrates that the envelope waveform
resulting from narrowband filtering is a major determinant of the
temporal pattern of responding for units in the cochlear nuclei.

This work was supported by Grant NS #21769.
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14.3

14.5

CAT COCHLEA DENDRITE RESPONSES FOR DIFFERENT Rm
VALUES AND SYNAPTIC PULSE TRAINS. J.L.
Winslow#*, Faculty of Dentistry, U. of Toronto,
Toronto, Ont. M5G1Gé

The responses of cat cochlea inner and
afferent dendrites to synaptic input were
investigated by solving an electrical
compartment model based on their geometry.
There is still no clear identification of the
role played by outer afferent dendrites in the
peripheral auditory system. The response
potential V(x,t) at 1location x, time t, was
described by a system of ordinary differential
equations, which is the compartmental version of
the cable equation for dendrites. The synapses
were driven by the nonlinear boundary condition
D.V(x,t)), =-(p/mr®) *G(t) *[V(0,t) - Vr - Ena],
where Vr 1is resting potential, Ena is sodium
equilibrium potential, is axoplasm
resistivity, r is radius, and input is post-
synaptic conductance G(t). For inner dendrites
of diameter 1 muM, length 25 muM, followed by a
constricture of diameter 0.3 muM, length 20 uM,
and axon of diameter 2 muM, a system of ordinary
differential equations was obtained and solved
using fast numerical stiff integration
techniques. The responses were as expected with
membrane capacitance 1.3 muF and membrane

outer

resistance 4000 ohm*sqgcm, giving potential
pulses that followed synaptic conductance
pulses. The dendrite showed temporal summation

for pulse trains of 1 KHz. Using the same model
with only the different geometry for outer
dendrites (shaped like a long handled comb with
10 to 100 synapses over 1 mm), response were
similarly calculated. These responses exhibit
spatial summation. However, their response
potential at the spike generating site is too
small to generate spikes at the start of the
myelin. When the membrane resistivity is
increased to 20 K ohm*sgcm, the space constant
and hence response at the AP generating site
increases, but still not sufficient to trigger
spikes. When input for the synapses was taken
to be conductance pulse trains, the responses
showed temporal summation.

AGE-DEPENDENT EFFECTS OF COCHLEA REMOVAL ON THE COCHLEAR
NUCLEI OF MICE. D.B. Webster. Kresge Hearing Research
Laboratory of the South, Departments of Otorhinolaryngology
and Anatomy, Louisiana State Univ. Med. Center, New Orleans,
LA 70119.

The left cochlea was surgically removed in four groups of
mice with seven mice in each group. Group 1 mice had the
cochlea removed at 12 days after birth (DAB) and were
sacrificed at 90 DAB; group 2 mice had their cochlea removed
at 24 DAB and were sacrificed at 90 DAB; group 3 mice had
their cochlea removed at 45 DAB and were sacrificed at 90
DAB; and group 4 mice had their cochlea removed at 45 DAB and
were sacrificed at 123 DAB. All ears and brains were
prepared for serial section, light microscopic analyses. All
right ears were normal and the cochlea, including spiral
ganglion, was totally destroyed in all left ears. 1In the
ventral cochlear nuclei volumes and numbers of neurons were
determined for the anterior ventral cochlear nuclei,
intermediate ventral cochlear nuclei, and posterior ventral
cochlear nuclei. The volumes of the dorsal cochlear nuclei
were measured. The cross-sectional areas of spherical cells,
octopus cells, and globular cells were measured in the
ventral cochlear nuclei.

There were no differences (p > 0.05) in dorsal cochlear
nuclear volumes between left and right sides in any of the 4
groups. ‘In the ventral cochlear nuclei, the volume of each
subdivision and the cross-sectional area of each cell type
were significantly smaller (p < 0.01) in the left (operated)
side than on the right in all four groups. The number of
neurons in the ventral cochlear nuclei was significantly less
(p € 0.01) on the left side than the right in all four
groups. Analyses by subdivisions showed that all significant
cell death occurred in the anterior ventral cochlear nuclei.
Age-dependence of these results were found only for the
volume of ventral cochlear nucleus, the cross-sectional area
of octopus cells, and the number of neurons in the anterior
ventral cochlear nucleus. For these three measurements, the
effects were significantly (p < 0.01) more profound in the
mice with earlier cochlear removals. Cell death in the
anterior ventral cochlear nucleus continued between 90 and
123 days after birth: i.e. there were fewer neurons in the
anterior ventral cochlear nucleus group 4 mice than in group
3 mice.

Supported by NIH grant, NS-19238.

14.4

14.6

$35-CYSTEINE UPTAKE LABELS NEURONS AND SYNAPTIC TERMINALS IN THE
GERBIL COCHLEAR NUCLEUS. I.R. Schwartz, Division of Head & Neck
Surgery, UCLA School of Medicine, Los Angeles, CA 90024

Autoradiographic studies of localization of label following
H3-GABA uptake in synaptic terminals (Schwartz, I.R. 1985, in
Auditory Biochemistry, D. Drescher, ed.) and histochemical studies
of glutamic acid decarboxylase (GAD) immunoreactivity localization
in synaptic terminals and cell bodies (Adams, J.C., Neurosci.
Absts. 10:393, 1984; Moore, J.K. & Moore, R.Y., Neurosci. Absts.
10:843, 1984) provide data which suggests the presence of several
populations of GABAergic neurons and synaptic terminals in the
cochlear nucleus (CN) and superior olivary complex (SOC). However,
Oertel et al (Neurosci. 6:2701-2714, 1981) have shown that GAD
from rat liver and brain is indistinguishable from the protein of
cystein sulfinic acid decarboxylase (CSD). Further, Iwata et al
(J. Neurochem. 38:1268-1274, 1982) have demonstrated transmitter-
like properties of uptake and release of cysteine sulfinic acid
(CSA) by a rat brain preparation. To investigate the possibility
that some of the data suggesting a transmitter role for GABA in
the CN and SOC might be related instead to CSA, or some other
closely related compound, we used light microscopic autoradiography
to examine the distribution of label localization following incub-
ation of fresh gerbil brain slices with $35-cysteine (CYS).

At the light microscopic level CYS incubations produced labeling
of neuronal somata, in contrast to the absence of neuronal somatic
labeling observed in the cat after incubation with D- or L-aspartic
acid, glutamic acid, glycine, GABA, taurine or alanine. In the
gerbil CN labeled small neurons were found sparsely distributed in
the molecular layer of the dorsal and anterior ventral CN (DCN &
AVCN). Neither fusiform cell bodies in the DCN, nor spherical or
globular cell bodies in the AVCN were labeled, although a few small
labeled cells were found within the AVCN. Granule cells appeared
generally unlabeled. The heaviest labeling was observed in
terminals and small processes in the outer molecular layer of both
DCN and VCN, the regions where both radioactive label following
GABA uptake and GAD immunoreactivity are greatest. No labeled
neurons were observed in the SOC.

These observations emphasize the need for additional data,
especially on the "identity of action criteria', before it can be
concluded whether GABA, CYS or some other compound is a transmitter
of the labeled or immunoreactive neural elements.

Supported by grants NS09823 & NS14503 from the NIH/NINCDS and a
grant from the Hope for Hearing Foundation.

SELECTIVE RETROGRADE LABELING OF LATERAL OLIVOCOCHLEAR NEURONS IN
BRAINSTEM BASED ON PREFERENTIAL UPTAKE OF 3H~D-ASPARTIC ACID IN THE
COCHLEA. A.F. Ryan* and I.R. Schwartz (SPON: D. Strelioff).
Division of Otolaryngology, VA Medical Center & UCSD School of
Medicine, La Jolla, CA 92093 and Division of Head & Neck Surgery,
UCLA School of Medicine, Los Angeles, CA 90024.

Cochlear perfusion with probe concentrations of 3H-D-aspartic
acid (D-ASP) results in preferential labeling of 60% of the
efferent terminals under the innmer hair cells (IHCs), based on EM
autoradiographic reconstruction, while efferents beneath the outer
hair cells (OHCs) are not labeled. Perfusion with 3H-GABA results
in labeling of all efferents under the OHCs, and 40% of the
efferent terminals under the IHCs. Cochlear afferents are not
labeled with either amino acid (Schwartz and Ryan, Hearing Res.
9:185, 1983; unpubl. obs.). To identify the central neurons
whose projections give rise to D-ASP-labeled fibers and terminals,
gerbils were perfused perilymphatically with D-ASP in artificial
perilymph and allowed to survive for 24 or 48 hours. The brains
were then prepared for light microscopic autoradiography.

At 24 hours after D-ASP perfusion, densely-labeled cells and
neural processes were observed in the ipsilateral lateral superior
olivary nucleus (LSO). The cells were primarily fusiform in shape
and were found throughout the LSO, although with a tendency to be
located at the margins of the nucleus and in the medial and middle
limbs. Labeled cells and processes were observed in the contrala-
teral LSO, but they represented only 5-10% of the number observed
ipsilaterally. At 48 hours after D-ASP perfusion, a smaller number
of similarly distributed cells and axoms in the LSO were labeled.

At both 24 and 48 hours after D-ASP perfusion, densely-labeled,
scattered fibers could be traced dorsally from the ipsilateral LSO.
After passing on the medial side of the trigeminal nucleus, the
fibers turned laterally and aggregated to form bundles. Labeled
fibers from the contralateral LSO passed under the floor of the
fourth ventricle to join the ipsilateral fibers at this point. The
fibers could be traced along the ventromedial edge of the vestibu-
lar portion of the VIIIth nerve root to the nerve stump. Adjacent
to the cochlear nucleus (CN), densely-labeled collateral fibers
left the bundles and crossed the VIIIth nerve root to enter the CN.
Labeled fibers and apparent terminals were prominent throughout the
central region of the ventral CN.

The D-ASP-labeled cells and fibers clearly belong to the lateral
olivocochlear system identified by Warr and Guinan (Brain Res.
173: 152, 1979) in the cat. Neither retrograde transport of D-ASP
by medial olivocochlear neurons, nor anterograde transport by
afferent VIIIth nerve fibers, were observed. Retrograde transport
of D-ASP thus allows the cells, axons and collaterals of the later-
al olivocochlear system to be studied in isolation.

Supported by the Research Service of the VA and by NIH/NINCDS
grants NS14945, NS09823 and NS14503.
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14.9

REPRESENTATION OF A SINGLE LOW FREQUENCY TONE BY THE AVERAGE
DRIVEN RATE OF AUDITORY-NERVE FIBERS. W.P. Shofner and M.B. Sachs.
Dept. of Biomed. Eng., Johns Hopkins Univ. Sch. of Med.,
Baltimore, MD 21205.

At low sound pressure levels, the profile of discharge rate vs.
best frequency (BF) of the population of auditory-nerve fibers in
response to a single pure tone shows a peak at the frequency of
the tone. The peak is maintained over a wide range of sound
pressure levels for high frequency tones (Evans, in Neuronal
Mechanisms of Hearing, pp. 69-85, 1981), but not for low frequency
tones (Kim and Molnar, J. Neurophysiol., 42:16, 1979). One
interpretation of this result is that a place mechanism is used
for encoding high frequencies, while low frequencies are encoded
by temporal information such as phase-locking. O©On the other hand,
studies using more complex stimuli such as vowels (Sachs and
Young, JASA, 66:470, 1979) and tones in noise (Costalupes and
Helstrom, Soc. Neurosci. Abs., 10:392, 1984) have shown that a
rate-place representation of the acoustic stimulus is preserved
over a wide range of levels by the low spontaneous rate (SR)
auditory-nerve fibers. Because of the different functional and
morphological characteristics of low SR fibers, we have
re-examined the rate representation of a single low frequency
tone in the population of auditory-nerve fibers.

Single auditory-nerve fibers were recorded from anesthetized
cats, and average discharge rate during a 400 msec 1.5 KHz tone
burst was determined at 4 sound pressure levels. The profiles of
rate as a function of BF for high SR fibers (SR ) 19 spikes/sec),
medium SR fibers (SR= 1 to 19 spikes/sec) and low SR fibers (SR{1
spike/sec) were plotted separately.

At the lowest sound pressure levels studied, all 3 populations
of auditory-nerve fibers show a peak in the average rate profile
around 1.5 KHz. At intermediate sound levels, this peak is lost
in the rate profile of the high SR population, but is present in
the rate profile of the low and medium populations. At the
highest levels studied (87 dB SPL), the driven rates in both high
and medium SR populations are saturated across a wide range of
BFs. However, even at high sound pressure levels there is a peak
around 1.5 KHz in the average rate profile for the low SR
auditory-nerve fibers. The peak in the rate profile of the low
SR population at high levels is undoubtedly the result of their
higher thresholds (Liberman, JASA, 63:442, 1978) and wider
dynamic ranges (Sachs and Abbas, JASA, 56:1835, 1974; Schalk and
Sachs, JASA, 67:903, 1980; Evans and Palmer, Exp. Brain Res.
40:115, 1980). These results show that a rate-place
representation of a single low frequency tone exists in the
auditory-nerve over a wide range of sound pressure levels.
(Supported by NIH postdoctoral fellowship NS07270 and NIH grant
NS12112.)

PATTERNS OF IMMUNOSTAINING WITH ANTISERA TO PEPTIDES

IN THE AUDITORY BRAINSTEM OF CAT. J.C. Adams! and E.
MugnainiZ.  1Depts. of Otolaryngology and Anatomy, Medical

University of South Carolina, Charleston, SC 29425, éDept. of
Biobehavioral Sciences, University of Connecticut, Storrs, CT 06268

Antisera against a variety of neuropeptides produce similar
staining patterns of fibers and terminals in the auditory brainstem.
In the inferior colliculus, particularly extracentral portions, antisera
to cholecystokinin-8 (CCK-8), substance P, neurostensin, and met-
enkephalin show a dense network of immunoreactive fibers and
boutons. Following local injections of colchicine all four antisera
show immunoreactive cell bodies in the colliculus as well. Far more
cells and fibers are shown by antisera to CCK-8 and substance P and
these antisera show cells and fibers within the central portions of the
colliculus. All immunoreactive fibers may not be of intrinsic origin,
however, because all antisera also show cells in the adjacent central
grey, within and near the brachium of the inferior colliculus, and in
the posterior medial geniculate body. Previous work has shown that
cells in these areas are labelled following HRP injections of the
inferior colliculus. More caudally, there are also similarities of
staining patterns in the superior olive and the cochlear nucleus. The
ventral nucleus of the trapezoid body and the cochlear nucleus
contain fibers that are immunoreactive to all antisera. It is known
that cells in the inferior colliculus send projections to these nuclei so
it is possible that the subcollicular terminals shown by the
immunostaining have origins in the inferior colliculus. This
interpretation is complicated by the presense of cells in the ventral
nueleus of the trapezoid body that are stained with antisera to met-
enkephalin and to neurotensin. Also, in the cochlear nucleus there
are cells that are CCK-8 and enkephalin immunoreactive. It seems
likely that some of the subcollicular immunoreactive terminals arise
from these subcollicular cell bodies. The present preliminary data
serve as guide for experiments to determine the origins of these
various fiber systems.

14.10

14.8 CHANGES IN EXTERNAL EAR POSITION SHIFT THE SPATIAL TUNING OF AUDITORY
UNITS IN THE CAT'S SUPERIOR COLLICULUS. J.C. Middlebrooks and E.I.

Knudsen. Dept. of Neurobiology, Stanford University, Stanford, CA 94305

A neural map of auditory space has been demonstrated previously in
the cat's superior colliculus in a preparation in which the highly
mobile external ears are fixed in place. However, one might predict
that movements of the ears would modify that map, since the acoustical
properties of the ears largely determine the auditory cues from which

the nervous system must derive the locations of sound sources. We have
confirmed this prediction, at least for anesthetized cats, by measuring

the influence of external ear position on the auditory responses of
units in the superior colliculus. We recorded the responses of single

units to noise burst stimuli presented in a free sound field. All units

were selective for the horizontal and vertical location of the sound

source. We represent the spatial tuning of a unit by its "best area",
which is the area within which a given stimulus activated the unit to
within 75% of its maximum firing level. Best areas were measured first
with both external ears in a forward, symmetrical position, then with
one ear turned approximately 50° to the side. We refer to the ears as
contra- or ipsilateral with respect to the side of the recording site.

The spatial tuning of units was influenced by changes in the position
of either external ear. Whenever we turned the contralateral ear to the

side, the best areas of units shifted contralaterally. The best areas
of most units shifted ipsilaterally when we turned the ipsilateral ear

to the side; this effect was greatest for best areas that were centered

away from the area of greatest sensitivity of the contralateral ear.

For a standard change in position of the contra- or ipsilateral ear, the

variability in the directions and magnitudes of best area shifts was
substantially greater between units than was the variability due to
errors in positioning the ears.

The influence of external ear position on auditory spatial tuning has

several consequences for the map of auditory space in the superior
colliculus of the anesthetized cat. First, the shifts in best areas
associated with changes in ear position imply that the portion of aud-

itory space that is represented in the colliculus by best areas also can
change. Second, the variability in best area shifts observed among dif-
ferent units implies that changes in the position of one ear can change

the internal order of the auditory map on both sides of the brain.
Finally, the portion of the auditory map that is least affected by a
change in the position of one ear is the portion that represents the

region of greatest sensitivity of the ear that is not moved. This sug-
gests that the representation of locations in front of each external ear

is relatively unaffected by changes in the position of the other ear.

March of Dimes Foundation grant 1-863 and NIH grants RO1 NS16099-05
and 5T32 NS97158-06

THE ULTRASTRUCTURE OF THE CENTRAL NUCLEUS OF THE INFERIOR
COLLICULUS OF THE RAT. C. E. Ribak and R. C. Roberts*.
Dept. of Anatomy, Univ. of Calif., Irvine, CA 92717.

A few descriptions of the ultrastructure of the
inferior colliculus have been made but none have described
this structure in rats. Our analysis of the inferior
colliculus in a normal strain of rat would serve as a
baseline for future studies of the genetically epilepsy
prone rat that displays a 100-200% increase in the number
of GABAergic neurons specifically in this brain region.
Therefore, Sprague-Dawley rats were perfused with either
saline followed by 4% paraformaldehyde, 1% gluteraldehyde
and 0.0002%  CaCl in phosphate buffer or ringers solution
followed by 1% paraformaldehyde and 1.25% gluteraldehyde
in phosphate buffer followed by 3% gluteraldehyde in
phosphate buffer. Tissue from the ventral lateral portion
of the central nucleus was dehydrated, embedded in
plastic, thin sectioned and examined under the electron
microscope.

Three sizes of neurons were observed in the central
nucleus. All somata contained the usual organelles but had
varied amounts of perikaryal cytoplasm depending on somal
size. Many small neurons (10-15 um in diameter) were
spherical in shape and usually contained infolded nuclei.
Occasionally two nucleoli were observed in the same
nucleus. Only a few symmetric axosomatic synapses were
found for this size neuron. Medium sized neuronal somata
(15-20 um in diameter) were often ovoid in shape with
highly infolded nuclei. Synapses were sparsely located on
their somata. Large neurons were observed only
occasionally, and their somata were elongated or round in
shape. Their nuclei were occasionally infolded, but not to
the extent of the medium sized neurons. In contrast to the
medium and small cell types, many synapses occurred on the
somata of the large neurons.

Many myelinated axons as well as unmyelinated axons
were observed in the central nucleus some of which were
observed to be in continuity with axon terminals that had
three basic types of characteristics: 1) dark matrix and
densely packed with round vesicles, 2)lucid matrix with
flattened or pleomorphic vesicles and Ylucid matrix with
round vesicles. In addition to neuronal elements, the
inferior colliculus contained many glial elements
including astrocytes and oligodendrocytes.

Supported by NIH grant NS 15669 and a Klingenstein
fellowship awarded to CER.
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RECIPROCITY OF AUDITORY CORTICOTHALAMIC AND THALAMOCORTICAL

14.11 14,12 CONNECTIONS OF AUDITORY CORTEX IN SQUIRRELS. L. E.

PROJECTIONS: STUDY WITH AUTORADIOGRAPHIC AND HORSERADISH PEROXIDASE Luethke * L. Krubitzer, and J. H. Kaas (Spon.:” R. B.
METHODS IN RAT MEDIAL GENICULATE BODY. D.T. Larue* and J.A. Winer. Lan don) Department dT'Héarfng and Speech Sciences and
Department of Physiology-Anatomy, University of California, Deparatment of Psychology, Vanderbilt University, Nashville,
Berkeley, California 94720, Tennessee 37240.

We analyzed the overlap of corticothalamic axon terminal fields The connections of auditory cortex were investigated in
and of thalamocortical cells of origin in the rat medial geniculate grey squirrels, which have a larger brain and architectonical-
body (MGB). Our goal was to assess whether the distribution of 1y more distinct cortical subdivisions than commonly used
auditory cortical axons projecting upon the ipsilateral MGB is laboratory rodents. Microelectrode multiunit recordings were
coextensive with retrogradely labeled thalamocortical somata. used to determine the best frequencies for recording sites in
Anesthetized adult Sprague-Dawley rats received unilateral auditory cortex. In each case, the borders of Al were estimated
injections of mixtures of [3H]leucine (100 pCi/pl; 0.01-.2 pl total from the recordings, and lesions were placed to mark known phy-
volume) and horseradish peroxidase (HRP; 20-30%). After 24-96 siological borders for later correlation with cortical archi-
hours, the animals were reanesthetized and perfused transcardially tecture. Following mapping, single injections of approximately
with saline and mixed aldehydes, and the brains were blocked 0.06 microliters of 1% wheat germ agglutinin conjugated to
stereotaxically and then frozen-sectioned in a series of one 30 um horseradish peroxidase (WGA-HRP) were placed in AI of adult
thick autoradiograph and two 60 pm thick TMB-reacted sections. squirrels. Cortex was separated from the brainstem, flattened,
Other experiments in which leucine or HRP alone were injected were and cut parallel to the surface. The brainstem was cut sepa-
also available. Using brightfield and darkfield microscopy, the rately in the frontal plane. Alternate sections were reacted
numbers of silver grains and the disposition of labeled somata were with tetramethylbenzidine or stained for fibers or cells. Re-
plotted onto adjacent, independently studied sections and the ciprocal connections were found between AI and at least two
separate results superimposed. The subdivisions of the MGB were adjoining subdivisions of auditory cortex, one immediately
defined in Nissl and Golgi stained preparations and were related to ventral and one rostroventral to AI. Other ipsilateral con-
previous studies in the cat (Winer, J.A., Adv. Anat. Embryol. Cell nections were with a newly discovered somatosensory represen-
Biol., 1985, 86:1-98). tation, the parietal ventral area (PV), which is immediately

~ Our prlmaty finding was that zones of silver grains and ventral to the second somatosensory area, contains a syste-
HRP-labeled cells were not in complete continuity, although there matic representation of the body surface, and is also re-
was substantial overlap between them. Often, patches of silver sponsive to auditory stimuli. Injections placed in AI, but
grains 3-20 times above background (as assessed in the contra- extending sTightly posterior to the caudal border of AI,
lateral MGB) occurred, while the adjoining HRP section had few or resulted in additional connections with more caudal cortex
no labeled cells; conversely, labeled cells were present in zones in the temporal lobe. Callosal connections of Al were with
without corresponding levels of anterograde labeling. Such Al and adjoining auditory fields. Subcortical connections
patterns of discontinuity occur in the nuclei of both the ventral of Al were with the principal division of the medial geni-
and dorsal divisions of the MGB. The silver grains in both culate nucleus and the external nucleus of the inferior
divisions were concentrated primarily in the neuropil. However, colliculus. These results confirm subcortical connections
in experiments in which most somata in the adjoining, HRP-reacted of auditory cortex in other mammals and reveal the conver-
section were labeled, the number of silver grains in the ventral gence of somatosensory and auditory information within a spe-
division was consistently many times greater than in the dorsal cific cortical field, PV, along the lateral margin of the
division. We conclude that, besides zones of anterograde- cerebral hemisphere.
retrograde continuity and discontinuity in the MGB, there are also Supported by NIH Grant NS16446.
regional variations in the distribution of corticogeniculate ter-
minal fields which are independent of reciprocity. This research
was supported by USPHS grant ROl NS16832.
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ENOUS DISTENSION LEADS TO EXCITATION OF NEURONS IN THE
UINEA-PIG INFERIOR MESENTERIC GANGLION.
.L. Kreulen. Department of Pharmacology,
University of Arizona, Tucson, Az. 85724.
The mesenteric sheath of the distal colon containing the inferior
mesenteric artery and vein and the inferior mesenteric ganglion (IMG) was
dissected free and pinned in an experimental chamber. Intracellular
recordings were made in ganglionic neurons and nerve fibers were stimulated
with bipolar electrodes. The colon was removed and the vein cannulated
with a glass micropipette attached to a gravity-driven pressure head. To
distend the vein the pressure was rapidly raised from 0 mmHg to 40 mmHg,
maintained for 2 minutes, then lowered back to 0 mmHg. In 37% of cells (145
cells, 23 preparations) continuous excitatory post-synaptic potentials
(EPSPs) were observed in the absence of distension. The frequency of this
activity ranged from 1 to 100 EPSPs per minute with a mean maximum
amplitude of 4.1 +2.5mV, The activity was blocked by TTX (3 x 10™/M) and
hexamethonium (I x 107%M). Three different types of responses to venous
distension were observed: 1) In 5 of 46 cells exhibiting continuous activity
venous distension was associated with an increase in the frequency of EPSPs.
2) In 17 of 48 cells venous distension gave rise to depolarization and an
increase in membrane resistance. The mean depolarization for these cells
was 3 + 2 mV and the mean increase in membrane resistance was 20 + 8%.
Depolarization began within 15 seconds of distension and usually persisted
for the duration of distension. When pressure was returned to 0 mmHg the
cells repolarized. 3) When presynaptic nerve fibers were stimulated at
intensities that produced subthreshold EPSPs (9 to 12 mV ), venous distension
was associated with conversion of EPSPs to action potentials in 16 of 49 cells.
Conversion to action potential generation was associated with
depolarization in 63% of cells.  In conclusion we have demonstrated that
venous distension increases the excitability of a population of neurons in the
guinea-pig IMG. Since each type of response can occur independent of the
others, the possibility exists that venous distension may involve several
different neural pathways to the IMG. (Support: HL27781)
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Mark M. Knuepfer and Lawrence P. Schramm.

Department of Biomedical
Engineering, The Johns Hopkins University School of Medicine 21205.

Afferent renal nerves have been implicated in control of arteri-
al pressure. Neuroanatomical and histological studies have
described a predominance of unmyelinated fibers and a small popu-
lation of myelinated fibers which project to the iower thoracic and
upper lumbar spinal cord. This study was designed to characterize
renal afferent fibers and their spinal projections using electro-
physiological techniques.

Sprague-Dawley rats were anesthetized with chloralose and cannu-
lated for arterial pressure measurement and venous drug administra-
tion. Rats were paralyzed, artificially respired and placed in a
stereotaxic frame. The lower thoracic and upper lumbar spinal cord
was exposed and covered with mineral oil. Each exposed dorsal root
(DR) was cut at its entry into the spinal cord, and the peripheral
end was electrically stimulated through a bipolar hook electrode.
The left kidney and renal nerve were exposed by a lateral laparoto-
my and kept under mineral oil. A branch of the renal nerve was
placed on a bipolar stainless steel hook electrode and cut or
crushed distal to the electrode. Rats were treated with atropine
(0.3 mg/kg) and hexamethonium (20 mg/kg) to prevent collateral
activation in sympathetic ganglia and to reduce sympathetic post-
ganglionic activity. Antidromic evoked responses were elicited in
the renal nerve by stimulation of DR. Averaging of 10-100 respon-
ses was used to determine the number of fibers activated with fixed
latency.

Of 284 antidromically activated fibers recorded in 22 renal
nerve branches, 80% had conduction belocities under 2 m/s and 5%
had conduction velocities over 10 m/s (range = 12-32 m/s). Thresh-
olds for activation of these fibers, ranging from 1.5 to 50 uA,
were inversely related to conduction velocities. Single fibers
followed twin pulses at 1.1 to 22 ms interpulse intervals.

Although DR from T8 to L3 were stimulated, antidromic responses in
renal nerves were observed only during stimulation of DR T9 to LI.
Seventy-five percent of responses occurred during stimulation of
DR T1l to T13. Histological examination of renal nerves after
recording verified the existence of the larger myelinated fibers.

These data corroborate anatomical evidence for a predominantly
unmyelinated population of renal afferents. In addition, we have
demonstrated that myelinated and unmyelinated fibers arc evenly
distributed over these roots. We have electrophysiologically iden-
tified a group of fibers of intermediate conduction velocity for
which we have not observed anatomical correlates.

Supported by NIH Grant HL16315.
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RESPONSES OF THORACOLUMBAR SPINORETICULAR NEURONS TO RENAL
MECHANORECEPTOR STIMULATION. W. Steve Ammons. Dept. of Physio—
logy, University of Oklahoma Hith. Sci. Ctr., Oklahoma City,
OK 73190.

Renal afferent fibers are activated by mechanical stimuli
applied to the kidney, particularly renal venous or ureteral
occlusion. These mechanoreceptor stimuli may also elicit
cardiovascular and renorenal reflexes. However, the central
substrates for such reflexes are unknown. The goal of the
present study was to test the hypothesis that neurons in the
thoracolumbar spinal cord that project to the reticular
formation respond to activation of renal mechanoreceptors.
Experiments were performed on 17 0-chloralose anesthetized
cats. Spinoreticular neurons were located by antidromic
activation of neurons from the medial medullary reticular
formation in or near nucleus reticularus gigantocellularis (15
cells) or the ventrolateral reticular formation near the
lateral reticular nucleus (17 cells). After location of a
spinoreticular neuron its response to electrical stimulation
of the renal nerves was characterized and the type of renal
afferent input (A S or C) determined. Responses to somatic
stimuli were also examined. Twelve cells were tested for
responses to renal vein occlusion. Eight responded with an
increase in activity from 4 + 2 to 15 * 5 spikes/s. Renal vein
occlusion also caused an increase in blood pressure (10 + 4
mmHg); however, cell activity was not secondary to blood
pressure changes as injection of phenylephrine caused pressor
responses but no change in cell activity. Twenty-two cells
were tested for responses to ureteral occlusion and 15 in-
creased their activity from 6 + 3 to a peak of 19 *+ 6
spikes/s. Ureteral occlusion caused presser responses that
averaged 6 + 2 mmHg. Responses to either stimulus were rapid
in onset (1-2 s) and often were maintained through the period
of the occlusion. Seven responses to ureteral occlusion were
of the slowly adapting type while 3 completely adapted. Almost
all cells with responses to occlusion of the ureter or renal
vein received both AS - and C-fiber input whereas many of the
non-responding cells had AS -renal input only. All cells
responded to somatic stimuli. Somatic receptive fields were
usually in the left flank region. These experiments show that
spinoreticular neurons receive renal mechanoreceptor input.
These cells may participate in reflexes initiated by renal
mechanoreceptors. Such reflexes could be part of the affective
component of renal pain. (Supported by NIH Grant HL 30985).

MORPHOLOGY OF SYMPATHETIC PREGANGLIONIC NEURONS IN THE RAT SPINAL
CORD REVEALED BY INTRACELLULAR STAINING WITH HORSERADISH
PEROXIDASE. C.J. Forehand. Dept. Anat. and Neurobiol., Wash. Univ.
Sch. Med., St. Louis, MO 63110.

Understanding the central neural control of autonomic functions
requires a knowledge of the morphology of the preganglionic
neurons; for example, the dendritic arborizations of preganglionic
neurons should indicate which central pathways have access to
these cells. To this end, individual preganglionic neurons in the
thoracic spinal cord of the rat have been examined by
intracellular injection of horseradish peroxidase (HRP).

Rats (1-2 weeks postnatal) were anesthetized with
pentobarbitol, cooled on ice, and decapitated. The vertebral
column was removed and placed in ice-cold saline. The spinal cord
was dissected free, hemi-sected longitudinally, and placed with
the lateral surface uppermost in a recording chamber continuously
superfused with’'oxygenated saline at room temperature. Individual
preganglionic neurons in the vicinity of the intermediolateral
cell column (IML) were impaled with HRP-filled microelectrodes
while stimulating the appropriate ventral root. Cells exhibiting
an antidromic action potential in response to ventral root
stimulation were filled with HRP by iontophoresis. The HRP
reaction product was visualized in transverse sections of the
cords.

Most of the injected cells were located within the IML; others
lay in the lateral funiculus (LF) adjacent to IML or in the
intercalated nucleus (IC) medial to IML. The average cell body
diameter was 22 um and total dendritic length averaged 2021 um.
Dendritic arborizations were quite different depending on cell
soma location. Dendrites of IML cells traversed the full medio-
lateral extent of the ipsilateral cord; typically, 2-3 dendrites
extended from the cell body to the pia and 2-3 others extended
from the cell body to the vicinity of the central canal. These
cells also had dendrites that extended 300-500 um in the rostro-
caudal dimension within the IML. Preganglionic neurons that lay in
the LF or IC had strikingly different morphologies in that they
lacked transversely oriented dendrites that spanned the medio-
lateral extent of the cord. Rather, these cells had dendritic
arbors that extended into the IML and into the dorsal and ventral
horns, traversing a rostro-caudal distance of about 400 um.

The different dendritic arborizations of preganglionic neurons
in these spinal nuclei implies that the connectivity of
preganglionic neurons varies according to cell body location. A
further implication is that these groups may represent
functionally different classes of preganglionic cells.

(Supported by a postdoctoral fellowship from the MDA and by NIH
grant NS 18629 to D. Purves.)
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CONVERGENT INPUTS ONTO SYMPATHETIC PREGANGLIONIC NEURONS IN THE
THORACIC SPINAL CORD OF THE CAT. Roger Thies and Robert
Bourlier*. Dept. of Physiology & Biophysics, Univ. of Okla. Health
Sci. Ctr., Oklahoma City, OK 73190.

This study examined the responses of sympathetic preganglionic
neurons (SPNs) on the left and right sides of the spinal cord to
electrical stimulation of various nerves. We recorded with
tungsten extracellular microelectrodes the activity of 16 SPNs in
the intermediolateral cell column of the T2 and T3 segments of
nine chloralose-anesthetized cats, relaxed with i.v. pancuronium
(7 ug/kg/min). Neurons were identified as SPNs by antidromic
stimulation of white rami that could be blocked by collision in
the axon from orthodromic activation.

SPNs were found at depths of 1910 + 210 (S.D.) from the sur-—
face, with ten on the left side and six on the right. Eight SPNs
at T2 had axons with conduction velocities of 3.4 + 0.4 (S.E.)
m/sec, while eight SPNs at T3 had axons with conduction velocities
of 6.2 + 0.6 m/sec, a significant difference. Mininum afferent
conduction velocity (MACV) for activation of T2 SPNs by stimula-
tion of the T3 root was 7.6 + 0.7 m/sec, and for activation of T3
SPNs by stimulation of the T2 root was 5.1 + 0.4 m/sec. SPNs
could be activated from stellate ganglia with a MACV of 8.2 + 1.2
m/sec from the same side of the cord, and of 8.7 + 1.3 m/sec from
the opposite side of the cord.

Thoracic SPNs did not respond to electrical stimulation of
either radial nerve, but they did fire to stimulation of the left
or right third intercostal nerve. In addition, 90 V. stimuli to
thoracic vagal afferents 50 msec before stimuli of l.lx threshold
across the stellate ganglion completely inhibited the response of
SPNs to 6-9 of 10 stimuli on the left side, and to 4-8 of 10
stimuli on the right side in two of four SPNs tested. This
suggests a descending inhibitory input onto SPNs from brain stem
centers that relay vagal afferent information.

These studies show that SPNs in the thoracic spinal cord of the
cat have visceral and somatic inputs from both sides of the body.
In addition, the descending inhibitory input from vagal afferent
excitation might suppress sympathetic input at the spinal level,
similarly to the input to thoracic spinothalamic (1) and spino-
reticular (2) neurons.

1. Ammons, W.S., Blair, R.W. and Foreman, R.D. Vagal afferent
inhibition of spinothalamic cell responses to sympathetic cell
responses to sympathetic afferents and bradykinin in the monkey .
Circ. Res. 53:603-612, 1983.

2, Thies, R. and Foreman, R.D. Inhibition and excitation of
thoracic spinoreticular neurons by electrical stimulation of vagal
afferent nerves. Exp. Neurol. 82:1-16, 1983.

(Supported by Oklahoma Affiliate of American Heart Association).

SOMATIC AND DENDRITIC MORPHOLOGY OF INTRACELLULARLY LABELLED
SYMPATHETIC PREGANGLIONIC NEURONS. J.B.Cabot, N.Bogan* and
L.J.Reid*. Dept. of Neurobiology and Behavior, State University
of New York at Stony Brook, Stony Brook, New York 11794.

Recently there has been an impressive accumulation of
anatomical data documenting both the subnuclear organization
within the vertebrate spinal cord of sympathetic preganglionic
neurons(SPN's), as well as the spinal and supraspinal
localization of cells providing afferents to the SPN neuropil.
Despite the seminal nature of such findings, there still remains
a critical need for certain types of anatomical data on single
SPN's. For example, information correlating (a) location, (b)
somatic structure, (c) proximal dendritic size and number, and
(d) distal dendritic shape, orientation, and arborization are not

currently available. Within this context, the following
observations are presented.

Experiments were performed in pigeons (Columba livia).
Extracellular recordings from 51 antidromically activated and
collided SPN's were obtained. Eleven of these cells were
successfully labelled intracellularly with HRP. The mean latency
for antidromic activation of the 11 SPN's was 6.6 + 3.7 msec

(+SD); median latency was 5 msec. Statistically there is not a
significant difference between the antidromic latencies of the
population of unlabelled SPN's and those intracellularly filled.

Nine of the 11 HRP-labelled SPN's were located within the
principal SPN cell column. Two cells were located laterally in
the nucleus intercalatus(IC). Four different somatic shapes were
observed. Three were fusiform with major x minor axis diameters
ranging from 35-43 x 16-28 um. Three were pear-shaped with major
and minor diameters being approximately equal (22-31 x 21-28 um).
Three were elongated and multipolar. One of these was quite
large (61x33 um) and the other two were medium sized (30x22 um).
The remaining SPN was small (21x12 um) and stellate-shaped.

The dendritic trees of 9 labelled SPN's exhibited simple
planar organizations restricted to the longitudinal axis of
spinal cord. The other 2 SPN's, both located in IC, had their

principal dendritic processes oriented dorsoventrally. For one of
these, a terminal arbor extended to the dorsolateral funiculus,
ending adjacent to the lateral margin of the dorsal horn.

The first-order, and proximal portions of the major secondary
dendrites were smooth. The number of primary dendrites/SPN
varied from 4-8 and ranged widely in diameter (<1.0 to 5.3 um).
Ten cells had at least one dendrite extending laterally into the
intermediate spinal laminae. Moreover, 7 had processes reaching
out into the lateral funiculus. The terminal portions of
secondary and higher-order processes were "beaded or varicose" in
appearance. Dendritic spines in the classical sense were not
observed. (Supported bv HL24103 to JBC).
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LIGHT AND ELECTRON MICROSCOPIC OBSERVATIONS ON AXON COLLATERALS
OF SYMPATHETIC PREGANGLIONIC NEURONS. N. Bogan* and J. Cabot
(SPON: S. Yazulla). Department of Neurobiology & Behavior, SUNY
at Stony Brook, Stony Brook, New York 11794.

There is a longstanding debate as to whether
preganglionic neurons(SPN's) give rise to axons
intraspinal collateral branches. All available
electron microscopic data indicate that SPN axons do not branch,
whereas some physiological observations support their presence.
This report provides definitive evidence showing the existence of
SPN axon collaterals.

sympathetic
that have
light and

Experiments were performed in pigeons (Columba livia). SPN's
in Tl were identified electrophysiologically using antidromic
activation and collision techniques. Eleven cells were

intracellularly labelled with HRP. The axons of 5 SPN's could be

traced to the ventral rootlets. The main axon of two cells
branched intraspinally and none of these collaterals were
recurrent onto the SPN of origin. While these two cells were

similar in that the latencies of antidromic activation were among
the shortest observed (2 and 5 msec, estimated conduction
velocity: 4.7 and 1.9 m/sec), they differed significantly in
spinal location, somatic structure, and dendritic organization.
The cell with the slower conducting axon was pear-shaped, located
in the principal SPN cell column (column of Terni), and had
dendrites oriented horizontally; the other SPN was elongated and
multipolar, localized in the nucleus intercalatus (IC), and had
dendrites oriented dorsoventrally.

The parent axon of the SPN in IC branched twice. The first
branch originated and terminated laterally within spinal 1lamina
VII; the other arose at the intermediate spinal gray/funicular
border and continued on into the white matter. Both collaterals
(a) were significantly smaller in diameter than the parent axon;
(b) travelled and ramified in the longitudinal spinal axis; and
(c) exhibited bulbous terminal endings.

The SPN within the column of Terni gave rise to a single axon
collateral 280 um from the soma. The collateral projected
medially, and terminated in a restricted region at the lateral
edge of the column of Terni. This branch, its endings, and the

parent axon have been examined electron microscopically. A
serial section analysis has revealed that the main axon was
myelinated and of a caliber consistent with the estimated

conduction velocity. The collateral tapered rapidly in diameter,
became unmyelinated and branched. Each branched process was
extremely small in diameter and periodically expanded to form
varicose regions which were the exclusive sites of synaptic
contact. These boutons contained small round electron-lucent
vesicles and made only asymmetric, . axo-dendritic synapses.
(Supported by HL24103. The authors thank S.Van Horn for her aid).

SPLENIC AFFERENT NERVE RESPONSES TO STIMULATION OF SPLENIC
RECEPTORS. J. Tobey and L. Weaver. Dept. of Physiol., Mich. St.
Univ., E. Lansing, MI 48824.

Non-noxious stimulation of splenic receptors produces patterns
of neural responses that differ from those produced by noxious
stimuli. Non-noxious stimuli, such as congestion, produce equal
magnitudes of splenic and renal excitation, whereas noxious
stimuli, such as capsaicin, produce greater splenic than renal
nerve excitation. Previous experiments employing two different
levels of splenic congestion indicate different patterns of
neural responses can be produced. Increase in splenic venous
pressure (SVP) to 40 mmHg produces equivalent splenic and renal
neural responses (18% increase and 11% increase, respectively).
In contrast, increase in SVP to 50 mmHg produces greater splenic
(51% increase) than renal (23% increase) excitation. The present
study investigated responses of splenic afferent nerves that
initiate the reflex responses. Two possible hypotheses are:
1) Unequal reflex responses are mediated by a different afferent
population than the equal reflex responses, or 2) Intensity of
afferent stimulation determines the pattern of reflex response.
Experiments were done in anesthetized, vagotomized, sinoaortic
denervated cats with vascularly isolated spleens. Splenic nerve
bundles were identified next to the splenic artery and severed.
Small fibers were teased from the distal cut end and prepared for
recording afferent electrical activity. Nerve bundles with
spontaneous activity of one or two units were tested. Splenic
éfferent nerve activity was monitored simultaneously to evaluate
the reflex responses. Receptors of the vascularly-isolated spleen
were stimulated by capsaicin (CAPS) or congestion with isotonic
saline. Discharge rates of spontaneously active units ranged from
0.2 to 10.7 spikes/s (average = 2.7 + 1.0 spikes/s). Two patterns
of afferent response to stimulation of splenic receptors were
found. One group of units responded to congestion only. Increase-
in SVP to 40 mmHg increased unit activity from 3.4 + 2.3 spikes/s
to 9.6 + 5.3 spikes/s. The other group of units responded to non-
noxious and noxious stimuli. Congestion increased activity in
these units, from 2.9 + 1.5 spikes/s to 4.8 + 1.6 spikes/s. 5ug
CAPS increased unit actxvxty from 2.0 + 0.8 splkes/s to 8.4 + 2.8
spxkes/s. These results suggest the pattern of reflex responses
is determined both by the intensity of afferent stimulation and
by different afferent populations. Unequal reflex responses of
splenic and renal nerves appear to be due to more intense
activation of receptors responsive to mechanical and chemical
stimulation, while equal reflex responses appear to be produced
by less intense activation of these receptors and mechano-
receptors. Support: NIH, HLO7006, HL21436.
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REFLEX RESPONSES OF SINGLE SPLENIC NEURONS ELICITED BY STIMULATION
OF INTESTINAL RECEPTORS AND BARORECEPTORS. R. Meckler and L.
Weaver. Dept. Physiol., Mich. State Univ., E. Lansing, MI 48824.

Stimulation of visceral afferent nerves can produce unequal
magnitudes of excitation or inhibition in multifiber recordings of
splenic and renal nerve activity. Splenic nerve excitation is
greater than renal nerve excitation in response to stimulation of
splenic or intestinal receptors. Activation of arterial and
cardiopulmonary pressoreceptors often results in less inhibition
of splenic than renal nerve discharge. 1Is a greater response of
one nerve caused by general excitation or inhibition of all
neurons or by particular responses of only some neurons? This
study was done to assess responses of individual splenic neurons
to stimulation of intestinal receptors and baroreceptors.
Experiments were done in chloralose-anesthetized cats that were
artificially ventilated. Femoral arteries and veins were
cannulated for monitoring arterial pressure and for infusions of
drugs and solutions. The intestine was exteriorized through a
laparotomy and placed in a small plastic bag filled with
physiological saline. Splenic nerve bundles were identified close
to the spleen, carefully dissected from surrounding tissue, and
severed. Small fibers were teased from the central end and were
placed on bipolar platinum electrodes for recording electrical
activity. The nerves were immersed in a pool of warmed mineral
oil. Pressoreceptors were stimulated by intravenous injections of
1 to 5 ug norepinephrine. Pressoreceptors were 'unloaded" by
small hemorrhages of blood that was subsequently returned.
Intestinal receptors were stimulated by superfusion of the small
intestine with 1 to 25 ml of physiological saline containing
1 yg/ml  bradykinin triacetate. Between periods of drug
application, the serosa was thoroughly rinsed with warmed normal
saline. Discharge rates of spontaneously active neurons ranged
from 0.6 to 7.5 spikes/s under resting conditions (average = 3.2 +
0.5 spikes/s). Most neurons were baroreceptor sensitive:
activity of 50% of the cells tested tended to be excited (from 3.1
+ 0.4 to 4.0 + 0.4 spikes/s) by decreasing arterial pressure from
132 + 3 to 110 + 3 mmHg, activity of 70% of the neurons was
excited (from 3.1 + 0.5 to 5.0 + 0.5 spikes/s) by decreasing
arterial pressure from 132 + 3 to 95 + 3 mmHg, and activity of 82%
of the cells was inhibited (from 3.2 + 0.4 to 1.6 + 0.4 spikes/s)
by increasing arterial pressure from 127 + 4 to T166 + 4 mmHg.
Serosal application of bradykinin caused excitatory “responses
(from 3.1 + 0.7 to 6.7 + 0.7 spikes/s) in 86% of the cells tested
despite the concomitant blood pressure increases that ranged from
2 to 67 mmHg. Recruitment of previously inactive neurons was
rarely observed during the excitatory responses. It appears that
most of these efferent cells react similarly, although responses
of splenic neurons are not homogeneous to stimulation of visceral
afferent nerves. Support: NIH, HL21436.

SPINAL TRANSECTION ELEVATES RENAL NERVE SYMPATHETIC ACTIVITY IN
ANESTHETIZED RATS. L.P. Schramm, R.H. Livingstone* and

M.M. Knuepfer. Department of’Blomedlcal Engineering, The Johns
Hopkins University School of Medicine, Baltimore, MD 2120S.

Tonic sympathetic activity is generally thought to be driven by
supraspinal systems. However, we have observed substantial sympa-
thetic activity in the renal nerves of anesthetized rats after
spinal transection. The present studies are determining the effect
of spinal cord transection on the magnitude and sources of renal
sympathetic activity.

Male Sprague-Dawley rats weighing 250 to 490 g were anesthe-
tized with ether followed by 100 mg/kg alpha-chloralose, and they
were kept deeply anesthetized throughout experiments with supple-
mental doses of chloralose. Arterial blood pressure was measured
through a carotid arterial cannula. Drugs were delivered via a
femoral venous cannula. Rats were paralyzed with gallamine tri-
ethiodide, artificially respired, and mounted in a stereotaxic
apparatus. The cervical spinal cord was exposed through a dorsal
laminectomy and covered with mineral oil. A left renal nerve
bundle was approached through a laparotomy and placed on bipolar
stainless steel electrodes. Sympathetic activity was amplified,
rectified, integrated, and stored on magnetic disc or tape.

Spinal transection between C1 and C2 slightly reduced mean
arterial pressure from 90 +/- 19 to 83 +/- 9 mmHg. However, renal
sympathetic activity rose, on the average to 230 +/- 70% of con-
trol (P < 0.001, N = 14, paired t-test). We hypothesized that
supraspinal drive for renal sympathetic activity was replaced,
within 5-15 minutes after spinal transection, by drive from spinal
primary afferents. Two observations were consistent with this
hypothesis. First, analgesic doses of morphine (4-40 mg/kg)
dramatically reduced renal sympathetic activity after spinal cord
transection. Naloxone restored the activity. Second, electrical
stimulation (20 Hz, 25-250 wA, 0.3 ms pulse duration) in the cervi-
cal dorsolateral funiculus, after spinal cord transection, reduced
or abolished the spontaneous and sensory-evoked firing of dorsal
horn neurons, and it simultaneously reduced renal sympathetic acti-
vity by approximately 60%. The system responsible for the evoked
sympathoinhibition did not descend from the brainstem since renal
sympathetic activity could still be inhibited by stimulation
caudal to chronic lesions of the dorsolateral funiculus made seve-
ral weeks prior to the acute experiments.

We conclude that spinal afferents may be disinhibited by spinal
cord transection in the rat. The resulting afferent drive, which
may be particularly great in our surgically prepared animals, is
more than sufficient to overcome the loss of supraspinal drive to
the sympathetic preganglionic neurons, and it elicits elevated
renal sympathetic activity.

Supported by NIH Grant HL16315
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LONG-TERM POTENTIATION (LTP) IN DESCENDING SPINAL
SYMPATHETIC PATHWAYS., Ralph L, Myers* and Donald N.
Franz. Department of Pharmacology, Univ. of Utah School of
Medicine, Salt Lake City, Utah, 84132,

LTP is readily produced in the bulbospinal sympathetic path-
ways of cats. Brief tetanic stimulation of the ipsilateral
cervical dorsolateral funiculus in unanesthetized spinal cats
produces a 20-30 minute enhancement of subsequent transmission
to sympathetic preganglionic neurons (SPGNs). Stimulation
within the range of physiological frequencies can produce
50-300% increases in intraspinal transmission (measured from
thoracic white rami at 0.1 Hz) which decays along a single-
exponential time course with a time constant of 9.5 minutes.
This study investigated the ability of polysynaptic sympathetic
reflex pathways and contralateral descending excitatory sym-
pathetic pathways to produce LTP of transmission to SPGNs.

Tetanic stimulation (50 Hz for 10 sec) of intercostal nerve
T4 in intact alpha-chloralose anesthetized cats did not induce
LTP in the spinal-bulbospinal reflex pathway, nor did spinal
sympathetic reflexes alone exhibit LTP or PTP., A modest LTP
was induced in the polysynaptic spinal reflex pathway of
spinal cats by tetanization (50 Hz/10 sec) of the intraspinal
(descending) pathways, suggesting that some component of this
LTP may be postsynaptic on the SPGNs,

Tetanization of ipsilateral pathways induced LTP of trans-
mission through both ipsilateral and contralateral pathways, and
vice versa. The maximun LTP in a given pathway was nearly
identical whether the contralateral or ipsilateral pathways were
tetanized, even though singly evoked contralateral evoked
responses were much smaller than ipsilaterally evoked re-
sponses.,

That LTP can be induced in contralateral and ipsilateral
pathways by stimulating either pathway, suggests a con-
vergence of these pathways at some level. The interaction
may be presynaptic, postsynaptic, or both, and may involve
mediation by an interneuron. The properties of LTP in spinal
sympathetic pathways suggest a role for LTP in central regu-
lation of cardiovascular function and, by virtue of its long
duration, a possible role in the pathogenesis of primary hyper-
tension, (Supported by HL-24085, GM-07579, and Utah
Heart Association.)

ROLE OF SPINAL VASOPRESSINERGIC MECHANISMS IN THE CARDIOVASCULAR
EFFECTS PRODUCED BY STIMULATION OF THE PARAVENTRICULAR NUCLEUS.
J.P. Porter* and M.J. Brody. Dept. of Pharmacology and the
Cardiovascular Center, Univ. of Iowa, Iowa City, IA 52242.

Vasopressin-containing neurons extend monosynaptically from the
paraventricular nucleus (PVN) to the spinal cord. 1In the present
investigation we sought to determine if vasopressin released from
these spinal nerve terminals could alter sympathetic outflow to the
peripheral vasculature.

In initial experiments, we compared the hemodynamic responses
produced by stimulating the PVN in Long Evans rats (LE) and
Brattleboro rats (BRAT) which lack hypothalamic and spinal
vasopressin. Rats were anesthetized with urethane and instrumented
with pulsed Doppler flow probes on the mesenteric and renal
arteries and the lower abdominal aorta. Posterior parvocellular
PVN was then stimulated with 25-200 uA before and after acute
sinoaortic deaferentation (SAD). Stimulation of PVN in
baroreceptor-intact BRAT produced responses which were not
significantly different from LE controls. The response was
characterized by an increase in arterial pressure and
vasoconstriction in the mesenteric and renal vascular beds and
vasodilation in the hindquarters. Following acute SAD, the pressor
and vasoconstrictor responses were significantly enhanced in both
groups except for mesenteric vasoconstriction which was not
augmented in BRAT. In both groups the hindquarter vasodilation was
reversed to a vasoconstriction.

In separate experiments, we sought to determine if vasopressin
could specifically activate V1 receptors within the subarachnoid
space of the spinal cord to produce hemodynamic effects similar to
those produced by stimulating PVN. In conscious Sprague-Dawley
rats with indwelling intrathecal catheters 1-17 pmoles of
vasopressin (AVP) was injected into the area of the thoracic spinal
cord. Within 1 min after AVP, arterial pressure increased 47 8
mmHg accompanied by bradycardia and vasoconstriction in all three
vascular peds. This effect appeared to be produced by an action of
AVP within the spinal cord since prior blockade of peripheral V1
receptors did not prevent the increase in pressure. Intrathecal
injections of oxytocin (30-1500 pmoles) had no effect.
Pretreatment intrathecally with 0.5 nmoles of a VI vasopressin
receptor antagonist completely prevented the hemodynamic effects of
subsequent intrathecal injection of AVP. However, intrathecal
administration of the antagonist had no effect on the increase in
pressure produced by stimulating PVN.

Taken together, these data suggest that AVP can act specifically
on V1 receptors within the spinal subarachnoid space to produce
pressor and vasoconstrictor responses. However, these receptors
do not appear to be functionally involved in mediating the
hemodynamic effects produced by stimulation of the PVN.

FEEDING AND DRINKING: CCK

16.1

EFFECT OF BOMBESIN, CHOLECYSTOKININ, CALCITONIN AND GLUCAGON ON
CONSUMMATORY BEHAVIORS IN WOLF PUPS. J.E. Morley, A.S. Levine,
T. Tandeski, H. Hertel, U.S. Seal. Neuroendocrine Research
Laboratory and Geriatric Res Education and Clinical Center, VA
Medical Center, Minneapolis, MN, 55417 and Sepulveda, CA, 91343.

We have previously examined the effect of a variety of satiety
factors on food intake in the dog and the effect of opioid block-
ade on food intake in the wolf. In the present study we evalu-
ated the effect of various satiety factors on 1 hour food intake
in 24 hour deprived wolf pups (n = 5) weighing between 15 - 28
kg. Baseline food intake was measured following administration
of 4 different vehicles used to dissolve the peptides. Intramusc-
ular administration of bombesin (BB) (5 and 1 pg/kg) and chole-
cystokinin (CCK) (5 pg/kg) depressed food intake (p < 0.05) in
5/5 pups (Table). Calcitonin (CT) (5 and 1 U/kg) decreased food
intake in 3/5 pups and 4/5 pups, respectively. Glucagon (G) (0.5
mg/kg) only decreased food intake in 2/5 pups.

Food Intake (g)

Vehicles 622 + 75
BB (5 pg/kg) 319 + 84% p < 0.05
BB (1 pg/kg) 489 ¥ 95% p < 0.05
CCK (5 pg/kg) 418 + 61% p < 0.05
CT (5 U/kg) 531 + 95
CT (1 U/kg) 589 ¥ 82
G (0.5 mg/kg) 575 + 98

Eating, drinking, moving and grooming behaviors were observed
each minute and scored as the number of behavioral bouts which
occurred in a 1 hour period. Although BB and CCK suppressed food
intake, the number of eating bouts in one minute was not
decreased (vehicle: 22 + 3; BB - 5 pg/kg: 18 + 5; BB ~ 1

pg/kg: 21 + 6; CCK - 5 pg/kg: 20 + 3 bouts/h). In con-

trast, CT at the 5 U/kg dose (14 + 3 bouts/h) and 1 U/kg dose

(15 + 2 bouts/h) resulted in a significant decrease in observed
eating behavior. Drinking behavior was decreased following admin-
istration of BB (1 pg/kg: 1.4 *+ 0.4 bouts/h) and CCK (5

pg/kg: 1.8 + 0.4 bouts/h) compared to the vehicle controls

(3.4 bouts/h). Resting, moving and grooming behaviors were un-
affected by any of the drug treatments. Of interest is the fact
that the effect of these peptides on food intake does not
necessarily correspond to the number of bouts of eating in a ome
hour period. These data indicate that food intake in wolf pups
is decreased following intramuscular administration of CCK and
BB, but not following CT or G. In other species, including the
dog, CT is generally a potent anorectic agent. Thus, we have ob-
served again that various species respond differently to the
effects of peptides on consummatory behaviors.

16.2 HYPERPHAGIA AND OBESITY INDUCED BY NEUROPEPTIDE Y

INJECTED CHRONICALLY INTO THE PARAVENTRICULAR
HYPOTHALAMUS OF THE RAT. B.G. Stanley, S.E. Kyrkouli*,
S. Lampert* and S.F. Leibowitz. The Rockefeller Univ.,
New York, NY 10021,

Neuropeptide Y (NPY), a 36 amino acid peptide which
coexists with norepinephrine and is found in great
abundance in the brain, has recently been shown to
stimulate feeding behavior following intracerebro-
ventricular or hypothalamic injection in satiated rats.
NPY is the most powerful chemical stimulant of feeding
behavior tested to date, with a single injection into
the paraventricular nucleus of the hypothalamus (PVN)
eliciting, in 4 hr, the equivalent of what rats
normally eat in 24 hr, NPY acts within min after
injection and is behaviorally specific.

The present experiment tested the effect of chronic
PVN injection of NPY on 24 hr food intake and body
weight gain of adult female Sprague-Dawley rats with
bilateral 26-gauge cannulas aimed at PVN, After 5 days
of preinjection baseline measurements, testing was
initiated by injecting NPY (1 ug/0.3 ul saline, n=14)
or vehicle (0.3 ul saline, n=6) bilaterally into the
PVN every 8 hr (8:00, 16:00 and 24:00 hr) for 6 days.
Body weight and food intake (67% Purina rat chow, 33%
vegetable 0il) were measured every 24 hr, and food
intake was also measured 3 hr after each of the
injections. NPY chronically injected into the PVN
dramatically increased daily food intake and body
weight gain., ©Food intake increased from a control
baseline of 17 g/day, to 25 g the first day, 28 g the
second day and not less than 36 g/day on days 3-6.

With animals weighting 318 g when the injections were
initiated, body weight gain increased from a control
average of 2 g/day to 15 g/day during the 6 days of
testing. The weight gain of individual subjects ranged
from 8 to 24 g/day during this period. NPY was equally
effective in increasing food intake in the light and in
the dark phases.

This peptide-induced hyperphagia and weight gain
demonstrates that chronic stimulation by exogenous NPY
injected into the PVN can override mechanisms of
satiety, as well as short- and long-term mechanisms of
body weight regulation. It remains to be determined
whether endogenous NPY mediates normal feeding, and
whether it is involved in the hyperphagia and obesity
produced by other experimental manipulations.

(supported by NIH grant MH 22879).
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CAPSAICIN PRETREATMENT ATTENUATES CCK-INDUCED SUPPRESSION OF
SUCROSE INTAKE DURING SHAM FEEDING AND REAL FEEDING. D. Yox and
R.C. Ritter. Dept. of 'VCAPP, College of Veterinary Medicine,
Washington State University, Pullman, WA 99164, and WOI Regional
Program in Veterinary Medical Education, University of Idaho,
Moscow, ID 83843.

Cholecystokinin (CCK) is a peptide which is localized in gut
endocrine cells and in some neurons. Administration of exogenous
CCK or its biologically active octapeptide (CCK-8) reduces consump-
tion of solid and liquid foods. Recently, we demonstrated that
pretreatment of adult rats with capsaicin, a neurotoxin that
destroys small-diameter primary sensory neurons, markedly atten-
uates CCK-induced suppression of food intake (Ritter and Ladenheim,
1985). Consequently, we hypothesized that capsaicin destroys a
population of neurons that directly mediates CCK-induced satiety.
It is also possible, however, that capsaicin destroys neurons that
mediate changes in gastric emptying produced by CCK, or impairs
some interaction between CCK and receptors for gastric distension,
thereby indirectly attenuating CCK's satietogenic effects. If this
latter hypothesis were correct, then CCK-induced satiety in
capsaicin-pretreated rats should not be attenuated when ingesta is
allowed to drain from their stomachs via open gastric fistulae
(sham feeding). Therefore, we have examined the effect of CCK
injection on sham feeding and real feeding of 15% sucrose in
capsaicin- and vehicle-pretreated rats. CCK-8-induced suppression
of real feeding was significantly attenuated in capsaicin-
pretreated rats. Vehicle-pretreated control rats suppressed their
intake by 66.7+15.6%, 79.3+5.8%, and 86.1+4.1% in response to CCK-8
doses of 1, 2, and 8pg/kg respectively, whereas capsaicin-
pretreated rats suppressed their intakes by 38.1+12.0%, 26.0%+9.4%
and 58.8+7.5% in response to the same doses of CCK-8. During sham
feeding, suppression of sucrose intake by capsaicin-pretreated rats
was significantly attenuated relative to suppression produced in
vehicle-pretreated rats. In sham feeding vehicle-pretreated rats,
CCK-8 (1, 2, or 4pg/kg) suppressed intake by 47.4+7.4%, 71.5t8.8%
and 70.8%3.2% respectively. Capsaicin-pretreated rats, however,
exhibited suppressions of only 1.7+8.9%, 29.419.2% and 21.6t17.0%
respectively in response to the same three doses of CCK-8. These
results confirm the previous findings of Gibbs et al. (1973) that
CCK-induced satiety in the rat does not require accumulation of
ingesta in the stomach. Furthermore, our results demonstrate that
attenuation of CCK-induced satiety by capsaicin is due to the
toxin's direct action on CCK-sensitive afferents and not to
secondary impairment of gastric mechanoreception or gastric
emptying.

This work was supported by NIH grant ROl NS20561 to R.C. Ritter.

DORSAL HINDBRAIN PARTICIPATION IN CHOLECYSTOKININ-INDUCED SATIETY.
G.L. Edwards, E.E. Ladenheim and R.C. Ritter. Dept. of VCAPP,
College of Veterinary Medicine, Washington State University,
Pullman, WA 99164, and WOI Regional Program in Veterinary Medical
Education, University of Idaho , Moscow, ID 83843.

The satietogenic effect of exogenous CCK appears to depend upon
the integrity of the gastric vagus (Smith et al., 1981). However,
the area postrema (AP) has also been proposed as a central CCK
receptor, necessary for suppression of feeding by CCK (Van der
Kooy, 1984). Our previous work indicates that the AP is not
essential for expression of CCK's satietogenic effect (Edwards and
Ritter, 1981). Nevertheless, the gastric vagus projects densely to
both the medial subnucleus of the NST, just rostral to the AP, as
well as to the commissural subnucleus of the NST immediately
subjacent to the AP. Therefore, it is probable that these areas
are involved in the mediation of CCK-induced satiety as has been
previously suggested by Crawley and Kiss (1984). In order to
resolve the current uncertainty regarding the participation of
dorsal hindbrain structures in CCK-induced satiety, we have
compared the satietogenic action of CCK-8 in rats with lesions
aimed to destroy the following structures: 1) the AP and adjacent
commissural subnucleus of the NST [AP-lesion], 2) the medial
subnucleus of the NST [mNST-lesion], and 3) all three structures
mentioned above [AP/mNST-lesion]. We have found that lesions aimed
to destroy only the AP and adjacent commissural nucleus do not
attenuate CCK-induced satiety. Likewise, lesions directed to
destroy only the medial subnucleus of the NST do not attenuate
CCK-induced satiety. However, lesions which were aimed to destroy
the AP, the commissural subnucleus, and the medial subnucleus of
the NST strongly attenuated CCK-induced satiety. The completeness
of AP-lesions was verified antemortem utilizing a conditioned food
aversion (CFA) to paraquat. Paraquat-induced CFA has been shown to
be mediated by the AP (Dey et al., 1984). Subcutaneous injection
of paraquat (48 pmoles/kg) did produce CFA in all rats with an
intact AP. Rats with complete lesions did not develop paraquat-
induced CFA. We conclude 1) that the AP is not necessary for
expression of CCK-induced satiety, and 2) beth the commissural and
medial subnuclei of the NST probably contain vagal terminals which
participate in CCK-induced satiety.

Table I. PERCENT SUPPRESSION OF FOOD INTAKE BY CCK-8 IN BRAIN-
LESIONED RATS CCK-8 Dose (pg/kg)

? )
Controls 45.4¢8.6  56.6t 7.5 70.3t5.8  76.3t 9.4
AP-lesions 36.1:¢9.2  53.7t¢10.1 56.44¢5.5  73.0t 6.6
mNST-Tesions 38.4¢7.3, 52.3t 9.2, 76.3t4.8, 77.8t 9.2
AP/mNST-lesions 7.3t9.0 12.7t 5.0 38.6t9.1  62.8t10.6

* significantly different from controls
This work was supported by NIH Grant ROl NS20561 to R.C. Ritter.

16.4 ATTENUATION OF CCK-INDUCED SATIETY BY SYSTEMIC, INTRAVENTRICULAR OR

16.6

PERIVAGAL CAPSAICIN ADMINISTRATION. E.H. South and R.C. Ritter.
WOI Regional Program in Veterinary Medical Education, University of
Idaho, Moscow, ID 83843, and Dept. of VCAPP, College of Veterinary
Medicine, Washington State University, Pullman, WA 99164.
Capsaicin is a neurotoxin which destroys small-diameter primary
sensory neurons. Previous work from our laboratory has demon-
strated that CCK-induced satiety is attenuated in rats pretreated
with intraperitoneal injections of capsaicin (Ladenheim and Ritter,
1984). Localization of the capsaicin-sensitive neurons which
participate in CCK-induced suppression of food intake has not yet
been accomplished. However, Smith et al. have demonstrated that
CCK-induced satiety is abolished by section of the gastric vagal
branches. Furthermore, capsaicin causes degeneration of vagal
primary sensory terminals in the commissural and medial subnuclei
of the nucleus of the solitary tract (Dinh and S. Ritter, 1985),
where most gastric vagal sensory fibers terminate (Leslie et al.,
1982). Therefore, the available data are consistent with the
hypothesis that capsaicin destroys a population of vagal sensory
neurons which participate in the mediation of CCK-induced satiety.
In an initial test of this hypothesis we have examined CCK-induced
satiety in rats treated with capsaicin via several different routes
of administration. In confirmation of Ladenheim and Ritter, we
found that intraperitoneal (IP) capsaicin (3 x 50mg/kg) attenuates
CCK-induced satiety. Percent suppression of intake by IP vehicle
treated rats was 80+2%, while in IP capsaicin treated rats percent
suppression by CCK was only 27+4%. Capsaicin (225ug/3 doses)
treatment via the fourth cerebral ventricle virtually abolished
CCK-induced satiety, while administration of the same capsaicin
dose IP did not significantly attenuate CCK-induced satiety. In
rats treated with capsaicin applied directly to the vagal trunks,
CCK suppressed food intake by 44+12%, whereas in vehicle treated
rats CCK suppressed intake by 73+10%. Capsaicin applied intra-
pylorically failed to attenuate CCK-induced satiety. In contrast
to CCK-induced satiety, suppression of food intake by bombesin was
not significantly attenuated by fourth ventricular or perivagal
capsaicin application. However, IP capsaicin caused a small but
significant attenuation of bombesin-induced suppression of food
intake. These data suggest that capsaicin attenuates CCK-induced
satiety by damaging vagal sensory neurons. The data further
suggest that bombesin's effects on feeding are mediated in part by
capsaicin-sensitive neurons which are not of vagal origin.

This work was supported in part by NIH grant ROl NS20561 to R.C.
Ritter.

INFUSION OF CCK-8 BETWEEN MEALS INTO FREE-FEEDING RATS FAILS TO
PROLONG THE INTERMEAL INTERVAL. D.B. West, L. Prescod*, and

J. Triscari*, Vassar College, Poughkeepsie, NY 12601, and
Hoffmann-La Roche Inc., Nutley, NJ 07110.

We have previously demonstrated that meal-contingent infusion
of the octapeptide of cholecystokinin (CCK~8) into free-feeding
rats persistently suppressed meal size, but total food intake
recovered due to an increased feeding frequency (Am. J. Physiol.
246: R776-787, 1984). The failure to prolong the intermeal
interval (IMI) in this previous study may be due to the relatively
short half-life of the peptide in the circulation.

We have further evaluated the role of CCK-8 in regulating the
IMI by infusing the peptide into 4 adult, male, Sprague Dawley
rats during the intermeal interval. The rats were first
habituated to computer-monitored enclosures where 45 mg food
pellets were provided ad libitum, After 1 week of habituation,
intraperitoneal catheters were implanted and the rats were infused
with saline at the end of each free-feeding meal and every 5
minutes between meals. When stable growth rates were observed,

5 days of control data were collected. The rats were then

infused for 6 days with a CCK-8 solution at a dose of 1.87 pg/meal
per rat at the end of each free-feeding meal. The rats also
received a CCK-8 infusion every 5 minutes between meals. The

dose of the intermeal infusion was increased gradually over the

6 days of drug infusion. On the last day of CCK-8 infusion,

the rats received a 20 second infusion containing 0.63 pg of CCK-8
every 5 minutes during the IMI.

At no time during the 6 days of drug infusion was the total
daily food intake suppressed relative to control days when no
drug was infused. Average control daily intake was 28.0 + 1.5 g
while mean intake during CCK-8 infusion was 25.8 + 1.0 g. The
CCK-8 infusion at the end of each meal persistently suppressed
meal size by an average of 27,3% over the 6 day period. Meal
number also increased from an average of 11.9 + 0.9 meals/day
during the control period to an average of 15.2 + 1.4 meals/day
over the 6 drug days. Average IMI decreased with CCK-8
administration from 81.1 + 3.5 minutes to 64.4 + 3.4 minutes.
Intermeal infusion of CCK-8 clearly did not prolong the IMI in
this study. These findings suggest that CCK-8 may be involved in
the termination of a meal and the initiation of postprandial
behaviors; but it does not regulate the intermeal interval.
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COMPARATIVE EFFECTS OF CAERULEIN ON .FOOD INTAKE AND P'{%NCREATIC

SECRETION IN DOGS. R. D. Reidelberger , T. J. Kalogeris , and T.
E. Solomon (SPON: R. C. McClure). Depts. of Medicine and
Physiology, Univ. of Missouri Med. Sch. and Truman V.A. Hosp.,
Columbia, MO 65201.

Cholecystokinin (CCK) inhibits food intake in several species
when large doses are administered peripherally. Whether physio-
logic doses of CCK produce satiety is not established. Since the
primary role of CCK is thought to be regulation of exocrine pan-
creatic secretion, we compared dose-response effects of the CCK
analog caerulein on food intake and exocrine pancreatic secretion
in dogs adapted to one meal per day. Nine fasted mongrel dogs
with gastric and pancreatic fistulas received intravenous scalar
doses of caerulein (0, 6.25, 12.5, 25, 50, 100, 200, 400 pmol/kg-
h, each for 30 min); pancreatic secretion was measured at 10 min
intervals. Maximal stimulation of pancreatic enzyme secretion
occurred at 50 pmol/kg-h. A similar maximal pancreatic secretory
response occurred when five dogs received a single caerulein dose
of 100 pmol/kg-h for 4 h. In feeding studies, eight pure-bred
beagle dogs received intravenous infusions of caerulein (0, 200,
400, or 800 pmol/kg-h, one dose per day) for 15 min before pre-
sentation of canned dog food and during the 45 min feeding period.
Food intake was inhibited significantly only at 400 and 800
pmol/kg-h (49 % and 98 % inhibition, respectively). These results
do not support a role for CCK as a satiety hormone, since the
minimal- effective dose for inhibition of food intake was 4 to 8
times larger than the maximal dose for stimulation of pancreatic
enzyme secretion.

NEUROMEDIN C INHIBITS FOOD INTAKE IN RATS. J.A. DiPoala® and
J. Gibbs (SPON: C, Shamoian). Dept. of Psychiatry, Cornell Univ.
Med. Coll., and Eating Disorders Institute and E.W. Bourne Behav.
Res. Lab., The New York Hosp., White Plains, NY 10605.

Bombesin (BBS) and BBS-1ike peptides produce large, dose-related
and specific inhibitions of food intake. A new BBS-like decapep-
tide, neuromedin C (NMC), has been isolated from rodent brain
and porcine spinal cord and shown to have BBS-like smooth muscle
bioactivity (Roth et al, 1983; Minamino et al, 1984). We tested
NMC to determine if it, like BBS, inhibited food intake.

METHODS: Adult male Sprague-Dawley rats (n=8) on a 12:12h
light:dark cycle (lights on at 0700) were maintained on food
pellets and tap water. At 1000, pellets were removed and a
predeprivation 30-min access to liquid food (BioServ, 40%) was
provided. Rats were deprived of all food from 1030-1330. At
1330, they were injected intraperitoneally with 0.15M NaCl (vehicle
control), or 2,4,8, or 16 ug-kg™' NMC or BBS. Liquid food was
presented immediately and consumption was measured during the
30-min test meal.

RESULTS: Neuromedin C and BBS inhib;fted feeding:

)

Dose (mg-kg~
Peptide _ 0 2 [ 8 16
BBS 19.141.1  10.6+1.3%*%  §.540,9%% 9.040.9%#
(-41) (-48) (-51)
NMC 19.7+0.8  19.0+2.0 13.940.9%  14.442.1%  9.8+1.2%
’ -1 (-28) (-30) (-49)

Values are mean food intakes in ml+SEM. Values in parentheses
are mean % change from control. ¥#p<0.05, ##p<0.01; Tukey's test
following ANOVA.

Both peptides produced large inhibitions of food intake.
On a weight bafis, BBS was more potent than NMC: threshold doses
were 2 ug-kg~ 1(BBS) and 4 ug-kg™' (NMC); 50% inhibition was
seen at 8 ug-kg™' (BBS) and 16 ug-kg™' (NMC). On a molar basis,
NMC was approximately 40% as potent as BBS; this is similar
to the relative potencies of these peptides for contraction
of smooth muscle. All rats showed behaviors typical of normal
satiety and no abnormal behaviors were noted.

CONCLUSION: Neuromedin C inhibits food intake in a potent,
dose-related fashion. This inhibition may represent a satiety
action of exogenous NMC.

Supported by NIH AM33248 and NIMH RSDA MH70874 (JG) and The
General Foods Fund, Inc.
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PANCREATIC GLUCAGON IN COMBINATION WITH CHOLECYSTOKININ INHIBITS
SHAM FEEDING IN THE RAT. J. LeSauter*, J. Arle¥*, T. Cornacchia* &
N. Geary. Dept. of Psychology, Columbia University, New York, NY
10027.

Pancreatic glucagon (PG) elicits a behaviorally specific inhi-
bition of meal size when injected before meals. PG does not, how-
ever, inhibit intake in rats sham feeding with open gastric cannu-
las (Geary & Smith, Peptides 3: 163, 1982). This suggests that
some gastric or postgastric food stimulus that is absent during
sham feeding is necessary for PG's satiety effect. Therefore, we
tested whether PG regains its potency to inhibit sham feeding
when it is administered in combination with injections of bombesin
(BBS) or cholecystokinin (CCK), two peptides that may mediate the
satiety effect of food in the stomach and small intestin (Gibbs &
Smith, Peptides 3: 553, 1982). Ten rats were equiped with chronic
gastric cannulas and meintained on Purina chow. Sham feeding of
evaporated milk was tested in non-deprived rats after i.p. injec-
tion of PG, two doses of BBS, or two doses of CCK either singly or
in combination. None of the single doses, except the higher CCK
dose, inhibited sham feeding in comparison to control injections.
Combinations of PG + BBS also failed to inhibit sham feeding.
Combinations of PG + CCK, however, significantly potentiated the
effect of CCK alone. The lower BBS + CCK dose failed to inhibit
sham feeding, but in combination with PG, BBS + CCK did inhibit
sham feeding. Mean + SEM 30 min sham intakes were:

Peptide (mecg/kg)

CON CCK.15 CCK.30 BBS.25 BBS.50 CCK.15+BBS.25
without 50.5 L47.5  37.8% L6.1  LB.7 43.8
PG +3.6 3.5 +h.9 437 4.3 +5.1
with PG 53.L  30.87% 21.0ff 48.9  L6.6 27.08¥
(200)  #3.8  #5.1  #4.T  +43.7  +3.2 441

*S £.05 vs. control, Dunnett's test; **p .01,
##5&.01 vs. without PG, Tukey's test.

These data indicate that PG synergizes with CCK to inhibit sham
feeding. Further, PG can inhibit sham feeding in combination with
doses of CCK or CCK + BBS that alone have no effect on sham
feeding. This demonstration of potentiation extends Hinton &
Geary's (EPA Proc: 5€: 30, 1985) report of similar synergistic
effects of satiety peptides on real feeding.

BOMBESIN INCREASES POSTPRANDIAL INTERMEAL INTERVAL. S. Mindell®,
J.A. DiPoala®*, S, Wiener®, J. Gibbs, and G.P. Smith. Dept. of
Psychiatry, Cornell Univ. Med. Coll., and Eating Disorders Institute
and E.W. Bourne Behav. Res. Lab., The New York Hospital, White
Plains 10605.

Bombesin (BBS) decreases meal size (MS) and increases the
length of the postprandial intermeal interval (IMI) when it
is injected intraperitoneally before a test meal (Wiener et
al, 1984). We determined the effect of BBS on postprandial
IMI by administering it at the end of the meal.

METHOD: Adult male Sprague-Dawley rats (n=16) were maintained
on a condensed milk (50% v/v) diet. After an 18h overnight
food deprivation, a high carbohydrate liquid diet (BioServ,
40% v/v) was provided for a daily 140 min test., At the end
of the initial meal, a single injection was given of a 0.15M
NaCl Yehicle control or of tetradecapeptide BBS (2,4, or 8
»g-kg”~'). For comparison, the synthetic C-terminal octapeptide
of cholecystokinin (CCK-8, 8 ug-kg™') was also administered.
IMI length was determined by observing rats once each min throughout
the test.

RESULTS: (1) All doses of BBS and CCK-8 produced large, highly
significant increases in IMI length. (2) The effect of BBS
was dose related: 8 ng-kg~' BBS increased IM%( 60%; this was
significantly mfre than the effect of 2 ug-kg~' (48% increase)
or of 4 ng-kg~. (47% increase). (3) BBS was more potent than
CCK-8: 8 ng-kg"l of BBS increased IMI 60%, while 8 ys—kg’1 of
CCK-8 increased IMI 42%.

CONCLUSION: Exogenous BBS prolongs the postprandial IMI.
This effect is dose-related. BBS is apparently more potent
for increasing IMI than CCK-8, while previous work (Gibbs et
al, 1979) showed that BBS was less potent than CCK-8 for decreasing
meal size.

Supported by NIH AM33248 and NIMH RSDA MH70874 (JG), NIMH
MH40010 and NIMH RSA 00149 (GPS), and The General Foods Fund,
Inc.
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16.11

SUPPRESSION OF FOOD INTAKE IN RATS BY MICROINJECTION OF CHOLECYS-
TOKININ (CCK) TO THE PARAVENTRICULAR NUCLEUS (PVN). P.L. Faris*

and J.W, Olney,Dept Psychiatry, Washington U. St. Louis, MO 63110,
The presence of CCK fiber terminals in the ventromedial hypo-

thalamic nucleus (VMN) (Zaborsky et al, Br Res 303,225,'84) and
fiber varicosities in the PVN indicates that these areas are sites
of endogenous CCK action. Since both regions are classically
implicated in food intake control, the VMN and PVN are candidate
regions where CCK may act to produce satiety. We have examined the
effect on food intake of CCK microinjection to these areas. Adult
male rats were implanted stereotaxically with chronic 1ndwelling
unflateral guide cannulae terminating 1.5 mm dorsal to either the
PVN or the VMN. Following recovery, each rat (n=7 for both PVN and
VMN) received saline, 4.4 pmoles of desulfated CCK-8 (DES-CCK),
4.4 pmoles CCK and 22 pmoles CCK on alternate days in a counter-
balanced fashfon. The 1injection cannulae extended the guides by
1 mm. Following 1injection, dry food pellets were removed and
replaced with a pre-weighed cup of wet food mash. Food cups and
spillage were wefghed 30,60 and 120 min following the {injection.
Cannulae placements were histologfcally verified.

Microinjections of both doses of CCK to the PVN significantly
decreased food intake. The suppression appears to be both dose and
time dependent. The low dose (4.4 pmoles) reduced food fntake by
27% during the first 30 min. Food intake was reduced by 47% at 30
min and by 66% during the second half hour interval as a result of
treatment with 22 pmoles CCK. DES-CCK did not sfgnificantly affect
food intake (Table I).

Direct injections of CCK to the VMN did not have a significant
effect on food intake (Table II). Thus, it s likely that the
suppression of food intake by CCK administered to the PVN is a
regionally specific effect, fmplicating the PVN as a central site
for CCK-mediated control of food fntake.

Table I. Mean Food Intake (grams * SEM) Following CCK to the PVN

Saline 4.4 pmoles DES-CCK 4.4 pmoles CCK 22 pmoles CCK

30 min 8.8 (#1.1) 7.6 (£1.2) 6.5 (£1.7) 4.78 (11.2)
60 min 2.6 (£0.8) 2.5 (0.7) 1.7 (20.7) 0.9 (20.5)
0 (£0.9) 3.6 (0.8) 2.7 (%1.0)

120 min 2.3 (%1.,3) 33
A p <0.05; p <0.01

Table II. Mean Food Intake (grams * SEM) Following CCK to the VMN
Saline 4.4 pmoles DES-CCK 4.4 pmoles CCK 22 pmoles CCK

30 min 7.5 (£2.7) 5.6 (£2.0) 5.5 (£1.6) 8.7 (£2.8)
60 min 1.6 (%1.1) 3.1 (%l1.1) 2.5 (£1.1) 2.2 (1.0)
120 min 3.4 (£1.0) 4.0 (£1.0) 1.7 (£0.6) 0.6 (0.1)

Supported by MH38894 (RSA to JWO) and ES07066.

16.12

CCK-8 INTERACTS WITH PREFEEDING TO IMPAIR RUNWAY PERFORMANCE.
J. E. Cox. Dept. Psychology, Univ, Alabama at Birmingham,
Birmingham, AL 35294,

We previously reported that doses of cholecystokinin octapeptide
up to 4 pg/kg did not produce decrements in runway performance of
food deprived rats (Cox et al., Behav. Brain Res., 1l4: 41, 1984,
These results suggested that this substance does not reduce feeding
motivation prior to contact with food, consistent with the hypoth-
esis that CCK injections reduce food intake by acting late in the
meal to prematurely trigger satiety. To further examine this
hypothesis, runway performance was assessed after CCK-8 administra-
tion in combination with prefeeding. After 21 hr food deprivation,
male Sprague-Dawley rats (N=7) received i.p. injections of 1.0
mg/kg CCK-8 (Sincalide, Squibb) or saline immediately following
0, 1, 2, or 5 min access to 30% sucrose. Beginning 10 min after
injections, rats ran 6 runway trials for 0.3 ml of 30% sucrose.
Mean running speeds (cm/s + S.E.) were as follows:

0 K 2t X

Saline 56.4+1.8 57.0+1.8 45.1£3.7 49.,1%5.2

CCK-8 53.612.7 53.9+2.4 35.747.6 14.9%4.3

Prefed 0 2.0 4.6 9.7
(ml1)

After 5 min prefeeding (mean intake = 9,7 ml), CCK-8 produced
a 70% decrease in running speed compared to tests on which rats
were prefed the same amount but received saline injections (P£.01).
Following shorter intervals of prefeeding or no prefeding, CCK-8
did not significantly affect runway performance. Mean 20 min
consumption of 30% sucrose after runway trials with no prefeeding
was 15.441.,0 ml after saline and 12,6%+1.4 ml after 1.0 ug/kg CCK-8
(P<.01).

Subsequent tests showed that after 5 min prefeeding. 0.50 ug/kg
CCK-8 produced a 597 decrease in running speed compared to saline
tests (P<.01). A dose of 0.25 ug/kg produced a marginally signifi-
cant 16% decrease (P<.10).

Thus, in conjunction with prefeeding, low doses of CCK-8 pro-
duced substantial decrements in runway performance. These results
contrast with the lack of effect without prefeeding of the same
doses and the previously reported ineffectiveness of much larger
doses, Inhibitory effects of CCK administration arise, therefore,
though interaction with other signals generated by ingestion of
food. The nature of these signals is not known, but after 1.0 ug/kg
CCK-8 they apparently reach threshold after consumption of between
approximately one-third and two-thirds (2 and 5 min prefeeding) of
a full meal of 30% sucrose. (Supported by NIH grant AM31805).
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AGE RELATED SEIZURE FACILITATION. E.S.Sperber, R. Okada,

B. Wong*, S.L. Moshe, Dept. of Neurology and Pediatrics, Albert
Einstein College of Medicine, Bronx, NY 10461 and Dept. of
Psychiatry, Juntendo University School of Medicine, Tokyo,
Japan.

Recent evidence indicates that bilateral muscimol infusions in
the substantia nigra (SN) protect adult rats from a variety of
experimentally induced seizures. In the present study we report
the effects of muscimol infusions into the SN on seizures in
developing rats.

Two week old rat pups were implanted with bilateral chronic
cannulae in or above the SN. After a two day recovery period,
the pups were injected with muscimol (in a volume of .25 ul per
site) and their susceptibility to the development of flurothyl
induced seizures was compared to that of saline infused rats.
The latency to the onset of a generalized clonic seizure was
congidered as the convulsive threshold.

Rats injected intranigrally with 100 ng of muscimol per site
and tested 30 min later, developed flurothyl seizures
significantly faster than saline controls or rats whose cannula
tips were 1-1.5 mm above the SN (p<.001). A time response curve
was also generated. The proconvulsant effect of 100 ng of
muscimol was already present at 15 min post infusion, became
maximal at 30 min and decreased somewhat at 60 min. At all 3
times the muscimol infused rats differed from the two control
groups (p<.001).

To evaluate the possibility that nigral muscimol infusions may
have a biphasic effect on seizures in rat pups, a dose response
curve was created, 30 min after the completion of the infusions.
Rat pups infused with 12.5 ng/.25 ul/per site of muscimol into
the SN had similar latencies to the onset of a flurothyl induced
seizures as controls. However, doses of muscimol ranging from
50-200 ng/per site facilitated the development of flurothyl
seizures.

These results indicate that the effects of nigral muscimol
infusions on seizures are age dependent. The altered respon-
sivity of the nigral GABA sensitive system may account for the
increased seizure susceptibility of the immature CNS.

(Supported by grant RO1 NS 20253 from the NINCDS and a grant
from the EFA).

17.2 RESERPINE REVERSES THE ANTICONVULSANT EFFECT OF GAMMA-VINYL GABA

MICROINJECTED INTO THE SUBSTANTIA NIGRA OF KINDLED RATS.
R.L. Gellman & J.0, McNamara, Duke & VA Med. Ctr., Durham, NC.

Microinjection of GABA agonists bilaterally into the substantia
nigra (SN) suppresses both clonic motor and limbic seizures
produced by kindling of olfactory structures, amygdala or
entorhinal cortex. The suppression of limbic seizures
behaviorally is paralleled by suppression of focal afterdischarge
at the site of stimulation, thereby indicating that the SN can
regulate intrinsic neuronal excitability of multiple forebrain
sites, The anatomic pathways mediating this regulation are
unknown, Direct connections from the SN to all three structures
have not been elucidated, The widespread influence of SN on
forebrain excitability raised the possiblity that this action was
mediated by a population of neurons with diffuse projections. We
considered monoaminergic neurons to be likely candidates both
because of their diffuse projections and because of their profound
influence on seizure susceptibility in the kindling model. To
begin to test the hypothesis that the anticonvulsant effect of
intranigral y-vinyl GABA (GVG) is mediated by one or more of the
monoamines, we determined whether reserpine, a monoamine-depleting
drug, would reverse the anticonvulsant effect.

Sprague Dawley rats were stereotactically implanted with a
bipolar electrode in the right amygdala and bilateral guide
cannulas overlying the SN. They were stimulated 2x/day until 7
class 5 seizures were evoked, Following determination of the
generalized seizure threshold, GVG (5 ug/0.5 ul saline in 2.5 min)
was microinjected into the SN bilaterally and the response to a
test stimulation was determined at 16 and 36 hrs thereafter.
Either reserpine (2.5 mg/kg) or vehicle was administered
subcutaneously to the animals 24 hours after GVG treatment., The
afterdischarge duration (ADD) in seconds was recorded on EEG. All
electrode and injection placements were histologically verified.
Preliminary experiments indicated that reserpine produced >90Z
depletion of monoamines in multiple brain regions.

Reserpine, but not vehicle, reversed the anticonvulsant effect
of intranigral GVG. Prior to GVG, both groups had similar baseline
ADDs (86 + 10 and 89 + 10 secs respectively, mean + SEM)., GVG
shortened ADD in both groups at 16 hrs (39 + 11 and 50 # 19,
p<0.05, student’s t-test)., Reserpine (n=9) returned ADD to
baseline (80 + 10), while vehicle (n=8) left the GVG effect intact
at 36 hrs (54 +12, p<0,05 vs. baseline). Additional experiments
demonstrated that reserpine alone did not lengthen the ADD in
animals receiving intranigral injections of salinme.

We conclude that reserpine, but not vehicle, reverses the
anticonvulsant effects of intranigral GVG. This suggests that one
or more of the monoamines may mediate nigral influence on
intrinsic neuronal excitability in forebrain structures,
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17.3 ELECTROPHYSIOLOGICAL EVIDENCE THAT SUBSTANTIA NIGRA TRANSMITS

17.5

SEIZURE ACTIVITY IN KINDLED RATS, D.W. Bonhaus, J.R. Walters and
J.0. McNamara. Depts, Med., (Neurology) and Pharm. Duke Univ. and
V.A. Medical Centers, Durham, NC and NINCDS, Bethesda, Md.

Kindling, an animal model of limbic epilepsy, is achieved by
repeatedly administering initially subconvulsive electrical
stimuli to specific brain areas until gemeralized clonic seizures
are evoked. Previous work in our laboratory has demonstrated that
intranigral injection of muscimol or destruction of the substantia
nigra (SN), treatments which presumably decrease the neuronal
output of the SN, suppress both clonic motor and limbic seizures
in kindled rats. These findings indicate that the SN is involved
in the propagation of seizures in kindled rats, but they do not
specify a mechanism. We proposed two hypotheses regarding the role
of the SN in the propagation of kindled seizures: 1) the SN
directly transmits seizure activity from rostral sites of origin
to target structures; and/or 2) the SN produces a tonic seizure
facilitating action on other structures which themselves directly
transmit the seizure activity.

To begin testing these hypotheses we recorded single unit
activity of both dopamine and pars reticulata neurons in the SN
during electrical seizures induced by stimulation of amygdala in
paralyzed ventilated rats, We recorded electroencephalographic
(EEG) activity with electrodes in amygdala and caudate.

The most striking finding was that SN neurons in the kindled
animals exhibited a dramatic change in firing pattern during the
electrical seizure. This pattern consisted of the cells firing in
bursts; moreover the bursts were temporally correlated to specific
components of the EEG recorded in the caudate or amygdala during
the evoked seizure. This firing pattern was found in the majority
of both dopamine and pars reticulata neurons of kindled animals,
but was found uncommonly in SN neurons of naive animals. In
kindled rats 88% of the SN pars reticulata and 88% of the SN
dopamine neurons fired in bursts time-locked to the EEG waveform
during seizures while in naive rats only 18% of the SN pars
reticulata and none of the SN dopamine neurons fired in this
pattern, The firing of neuronms in bursts temporally correlated to
components of the the EEG waveform in kindled animals is not a
global phenomenon since only one of 30 cells recorded in the
pontine tegmentum of kindled animals exhibited any clear change in
firing pattern during seizure,.

This change in firing pattern, to firing time-locked to
specific components of the EEG, indicates that the SN is directly
transmitting seizure activity. Although these results do not
exclude the possibility that the SN exerts a tonic seizure
facilitating action to promote seizure propagation, the observed
change in firing pattern of nigral neurons during the seizure
seems sufficient to account for its role in seizure propagation.

THE ROLE OF SUBSTANTIA NIGRA IN THE DEVELOPMENT OF KINDLING. C.
Shin, J,M. Silver*, D.W. Bonhaus and J.0. McNamara. Depts. Med.
(Neur.) and Pharm. VA and Duke Univ. Med. Ctrs, Durham, NC 27710,

Kindling, an animal model of temporal lobe epilepsy, refers to
the phenomenon whereby repeated administration of an initially
subconvulsive electrical stimulus eventually results in intense
limbic and generalized motor seizures. Previous work from our
laboratory has demonstrated that both intranigral injection of
Y-vinyl-GABA (GVG), a GABA transaminase inhibitor, and lesioning
of substantia nigra (SN) with the neurotoxin N-methyl-DL-Aspartate
(NMDA) can block motor and limbic seizures in previously kindled
rats, This led us to hypothesize that the same manipulations in
SN would retard the development of kindling. We tested this
hypothesis using both intranigral GVG and NMDA and
thermocoagulative lesions of SN.

SN of male Sprague-Dawley rats were lesioned bilaterally by
either microinjection of NMDA or thermocoagulation, Stimulating
electrodes were stereotaxically implanted in the right amygdala.
After 1 week, both lesioned and sham-operated control rats were
stimulated 4 times a day at 100 pA above their afterdischarge
threshold (ADT) until kindled (3 clonic motor seizures), Another
group of animals was implanted with amygdala electrodes and guide
cannulae overlying SN. After 1 week, GVG (5ug/side) was injected
into the SN bilaterally. These rats and their respective controls
were stimulated 7 times per day at 100 uA above their ADT until
kindled, Nissl stained frozen sections were examined to determine
electrode and cannula placements and extent of lesion,

Animals with SN lesioned by either method were found to kindle
significantly faster than sham-operated controls: NMDA lesioned
animals were kindled after 15.0 + 1.7 (mean + SEM) stimulations
compared to 22,5 + 2.2 for controls (p<0.05). Thermocoagulative
lesioned animals were kindled after 13.5 #+ 2.0 stimulations versus
22,2 + 1.6 in the controls (p<0.05). Conversely, animals
receiving GVG required 77% more stimulations (28.8 + 3.8) to
kindle than those receiving intranigral saline (16.3 + 1.7)
(p<0.05, 2-tailed Student’s t test). GVG 2 mm dorsal to the SN
did not delay kindling development (17.3 + 2.0 stimulations).

Thus kindling development is retarded by intranigral GVG and
facilitated in animals with lesions of SN, One explanation for
these findings is that an intact SN is part of the network of
kindling development and GVG, by presumably inhibiting SN output,
retards kindling. However, in the absence of SN, kindling may
take place through an alternate network., Kindling through this
alternate network is apparently faster than that which exists in
the unlesioned brain, Once kindling is established through an
intact SN, the SN becomes an important structure in seizure
propagation; thus do both SN lesions and intranigral GVG suppress
kindled seizures.

17.4

17.6

ALPHA,, BUT NOT ALPH.AI, ADRENERGIC RECEP;I‘OR ANTAGONISTS FACILITATE
KINDLING DEVELOPMENT, J.A, Kallianos , R.L. Gellman and J.O.
McNamara (SPON: S, Schiffman), Depts. of Medicine (Neurology) and
Pharmacology, Duke and VA Medical Centers, Durham, NC 27710.

Kindling, an animal model of epilepsy, is a phenomenon in which
periodic administration of an initially subconvulsive stimulus
eventually results in prolonged limbic and motor seizures,
Selective depletion of forebrain norepinephrine (NE) markedly
facilitates kindling development; this suggests that endogenous NE
normally mediates an anticonvulsant action, The receptor subtype
with which endogenous NE interacts to produce this anticonvulsant
action is unknown. The anticonvulsant effects of an alpha,
agonist against audiogenic and pentylenetetrazol (PTZ) seizures
together with the proconvulsant effects of alpha, antagonists in
the PTZ model led us to hypothesize that the anticonvulsant
effects of NE in the kindling model are mediated through alpha
receptors, To test this hypothesis, we examined the effects o
three different compounds on the rate of kindling development:
yohimbine and idazoxan (RX 781094), two structurally dissimilar
alpha, antagonists and corynanthine, a stereoisomer of yohimbine
with selective alpha; antagonist properties.

Male Sprague Dawley rats implanted with a bipolar electrode in
the right amygdala were pretreated daily with antagonist or
vehicle and stimulated until 3 class 5 seizures were elicited.

TREATMENT DOSE # STIMS 3 CL 5 SZ (mean  SE) P _value
Control 19.6 + 1.6

Yohimbine 1 mg/kg 9.5 + 1.9 P<0.05
Idazoxan 1 mg/kg 7.8 +0.5 P<0.001
Corynanthine 1 mg/k 18,0 + 2.1 NS

The facilitatory effects of yohimbine and idazoxan were dose
dependent over a range of 0.1 - 10 mg/kg and 0.05 - 10 mg/kg
respectively. Corynanthine had no effect on kindling development
at 0.1 mg/kg or 1 mg/kg. No difference was observed between drug
and vehicle treated animals in terms of the behavioral or
electroencephalographic patterns of seizures., The drugs did not
produce any overt behavioral effects nor did the drugs alone
produce seizures.

We propose that alpha, adrenergic receptors mediate the
anticonvulsant action of NE since: 1) antagonists of these
receptors facilitate kindling development; 2) the degree of
facilitation is equivalent to that observed after elimination of
NE. The proconvulsant effect of alphaz receptor antagonists seems
paradoxical in view of the historical perspective that alpha,
receptors are located on presynaptic terminals and that alpha.
antagonism results in increased NE release. Hence, our results
suggest that the alpha, receptors mediating the endogenous
anticonvulsant effects of NE are located on targets of NE neurons,
not on NE neurons themselves.

METHOD OF BRAIN LESIONING DETERMINES LIKELIHOOD OF SEIZURES, J.
M., Silver*, D.W., Bonhaus and J. O. McNamara., Departments of
Medicine (Neurology) and Pharmacology, Duke University and VA
Medical Centers, Durham, N.C, 27710.

Lesions of brain structures are used extensively to elucidate
the anatomical substrates of brain function. Little is known,
however, about the physiologic consequences of different lesioning
techniques. Previous observations from our laboratory
demonstrated that electrolytic lesions caused seizures. Since
lesion-induced seizures are a serious confounding variable in our
attempts to understand the functional anatomy of kindled seizures,
we examined several lesioning techniques in order to find one that
did not evoke seizures.

Brainstem structures were lesioned in male Sprague-Dawley rats
using one of three different techniques. Lesions of similar size
and location were obtained with the excitotoxin
N-methyl-DL-aspartate (NMDA), electrolysis or thermocoagulation.
All animals were monitored for electroencephalographic and
behavioral seizures for a period of four to five hours following
lesioning., Sham-operated animals served as controls.

Four of six animals receiving NMDA lesions and three of six
animals receiving electrolytic lesions demonstrated seizure
activity, whereas zero of six animals receiving thermocoagulative
lesions did so. In a group of pooled controls, one of eighteen
animals demonstrated seizure activity. Significant differences in
the fraction of animals seizing were found between both the NMDA
and electrolytic groups and controls (p=.01 and p=.03,
respectively), but no significant difference was found between the
thermocoagulative group and controls, The average NMDA treated
animal had 4.8 seizures during the 4 hour monitoring period
(p<0.001 compared to controls by Student’s t-test) and the average
electrolytic animal had 3.3 seizures (p<0.02 compared to
controls)., Again, thermocoagulative animals showed no seizures
and these were not different from controls in average number of
seizures,

These results demonstrate that of the three methods examined,
thermocoagulation is least likely to produce seizures and is
therefore the lesioning method of choice when lesion-induced
seizures are a potential confounding variable. Recognition that
seizures occur following brain lesions is crucial since seizures
may alter brain function in a manner unrelated to the simple
destruction of a specific anatomical structure.
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17.7 Unilateral Chronic Foci in deep prepiriform cortex in Rat.

17.9

G.G.Smith*, R.G. Fariello, G.T.Golden and P. F. Reyes. Neurology &
Research, VAMC, Coatesville PA 19320 and Neurology & Psychiatry,
Thomas Jeff. Med. College, Phil. PA 19107.

Recently a site deep in the forebrain of the rat has been
identified from which gereralized convulsions can be elicited by
focal injection of a number of different epileptogenic agents
including bicuculline, picrotoxin, carbacol, kainic acid and
acetylcarnitine at doses many magnitudes lower than the convulsant
threshold dose for other cerebral structures (Piredda, Lim & Gale,
Life Sciences, 1985. 36 (13):1295).

In the present study we have examined the electrographic and
behavioral results of unilateral placement of cobalt chloride
(CoCl3) or ferric chloride (FeClj) in deep prepiriform cortex in
adult Long Evans hooded male rats. Placement of either CoClj3 or
FeCly into left deep prepiriform cortex was accomplished by a
micropipette and a nanoliter pump. CoCl3 25 pg to 150 ug or FeClj
135 yg was injected over a period of 15 to 30 minutes. Coordinates
for placement of foci were 4 wm anterior to bregma, 2.5 mm lateral
to midline and 6.5 mm below the dura, with the incisor bar 5 mm
above the interaural lime. EEG recording electrodes were placed
within 1 mm of the focus i.e. left prepiriform area, in the right
mirror prepiriform area, in left and right frontal cortex and left
and right parietal cortex. Animals had EEG activity recorded for
4 - 6 hours each day for over 80 days.

Early epileptiform activity consisted of interictal spikes in
the right mirror prepiriform area. Several days later the EEG
pattern consisted of electrographic seizures with onset from the
focal area in left deep prepiriform area often with spread to the
ipsilateral frontal and parietal cortex. Occasionally this spread
to cortex was accompanied by mild behavioral manifestation of
seizure activity e.g. facial myoclonus and or forepaw twitches.
At no time were generalized electrographic or behavioral seizures
observed.

Large injections of CoClj produced extensive necrosis in
prepiriform and adjacent areas. In CoClj animals with large
injections (150 wug) interictal and ictal discharges were very
transient. CoClj animals with small injections (25 ug) showed more
consistent and longer lasting electrographic discharges. In-
terictal spikes and ictal electrographic discharges were observed
up to 80 days post focus in some animals.

TRANSIENT EXPOSURE TO NOREPINEPHRINE INCREASES NEURONAL
EXCITABILITY IN HIPPOCAMPAL AREA CA3, D.M, Taylor*, A.C. Bragdon
and W.A, Wilson. Depts. of Pharmacology and Medicine (Neurology),
Duke University and VA Medical Centers, Durham, NC 27705.

Norepinephrine (NE) is recognized as having an anticonvulsant
effect in a variety of in vivo and in vitro models of epilepsy. We
observed that in addition to an acute inhibition of epileptiform
activity in area CA; of the hippocampal slice, tramsient exposure
to NE had the effect of increasing neuronal excitability in CAg
following NE removal.

Male Sprague-Dawley rats, 270-380 g, were decapitated, and the
hippocampi rapidly dissected into chilled (15 C), oxygenated
ACSF, ACSF contained (mM): NaCl 120, NaHCO, 25, dextrose 10, KCl
3.3, NaH, PO, 1,23, MgS0, 1.2, and CaCl 1.8, 825 micron slices were
cut perpendicular to the hippocampal long axis at the temporal end
using a McIlwain chopper. Slices from temporal hippocampus were
chosen (the second through fifth slices cut, starting at the
temporal pole). After incubation for at least an hour, slices were
placed in an immersion chamber with a continuous flow of warmed
(32 C), oxygenated ACSF, Stimulating electrodes were placed in
stratum radiatum of area CA,, adjacent to the
fimbria--extracellular recording electrodes in stratum pyramidale
of CAsb. Slices were stimulated every 100 seconds at the current
intensity found to yield a maximum orthodromic population spike,
in order to evaluate the slice response. After a given slice
produced stable, healthy evoked potentials for 15 min., ACSF
containing 100 uM NE was bath applied for 15 min.,followed by 15
minutes of washout, If the slice was not spontaneously bursting
after this regimen, stimulus trains of a type previously shown to
induce bursting (60 Hz, 0.0l ms duration, 2 s train; Stasheff et
al., Brain Research, 1985, in press) were applied every 10 minutes
until spontaneous bursting occurred, Control slices were treated
identically, except that no NE was applied.

Evoked responses in the presence of NE were similar to those in
control slices. Following NE washout, responses became more
"epileptic"; a single stimulus resulted in multiple orthodromic
population spikes. Following NE aplication and washout, 1.0 +0.3
SEM stimulus trains were required to obtain spontaneous population
bursting in CAs; in controls 2.3 +0.4 SEM were needed to reach the
same criterion (significant @ p<.025, Student’s t-test). :

NE modulates population firing of CA, pyramidal cells., The
excitatory component of this modulation is not seen during drug
aplication, perhaps due to simultaneous activation of alpha and
beta recptors, Thus NE acutely may be inhibitory, but the long
term effect of NE is to increase neuronal activity in hippocampal
area CA,. This suggests that NE may modulate the development and
expression of epilepsy in the whole animal.
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MPTP protects against picrotoxin induced seizures. M.DeMattei*,
R.G. Fariello, G.T. Golden. (Spon: L.A. Marco). Neurology &

Research VAMC, Coatesville PA 19320 and Thomas Jeff. Med. College,
Phil. PA 19107

The substantia nigra has been implicated as the site of
anticonvulsant activity mediated by GABA (Iadarola & Gale, Sci-
ence, 1982,218:1237) and as a site crucial to the generation of
seizures (McNamara et al., Epilepsia, 1983, 24:522). In addition,
1-methyl-4~phenyl-1,2,3,6-tetrahydropyridine has been shown to
produce nerve cell destruction in the substantia nigra (SN).

In the present study we have investigated the effect of
destruction of SN cells, by the selective neurotoxin MPTP, on
picrotoxin induced seizures. Albino male swiss mice were injected
ip with either 30 mg/kg of MPTP or injection vehicle for ten days.
On the eleventh day all mice were given sc injections of picrotoxin
7.0 mg/kg and observed and rated on behavioral seizure activity. A
four point seizure scale was used, 0 indicating no seizure
activity and a score of 4 indicating maximal seizure activity with
tonic forelimb extension.

Ninety percent of the control vehicle injected mice exper-
ienced convulsions and death following a 7.0 mg/kg dose of
picrotoxin whereas only 25% of the MPTP mice died following
picrotoxin injection.

The mean latency to first seizure after picrotoxin injection
was 8 min 32 sec for the control vehicle mice whereas MPTP treated
mice had a mean latency of 16 min 32 sec MPTP treated mice had
fewer seizures (%X = 1.75), than control animals (X = 4.25). The
mean seizure score for the control group was 14.8. The MPTP group
had a mean seizure scores of 5.8. These results will be discussed
with regards to the histopathological findings.

These preliminary results suggest that the substantia nigra is
an essential area for picrotoxin induced seizures, and provides
further evidence for the substantia nigra in GABA mediated seizure
mechanisms.

EFFECTS OF ANTICONVULSANT DRUGS ON SINGLE UNIT ACTIVITY OF

SUBSTANTIA NIGRA (SN) PARS RETICULATA NEURONS, B.L. Waszczak

E.K. Lee* and J.R. Walters. Pharmacology Section, Northeastern Univ.,
oston, 15 and S, Bethesda, MD 20205.

Recent reports have suggested that enhancement of GABAergic trans-
mission within the SN prevents the motor manifestations of both chemical-
ly-induced and kindled seizures. Thus, it has been proposed that inhibition
of SN pars reticulata output function specifically suppresses the propaga-
tion of seizure activity to motor effector sites. The current studies were
undertaken to evaluate the effects of a diverse group of anticonvulsant
drugs on the firing rates of SN pars reticulata neurons, and to correlate
these effects with the drugs' anticonvulsant profiles and/or presumed
mechanisms of action.

Extracellular, single unit activity of pars reticulata neurons was
monitored in male rats which were paralyzed and locally anesthetized.
Drugs were administered i.v. at 2 min intervals over a range of logarithmi-
cally-increasing doses which included doses effective in suppressing experi-
mentally-induced seizures in rats. Phenytoin (1.25-160 mg/kg; n=9) and
carbamazepine (1.25-40 mg/kg; n=13) produced no changes in reticulata
cell firing at any dose. Conversely, diazepam (31.25-8000 ug/kg; n=10) and
clonazepam (2-500 wg/kg; n=10) consistently produced partial inhibitions of
cell firing. Both drugs had similar efficacies, with diazepam producing an
average maximal inhibition to 45.6+10.6% of the baseline rate, and
clonazepam producing a maximal<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>