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MORPHOLOGY AND PHYSIOLOGY IN THE VENTRAL NUCLEUS OF THE
LATERAL LEMNISCUS. JOE C. ADAMS LNO, NINCDS, NIH, BETHESDA,
MD 20014

In the ventral portion of the ventral nucleus of the lateral
lemniscus (VNLL) there are two broad categories of cells as
seen with the light microscope, electron microscope, and
electrophysiological recordings. In Protargol impregnations
there is a class of cells in this region that receive large
terminals similar to those found in the anterior cochlear
nucleus and medial nucleus of the trapezoid body. When
visualized following injections of HRP into the trapezoid
body these terminals resemble end bulbs of Held seen in
rapid Golgi impregnations of the cochlear nucleus. Seen
with the electron microscope, the two categories of cells
include those whose somata are covered with terminals and
those with very few terminals on their somata. Most terminals
contain large, clear, round synaptic vesicles but some
contain pleomorphic vesicles. Single unit response patterns
in this region are mostly 'chopper" and "on" types. The
waveform of some "on' type cells shows a positive prepotential
preceding every unit discharge. It is likely that cells
having this waveform are those with the large terminals and
that these terminals originate from octopus cells in the
contralateral cochlear nucleus. Further, it seems likely
that cells that respond with “chopper" patterns are those
with few if any terminals on their somata. These findings
suggest that mechanisms underlying stimulus coding in the
VNLL are similar to those in the cochlear nucleus.

3 RESPONSES OF MEDIAL GENICULATE NEURONS TO VOCALIZATIONS IN
SQUIRREL MONKEY.
Garrett E. Alexander, David Symmes and John D. Newman
Laboratory of Developmental Neurobiology, NICHD,
Bethesda, Maryland 20014.

The responses of 269 medial geniculate (MG) neurons in
unanesthetized squirrel monkeys-to tape recorded species-
specific vocalizations is described. lle have examined in
considerable detail the degree to which the vocalization
response is predictable from or follows similar dynamic
constraints as the response to clicks, tone bursts, and noise.
Analysis of aural dominance, response timing, response
direction, and rate-level functions suggest that in the MG
nucleus vocal and artificial stimuli are processed by similar
neural mechanisms. Frequency tuning curves of neurons obtained
from tone burst stimulation are less relevant to vocal
responses, but still contribute to predictability to some extent.
These conclusions are illustrated by a number of examples from
our sample, and represent an initial attempt at parametric
comparison of neuronal responses to artificial and species-
specific auditory stimuli.

*Indicates nonmember of the Society for Neuroscience.
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PARALLEL AUDITORY PATHWAYS FROM MIDBRAIN TO THALAMUS IN THE RAT.
K. D. Ahmann* and G. C. Thompson (SPON: H. E. Heffner). Dept. of
Psychology, Duke University, Durham, N. C. 27706.

Numerous parallel neural pathways exist in the central
auditory system of mammals. In the hindbrain alone, the cochlear
nucleus projects to the inferior colliculus 1l)directly,
2)via the ipsilateral superior olivary complex —» contralateral
inferior colliculus pathway, 3)via the contralateral medial
nucleus of the trapezoid body —> superior olivary complex —>
inferior colliculus pathway, 4)via the contralateral ventral
nucleus of the lateral lemniscus —> inferior colliculus pathway,
S)via the contralateral dorsal nucleus of the lateral
lemniscus — inferior colliculus pathway. It would therefore
be surprising if the continuation of auditory pathways beyond
the inferior colliculus was limited solely to the well-known
classical route through the ventral division of the medial
geniculate. Utilizing retrograde transport techniques, we have
demonstrated that parallel auditory pathways do also exist from
midbrain to thalamus.

Horseradish peroxidase (HRP) dissolved in dimethyl sulfoxide
(DMSO) in tris buffer was electrophoretically injected into the
medial geniculate of white rats. Each animal was sacrificed at
24 hrs. and the tissue ultimately processed with benzidine
dihydrochloride (BDHC) or tetramethyl benzidine (TMB).
Retrogradely labeled cells in the subdivisions of the inferior
colliculus were counted and the percentage of total labeled
cells was calculated for the pericentral nucleus, the dorsomedial
division of the central nucleus, and the ventrolateral division
of the central nucleus.

Of the cells labeled after injection of HRP into the caudal
third of medial geniculate, 79% were localized in the pericentral
and dorsomedial divisions, while only 21% were localized in the
ventrolateral division. Of the cells labeled after injection
into the rostral third of medial geniculate, only 23% were
localized in the pericentral and dorsomedial divisions, while
77% were localized in the ventrolateral divisions.

These results demonstrate two parallel pathways from the
inferior colliculus to medial geniculate, one originating in the
pericentral and dorsomedial divisions, and a second originating
in the ventrolateral division. A more complete interpretation
of the injection sites described above suggests that the pathway
originating in the pericentral and dorsomedial divisions
terminates primarily in the caudal tip of medial geniculate while
the pathway originating in the ventrolateral division terminates
primarily in the ventral division of medial geniculate.

(Supported by NIH postdoctoral fellowship NS-05584.)

AUDITORY CORTICAL FIELDS OF CAT: DIRECT DEMONSTRATION OF
RECIPROCITY BETWEEN FIELDS; BANDED CORTICO-CORTICAL CONNECTIVITY;
SIMILARITY OF PROJECTION ONTO STRIATUM. Richard A. Andersen
Coleman Lab., Univ. of Calif., San Francisco, Ca. 94143.

Partial maps of one or more auditory fields were made using
microelectrode recording techniques. Microinjections of ortho-
grade (tritiated leucine or proline) and anterograde (HRP)
tracers were made at physiologically defined loci. In some
experiments, both tracers were introduced at the same loci.

Restricted AI injections produced, in the frontal plane,
a radial, banded pattern of alternating heavy and light labeling
for both tracers in the contralateral AI. The banded patterns
of the two tracers appear to be directly superimposeable on one
another in the tangential plane, suggesting the existence of
reciprocal connections between the binaural response-specific
bands within the two fields.

Multiple injections along a single "isofrequency lamina" in
AI produced one reciprocal, banded focus of label in the contra-
lateral field. Two single injections, one at a high best fre-
quency and one at a low best frequency position, produced one
rostral and one caudal focus of banded label in the contralater-
al AI. This topography of projection is consistent with a homo-
typic connectivity of the cochlear representation of the two Al
fields. AI also projects in the formof a banded reciprocal
array to at least the ipsilateral anterior auditory field (AAF).

Preliminary results indicate that AII projects to at least
four different ipsilateral cortical regions as well as to the
contralateral AII. All of the projections are reciprocal.

Three of the ipsilateral projections are in the form of bands.

These experiments indicate that reciprocal connectivity
and the vertical organization of connections within bands are im-
portant rules of structure for the auditory cortex.

AI, AII and AAF all project onto the striatum in a remark-
ably similar pattern. With single injections in any of these
fields, there is a single restricted lamina of terminals in the
caudal putamen that extends across the dorsal to ventral dimen-
sion of the nucleus and occupies an intermediate position along
the mediolateral axis. There is a very light and diffuse term-
ination in the tail of the caudate nucleus. Thus, these three
fields appear to converge on the same regions of the striatum.
Supported by NIH Grant NS-10414.
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DEPENDENCE OF INTRACELLULAR RESPONSES ON SOUND STIMULUS
PARAMETERS IN HAIR CELLS AND SUPPORTING CELLS OF THE
ALLIGATOR LIZARD COCHLEA. Keld Baden-Kristensen* and Thomas F.
Weiss. Eaton-Peabody Laboratory of Auditory Physiology, Massachusetts
Eye and Ear Infirmary, Boston, MA  02114.

Electric responses to sound were recorded with micropipets from hair
cells and supporting cells which were distinguished by electrophysiological
criteria (Weiss et al., J. Acoust. Soc. Am. 55: 606, 1974). All cells
with click response magnitudes exceeding 2mV peak to peak (and up to
13mV) were inferred to be hair cells. Stable resting potentials and stable
response magnitudes were obtained for intervals as long as # hour for hair
cells and 3 hours for supporting cells.

Click responses of hair cells were independent of repetition rate from
10 to 150 clicks/sec. At low click levels, response waveforms were
oscillatory and symmetric about the baseline, and response amplitude
increased linearly with increasing click level. At higher click levels,
response waveforms became less oscillatory and more asymmetric, i-e-
oscillations were superimposed on a slow potential (see figure), and the

response amplitude saturated
~as level increased. The slow
1 potential generally had a
positive polarity. However,
immediately after cell
penetration, some cells
[o] were temporarily depolarized,
I T | and the slow potential could
o 10 be temporarily negative with=
TIME (ms) out a concomitant change in
the polarity of the oscillatory component. Thus the two components exhibit
a degree of independence. Ina few cases, the fundamental component of
the response to tones was measured as a function of frequency for constant
sound-pressure level at the tympanic membrane. These frequency-response

MILLIVOLTS

curves showed sharp tuning at low levels and broader tuning at higher levels.

At low stimulus levels, the best frequency of the frequency response was
equal to the frequency of the oscillations in the click response.

Responses of supporting cells had a click-rate insensitive component,
presumed to be of hair cell origin and a longer latency, rate-sensitive
component, presumed to be of postsynaptic (neural) origin. Frequency
responses were relatively broadly tuned, often exhibiting two best
frequencies.

CYTOARCHITECTURE OF THE DORSAL COCHLEAR NUCLEUS IN THE TWO
YEAR OLD MOUSE CS7BL/6. Robert H. Browner and Alice M. Baruch,
Department of Anatomy, New York Medical College, Valhalla, NY
10595.

The cytoarchitecture of the dorsal cochlear nucleus (DCN)
was analyzed in 10 animals. Brains were stained in Cresyl
Violet or impregnated in the Golgi-Kopsch technique (120-160 um).
The DCN at its most medial aspect is tucked caudal to the
inferior cerebellar peduncle. It sweeps rostrolateral to
overlie the posterior ventral cochlear nucleus (PVCN) to the
entrance of the eighth nerve. The rostrocaudal extent of DCN is
831 um, while dorsoventrally it is 505 um and 1380 um thick.

The DCN is divided into three regions: superficial
molecular, fusiform and granular cell layers. The molecular
layer is 84 um thick and contains few ovoid cells. The fusiform
layer is at the interface of the molecular and granular layers.
The granular layer is the central region containing (small)
ovoid and (larger) multipolar cells. The multipolar cells tend
to concentrate in the dorsal and ventral portions of this layer.

The long axes of the fusiform cells (30 x 9 um) are perpen-
dicular to the cross-sectioned surface of the DCN, except
dorsally where they are parallel to the surface. These cells
are not uniformly distributed in the dorsoventral axis but
accumulate intermittently. They have eccentric nuclei and
homogeneous Nissl substance. There are two stout dendritic
trunks from both ends, with few dendritic spines and 2° branches.
The dendritic field is at least 228 um dorsoventral by 101 um
mediolateral. The Nissl substance of the multipolar cells
(16 um) is densely stained and evenly distributed and a central
nucleus is characteristic. Three to five main dendritic trunks
radiate in all directions. The dendrites have varicosities,
elongate spines and do not enter the center of DCN, but run
parallel to the surface. A dendritic field is 236 um dorso-
ventral by 230 um mediolateral. The ovoid cells (9 um) have a
large nucleus surrounded by a thin rim of cytoplasm. This is
the most numerous cell type. It has two dendritic trunks, 2°
branches and spines on distal segments. The dendrites enter or
run parallel to the molecular layer. The field is 100 um
mediolateral, 83 um dorsoventral and 164 um rostrocaudal. The
cells appear to be organized in columns from deep regions to
the periphery. (Grant #'s - 1-78-61N-A-PS002r; 41-979-1).

6 RESPONSE CHARACTERISTICS OF SUPERIOR OLIVARY COMPLEX NEURONS IN
THE DECEREBRATE CAT. William E. Brownell, Paul B. Manis*, Louis
A. Ritz, and James W. Fleshman*. Dept's. of Neuroscience and
Surgery (ENT), University of Florida, Gainesville, Fla., 32610

Anesthetics have been demonstrated to alter single unit acti-
vity in auditory nuclei peripheral and central to the superior
olivary complex (SOC). Previous single-unit investigations of
the SOC have been carried out in anesthetized animals. This
study examines the discharge characteristics of SOC neurons in
unanesthetized, decerebrate cats. Features such as tonotopic
organization, shapes of excitatory tuning curves and the shapes
of interspike interval histograms resemble those previously re-
ported. However, most units display more spontaneous activity
than has been reported in studies of the SOC of barbiturate
anesthetized animals. This difference is particularly pronounced
in the lateral superior olive (LSO) which is usually described
as having little or no spontaneous activity. The mean spontan-
eous rate for LSO units in our sample is six spikes/sec (range
0 - 27). The mean activity for units anatomically localized to
the medial nucleus of the trapezoid body is 18 spikes/sec (range
0 - 74), while units in the medial superior olive have a mean
spontaneous activity of about six spikes/sec (range 0 - 11).

All ipsilaterally excited and contralaterally inhibited cells
(regardless of anatomical localization) have displayed some
spontaneous activity (1.3 - 14 spikes/sec). The presence of
spontaneous activity has permitted the demonstration of inhibi-
tory sidebands for some LSO neurons. The significance of these
observations for binaural interaction in the SOC will be dis-
cussed. (Supported by USPHS grant 1 ROl NS12209).

8 PROJECTIONS OF THE COCHLEAR NUCLEUS AMD SUPERIOR OLIVARY COMPLEX
TO THE INFERIOR COLLICULUS OF THE RAT. J. Timothy Cannon* and
Glenn J. Giesler, Jr. (SPON: J.C. Liebeskind). Dept. Psych.,
UCLA, Los AngeTes, CA 90024.

Golgi preparations, retrograde and anterograde degeneration
procedures and other classic anatomical techniques have provided
valuable information pertaining to the sources of afferents from
Tower brainstem auditory relays to the inferior colliculus (IC)
of the rat. With.the advent of the powerful retrograde cell
marker horseradish peroxidase (HRP), however, it has become
possible to re-examine these connections with the intent of
better defining their cells of origin in terms of location and

cellular morphology. For that purpose, pressure or iontophoretic

injections of HRP were made into the IC and the surrounding
mesencephalon of the rat. After 17 to 48 hours the animals were
sacrificed and their brains processed for the presence of HRP
using either o-dianisidine or tetramethyl benzidine. Unilateral

IC injections of HRP labeled approximately equal numbers of cells

bilaterally within the lateral superior olivary n. In contrast,
cells of the medial superior olivary n. and superior paraolivary

n. were primarily labeled ipsilaterally. HRP-positive cells were

only rarely encountered in the medial n. of the trapezoid body.
IC injections produced large

concentrations of HRP-positive IE;E;p N,

cells throughout the dorsal
and ventral subdivisions of 0
the contralateral cochlear n. e,
(CN) with only sparse labeling D
ipsilaterally. The occurrence
of dense reaction products in
many instances allowed the
identification of the pyramidal
cells of the dorsal and most
cell types of the ventral CN

as contributors of afferents

to the IC (Figure). 1IC
injections of HRP also produced
labeling within the cells of
the contralateral acoustic
nerve n.

Supported by NS 05702 and
NS 07628.
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EFFECTS OF PUTATIVE AMINO ACID NEUROTRANSMITTERS ON RESPONSE
PATTERNS OF NEURONS IN THE COCHLEAR NUCLEI. D.M. Caspary and
D.C. Havey*. Division of Neurobiology, Department of Medical
Sciences, Southern Illinois University School of Medicine,
Springfield, IL 62708.

GABA, glycine, and L-aspartate have been proposed as agents
which may govern transmission in the cochlear nuclei (CN) (Godfrey
et al., J. Histochem. Cytochem. 25, 1977; Wenthold and Gulley,
Brain Res. 138, 1977). The present study examined changes in
auditory evoked and spontaneous single unit activity in chin-
chilla CN induced by iontophoretically-applied amino acids. In
all cases, poststimulus time histograms (PSTH's) and interspike
interval histograms (ISIH's), at best-frequency, were obtained
before, during, and subsequent to the iontophoretic application
of the putative neurotransmitter or antagonist being tested.
Histological reconstruction of electrode tracts was carried out
on all preparations, and patterns of PSTH's and ISIH's were used
to aid in the localization of the recordings. As previously
reported (Caspary and Havey, Neurosci. Abs. 5, 1977), the apoli-
cation of glycine onto dorsal cochlear nucleus (DCN) neurons
displaying a pauser or build-up type pattern resulted in a pro-
found inhibition of the response with a selective effect on the
early portion of the response. The application of GABA also
resulted in inhibition of activity in DCN neurons with many of
these neurons sensitive to both GABA and glycine. The relative
effectiveness of the two substances was evaluated by comparing
the degree of inhibition resulting from the application of these
agents onto the same neuron from different barrels of the same
electrode. Results in DCN neurons indicate that glycine inhi-
bition occurred at lower dose levels than those for GABA. 1In
ventral cochlear nucleus (VCN), glycine and GABA significantly
reduced the level of spontaneous activity to a greater extent
than that of driven activity. Thus, complete inhibition of spon-
taneous activity and near-threshold driven activity was observed
with many VCN neurons with the application of relatively small
amounts (0-50 nA) of GABA and glycine. However, few neurons
could be totally inhibited when driven at moderate intensities
(20-40 dB above best-frequency threshold) without the use of
larger amounts (50-150 nA). All CN neurons inhibited by GABA and
glycine required increased amounts of these substances to achieve
similar levels of inhibition at higher stimulus intensities.
Glycine effects in both DCN and VCN could frequently be reversed
by concurrent application of strychnine. Application of the
putative afferent neurotransmitter L-aspartate onto VCN neurons
often resulted in excitation, primarily of spontaneous activity.
These data support the hypothesis that glycine, GABA and aspartate
may be neurotransmitters of the CN. (Supported in part by SIUMS
Research Fund)

ORGANIZATION OF THALAMIC PROJECTIONS TO AUDITORY CORTEX IN RAT.
J. Coleman, W.E. Wells*, B. Crumpler*, D. Marsh* and W.J.
Clerici*. Depts. Psychol. and Physiol., Univ. of South Carolina,
Columbia, SC  29208.

A fundamental understanding of the nature of auditory thalamo-
cortical pathways exists for certain mammalian species. Although
similarities appear in organization of the auditory thalamus,
organization of auditory areas of cortex seems to vary in monkey,
cat and squirrel. Because of the limited number of species
chosen for investigation, the study of other mammals may further
reveal a particular pattern of generalized thalamo-cortical
organization of the auditory pathways. In the present inves-
tigation retrograde transport of horseradish peroxidase (HRP)
was used to study thalamic projections to auditory cortex of the
albino rat. Micro-iontophoretic HRP injections made into
auditory cortex were followed by 24 hour survival and HRP
histochemical processing.

The primary auditory cortex (AI) of rat was identified by
Nissl and myelin stains and found to be located within the
boundaries of Krieg's area 41. HRP injections of AI resulted in
a restricted band of labelled cells confined to the ventral
division of the medial geniculate nucleus (GMv). Injections of
various portions of AI revealed a topographical projection from
GMv to AI. In addition to the core projection from Gliv other
subdivisions of the auditory thalamus project to at least three
auditory belt areas. HRP injections of cortex immediately caudal
to AI resulted in labelled cells in the dorsal division of GM and
in Po. Restricted injections in a cortical belt located lateral
and caudal to AI produced labelled cells concentrated in the
caudal division of GM; labelled cells in a thalamic region below
GMv also appeared. An additional belt area rostral to AI extend-
ing medially and laterally was identified. Injections of this
area resulted in thalamic label chiefly located in the magnocell-
ular division of GM and in Po with more sparse labelling of the
dorsal division of GM. Cases involving cortex medial to this
area resulted in labelling of the lateral posterior nucleus,
while injection into more rostral cortex labelled cells of Po
and CIN. This study demonstrates the presence of several sub-
divisions of auditory cortex which receive overlapping or in-
dividual projections from different ascending thalamic pathways.
Organization of auditory thalamo-cortical pathways in rat appear
to fit a basic mammalian plan of restricted projections (of GMv)
to auditory core cortex, and belt areas receiving input from
other thalamic divisions.
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10 DEVELOPMENT OF THE EMBRYONIC CHICK'S STATOACOUSTIC GANGLION.

12

G. M. Cohen and C. D. Fermin*. Department of Biological Sciences,
Florida Institute of Technology, Melbourne, Florida 32901.

In embryonic White Leghorn chicks, myelination of the stato-
acoustic neurons first begins on the neurites and then advances
proximally to the perikarya (somata). By the 6th day, when this
study began, processes from several adjacent Schwann cells have
formed loose boundaries around large groups of neurites; at this
age the naked bipolar neurons are packed closely together and are
not readily distinguishable from Schwann cells except by relative
position or by tracing the neurites back to their perikaryal
origins. By the 8th day, the extraneous coats covering the ex-
ternal surfaces of Schwann cells are more distinct than their
counterparts covering the inner surfaces closest to the neurites.
The Schwann cells clutch the neurites more tightly as they extend
processes between groups of neurites to divide them into success-
ively smaller bundles. By the 1lth day, the neurites, now termed
dendrites and which have penetrated the basilar membrane earlier,
innervate the hair cells. By the 13th day, the first compact
myelin sheaths consisting of 2-6 layers surround some dendrites
and within 2 days compact myelin begins to appear regularly; by
the 21st day (hatching) 12-18 layers surround many dendrites,
though the rates of myelination vary considerably among dendrites
in adjacent bundles. By comparison, perikaryal compact myelin
first appears by the 18th day; the larger perikaryal girths (about
15-30x) may account for the lag. Perikaryonal myelination re-
quires the cooperation of several satellite cells and the myelin
regularly alternates from compact to loose around each perikaryon
during this period. By the l4th day after hatching, compactly
myelinated perikarya, which are usually as thickly layered as the
dendritic, greatly outnumber the loosely myelinated. Each bipolar
neuron is filled with a large, eccentrically positioned nucleus
that contains prominent nucleolar complexes. The nucleus, though
continuing to enlarge during development, occupies a progressively
smaller proportion of perikaryonal volume. Until the 14th day of
incubation, perikaryonal cytoplasm is relatively pale centrally
but is denser peripherally because of abundant free ribosomes,
rough endoplasmic reticula, and numerous small mitochondria.
Thereafter, orgenelles become more evenly distributed except that
the perinuclear cytoplasm remains denser. To date only one type
of bipolar neuron, the granular, has been identified. Once
Schwann cells have committed themselves to dendritic segments,
collagen fibrils ply between adjacent fibers. Numerous cap-
illaries of different sizes thread through these groups of bipolar
neurons, frequently contacting satellite and Schwann cells.
(Supported in part by NIH Grant No. 1-508-RR09032-01).

RESPONSE LATENCY OF VERTEBRATE HAIR CELLS: KINETICS OF AN IN
VITRO MICROPHONIC. D. P. Corey* and A. J. speth* (SPON: M.
Konishi). Div. Biol., Cal. Inst. Technol.j; Pasadena, CA 91125.

The delay with which a sensory receptor responds to a stimulus
provides information about the steps involved in transduction of
the stimulus into an electrical signal. The latency of response
of hair cells, the primary receptor cells of the vertebrate
acoustico-lateralis system, is not precisely known, in part
because stimuli reach the cells through complex mechanical
linkages with unknown delays, and in part because analysis of
the extracellular receptor potential (the microphonic) is
confused by complex current paths in the organs. We have
investigated the response latency of hair cells with an in vitro
system which largely circumvents these difficulties.

The sensory epithelium of the bullfrog sacculus, containing
some 3000 hair cells, was removed and mounted as a partition
separating two chambers both ionically and electrically. The
potential difference across the epithelium was measured with an
electrode in each chamber; a second pair was used to pass current
to determine the passive electrical properties of the epithelium.
The in vitro microphonic potential recorded in response to
stimulation was the product of the net transduction current
across the epithelium and the epithelial impedance.

Hair cells were stimulated en masse by moving the overlying
otolithic membrane, into which the hair bundles insert, with a
piezoelectrically driven stimulus probe. By monitoring with a
photodiode the projected image of either the probe or the
membrane, we could measure within 5 us and 0.0l ym the stimulus
delivered to the hair cells. :

A fast pulse stimulus (200 us duration, 0.4 pm amplitude)
evokes a response with a rapid (100 us) rising phase and an
exponential decay. Because the time constant of the decay
(350 us) exactly matches the RC time constant of the epithelium,
we believe the response waveform is largely determined by the
passive electrical properties of the epithelium. After correc-
tion for the epithelial capacitance with an active filter
(transfer function: V, = Vi + 1dV4/dt), the response waveform
closely mimics that of the stimulus, with slight broadening and
a distinct delay of 40-50 pus. This short latency, and its modest
sensitivity to temperature (Q)g = "2.5), suggest that there is
not a complex series of processes intervening between the receipt
of a mechanical stimulus and the resulting membrane conductance
change. The short latency excludes, for instance, intermediate
messengers diffusing over distances of greater than about 0.2 pum.
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AUDITORY CORTEX LESIONS AND BRIEF TONE AUDIOMETRY
IN CATS: EVIDENCE FOR DISASSOCIATION BETWEEN
DETECTION AND DISCRIMINATION ABILITIES. Jerry Cranbrd,
Dept. Otorhinolaryngology, Baylor College of Medicine, Houston,
Texas, 77030,

In recent years, a number of investigators beginning with
Gershuni, Baru, and Karaseva (1967) have provided evidence
that the auditory cortex has a critical role in both the detection
and discrimination of brief sounds. Dogs and humans with les-
ions of the neocortical auditory centers have been reported to
exhibit significantly elevated detection thresholds for signals
which are shorter than 16 msec. in duration. In tests of fre-
quency discrimination, the same subjects also exhibit severe
deficits whenever the tonal signals are shortened to less than
20-40 msec. in length.

In contrast to the Russian findings, we recently obtained
evidence in our laboratory that cats with large bilateral auditory
cortex lesions are unimpaired in their ability to detect 1- and
16-KHz tone pulses of 16 msec. duration or less (Cranford &
Igarashi, 1977). In more recent unpublished experiments, we
have been further investigating the auditory decorticate cats'
ability to discriminate changes in the frequency of brief 1-KHz
tone pulses. In support of the Russian findings, these new ex-
periments have revealed that operated cats, while exhibiting
normal difference limens for tones of 100 msec. duration, have
significantly elevated thresholds for discriminating tones of 8
and 2 msec. duration. Of more significance is the finding that,
with further testing, the same operated cats which exhibit elev-
ated discrimination thresholds for brief tones can be shown to
have normal detection thresholds. Thus, it appears that the
presence of intact auditory cortex, rather than being essential
for detecting the occurrence of brief sounds, may be more im-
portant for recognizing the nature of such sounds.
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DESCENDING PROJECTIONS FROM AUDITORY CORTEX TO THE THALAMUS AND 16
TECTUM OF GALAGO SENEGALENSIS. D. Fitgpatrick*, I. T. Diamond
and D. Raczkowski*. Dept. of Psychol., Duke Univ., Durham, N. C.
27706.

We have investigated the descending projections from the
auditory cortex of the lesser Galago by examining the anterograde
transport of tritiated amino acids from the various subdivisions
of the cortex to the thalamus and midbrain and by identifying
labeled cells in the cortex following electrophoretic injections
of HRP in the auditory thalamus and midbrain. The two methods
complement each other so that it is possible to draw conclusions
which are not revealed by one method alone.

Regarding the descending pathways from cortex to thalamus,
each cortical subdivision has a unique pattern of projections and
at the same time all cortical subdivisions share a common target.
Concerning the different patterns, auditory koniocortex (Ak)
projects in a topographic manner upon the ventral division of the
medial geniculate body (GMv). The cortical regions surrounding
Ak project to subdivisions other than GMv. The cortical area lat-
eral to Ak projects heavily onto the dorsal division and to a
lesser extent to Po. The cortex situated on the lateral bank of
the sylvian fissure, medial to Ak, projects to a region of small
cells situated rostral to the magnocellular division and medial
to GMv. The cortex ventral to Ak projects to the caudal part of
the medial geniculate body. The cortical area occupying the most
dorsal extent of the temporal lobe has, as its main target, the
suprageniculate nucleus. In addition to these distinctive patterns
of projection, all subdivisions of the auditory cortex project
diffusely to the magnocellular division of the medial geniculate
body. The results from our HRP experiments suggest that the
cortical projection to the magnocellular division may arise from
layer V neurons. In contrast, the corticofugal pathways to the
remainder of the auditory thalamus originate in layer VI.

Regarding the descending pathways from cortex to the midbrain
a distinctive difference between the projections of Ak and the
surrounding belt regions emerges. Auditory koniocortex projects
to the central nucleus of the inferior colliculus and the term-
inations are distributed in a laminar fashion. On the other hand,
the descending projections from the belt regions terminate in the
pericentral nucleus of the inferior colliculus and in the deep
layers of the superior colliculus. All of these corticotectal
pathways originate from layer V of auditory cortex.

In summary, we have demonstrated that Ak and the surrounding
belt regions stand in contrast to each other with regard to their
pattern of descending projections to the thalamus and midbrain
and that each cortical region is reciprocally related with its
source of ascending afferent input. (Supported by NIMH grant
MH-4849 and NIMH fellowship MH05964.)

PHASE-LOCKING IN GOLDFISH 8th NERVE FIBERS: RELATION TO
FREQUENCY DISCRIMINATION CAPACITIES. Richard R. Fay* (SPON:
John Trimble). Loyola Univ. of Chicago, Chicago, Il. 60626.

The otolithic ears of fishes appear to be incapable of the
degree of mechanical frequency analysis performed by the mammal-
ian cochlea. Yet, behavioral frequency discrimination thresh-
olds (Fay, JCPP, 73: 175, 1970) fall within the range of mammal-
ian variation below 1000 Hz. This suggests that information
about sound frequency is coded in the temporal structure of
neural activity rather than in the across-fiber distribution of
discharge rates. This hypothesis is evaluated for the goldfish
by comparing the accuracy of phase-locking in single saccular
neurons with the accuracy with which behavioral discriminations
are made (the just-noticable-difference for stimulus period, AP).

Phase-locking accuracy was measured in over 60 saccular
neurons as the standard deviations (sd) of period histograms ob-
tained for tonal stimuli at the frequencies and amplitudes used
in the behavioral study. For frequencies between 70 and 1000 Hz,
log sd decreased approximately linearly with log frequency, with
a mean period histogram sd of about 100 microsec at 1000 Hz.

The behavioral AP values fall within the range of the smallest
neural sd values obtained at each frequency.

A simple temporal coding hypothesis holds that stimulus period
lengths are estimated by the measurement of the temporal inter—
vals between nerve impulses. The discrimination problem may be
viewed as a decision as to whether two samples of neural inter-
vals are drawn from the same, or two different underlying dist-
ributions. Assuming the means of these distributions to be
equal to the periods of the signals to be discriminated, and
that the distributions' variance is completely determinec by the
phase-locking variance, then one would expect threshold-like be-
havior to occur when the difference between the means (AP) is
approximately equal to the distributions' sd; that is, when
d' = AP/sd = 1. The results show that this is indeed the case
for the smallest sd values at each of the frequencies studied.
Thus, peripheral phase-locking variance accounts well for the
errors made in behavioral frequency discrimination, under the
assumption that the decisions are based upon the small percent-
age of neurons transmitting the best information.

CAT COCHLEAR NERVE FIBER SPIKE DISCHARGES: RECOVERY
CHARACTERISTICS AS A FUNCTION OF INTER-SPIKE TIME,

Roger P. Gaumond*, Charles E. Molnar*, and Duck 0. Xim.
Dept. Physiol. and Biophysics, Sch. of Med., Washington U.,
St. Louis MO 63110.

We have investigated the recovery of spike discharge
probability of cat cochlear nerve fibers as a function of inter-
spike time T by collecting histograms of the intervals between
spikes with and without single tone stimulation. Estimates of
¢(1), the hazard function (Cox, Renewal Theory, J. Wiley,
1962), were formed by dividing the number of intervals of
length T by the number of intervals of length greater than or
equal to t. In most fibers, ¢(t) for spontaneous discharges
increases rapidly between T of 1 and 4 msec, and continues to
increase more slowly from 4 to 40 msec. Observed differences
among fibers include a tendency of some fibers to show an
"early peak™ in ¢(t) at .75 to 1.0 msec, while others never
responded until at least 2.0 msec. These observations are
generally consistent with Gray (Biophys. J. 7,7592,1967).

Hazard functions were estimated for spike discharge
responses to high frequency (>5 kHz) acoustic stimulation of
sufficient intensity to cause at least a doubling of discharge
rate over spontaneous rate. For discharges in response to
such tones, ¢(1) was nearly equal to ¢(t) for spontaneous
discharges multiplied by a scale factor. A Markov chain model
has been developed which is consistent with this observation.
An extended version of the model predicts cochlear nerve fiber
discharge patterns in response to single low frequency
(<5 kHz) tones. These predictions will be compared with
experimental results.
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TIME CONSTANTS OF AUDITORY ADAPTATION - ELECTRICAL
STIMULATION VS ACOUSTIC STIMULATION. Chi-ming Huang.*
(SPON: L. E. White). Dept. of Physiology, College of
Medicine, Univ. South Alabama, Mobile, AL 36688.
Anmplitudes of auditory evoked potentials change
readily with repetition rate and duration of acoustic
stimulation. A quantitative model was proposed to ex-
plain such changes. Electrical stimulation of the
acoustic nerve was compared with acoustic stimulation
in order to separate the effect due to refractory
periods of auditory periphery and central elements.
The model included a decrementing process due to the
stimulus and a spontaneous recovery process; both hav-
ing exponential time course. Results indicated that
during acoustic stimulation the time constants were
10-15 and 100-120 msec for the decrementing and re-
covery processes, respectively. Interactions of these
time constants determine the amount of response decre-
ment in the steady state. The response decrement may
be up to 90% as the stimulus rate was varied from 1 to
200/sec and the stimulus duration was varied from 1 to
1000 msec, taking care that temporal overlap between
stimuli did not occur. During electrical stimulation
of the acoustic nerve, the time constant for spon-
taneous recovery shortened and the amount of response
decrement was smaller relative to the results from
acoustic stimulation. It was concluded that mecha-
nisms at the hair-cell and acoustic nerve junction
may be chiefly responsible for the observed results.

COCHLEAR INJECTIONS OF LABELLED ASPARTATE OR GLUTAMATE PRODUCE
LOCALIZED GRAINS IN AUTORADIOGRAPHS. Eileen S. Kane, Dept.Anat.,
Univ. of Mass. Med. Sch., Worcester, Ma 01605.

Small volumes (0.5-0.7 ul) of 3H-labelled L-aspartate or
L-glutamate (New Eng. Nuc.,Boston) diluted in sterile saline
(final conc. 30-50 uCi/ul), were injected unilaterally into
cochleas of adult cats. After survival periods of 3-30 hrs,
cats were perfusion-fixed, brains immediately removed and
blocked, and frozen sections of stems cut (30 ym), mounted and
routinely prepared for LM autoradiography. Dense grains were
localized in the ipsilateral cochlear nucleus in patterns
identical to those after 3H-leu injections (1977, Am. J. Anat.,
150:641) . Heaviest grains were found in the posteroventral
(PVCN) and anteroventral (AVCN) cochlear nucleus subdivisionms,
notably in and around the nerve root, and in the deep dorsal
(DCN) cochlear nucleus into the fusiform cell layer (FCL).
Sparsest grains occurred in the granule cell caps and in the
DCN molecular layer. Evidence of transneuronal transport
appeared with survival times over 24 hours for both 3H-asp and

-glu. Non-specific label (over unrelated stem nuclei) was
heavy after 24-hr survivals. Both amino acids produced signifi-
cantly higher average grain counts in zones of the ipsilateral
cochlear nucleus known to receive heaviest primary inputs. For
example, average counts in experimental OCA were about 70/100
wm“ for asp and about 110/100 um? for glu while average counts
in the contralateral OCA were about 30/100 ym2 for both 3H-asp
and 3H-glu. Liquid scintillation counts of both cochlear nerve
roots were significantly higher for the injected vs. the
uninjected sides (a 10:1 ratio for JH-asp, a 7:1 ratio for
3H-glu). Our results strongly support neurochemical findings
from other labs that both aspartate and glutamate may be the
neurotransmitters (or their precursors) used by primary
auditory fibers.

Supported by Univ. of Mass. Med. Sch., Deafness Res. Fdn.
and USPHS Grants NS 14260 and NS 00290 (RCDA) to ESK.
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IN VITRO ELECTROPHYSIOLOGICAL ANALYSIS OF N. MAGNOCELLULARIS AND
N. LAMINARIS OF THE CHICKEN. Hunter Jackson, John T. Hackett,
and Edwin W Rubel. Depts. of Physiology and Otolaryngology, Univ.
of Virginia, Charlottesville, VA. 22901.

We have recently developed an in vitro preparation of the
chicken brain stem, including first, second, and third order ele-
ments of the auditory system; these are the auditory (8th) nerve,
n. magnocellularis (NM), and n. laminaris (NL), respectively.

The system is stimulated by means of bipolar surface electrodes
positioned on the 8th nerve stumps. Using micropipettes filled
with potassium citrate or horseradish peroxidase (HRP) solution,
we have recorded field and single cell potentials in NM and NL.
The findings summarized below were obtained from late embryos,
aged 17-19 days.

Field potentials recorded from NM and NL in response to 8th
nerve stimulation are characterized by three distinct negativ-
ities. The first negativity (N}) is recorded from a circum-
scribed area comprising NM. N1 is evoked by ipsilateral nerve
stimulation only, and reflects postsynaptic currents in NM
elicited by 8th nerve input. The second negativity (N2) is
recorded from the dorsal neuropil region of NL. Like N1, N2 is
evoked only by ipsilateral 8th nerve stimulation. The latency of
N2 is 3-5ms longer than that of N1; this is consonant with the
view that the 8th nerve does not project directly to NL, and that
N2 results from synaptic activation of dorsal NL dendrites by
ipsilateral NM neurons. The final negativity (N3) is recorded at
the level of the ventral neuropil of NL. N3 is evoked by contra-
lateral nerve stimulation only and reflects the synaptic input to
ventral NL dendrites from the contralateral NM.

We have also undertaken an analysis of the postsynaptic
potentials generated by 8th nerve stimulation. All postsynaptic
potentials thus far recorded from NM were excitatory. This has
also been true for NL units regardless of whether the ipsi- or
contralateral nerve was stimulated. Two types of unitary EPSPs
have been recorded from NM; the first has a 2-3ms rise-time and
5-7ms duration, whereas the second has a rise-time of about Sms
and a duration of about 50ms. It is possible that these two
types of EPSPs correspond to the two morphologically separable
types of nerve terminals seen in NM.

In contrast to NM, NL neurons show graded EPSPs with increas-
ing intensity of stimulation. We have traced terminal arbori-
zations of individual NM cells following intracellular injections
of HRP and found that axons from single NM neurons contact a
number of adjacent NL cells. Taken with the graded EPSPs record-
ed from NL neurons, this indicates that terminals from several NM
neurons converge on individual NL cells. (Supported by NSF grant
#BNS 78-04074, the Deafness Research Foundation, and NINCDS RCDA
#NS00305-01 to EWR, and RSDA 5K02 DA 00009 from NIDA to JTH.)

LOCALIZATION OF SOUNDS IN SPACE BY RATS WITH BILATERAL LESIONS OF
AUDITORY CORTEX. Jack B. Kelly, Psychol. Dept., Carleton
University, Ottawa, Ontario, K1S 5B6.

In cats, dogs and monkeys, the ability to localize an auditory
stimulus in space is dependent upon auditory cortex. In these
animals bilateral lesions of auditory cortex result in profound
deficits in localization, even though little impairment is
found in absolute sensitivity to sounds or ability to discriminate
along other auditory dimensions such as frequency and intensity.
Heffner and Masterton (1975) have shown in monkeys that deficits
in sound localization are not due simply to an inability to
discriminate between left and right but, rather, are related to
the response demands of the task. In other words, in order to
demonstrate a deficit it is necessary to test animals in a
maze which requires a spatial response to either left or right
stimuli presented briefly at the onset of each trial. 1In a task
of this sort, monkeys with bilateral lesions of auditory cortex
fail to perform above a chance level even though the same
animals can discriminate left from right in a non-spatial task.
We have attempted to replicate this result using albino rats as
subjects. The animals were trained to localize single clicks in
a two-choice spatial maze with loudspeakers separated by 180°
azimuth. Further testing was then done with speakers separated
by 60°. Difficulty was experienced by some animals following
cortical lesions, but this did not correspond with the extent
or location of the damage. More significant was the fact that
most animals with large bilateral lesions of auditory cortex
were still capable of high levels of performance with speaker
separations of 180° and 60°. This behavior was clearly based
upon the location of the sound rather than other qualitative
differences between loudspeakers because responses dropped to
chance when the speaker angles were reduced to 12°. Therefore,
in contrast to results with monkeys, rats with bilateral lesions
of auditory cortex are still able to localize sounds in space.
Furthermore, because of the close similarity of testing
procedures used in studies of sound localization, it seems likely
that our results reflect a species difference in cortical
dependency of auditory localization.

Supported by the National Research Council of Canada.
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EFFECT OF INTER-AURAL TIME DELAY ON AUDITORY CORTEX UNIT
RESPONSES. L.M. Kitzes* (SPON: J.E. Swett). Dept. of
Anatomy, College of Medicine, U.C.I., Irvine, Calif., 92717.

Auditory cortex has been implicated by behavioral research in
the lateralization of a sound source. The sensitivity of
single neurons in primary auditory cortex of cat to inter-aural
time of stimulation was examined.

The pinnae of Halothane anesthetized cats were removed and an
ear piece sealed in each external auditory meatus. A Beyer
DT-48 earphone was coupled to each ear piece by a short plastic
tube. Pt-Ir electrodes were advanced into primary auditory
cortex using a hydraulic microdrive controlled from outside a
double-wall acoustic chamber. Fifty msec best frequency tone
bursts (rise/fall time 5 msec) presented at moderate stimulus
levels relative to unit threshold were used. Stimulus level
was equal at the two ears.

Inter-aural time differences between the contralateral
stimulus leading by 20 msec and the ipsilateral stimulus leading
by 50 msec were explored. The most common effect observed is a
reduced discharge rate when stimulation of the ipsilateral ear
precedes contralateral stimulation. The reduction is observed
whether or not ipsilateral stimulation alone evokes discharge
activity. When ipsilateral stimulation alone does not evoke
discharges, there frequently is no apparent effect of such
stimulation unless it precedes contralateral stimulation.
Ipsilateral suppression frequently asymptotes at contralateral
delay values of 3 to 15 msec and may be effective throughout
the duration of the ipsilateral signal. The pattern of the
contralaterally evoked response normally remains unchanged
while the evoked discharge rate varies as a function of inter-
aural delay.

While other mechanisms are clearly possible, the relevance of
the long inter-aural time delay functions to the lateralization
of a sound source could derive from intensity differences at
the two tympanic windoes due to the presence of the head in the
sound path to the distal ear. This difference approaches 10 dB
for high frequency signals. At near threshold levels mean
response latency of AVCN cells decreases by several msec with
each 10 dB intensity increase (Kitzes et al, J. Neurophysiol.,
in press). The latency difference between responses of the
two AVCN cell populations excited by a distant sound source,
arising from an inter-aural intensity difference, could result
in central delay functions similar to the inter-aural delay
functions presently under study.

INTERAURAL INTERACTIONS IN MONKEY AUDITORY CORTEX. Alan D. Legatt,
Joseph Arezzo*, and Herbert G. Vaughan, Jr. Dept. of Neurosci-
ence, Albert Einstein College of Medicine, Bronx, New York 10461.

The effects of stimulus laterality on auditory evoked responses
provide evidence about neural mechanisms related to sound locali-
zation and dichotic intensity effects. We examined gross poten-
tial fields and multiple unit activity (MUA) within primary audi-
tory cortex in the alert monkey; these data supplement the litera-
ture on stimulus laterality effects in subcortical structures.

100 psec 95 dBSPL clicks were delivered monaurally and binaural-
ly at a rate of 2/sec. Three-dimensional field mapping delineat-
ed primary auditory cortex on the basis of potential gradients,
polarity inversions, and MUA maxima. In the region of the larg-
est evoked potentials, the initial cortical response to a contra-
lateral click was surface positive, with a peak latency of 11
msec. When the click was delivered ipsilaterally, this initial
positive wave occurred .5 msec earlier, and was reduced in ampli-
tude by almost 50%. The initial positive component following bin-
aural stimulation was double-peaked, and intermediate in ampli-
tude between the responses to ipsi and contra monaural clicks.
When the contra click was held at 95 dB and the ipsi click in-
creased from 0 to 105 dB, the amplitude of the initial positive
component decreased systematically. In the converse situation,
the wave amplitude increased as the contra click was increased
from 0 to 105 dB. MUA recorded in this region showed a phasic in-
crease, whose peak latency ranged from 8 to 12 msec at different
depths. The effect of stimulus laterality was similar to the pat-
tern for the P11 component: The MUA response to an ipsi click
was smaller than that to a contra click, and the response to a
binaural click was intermediate in amplitude.

Longer-latency gross potential components displayed different
patterns of interaural interaction. The waveform in the region
from 20-35 msec is different for ipsi and contra clicks, while a
negative peak at approximately 50 msec is unchanged between these
two stimulus conditions. The negativity following a binaural
stimulus retains the same latency, but its amplitude is greater
than that of the monaural response by about 50%. No increases in
MUA corresponding to any of the later evoked potential components
were observed at any of the recording sites in the mapping.

To further investigate the mechanisms of sound localization, de-
lays of up to 1000 msec were introduced between clicks of equal
intensity presented to the two ears. When the contra click led,
the amplitude of the initial cortical component was larger than
that of the response to simultaneous clicks, while the initial
component amplitude was decreased when the ipsi stimulus led.

(This work was supported by grants GM-7288, MH-06418, and
MH-06723 from the USPHS.)
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AUDITORY RECEPTIVE FIELDS: CENTER-SURROUND ORGANIZATION.
Eric I. Knudsen and M. Konishi. Div. of Biology. 216-76 Beckman
Laboratories,California Inst. of Technology., Pasadena CA 91125

The spatial receptive fields of specialized auditory units in
the midbrain of the barn owl (Tyto alba) are subdivided into
separate excitatory and inhibitory areas similar to the center-
surround receptive field organization described for other sensory
systems. These specialized units were located in the lateral
and anterior portions of the midbrain auditory nucleus (mesen-
cephalicus lateralis dorsalis, MLD), the avian homologue of
the inferior colliculus. Units in this region respond only to
sounds originating from a restricted area of space (receptive
field), and are arranged according to the location of their re-
ceptive fields so as to form a physiological map of auditory
space. The inhibitory areas of these units were mapped under
free-field conditions by using two movable sound sources; one
source positioned inside a unit's receptive field to drive the
unit; while a second source, positioned at various locations out-
side its field, tested for inhibitory effects.

Noise bursts presented outside of a unit's receptive field in-
hibited these units. The strength of the inhibition depended
upon the location of the source, and the intensity and spectral
content of the sound stimulus. Inhibition increased as the
source moved in from the periphery and approached the borders of
a unit's receptive field. As the source entered the unit's field,
the effect of the noise changed from inhibitory to neutral or
excitatory within a few degrees. Increasing noise levels resulted
in stronger inhibition and an expansion of the unit's inhibitory
area toward the periphery. Tone bursts also inhibited these
units, but the effect was weaker. The range of sound frequencies
that contributed to inhibition was wide, and changed with sound
source location. Thus frequency-response curves measured using
different speaker locations were often qualitatively different:
inhibitory frequencies at one location being neutral or excita-
tory at another.

The fact that the auditory system has created center-surround
receptive fields based on functional properties of the input,
and independent of the topography of the sensory surface, argues
strongly for the importance of center-surround organization in
spatial analysis of sensory input. Work supported by an NIH
postdoctoral fellowship (1 F32 NS05529-01) to E.I.K.

BINAURAL RESPONSE-SPECIFIC BANDS WITHIN AI IN THE CAT:
SPECIALIZATION WITHIN ISOFREQUENCY CONTOURS. John C.
Middlebrooks*, Robert W. Dykes, and Michael M. Merzenich* (SPON:
R.L. Snyder). Coleman Mem. Lab., UCSF, San Francisco, CA 94143.
The spatial distribution of neurons with different response
properties has been studied within the three dimensions of AI
in the cat. This work confirms and extends the observations of
Imig and Adridn (Br.Res.138:241, 1977). Vertical and topological
distributions of neurons falling within characteristic binaural
response classes have been mapped by recording the responses of
single units and small clusters of units to dichotic stimulation.
Nearly all units and clusters (98.47) were excited by stimulation
of the contralateral ear with tones near their characteristic
frequencies. Simultaneous stimulation of the ipsilateral ear
facilitated ("excitatory/excitatory" or "EE" neurons; 57.7% of
recordings), inhibited ("excitatory/inhibitory" or "EI"; 34.3%),
or did not alter ("E0";6.4%Z) the response to contralateral stim-
ulation. A few neurons (1.6%Z) were driven by stimulation of the
ipsilateral ear and strongly inhibited by stimulation of the
contralateral ear. Within any given penetration, neurons studied
fell within the same binaural response class (e.g., EE, or EI, or
EO, or IE) in most of 800 penetrations introduced perpendicular
to the cortical surface. Long electrode penetrations made
parallel to isofrequency contours traversed the mediolateral
extent of AI through the middle layers of the cortex (24 penetra-
tions in 6 cortices). A sharp segregation of units by binaural
response class was observed in these penetrations. Regions in
which only EE responses were recorded were 200 to 3400u wide.
Regions of EI responses ranged from 100 to 2000p across. These
regions of uniform response to binaural stimulation formed
vertical units of organization that were elongated in the rostro-
caudal dimension and, thus, intersected the lines of re-represent-
ation of the cochlear sensory epithelium. In most cases, there
were three prominent, continuous bands of EI units separated by
two broad bands of EE units. In some cats, the bands of uniform
binaural response types were apparently not continuous, although
regions were still elongated along rostrocaudal axes. These
results suggest that AI, a single auditory cortical field con-
taining a continuous representation of the cochlear sensory
epithelium, is spatially subdivisible into functionally distinct
response-specific bands apparently specialized for the coding of
unique aspects of binaural stimuli.
(supported by NIH grant NS10414 and Hearing Research Incorporated)




27

NEURONS IN THE INFERIOR COLLICULUS OF THE CAT WITH ASCENDING PRO-
JECTIONS. D. L. Oliver and D. K. Morest, Dept. of Anatomy,
University of Connecticut Health Center, Farmington, CT 06032.

The inferior colliculus is the major source of ascending audi-
tory afferents to the medial geniculate body. To identify the
neurons which contribute to this projection, we made injections of
horseradish peroxidase (HRP) in the medial geniculate body. After
1-2 days' survival, the midbrain was prepared for light and elec-
tron microscopy and reacted for HRP with diaminobenzidine, Hanker-
Yates mixture, or tetramethyl benzidine (TMB). Most HRP-labeled
cells were found ipsilaterally in all major divisions of, the in-
ferior colliculus (central nucleus, lateral zone, and dorsal cor-
tex); but some were scattered contralaterally. The present report
centers on the ipsilateral central nucleus (partes medialis et
centralis). Most frequently labeled were medium-sized neurons
with oval somas, 14-23ym in diameter. These cells include the
medium-sized disc-shaped neurons, the principal type that forms
the dendritic layers of the central nucleus in Golgi preparations.
Next in frequency were labeled medium-large cells (23-28um) resem-
bling the large disc-shaped neurons in Golgi impregnations. Both
cell types are also characterized by dispersed Nissl substance,
seen best in unosmicated tissue embedded in water soluble plastic
and stained with toludine blue. Less frequently labeled were
large neurons in excess of 30um. Some of the labeled cells could
be medium~-to-large stellate neurons with dendrities crossing the
laminae. Our best evidence for labeled stellate neurons comes
from TMB-incubated material that reveals HRP in primary and secon-
dary dendrites oriented across the laminae. A small number of la-
beled neurons also contain distinctly clumped Nissl bodies which
may correspond to stellate cells with thalamic projections. Least
frequently labeled with HRP were small cells. Some of these could
correspond to the neurons observed in the Golgi material to have
an axon with extensive local arborizatioms.

In electron micrographs, we identified the two most commonly
labeled cell types. Both lack stacked cisterns of rough endoplas-
mic reticulum. The medium disc-shaped cell is distinguished from
the large disc-shaped cell; the large cells display abundant axo-
somatic synapses and an irregular nuclear envelope.

Thus, several different types of neurons project from the cen-
tral nucleus to the medial geniculate body. Possibly these are
represented by the varieties of ascending axonal endings observed
in the medial geniculate body in Golgi and electron microscopic
preparations (Morest, JCN 162, 1975: Viner & Morest, this volume).

(Supported by USPHS grants 1 F32 NS05485 and 5 ROl NS14347.)

EVIDENCE FOR TRANSNEURONAL DEGENERATION IN THE GUINEA PIG AUDI-
TORY SYSTEM. John Persing, Oswald Steward, and Edwin W. Rubel.
Departments of Neurosurgery, Physiology and Otolaryngology, Univ.
of Virginia, Charlottesville, Virginia 22901.

Young adult guinea pigs underwent unilateral surgical ablation’
of the organ of Corti. Following post-lesion survival periods
ranging form 5 to 28 days, the midbrain and brainstem were pro-
cessed by reduced silver impregnation methods. Additionally , uni-
lateral HRPinjections were placed in the round window and individ-
ual coils of the cochlea to visualize the afferent and efferent
connections of the organ of Corti. Lesions of the cochlea resulted
in dense degeneration throughout the ipsilateral cochlear nucleus.
Moreover, terminal degeneration was also present in the superior
olivary complex bilaterally at S5 days post lesion, slightly in-
creased in intensity at 10 days, and thereafter, decreasing in in-
tensity, such that at 28 days no argyrophilic fragments were iden-
tifiable. Ipsilaterally, degenerating terminals were apparent in
the lateral superior olive(LSO), the lateral trapezoid nucleus
(LTN), and the lateral aspect of the medial superior olive(MSO);
contralaterally, degenerating terminals were present in the medial
trapezoid nucleus(MTN), dorsomedial (DMPO) and ventromedial (VMPO)
periolivary nuclei, and the medial aspect of MSO. Because terminal
degeneration was seen beyond the cochlear nuclei in the olivary
complex, and, because direct projections to the olivary complex in
primates were recently proposed(Carpenter et al, J Comp Neurol 179
517, 1978), HRP was injected into the cochlea to examine the orth-
ograde and retrograde transport of this enzyme in the cochlear
nucleus and olivary complex. In all cases, dense accumulations of
reaction product were observed in segments of the cochlear nucleus
These injections also resulted in retrograde HRP labeling of large
numbers of cells, fibers and less well defined pericellular HRP
reaction product ipsilaterally in LSO and LTN,and, contralaterally
fewer cells¢fibers and pericellular reaction product in MIN and
ventral trapezoid nucleus(VIN), DMPO and lateral lemniscal nuclei
(LLN). Anterograde HRP terminal field labeling, however, was not
seen in LTN, VTN, MSO, LLN or IC. In conclusion, silver impregna-
tion methods demonstrated terminal degeneration similar to that
seen with isolated lesions of VCN, and retrograde HRP cellular
labeling described the origin of the olivocochlear bundle. Al-
though alternative interpretations of these observations are poss-
ible (direct cochlear nerve to olivary complex projections and/or
degeneration associated with associated with olivocochlear bundle
collaterals) we believe the pattern of terminal degeneration and
the apparent absence of orthograde terminal field HRP labeling of
the olivary complex indicate that lesions of the cochlea result in
transneuronal degeneration of VCN terminals in the olivary complex.
Supported by Grant #1R01 NS12333 to 0S; Deafness Res.Found. to EWR
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EFFECTS OF AROUSAL AND OF AUDITORY CORTEX COOLING ON GENICULATE
SPIKE PATTERNS. Steven S. Orman and Gordon L. Humphrey. Dept.
Physiol. and Research Resources Ctr., Univ. Il., Med. Ctr.,
Chicago, IL. 60680

Spontaneous and sound-evoked medial geniculate (MG) single
spike discharges were recorded in chronically implanted, unanes-
thetized, paralyzed cats. Comparisons were made between activity
during high-voltage ("h'") and low-voltage ("1") ECoG periods (i.e.
during different states of cortical arousal) and between periods
of normal auditory cortex temperature and cooled ("c'") auditory
cortex (i.e., during normal and reduced corticogeniculate activi-
tyd.

Both spontaneous arousal shifts and cortical cooling led to
consistent MG activity changes. Chief among these were: a) Both
"h" and "c" states reduced the spontaneous rate of discharge sig-
nificantly for almost all cells examined. Both conditions caused
a significant increase in long intervals but also tended to lead
to a higher percentage of extremely short intervals. Thus, cells
became more "bursty". b) Moderately short intervals with a rela-
tively steady (and overall higher) discharge rate characterized
"1" states with normal cortex temperature. c) Both "c" and "h"
states caused modified responsiveness to sounds, i.e., increases
or decreases in the long-latency components of the responses.
While post-stimulus reverberations were generally absent in this
unanesthetized preparation, subdued reverberations were sometimes

"c¢" periods. d) With respect to effects of

seen during "h" and "c
cortical temperature and arousal states, no distinctions were ob-
vious between ventral and dorsal divison cells.,

Our spontaneous discharge rate data suggest that descending fi-
bers from the auditory cortex are predominantly excitatory and of
the subtle modulatory variety. Since the effect on MG neural ac-
tivity of "h" (cortical non-arousal) was much the same as the ef-
fect of "c" (reduced corticogeniculate discharge), one consequence
of reduced arousal seems to be a reduction of this cortical modu-
lating discharge to the MG. Increased burst activity and rever-
beration during sleep and during cortical cooling may be "re-
leased" among relay and local circuit elements as a result of de-
creased cortical input. These may be less extreme examples of the
same phenomena that produce bursting and enhanced reverberation in
MG in the presence of barbiturate anesthesia.

TONOTOPIC ORGANIZATION AND RESPONSE PATTERNS TO FREQUENCY
MODULATED SIGNALS IN THE INFERIQR COLLICULUS OF HORSESHOE BATS.
George Pollak and Gerd Schuller’ Fachbereich Biologie, Frankfurt
Univ., FRG.

Horseshoe bats (Rhinolophus ferrumequinum) emit sounds having
a long constant frequency (10-100 msec) portion that ranges in
frequency from about 77-36 kHz during Doppler-shift compensation
behavior. These bats are thought to utilize the frequency and
amplitude modulation patterns superimposed on the echo CF by
the beating wings of an insect for prey identification. Neurons
tuned between 77-86 kHz show a number of special adaptations
that include sharp tuningwith typical Q10 dB values of 100-200.
In the present experiment the responses to sinusoidally frequency
modulated (SFM) signals were studied. Most high frequency
neurons responded to tone bursts with a phasic-on or tonic
pattern but responded to SFM signals with firings that were tight-
1y synchronized to the modulating envelope. Modulation heights
as small as + 50-100 HZ evoked synchronized firings in some units.
Synchronized firings were evoked even at very low signal intens-
ities (0-40 dB SPL) in the majority of cells. Some units were
unresponsive to CF signals yet fired briskly and in a highly
synchronized fashion to SFM sounds. These units apparently are
sgecia]ized for detecting the FM modulation patterns in the echo
CF component.

A disproportionately large volume of the colliculus is
devoted to processing the CF component. About 60% of the units
are tuned to frequencies between 77-86 kHz. Moreover, these
high frequency cells have an unusual tonotopic arrangement being
organized in the anterior-posterior axis in contrast to the
Tower frequencies (10-70 kHz) whose tonotopic arrangement is in
the familiar dorsal-ventral plane. In a given penetration units
in the initial 500-700»~ of tissue had progressively higher
best frequencies (BF) but in the remaining 1300-1500» the BFs
were nearly constant, assuming values of from 77-86 kHz depend-
ing upon the penetration site.

The unusual tonotopic arrangement and disproportionate amount
of neural space for the frequency range of the CF component
results in a spacial segregation of activity evoked be the
emitted cry and Doppler-shifted echo while the specialized
response features to SFM sounds suggests that these cells can
encode important target features required for prey identification.
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THE EFFECT OF SIMULATED SONIC BOOMS ON THE INNER EAR STRUCTURE
AND FUNCTION. Stanislav Reinis, Chris Tsaros* and James W.
Featherstone*. Dept. Psychology, Univ. of Waterloo, Waterloo,
Ont. and the Univ. of Toronto Institute of Aerospace Studies,
Toronto, Ont., Canada.

Repeated simulated sonic booms of medium intensity, about 100
Pa, cause bleeding into the basal turn of the cochlea of
C57BL/6J mice and chinchillas. Single superbooms of 200 to 500
Pa have the same effect. High frequency sounds are perceived
in the basal turn of the cochlea. Experimental animals exposed
to simulated sonic booms therefore show a permanent threshold
shift to tone with the frequency above 20KHe. Similar
experiments have been replicated with Rhesus monkeys.

DEVELOPMENT OF BRAINSTEM AUDITORY POTENTIALS IN KITTENS.
Carl ShipleyX David Geary% Robert Norman and Jennifer Buchwald.
Department of Physiology, MRRC, BRI, UCLA, CA 90024.

Brainstem auditory evoked potentials (BAEP) were recorded from
ten kittens (three litters) over the first two months of life.The
kittens were lightly anesthetized with Ketamine during recording
sessions.Click stimuli were presented at rates of 1, 10, 50 and
100 per second.Various active-reference electrode configurations
were studied.It was found that click stimuli evoked activity from
all locations near the skull as referenced to a front paw.The
pattern of development of the BAEP recorded at the vertex, bulla,
or tongue referenced to the paw was found to be generally similar
although there were consistent differences in the appearance of
some of the potentials.The waves were observed as early as 7 to 8
days after birth and were present in all kittens by day 10.At this
early age, all of the waves were extremely sensitive to click re-
petition rates faster than 1l/sec.With increasing age, all waves
showed a systematic decrease in latency across development which
was reflected in both a decrease in the latency of the first wave
as well as a non-linear decrease in the interpeak intervals be-
tween the first wave and successive waves.Several changes in the
form of the waves appeared across development.As it emerged, wave
2 had two distinct components which tended to merge as the animals
became older.Wave 3 also showed two separate components in the
young kittens which appeared during the second week.Waves 4 and
5 appeared later than waves 1-3 and were very sensitive to stimu-
lus repetition rate in younger animals.This sensitivity was par-
ticularly pronounced in wave 5 which was generally absent at rates
of 50 or 100/sec during the first month of life.Marked increases
in latency occurred in all waves when repetition rates were in-
creased from 1/sec to 100/sec; these latency effects diminished
to approximately adult values by 6 weeks.These results are inter-
preted in terms of possible maturational sequences in the
brainstem auditory nuclei. (Supported by NIH Grant MH-24344 and
HD-05958.)
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ALTERATIONS IN THE STRIA VASCULARIS OF THE GUINEA PIG COCHLEA
AFTER TREATMENT WITH KANAMYCIN/ETHACRYNIC ACID AND ETHACRYNIC
ACID ALONE. N. J. Russell®, K. E. Fox' and R._E. Brumett’.
(SPON: C. J. Russell University of Oregon Health Sciences
Center, Portland, Oregon 97201.

Previously we reported that injection of a single 40O mg/ke
dose of kanamycin (KAN) s.c. followed 2 hrs luter Ly a single
40 mg/kg dose of ethacrynic acid (EA) i.v. resulted in the rapid
destruction of outer hair cells (OHC) (Fed. Proc. 36: 412, 1977).
Early OHC damage, visible within 2-1/2 hrs after EA administra-
tion, was accompanied by swelling of the stria vascularis (8V)
which was greater than that seen after treatment with EA alone.
Since a functional relationship exists between the SV and the
OHCs, it is possible that the SV is the primary site of KAN/EA
interaction. To investigate this we examined the SV by electron
microscopy (EM) at 5 periods post-EA (1/3, 2, 2-i/2, 4, 6 and
24 hrs). 1In each series guinea pigs were piven either KAN/EA,
saline (SAL)/EA, KAN/SAL or SAL/SAL. Cochlear function was
monitored continuously by recording the AC cochlear potential
generated by a 7 kHz tone and determining the DC endocochlear
potential prior to cochlear fixation.

EM studies of tissue fixed at 20 min (1/3 hr) post-FA show SV
swelling of similar severity after KAN/FA and CAL/FA. In each
case, extracellular fluid had accumulated around the intermediate
cells and the marginal cells were pushed outward cuausing the
stria to bulge into the endolymphatic space. Numerous largce
vesicles were seen along the luminal surface of the marginal
cells. At this time the AC and DC potentials had dropped to low
levels. By 2 to 2-1/2 hrs post-EA, the SVs of the KAN/EA animals
were significantly more swollen than those of the SAL/FA animals
although vesicles were more prevalent in the marginal cells of
the latter. Areas where the SV had ruptured were seen 2 hrs
after KAN/FA. Dying cells were evident within these areas and
in the nearby endolymphatic space. Although the AC potential
was low at these times, the DC potential had returned to normal
levels. By LU to 6 hrs, SV recovery had begun whereas the DC
potential had decreased and OHC loss was evident. Most SV swell-
ing was gone by 24 hrs. However, the SV of the KAN/FA animal
was thinner than normal and degenerating cells were occasionally
seen indicating that prolonged edema causes considerable loss of
SV cells. These results indicate that KAN adds to the swelling
caused by EA either directly or by impeding the recovery process.
(Supported by a grant from NINCDS SRO1 NS 12808-02.)

EFFECTS OF PERILYMPH COLLECTED DURING AUDITORY
FATIGUE ON COCHLEAR ELECTROPHYSIOLOGY.

M. Tachibana*, C.H. Norris, W.F. Sewell* and P.S. Guth.
Depts. of Pharmacology and Otolaryngology, Tulane Univ.
Med. Sch., New Orleans, LA 70112,

Previously we reported the release of auditory nerve activa-
tion substance (ANAS) into perilymph during sound stimulation
(Soc. Neurosci. 1II, 11, 1977). Recently, experiments designed
to increase the output of ANAS were carried out using more
intense sound stimuli during the perilymphatic collection
periods. In these experiments, compound VIIIth nerve action
potentials and cochlear microphonics were measured. The
more intense auditory stimuli caused changes in these
potentials reminiscent of auditory fatigue. Perilymph,
collected during periods of auditory fatigue, when infused back
into the guinea pig cochlea during silence caused changes in
cochlear potentials identical with those seen during auditory
fatigue. Such cochlear electrical changes are not seen with
perilymph collected during quiet periods. These
results suggest that ANAS and/or another substance released
during sound stimulation may be responsible for the changes
in cochlear electrical activity seen during auditory fatigue.
These results may point to a chemical basis for auditory
fatigue and such related phenomena as temporary threshold
shift. (Supported by NS # 11647, The Veterans Administration
Research Service and The John A. Hartford Foundation).




33 AFFERENT AUDITORY PROJECTIONS TO THE INFERIOR COLLICULUS OF BUSH
BABY (GALAGO SENEGALENSIS). G. C. Thompson. Dept. of Psychology,

Duke University, Durham, N. C. 27706.

The inferior colliculus of bush baby can be divided, based on
its cytoarchitecture, into a central nucleus which is surrounded
dorsally, medially and caudally by a pericentral nucleus and
surrounded laterally and rostrally by an external nucleus. The
central nucleus can be further subdivided into dorsomedial and
ventrolateral divisions. To discover the cells of origin of the
afferent projections to these subdivisions, horseradish peroxi-
dase was electrophoretically injected into the inferior collicu-
lus of 20 bush babies. Each animal was sacrificed at 24 hrs.
and the tissue processed with either diaminobenzidine (DAB),
catechol/p-phenylendiamine, benzidine dihydrochloride (BDHC), or
tetramethylbenzidine (TMB). Labeled cells were counted in each
central auditory nucleus and then converted to a percentage of
the total number of labeled cells found in each case.

Considering the inferior colliculus as a whole, the results
indicate that it receives bilateral input from the dorsal and
ventral cochlear nuclei, lateral superior olives, medial super-
ior olives, and dorsal nuclei of the lateral lemniscus. However,
the ipsilateral projection from the cochlear nucleus is not
nearly as strong as the contralateral projection, while the
opposite is true for the projection from the medial superior
olives (MSO). In fact, since the contralateral projection of
MSO is revealed only by the more sensitive processing techniques,
it probably represents collateral connections from the ipsi-
lateral pathway. Exclusively unilateral pathways arrive at the
inferior colliculus, one originating in the ipsilateral ventral
nucleus of the lateral lemniscus and another originating in the
opposite inferior colliculus. The final major auditory center
to contribute afferents to the inferior colliculus is layer V of
auditory cortex.

Turning now to the subdivisions of inferior colliculus, two
major points stand out. First, the superior olivary complex
projects mainly, if not exclusively, to the ventrolateral
division of central nucleus, but not to the dorsemedial division.
Second, auditory cortex projects mainly, if not exclusively, to
the pericentral nucleus and dorsomedial division of central
nucleus, but not to the ventrolateral division. These mutually
exclusive projection areas suggest that interaction between third
order auditory nuclei (which are probably sensory in nature) and
sixth order auditory nuclei (which are probably motor in nature)
is accomplished via complex interneuronal connections within the
inferior colliculus itself.

(Supported by NIH postdoctoral fellowship NS-05584.)

DUAL OLIVOCOCHLEAR BUNDLES: DIFFERENTIAL ORIGINS AND TERMIN-
ATIONS IN THE CAT. W. Bruce Warr and John J. Guinan, Jr.*
The Boys Town Institute for Communication visorders in Children,

Omaha, NE,68131 and Eaton-Peabody Laboratory of Auditory Physiol-~

ogy, Massachusetts Eye & Ear Infirmary, Boston, MA 02114.
The axonal projections of olivocochlear neurons, which pro-
vide an efferent innervation to the organ of Corti, were invest-

igated by the technique of anterograde axonal transport of radio-

labelled protein. Ten adult cats received injections of 0.5-
12.0 uCi of 35S-methionine in aqueous volumes of 0.02-0.08ul in
various locations within the superior olivary complex. Following

post-injection times of 11-36-hrs, the animals were perfused with
an aldehyde mixture, the cochleas post-fixed in 0s0;, decalcified

in EDTA, embedded in soft Araldite, serially sectioned at 3-10u,
and mounted for autoradiography with Kodak NTB-2 emulsion. In-
jection sites were confirmed in autoradiographs of frozen sect-
ions, Projections to the cochlea were quantified by counting the
number of silver grains in 12 x 12u boxes under the inner hair
cells and under each of the three rows of outer hair cells and
by plotting these data versus the graphically reconstructed dis-
tance along the organ of Corti. Our findings show that the
olivocochlear bundle (OCB) can be divided into two parts: 1) One
component which originates from cell bodies near the lateral
superior olivary nucleus (LSO) and projects to a region underly-
ing the inner hair cells of both cochleas, and 2) a second com-
ponent which originates in the cell groups medial and ventral to
the medial superior olivary nucleus (MSO) and terminates predom-
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34 PATTERNS OF SYNAPTIC ORGANIZATION IN THE COCHLEAR NUCLEUS OF THE

CAT. L.P. Tolbert and D.K. Morest. Dept. Neurobiology, Harvard
Med. Sch., Boston, MA, and Dept. Anat., U.Conn., Farmington, CT.
The cochlear nucleus comprises distinct cell groups, whose
synaptic connections form the basis for all further integration
in the auditory system. The posterior subdivision of the antero-
ventral cochlear nucleus of the cat, as visualized with the Nissl
stain, contains two types of neurons. Globular neurons are char-
acterized by dispersed Nissl substance and a small number of thin
dendritic trunks; multipolar neurons have large Nissl bodies and
many large dendritic trunks. We have previously demonstrated
that globular cells correspond to the bushy cells identified in
Golgi impregnations and that these are the cells which form the
large synaptic calyces of Held in the medial nucleus of the trap-
ezoid body (Neurosci. Abstr. III:12). Adams (personal communica-
tion) has shown that multipolar cells send their axons to the
inferior colliculus. It was therefore of interest to investigate
the types and sources of synaptic input to these two cell types.

It is possible to identify the two cell types in the electron
microscope, on the basis of the established correspondence be-
tween Nissl substance and rough endoplasmic reticulum. Globular
cell bodies are found to receive numerous synaptic inputs; 85%
of the surface of the cell body is closely apposed to synaptic
terminals. In contrast, multipolar cell bodies are almost en-
tirely wrapped by thin glial sheets; synaptic terminals contact
less than 15% of the cell body surface and tend to cluster at
the bases of the dendrites. Synaptic terminals are of three
kinds, types 1, 2, and 3, which contain 58 nm round, 52 nm round,
and pleiomorphic synaptic vesicles, respectively. Terminals of
all three kinds synapse on both types of cells. However, only
globular cell bodies receive the largest of the type 1 terminals,
which, on the basis of sheer size, correspond with endbulbs,
seen in Golgi impregnations to arise from cochlear nerve axons.
To determine which other terminals are of cochlear origin, we
examined cochlear nuclei from cats surviving 1, 2, and 4 days
after unilateral cochlear ablation. Cochlear ablation leads to
degeneration of type 1, but not type 2 or type 3, terminals.

We conclude that globular cells, which are known to project
to the medial trapezoid nucleus, receive heavy input to their
cell bodies from the cochlear nerve. Multipolar cells, which
project to the inferior colliculus, receive very little cochlear
nerve input to their cell bodies; presumably the synaptic organ-
ization of their dendrites plays a significant role in determin-
ing the properties of the projection to the inferior colliculus.
(Supported by PHS grants NS 06115, NS 13126, GM 00406, MH 14275,
and NS 14347.)

COCHLEAR NUCLEAR PROJECTIONS FROM OUTER HAIR CELLS.
Molly Webster* and Douglas B. Webster. Kresge Hear.
Res. Lab., Sch. Med., LSU, New Orleans, LA 70119.

The left bony cochlear shell was surgically
removed in one-month-old guinea pigs, causing
degeneration of the organ of Corti and gradual loss
of most spiral ganglion neurons. There is good
evidence that the lost neurons innervated inner hair
cells, and that the few remaining after long-term
organ of Corti loss innervated outer hair cells. At
about one year of age a second surgery removed or
destroyed the modiolus, thus destroying the axons of
the residual few spiral ganglion neurons. Six days
later the animals were sacrificed and the
projection of the residual neurons from outer hair
cells to brainstem was charted by the Fink-Heimer
method and compared with appropriate controls. The
ears were serially sectioned and stained with Luxol
fast blue-cresyl violet to demonstrate neurons and
myelinated fibers.

In one animal the initial surgery destroyed
almost the entire nerve, and the second surgery
missed the remainder. 1In this ear a few healthy
neurons remain; the brain tshows no degenerative
debris and therefore serves as an additional control.
The left ears of six other animals show the combined
effects of the two surgeries; where portions of the

inantly, if not exclusively, in the region beneath the outer hair
cells of both cochleas. In cases analyzed so far, injections with-
in or near the LSO produced grain counts which reflect strongly
preponderant ipsilateral projectiong, the distributions of which
were not necessarily symmetrical in the two cochleas. In contrast,
injections in the region medial to the MSO produced counts which
reflect predominantly crossed projections, the distributions of
which appeared to be bilaterally symmetrical. Our data complement
the available experimental observations with the electron micro-
scope which show that the outer hair cells receive a major effer-
ent innervation from the crossed OCB, and that the afferent den-
drites of spiral ganglion cells, located beneath the inner hair
cells, receive a major efferent imnervation from the uncrossed
OCB, However, our division of the OCB, which encompasses both
zone of origin and site of termination, appears to provide a more
functionally meaningful basis of classification than the previous
scheme which was based upon whether the axons were crossed or
uncrossed. (Supported by PHS Grant No.'s NS07720 and NS13126).

spiral ganglion remain, the residual few neurons
and their fibers are degenerating.

Degenerative debris was found in the following
cellular regions of the cochlear nucleus: central
region of dorsal cochlear nucleus, and multipolar,
octopus, globular, small spherical, and large
spherical cell regions of ventral cochlear nucleus.
The debris is much less than that found after
severing the cochlear nerve or destroying the organ
of Corti by removing the bony shell (the first
surgery done here). Nevertheless, this experiment
shows that neurons innervating outer hair cells
project basically in the same manner as does the
entire cochlear nerve. The significance in the
central nervous system of the functional differences
between the two populations of hair cells therefore
lies elsewhere than in their areas of projection.
(Supported by Grants NS-12510 and NS-11647.)
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CYTOARCHITECTUP.E OF THE GUINEA PIG COCHLEAR NUCLEUS.
D. B. Wexler* and R. L. Gulley. (SPON: J. A. Paterson). Department
of Anatomy, Case Western Reserve University, Cleveland, Ohio.

The cochlear nucleus of the guinea pig was studied in frozen and pa-
raffin sections stained with thionin or by the Protargol technique to ob-
tain information about its organization for biochemical and experimental
studies. These data were correlated with radioautographs showing the
distribution o§ primary auditory terminals labelled by perilymphatic per-
fusion with H”-proline and leucine. The rostral anteroventral cochlear
nucleus (AVCN) has a homogenous population of spheroidal neurons. Dor-
sally, these neurons are larger and more rounded than in the remainder
of the region. The smallest and most densely packed spheroidal cells
are found at the rostral tip. In autoradiographs, spheroidal neurons are
encircled by dense accumulations of silver grains which presumably are
fabelled end bulbs of Held. Caudally, the spheroidal neurons are replaced
dorsally by small and medium-sized neurons. These neurons are round
or multipolar and are interspersed with scattered giant cells. The rostral
extent of these neurons is greater medially than laterally. Ventrally,
the caudal AVCN has many globular cells, which are often aligned along
the ascending branch of the auditory nerve. In radioautographs, the glo-
bular neurons are surrounded by punctate accumulations of silver grains.
The soma of some of the other, less numerous, neuronal types in the caudal
AVCN also receive primary auditory input. Similar cell types including
the globular cells, are seen within the nerve root, and in the ventral por-
tion of the posteroventral cochlear nucleus (PVCN). The distribution
of silver grains around the soma of these neurons also is similar to that
seen in the globular cell region of the caudal AVCN. The anterodorsal
part of PVCN has a heterogeneous neuronal population including many
rounded multipolar neurons. The density of labelling around these neurons
is variable. At the caudal-most aspect of the PVCN, octopus cells are
interspersed with other neuronal types typical of the PVCN. In the laminar
structure of the dorsal cochlear nucleus (DCN), pyramidal cells are ar-
ranged radially in the granule cell layer. Irregularly-shaped giant neurons
are found within the granule cell layer and central region of the DCN.
Small neurons, which frequently are round, are found throughout the DCN.
The density of silver grains over the DCN is light, and it is confined to
the neuropil of the granule cell layer and central region. The pyramidal
neurons have scattered clusters of silver grains only along their basal
dendrites. The cytoarchitectural organization of the guinea pig cochlear
nucleus most closely resembles that of the rat.

(Supported by NIH grant NS1388901 to RLG.)

SENSITIVITY OF MOUSE ACOUSTIC STARTLE BEHAVIOR AND IN-
FERIOR COLLICULUS MULTIPLE-UNIT RESPONSES TO STIMULUS
RISE-TIME AND REPETITION RATE. James F. Willott, Greg-
ory P. Urban* and Allan Shnerson*. Dept. Psychol.,
Northern Illinois University, DeKalb, IL. 60115.

Various studies have implicated the inferior collic-
ulus (IC) in the acoustic startle response. One might
predict, therefore, that some neurons in the IC and the
startle behavior would respond in a related manner to
various acoustic parameters. To test this prediction,
the influence of stimulus repetition rate and rise-time
were evaluated at 3 tone frequencies (5,10,&20 kHz) in
both behavioral and electrophysiological experiments
with inbred C57BL/6J mice.

In behavioral experiments, mice were tested for the
startle response using a stabilimeter. At the 3 fre-
quencies used, 80 dB SPL tones (200ms duration) were
effective in eliciting the startle; 5ms rise-times
were more effective than 20ms rise-times; 1 per sec
stimuli were less effective than stimuli presented at
variable intervals (VI) of 15-30 sec. Latencies to re-
sponse onset were typically 10-12ms when stimuli had
5Sms rise-times and 15-17ms for 20ms rise-time stimuli.

Multiple-unit activity was recorded in the ventro-
lateral (central) nucleus of the IC (ICVL) and in the
pericentral and external nuclei (ICP-ICX) in 22 tran-
quilized mice. Responses having latencies sufficiently
short to mediate the startle response were analyzed
(4~15ms for 5ms rise-times; 4-20ms for 20ms rise-
times). Stimulus manipulations similar to those used
in behavioral experiments revealed that some populat-
ions of neurons were sensitive to rise-time and repet-
ition of 80 dB tones in ways appearing to parallel the
startle behavior. Using conservative response criteria
147 of unit clusters in ICVL responded better (more
discharges per 10 stimuli) to VI stimuli than to 1/sec
stimuli; For clusters in ICP-ICX, 427 responded better
to VI stimuli; No clusters responded better to l/sec
stimuli. In ICVL, 5% of clusters responded better to
Sms rise-times than to 20ms rise-times, while 447 of
ICP-ICX clusters responded better to 5ms rise-times.

In some cases, frequency influenced sensitivity to one
or both parameters.

The data indicate that ICVL neurons are considerably
less sensitive than ICP-ICX neurons to two acoustic
parameters influencing startle behavior. The ICP and/
or ICX appear well-suited to mediate the startle res-
ponse.
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NEURONAL ORGANIZATION AND AFFERENT CONNECTIONS OF THE MOUSE
INFERIOR COLLICULUS. F.H. Willard*, J.M. Hudson* and D.K. Ryugo.
Depts. Anat., Univ. Vermont, Burlington, VT 0540/, and Harvard
Med. School, Boston, MA 02115.

The neuronal organization of the inferior colliculus(iC) of
the albino mouse was examined in Golgi, Nissl and fiber-stained
material. Two major components were identified: (1) a core area
or central nucleus(CN) which is composed of disc-shaped neurons
whose dendrites generate a laminar arrangement, paraliel to the
incoming fibers of the lateral lemniscus; and (2) a cellular rind
which surrounds this core and is composed of small, medium and
large multipolar neurons. On the basis of cell size, cell
density and dendritic organization, this rind may be further sub-
divided into an external nucleus, pericentral nucleus, dorso-
medial nucleus and interstitial nucleus of the IC commissure.

The afferent connections of the IC were determined using the
techniques of retrograde transport of horseradish peroxidase(HRP)
and anterograde degeneration. Following discrete injections of
HRP into CH, only ascending projections were revealed by the
presence of HRP-labelled cells: (1) contralateral and topograph-
ical projections from CN and the cochlear nucleus(AVCN,PVCN and
OCN); (2) bitateral projections from the lateral superior olive,
dorsal nucleus of the lateral lemniscus and IC rind; and
(3) ipsilateral projections from the medial superior olive and
ventral nucleus of the lateral lemniscus.

Disregarding minor connectivity differences between sub-
divisions of the rind, HRP injections restricted to the rind
demonstrated ascending projections similar to those of CN with
two important exceptions: (1) AVCN does not project to the rind
and (2) the rind receives a heavy projection from the dorsal
column nuclei. In addition, the rind receives descending ipsi-
lateral projections from the deep layers of the superior
colliculus, the nuclei of the brachium of the IC, the dorsal and
medial divisions of the medial geniculate body and layer V of
auditory cortex.

The data demonstrate that the IC core(CN) receives only
ascending auditory projections and projections from the surround-
ing rind; in contrast, the IC rind receives both ascending and
descending projections from cell populations associated with
auditory, somatic and visual functions. These observations are
consistent with the notion of "lemniscal-line" and "lemniscal-
adjunct" pathways(Graybiel,Brain Beh.Evol.6:363,1972) traversing
the midbrain. (Supported by U.Vt. GRS Grant PSH 5429-40 and
NIH Grant NS 13126)

MORPHOLOGY OF NEURONS AND AXONS IN THE DORSAL NUCLEUS OF THE
MEDTIAL GENICULATE BODY OF THE CAT: STUDY WITH THE GOLGI METHOD.
J. A. Winer and D. K. Morest. Department of Anatomy, University
of Connecticut Health Center, Farmington, Connecticut 06032

The dorsal nucleus is one of the largest subdivisions of the
medial geniculate body, but its structure and function are much
less known than that of the ventral nucleus, which has an input
from the inferior colliculus and projects to the primary
auditory cortex. The dorsal nucleus receives axons from the
midbrain tegmentum and projects to the non-primary auditory
cortex. Both nuclei receive cortico-thalamic inputs but differ
in their intrinsic structure, as seen in material from cats
6-41 days old impregnated by the rapid Golgi method. The
ventral nucleus is layered and contains only disc-shaped
principal neurons and Golgi type II cells; in contrast, the
dorsal nucleus contains at least four neuronal types (A-D) and
six types of axonal endings (1-6), without obvious lamination:
(A) is a large principal neuron with a spherical soma and
dendritic field, aad a recurved axon without collaterals on the
initial part; (B) is an irregularly shaped neuron found
caudodorsally; (C) is a somewhat elongated cell--the axon
bifurcates, one branch ramifying among the parent cell's
dendrites, while the other branch arborizes in the adjacent
neuropil (it is uncertain if this cell projects beyond the
dorsal nucleus); (D) is a small Golgi type II cell, drumstick-
shaped, with a small dendritic field usually polarized away
from the axon which arborizes repeatedly to form 15-60 branches.
The axonal endings consist of (1) thin axons resembling bundles
of ivy tendrils with terminal twig-like collaterals; (2) very
fine axons, with a relatively straight trajectory, which
bifurcate and form short terminal side-branches; (3) axons of
the small Golgi type II cell; (4) slender, undulating axons with
few branches ending in a burst of claw-like terminals; (5) axons
with extensive collateral systems which, running in parallel
bundles, ramify at right angles; (6) and axons of type C cells.

The small Golgi type II cells resemble their counterparts in
the ventral nucleus but have many more axonal branches; type 1
axons are like certain fibers ascending from the inferior
colliculus to the ventral nucleus; type 2 axons correspond to
the cortico-geniculate fibers: these findings suggest some
parallels in synaptic organization. Superimposed on this
common background, the additional types of cells and axons in
the dorsal nucleus evince a more complex synaptic organization,
perhaps related to more heterogeneous sources of input from the
midbrain tegmentum and outputs to the auditory cortex.

Supported by USPHS grants 1 F32 NS05485 and 5 ROl NS14347.
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TEMPORAL ASPECTS OF RESPONSES OF AUDITORY-NERVE FIBERS TO STEADY-
STATE VOWELS. E. D. Young* and M. B. Sachs* (SPON: N. K. Woolf),
Dept. of Biomedical Engineering, Johns Hopkins School of Medicine,
Baltimore, MD 21205.

To evaluate the way in which features of the spectra of multi-
component stimuli are represented in the discharge patterns of
auditory-nerve fibers, responses to steady-state synthetic vowels
with spectra characteristic of /a/, /g/, /u/, and /1/ were
recorded. Large numbers of fibers (as many as 350) were studied
in each cat and responses to one vowel were recorded at a number
of sound pressure levels. In this way, it was possible to esti-
mate the response of the whole population of auditory-nerve fibers
to each vowel. Plots of average discharge rate versus fibers'
best frequency showed separate peaks at the resonances in the
vowel's spectra (formants) only at low levels (below 60-70 dBSPL)
and only for vowels with widely spaced first and second formants.
At high levels, the spread of tuning curves, rate saturation, and
two-tone suppression combined to eliminate such peaks (Sachs and
Young, J. Acoust. Soc. Am. 63, suppl. 1, S76, 1978). Thus there
are no direct "place" cues for formant location which survive
changes in sound level.

In this paper, we will present data on periodicity-based cues,
which are one alternative. The temporal structure of the
responses of auditory-nerve fibers to synthetic vowels is largely
dominated by the components at the formant frequencies. For
example, auditory nerve fibers responding to /a/ are locked to
the first formant or second formant, depending upon the fiber's
best frequency; the first two formants of this vowel are closely
spaced (768 and 1152 Hz.) and separate peaks corresponding to
the formants are not seen in rate versus best frequency plots at
any sound level. At high sound levels, locking to the first
formant predominates at the expense of the higher formants, but
even so, there seems to be better representation of the charac-
teristics of the spectra of the vowels in the periodicity infor-
mation than in the place information.
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TECTORIAL MEMBRANE AS A POSSIBLE MECHANISM FOR SHARP COCHLEAR
FREQUENCY SELECTIVITY AND TWO-TONE SUPPRESSION. J. J. Zwislocki
and E. J. Kletsky*. Institute for Sensory Research, Syracuse
University, Syracuse, NY 13210.

Recent recordings from cochlear inner hair cells have indi-
cated that the frequency selectivity seen in basilar-membrane
(BM) vibration is sharpened mechanically at or distally to the
hair cells. Excitation of the hair cells is believed to result
from radial deflection of their stereocilia as a result of shear
motion between the tectorial membrane (TM) and the reticular
lamina (RL) in which the cells are embedded. Since the endo-
lymph in the narrow gap between TM and RL must participate in
the shear motion, the mechanism should be effective even if the
stereocilia were not attached to TM. We were able to show ana-
lytically that the magnitude of the shear motion at any given
cochlear location must depend on the mechanical coupling of T
to the organ of Corti and to the spiral limbus as well as on the
longitudinal coupling within TM and the wavelength on BM. Accord-
ing to an analytical solution and computer and network simula-
tions, T™M is nearly completely entrained by the organ of Corti,
and the shear motion practically vanishes, in cochlear regions
where the BM waves are long compared to the longitudinal space
constant of TM. This is true provided TM mass is negligible and
the TM coupling to the spiral limbus is substantially weaker than
to the organ of Corti. Around the vibration maximum of BM, where
the waves are relatively short, the shear motion 1is preserved.
The model distribution of shear-motion magnitude leads to a dra-
matic sharpening of frequency selectivity below and above the
vibration maximum. The sharpening is sufficient to completely
account for the tuning curves found in cochlear-nerve fibers and
inner hair cells.

When, in the network simulation, the coupling between the or-
gan of Corti and T™ is made to increase with the relative radial
displacement between TM and RL, two-tone suppression arises below
and above the frequency of the vibration maximum. The frequency
location of the two suppression maxima relative to the best ex-
citation frequency is consistent with the available experimental
data. The suppression effect is accompanied by strong distor-
tions of the wave form of the shear motion. Whether this distor-
tion is reflected in the BM motion or not must depend on the im-
pedance relationships between BM and TM.
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BLOCKADE OF HYPOTHALAMIC-INDUCED INHIBITION OF VAGAL BRADYCARDIA
BY y-AMINOBUTYRIC ACID (GABA) ANTAGONISTS. Susan M. Barman,
Craig A. Johnston* and Gerard L. Gebber. Dept. of Pharmacol.,
Michigan State Univ., East Lansing, MI 48824.

Gebber and Snyder (Am. J. Physiol. 218: 124, 1970) have pre-
viously demonstrated that baroreceptor induced vagal bradycardia
is inhibited upon electrical stimulation of the lateral hypotha-
lamus. The present study describes the effects of the GABA
antagonists, bicuculline and picrotoxin, on this phenomenon.
Experiments were performed on unanesthetized, high spinal (Cj
transected) cats which were artificially respired and paralyzed
with decamethonium. Phenylephrine was infused intravenously (10-
20 ug/min) to maintain blood pressure at a level (>100 mmHg)
sufficient to reflexly activate the cardiac vagus. Stimulation
(15 v; 1 msec; 5-50 Hz) of the lateral hypothalamus (A9, L2, HO
to H-4) increased heart rate under these conditions. This effect
can be attributed solely to inhibition of vagal bradycardia.

The increase in heart rate produced by hypothalamic stimulation
was blocked in a dose-related fashion by bicuculline (0.5-2
mg/kg, i.v.) or by picrotoxin (0.5-2 mg/kg, i.v.). Blockade of
hypothalamic-induced effects was accompanied by a statistically
significant decrease in basal heart rate. Bicuculline or picro-
toxin also blocked the increase in heart rate produced by stimu-
lation of the medullary reticular formation in high spinal cats
which were decerebrated at the midcollicular level. Basal heart
rate was not changed in these experiments. In contrast to the
effects produced by the GABA antagonists, convulsive doses of
strychnine (0.1-0.7 mg/kg, i.v.) or pentylenetetrazol (5-50
mg/kg, i.v.) failed to influence inhibition of vagal bradycardia
produced by hypothalamic stimulation. These results indicate
that the inhibitory effect of hypothalamic stimulation on vagal
bradycardia is blocked in the brain stem by agents which inter-
fere with GABAergic transmission. Moreover, the ability of
bicuculline and picrotoxin to lower basal heart rate in high
spinal cats which were not decerebrated suggests that the hypo-
thalamic inhibitory system is tonically active. (Supported by
PHS Grant HL13187.)

ANATOMICAL, PHYSIOLOGICAL AND BEHAVIORAL EVIDENCE FOR MEDULLARY
RAPHE INH}BITION OF SYMPATHETIC PREGANGLIONIC NEURONS.
J.M., Wild , D.H. Cohen, Dept. Physiol., Univ. of Virginia School
of Medicine, Charlottesville, VA 22901.

A series of studies on the pigeon (Columba livia) has establish-
ed a direct influence of the medullary raphe on sympathetic pre-
ganglionic neurons (SPNs) and demonstrated the importance of this
pathway in the regulation of cardiovascular function.

First, the following anatomical results documented an avian
raphe-spinal system that includes a direct projection upon the
SPNs: (a) dense labelling of raphe neurons throughout their ros-
trocaudal medullary extent after injections of horseradish peroxi-
dase in brachial, thoracic and lumbar spinal cord, (b) the pre-
sence of silver grains overlying SPNs subsequent to 3H—proline in-
jections in the medullary raphe, and (c) light degeneration with-
in the sympathetic preganglionic cell column after lesions of the
raphe.

Second, electrophysiological experiments indicated that stimu-
lation of the rostroventral medullary raphe inhibits the discharge
of SPNs which were identified by antidromic activation and colli-
sion. The inhibition begins within 10 msec of stimulus onset, is
maximal by 30 msec, and shows temporal summation. On the basis of
such evidence, the conduction velocity of this pathway is conser-
vatively estimated at 4-12 m/sec. More direct estimates of con-
duction velocity were obtained in experiments where the sympathe-
tic preganglionic cell column was stimulated to antidromically
activate raphe neurons; these neurons also satisfied the collision
criterion. All identified neurons to date have been localized to
the ventral division of the medullary raphe. Raphe-spinal axons
in these studies conducted at 6-23 m/sec.

Third, physiological and behavioral experiments indicated the
importance of this system in cardiovascular control. Electrical
stimulation of the rostroventral medullary raphe elicited signifi-
cant depressor responses, with systolic and diastolic pressures
decreasing 20,5%0.85 (mean*S.E.) and 28.1#1.19 mmHg respectively;
response latency was 0.86*0.07 sec. The behavioral effects of
raphe lesions were then assessed in a classical conditioning para-
digm which reliably produces conditioned cardioacceleration and
in a control sensitization paradigm. The raphe lesions markedly

enhanced cardioacceleratory responses in both conditioning and sen-

sitization paradigms, suggesting that interruption of the inhibi-
tory raphe projection to the SPNs compromised an important path-
way for limiting cardioacceleration in response to exteroceptive
stimulation.

(Supported by NSF grant BNS-75-20537 to D.H. Cohen. J.B. Cabot
and J.M. Wild were supported by a grant from the Alfred P. Sloan
Foundation to the University of Virginia Neuroscience Program.)

J.B. Cabot,
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44 A SPINAL SYMPATHO-INHIBITORY ACTION OF CHLORPROMAZINE IN THE CAT.
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Patricia J. Bernthal* and Michael C. Koss. Dept. Pharmacology,
Univ. Okla. Health Sciences Center, Oklahoma City, Oklahoma 73190
Chlorpromazine (CPZ) has been shown to depress several auto-

nomic systems (Schallek & Zabransky, Arch. int. Pharm. Ther.,
1966, 161, 126; Sigg et al., Neuropharmacology, 1971, 10, 621),
probably by a central mode of action (Wang et al., J. Pharmacol.
Exp. Therap., 1964, 144, 186). We have reported that CPZ has a
dose-dependent inhibitory action on the sympathetic-cholinergic
electrodermal response (EDR) evoked by either central brainstem
(Davison & Koss, Neuropharmacology, 1976, 15, 197) or reflex
(Bernthal & Koss, Neuroscience Abstr., 1977, 3, 17) stimulation.
An observed lack of effect of CPZ on the peripherally evoked EDR
(Davison & Koss, 1976) supports a central site of action of this
agent. The present studies were undertaken to investigate the
possibility that CPZ acts at the level of the spinal cord. Six
cats were anesthetized with 36 mg/kg pentobarbital. After the
cats were paralyzed with gallamine and artificially respired, the
spinal cord was cut at the level of Cy. CPZ (0.03, 0.10, 0.30,
1.0, 3.0 mg/kg, cumulative doses) was administered intravenously
while eliciting EDRs by stimulating the spinal cord at the level
of C3 with a submaximal frequency. CPZ depressed the electro-
dermal response in a dose-dependent fashion. The mean ED5Q was
approximately 0.1 mg/kg. This same dose had no effect in four
cats when the EDR was elicited by stimulating the sympathetic
preganglionic fibers which innervate the sweat glands. The
present results suggest that CPZ acts at the level of the spinal
cord to depress centrally evoked sympathetic responses. (Sup-
ported by USPHS Grant MH 25792 and a grant from the American
Heart Association - Oklahoma Affiliate).

THE ROLE OF CENTRAL ADRENERGIC PATHWAYS IN THE CbNTROL OF ARTE-
RIAL PRESSURE IN NORMOTENSIVE RATS.

Luiz A,A. Camargo*, Wilson A, Saad, José A.C. Machado*, Gildo
N.A, Rodrigues* and Vanderley J, Menani*, Dept. Physiol., ~Sch.

ent., SP, Araraquara, SP, Brazil, 14,800,

In studies of central regulation of arterial pressure re-
lated to cardiovascular effects, several areas were stimulated
with adrenergic and adrenolytic substances, and dual responses,
both hypertensive and hypotensive, were observed (De Jong et al,
1975) . The hypothalamus has been studied by several investiga-
tors, and has been found to play an important role in the cent-
ral regulation of arterial pressure, An important question re-
volves around the relationship between the hypothalamic struc-
tures and their a and B adrenergic receptors in the regulation
of arterial pressure, The following experimental conditions were
used to study the participation of hypothalamic o and B adrener
gic receptors in this regulation., Rats with cannulae implanted
into the hypothalamus were injected with 20 nmol noradrenaline,
alone, or preceded by administration of phentolamine and propra
nolol in a 3- fold molar relationship in respect to noradrenall
ne (60 nmol), -

Adrenergic stimulation of the middle hypothalamus showed
two types of distinct responses: hypertension induced by nora-
drenaline (Mean of 18 rats= 35 mmHg, SE * 7 from a baseline of
90 mmHg) and blocked by the B -adremolytic agent propranolol,
but not by the o -adrenolytic agent phentolamine, the other re-
sponse was hypotensive (Mean of 16 rats= 31 mmHg, SE + 5 from
a baseline of 98 mmHg), and blocked by phentolamine.

These results lead us to postulate the existance of two
adrenergic centers in the middle hypothalamus participating in
the control of arterial pressure, the «a pathway controlling
hypotension and the R pathway controlling hypertension. In the
lateral hypothalamic drea, instead, hypertension would be deter
mined by a receptors (Mean of 16 rats= 32 mmHg, SE * 6 from a
baseline of 102 mmHg), and hypotension by B receptors (Mean of
20 rats= 41 mmHg, SE * 8 from a baseline of 95 mmHg).

Supported by Grant FAPESP
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CLONIDINE- INDUCED HYPOTENSION AND BRADYCARDIA IN CATS: THE ROLE
OF MEDIAL MEDULLARY RETICULAR o-ADRENOCEPTORS AND VAGUS NERVE.
Yih Huey Chen and Samuel H.H. Chan. Dept. Life Sci., Indiana
State Univ., Terre Haute, IN 47809.

Clonidine-induced hypotension and bradycardia have been
attributed to its activation of postsynaptic a-adrenoceptors in
the medulla, resulting in a modification of the autonomic cardio-
vascular outflows. Based on microinjection and lesion experi-
ments, Chan and Koo (Neuropharmacol., in press) have recently
identified in the rat that the medial medullary reticular for-
mation (MMRF) may be a critical bulbar site that is related to
such clonidine actions. The present study further investigates
the roles played by the a-adrenoceptors in the MMRF and vagus
nerve in the clonidine-elicited cardiovascular effects.

Cats (2-4 kg) lightly anesthetized with pentobarbital sodium
(35 mg/kg, i.p.) were used in the present study. Tracheotomy,
cannulation of left carotid artery and left femoral vein were
routinely performed for the facilitation of ventilation, measure-
ment of arterial blood pressure and injection of drugs. The
animal was thereafter paralyzed with Flaxedil (4 mg/kg, i.v.) and
artificially respired. The head of the animal was placed on a
stereotaxic apparatus followed by an appropriate craniotomy and
tentoriotomy. Local injection was administered by means of a
27-gauge syringe needle which is connected to a microinjection-
device. EKG was recorded for the determination of heart rate.

Intravenous injection of clonidine (10 mg/kg) produced an
initial, transient rise in arterial blood pressure, followed by
a prolonged hypotension lasting 35 min. Significant bradycardia
was also observed for 60 min postinjection. In animals pretreat-
ed with haloperidol, an a-adrenoceptor blocking agent, which was
microinjected (10 ug/kg, 1 ul) into the bilateral MMRF, systemic
injection of clonidine (10 ug/kg) could only elicite the initial
vasopression with no vasodepression and bradycardia, implicating
the presence and participation of a-adrenoceptors in this brain
stem area in the central action of clonidine. In cats receiving
bilateral vagotomy, the injection of clonidine at the same dose
again induced only the initial hypertension without subsequent
hypotension and bradycardia, indicating that the vagus nerve is
also involved in the control of the latter cardiovascular events.

It is concluded that clonidine may excite the neurons in the
MMRF by activating the a-adrenoceptors, which in turn facilitate
the vagal outflow to the heart, resulting in clonidine-induced
hypotension and bradycardia.

(We acknowledge the generous supply of clonidine HC1 from
Boehringer Ingelheim and haloperidol from Janssen Pharmaceutica
used in the present study.)

EFFECTS OF UNCARINE A, CLONIDINE AND 5-(4'-CHLORO) BUTYLPICO-
LINIC ACID (FD 008) ON BLOOD PRESSURE AND SYMPATHETIC ACTIVITY
IN UNANESTHETIZED SPONTANEOUSLY HYPERTENSIVE RATS.
C.C. Chiueh, S.M. Nespor* and C.C. Chang.* Geron. Res. Ctr.,
NIA, Balto. City Hos., Balto., Md. 21224 and Pharmacol. Inst.,
Col. Human Med., Natl. Taiwan Univ., Taipei, Taiwan

Chronic indwelling tail arterial cannulae (Chiueh and Kopin,
J. Pharmacol. Exp. Ther. 205: 148, 1978) were used for monitor-
ing of blood pressure and withdrawal of blood samples from the
conscious, spontaneously hypertensive (SHR) rats., Arterial
blood samples (0.5 ml) were taken before and after administra-
tion of uncarine A, an alkaloid obtained from Uncaria formosana
and Uncaria rhynchophylla which have been used in Chinese herbal
medicine, clonidine, or FD 008 and assayed radioenzymatically
for plasma norepinephrine (NE) and epinephrine (EPI). The plasma
levels of catecholamines are found to be a good index of the
sympathetic medullary activity in SHR rats (Chiueh, et al.,
Neuroscience Abstract 3: 18, 1977). As it had been prev1ously
shown, both clonidine (10 ~ 40 pg/kg) and FD 008 (10 - 100 mg/kg)
effectively decreased systolic and diastolic blood pressure in
the conscious SHR rats. Uncarine A (2 - 40 mg/kg) produced a
long-lasting hypotensive effect in SHR rats but not in normoten-
sive control rats. The hypotensive effect of uncarine A lasted
for 20 - 48 hr after a single administration of this drug not
only in SHR rats but also in renal hypertemsive rats. The cen-
tral inhibitory effect of clonidine on sympathetic tone was
supported by the observation of a decrease in plasma levels
of NE (0.61 +0.08 - 0.32 +0.06 ng/ml) and heart rate (325 +17 -
265 +26 beats/min) after intraventricular administration of
this : agent (5 ug). FD 008 (100 mg/kg) caused an increase in
heart rate (340 +12 - 488 +8 beats/min) and a concomitant incr=-
ease in plasma levels of NE (0.64 +0.09 - 3.91 +0.38 ng/ml),
EPI (0.49 #0.05 - 9.10 +1.14 ng/ml) and dopamine (0.08 + 0.02 -
0.30 +0.03 “ng/ml). Thus, the notion that the hypotensive effect
of FD 008 is attributable to the decrease in NE release from the
sympathetic nerve needs to be reconsidered. After 2 mg/kg of
uncarine A, the blood pressure of SHR (174 + 10/158 + 10 mmHg)
decreased to normotensive range (131 + 10/118 + 11 mmHg) without
significant effect on heart ratesor plasma catecholamines. A
high dose of uncarine A, 40 mg/kg, decreased the blood pressure
to less than 100 mmHg and hence increased heart rates slightly
to 380 + 15 beats/min and plasma levels of NE and EPI to 1.4l
+ 0.04 and 2.99 + 0.98 ng/ml, respectively. The hypotensive
mechanism of uncarine A should be studied further since the
present results rationalize the use of Uncaria genus for the
treatment of essential hypertension in Chinese herbal medicine.

48 A MORPHOLOGICAL STUDY OF THE CAWINE AREA POSTREMA AND ADJACENWT
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F. R. Calaresu, Dept.

MEDULLA. C.L. Chernicky,* K.L. Barnes, J.P. Conomy, and C.M.
Ferrario. Division of Research and Dept. of ileurology, Cleveland
Clinic Foundation, Cleveland, Ohio, 44106.

Sustained arterial pressor responses can be elicited by either
electrical stimulation or delivery of angiotensin into the canine
area postrema (AP), implying a function in cardiovascular control
for this structure. Conversely, electrical stimulation of the
solitary tract nucleus (NTS) immediately ventrolateral to the AP
evokes depressor responses. The anatomic proximity of these two
structures suggests the possibility of functional interaction
between them. Since anatomic study of the canine AP has been
relatively neglected in comparison to studies of its function, we
have undertaken a morphological study of the dog's area postrema.

Successful Golgi impregnations of the brainstem were achieved
on 8 adult mongrel dogs according to the methods of Ramon-Moliner
(Stain Technol. 33: 19, 1958; Stain Technol. 39: 65, 1964). Sec-
tions were cut serially at 50 150u in the coronal, sagittal,
horizontal plane. For orientation purposes alternate sect]ons
were counterstained with cresyl violet. The Bodian silver tech-
nique (Bodian, Anat. Rec. 65: 89, 1936), counterstained with
cresyl violet, was done on 10y serial sections to demonstrate
axonal elements and Nissl substance. Compared to other struc-
tures in the dog brainstem, the AP is rather sparsely populated
with neurons. In Golgi sections the architecture of the canine
AP can be subdivided into 3 regions: the periventricular mantle
zone, an intermediate medullary layer, and a junctional region at
the boundary between AP and HTS. In the mantle layer some of the
neuronal cell bodies are located at the ventricular surface, while
others slightly more ventral have dendrites which appose the ven-
tricular surface. These complex stellate cells adjacent to the
ventricular surface appear to be unique to the canine AP. The
mantle zone also contains glialoid cells, whose neural or glial
character cannot be determined from Golgi preparations. In the
intermediate medullary region small stellate cells extend short
processes to the mantle and junctional layers. Small neurons
which are abundant in the junctional zone have delicate processes
extending dorsally into the intermediate medullary layer and ven-
trally to the NTS. 1In addition the dog AP contains modified
ependyma, glialoid cells, a network of fine axons, and densely
packed capillaries.

Previous studies from this laboratory have indicated that the
AP pressor response is mediated by a neural mechanism originating
within the AP. The architecture of the canine AP described in
this study provides support for the existence of such a neural
pathw g Supported by grants from NIH, HL-6G35; American Heart,
#76 64b; and the Reinberger Foundation.

PARAVENTRICULAR AND SUPRAOPTIC, HYPOTHALAMIC NUCLEI: WHAT ARE
THEIR ROLES IN CENTRAL REGULATION OF HEART RATE? J. Ciriello and
of Physiology, Univ. of Western Ontario,
London, Canada N6A 5Cl1.

Recent anatomical studies have demonstrated that the paraven-
tricular nucleus (PAH) projects directly to "cardiovascular"
sites in the medulla (Brain Res. 117: 305, 1976) and receives a
direct projection from the nucleus tractus solitarius (NTS)
(Anat. Rec. 187: 693, 1977). In addition, units in the supra-
optic nucleus (SON) have been shown to alter their discharge rate
during selective excitation of baro- and chemoreceptors (Brain
Res. 126: 551, 1977). To investigate the role of these hypotha-
lamic nuclei in the regulation of heart rate, three series of
experiments were done in chloralosed, paralyzed and artificially
ventilated cats. In the first series, the response of 185 units
in the PAH and the SON to electrical stimulation of the carotid
sinus nerve (CSN) was recorded. The firing frequency of 57% (106/
185) of these units was altered: 48 were excited (mean latency,
27 ¢+ 2 ms), 40 responded with excitation (mean latency, 31 % 2 ms)
followed by inhibition, and 18 were inhibited (mean latency, 72 %
11 ms). In the second series, histologically verified sites in
PAH and SON were stimulated (80 Hz, 0.2 ms, 50-150 pA) and were
shown to elicit marked increases in heart rate. The response to
stimulation of the SON was due to vagal inhibition, as it could
be elicited in cats with spinal transection at C2 and was abo-
lished by either the administration of atropine or bilateral
vagotomy in these spinal animals. On the other hand, the res-
ponse to stimulation of the PAH was shown to be due to both vagal
inhibition and sympathetic excitation, as the response could be
elicited in either spinal cats or in bilaterally vagotomized
animals. In the final series, to investigate the effect of sti-
mulation of PAH and SON on the bradycardia elicited by stimula-
tion of the CSN, NTS, nucleus ambiguus (AMB) and external cuneate
nucleus (ECN), the PAH or SON was stimulated simultaneously with
one of these structures in spinal animals. Electrical stimula-
tion of either the PAH or SON abolished the reflex vagal brady-
cardia to stimulation of either the ipsilateral or contralateral
CSN. However, stimulation of these hypothalamic nuclei did not
significantly alter the magnitude of the bradycardia elicited by
stimulation of either the ipsilateral or contralateral NTS, AMB
and ECN. These results indicate that the PAH and SON are hypo-
thalamic areas which a) receive inputs from cardiovascular affe-
rents, b) play an important role in the integration of cardio-
vascular reflexes, c) exert inhibitory effects on reflex vagal
bradycardia through crossed and uncrossed descending pathways,
and d) receive information from the cardiovascular system which
may be integrated to produce responses concerned with homeo-
stasis of body fluids. (Supported by MRC of Canada)
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REGIONAL CEREBRAL BLOOD FLOW IN MIGRAINE SUBJECTS DURING SELF-
REGULATION OF SKIN TEMPERATURE. James L. Claghorn, Roy J. Mathew*,
John W. Largen*, Ken Dobbins*, John S. Meyer*. TRIMS, Houston, Tx.
77030

A study was undertaken to determine the effect of biofeedback
induced skin temperature chanaes on migraine headache activity and
regional cerebral blood flow. The results of earlier studies sug-
gest that the biofeedback technique maybe effective in significant-
1y reducing the frequency, intensity, and duration of migraine at-
tacks. A typical classic miaraine attack is characterized by a
biphasic pattern of vasomotor behavior. The prodrome stage involves
the reduction of intracranial blood flow followed by a reactive di-
latation of the intracranial and extracranial arteries. It has been
hypothesized that hand-warming throuah biofeedback training may re-
sult in a decrease in sympathetic outflow, thereby, interrupting the
vasomotor pattern of change in a migraine headache.

Earlier research in our own laboratory, utilizing normal subjects,

indicated that the mean cerebral blood flow for both "hand-warming"
and "hand-cooling" groups tended to remain unchanged or shift in
similar directions thoush the subjects self-regulated their skin
temperature in significantly opposite directions. The present study
was undertaken to determine if a similar pattern held true of mi-
graineurs as well.

Twelve right-handed female volunteers, aged 27-52, were selected
on the basis of the following characteristics: manifesting either
classic or common migraine and having a minimum of two migraine at-
tacks per month. Each volunteer was randomly assigned to either a
hand-warming or a hand-cooling temperature biofeedback group and
given extensive training in skin temperature self-regulation in a
series of 12-15 sessions.

Each of the migraine subjects were subsequently given two measures

9§3regiona1 cerebral blood flow (rCBF) utilizing the non-invasive

Xe inhalation technique. One rCBF run was given during a relax-
ation/steady-state condition and a second while subjects were at-
tempting to manipulate their skin temperature in the trained direct-
jon.

Extensive records of headache activity were made pre-, during,
and post-trainina. Data will be presented comparing regional intra-
cerebral and extracerebral blood flow measures between relaxation/
steady-state and skin temperature self-regulation runs. Comparisons
between hand-cooling and hand-warming groups will be made as well
as correlations between migraine headache activity, skin temperature
control and changes in regional cerebral blood flow.

CHANGES IN HIPPOCAMPAL RHYTHMIC SLOW ACTIVITY DURING INSTRUMEN-
TAL CARDIOVASCULAR CONDITIONING IN THE RHESUS MONKEY. Bernard
T. Engel*, and J. A. Joseph. NIA, Gerontology Research Center,
Baltimore, MD 21224,

Analyses among 4-8Hz electrical activity of the hippocam-
pus (theta, T), heart rate (HR), systolic (S) and diastolic (D)
blood pressure and gross bodily movement (M) were carried out
during experiments in which three monkeys were operantly condi-
tioned to slow HR, to speed HR or during control periods. Each
experiment consisted of a 512 sec. baseline during which all
responses were continuously monitored (except M which was time-
sampled), and a 2048 sec. performance session during which HR
speeding was signaled by a green light, HR slowing by a red
light, Correct performance was signaled by a white light, and
incorrect performance was negatively reinforced by a 10 ma.,
.05 sec, shock to the tail on an FI, 8 sec. schedule. Control
periods were unsignaled and unreinforced. Each experimental
period was divided in 16, 128 sec. blocks and 20 samples were
taken from each period as follows: speeding, blocks in which
the animal increased HR >4 beats/min from the previous block;
and blocks in which the animal speeded less than 4 beats/min
from the previous block; slowing in which the animal decreased
HR >4 beats/min; and in which the animal decreased HR <4
beats/ min. Equal numbers of blocks were taken from control
sessions to match each set of experimental samples. Correla-
tional analyses (Kendall's coefficient of concordance, W;
Spearman's rank order correlation, R) showed that there was a
high degree of consistency among animals in each response
measure across experimental conditions (Ws: HR=,98, S=.92,
D=.92, T=.61, M=.8l). T was inversely related to each of the
other measures during contingent HR slowing when decreases >4
beats/min were examined--i.e., T increased between blocks--but
was positively related to the other measures during control
periods when HR decreased >4 beats/ min. T also was positively
correlated to the other measures during contingent and non-
contingent speeding. For example, while HR and M are always
highly correlated (R=.87 for all animals) correlations between
HR and T and M are significantly increased if the contingent
slow condition >4 beats/min is removed (e.g., monkey HR T with
slow R=.57, without R=,89 TM R=,45, R=,91 respectively). These
results suggest that T reflects both motor and success/failure
related components. During contingent speeding the success/
failure correlation is masked by the concomitant motor acti-
vity, however, during contingency slowing this correlation is
revealed because motor activity is reduced while T is increased.
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CENTRAL BLOOD PRESSURE REGULATION : POSSIBLE ROLE OF OPIOIDS.
Bernard DELBARRE, Danielle SENON%, Monique DUFRAISSE*, Monique
DUPONT*T’Lab.Chir.Exp.,Fac.Méd. 37032 TOURS CEDEX, FRANCE.

Previous work suggests that cAMP and drugs known to change ade-
nylate-cyclase activity may be involved in the central blood
pressure (BP) regulation (SENON, Thesis Poitiers 609, 1976). The
possibility that cyclic AMP and cyclic GMP may interact with
opioids and prostaglandins is suggested by numerous reports.

In this regard we have investigated the action of these drugs
in chloralose-anesthetized (AN) and unanesthetized (UN) cats.
Injection of morphine (20 pg‘kg'l), in the third ventricle of UN
cats, induces excitation and a short lasting increase of BP. The
same dose of methionine-enkephalin, a pentapeptide which exert
analgesic action by interacting with naturally occuring "opiate
receptors" induces an increase of BP, and an important raise of
heart rate (HR), in the unrestrained cats, but this drug, at the
same dose, is ineffective in the third ventricle of AN cats.

A more stable D.alanine derivative of Met.Enkephalin namely D.Ala
Met .Enkephalin, at a dose of 20 pg.kg~* increases BP, HR and
produces important respiratory disturbs ten minutes after its
administration in the IIle ventricle of AN cats.

In the AN cats, PGEj, at the doses of 2 pg.kg'l and 100 pg.kg-l,
induces hypotension, and for the highest dose, a simultaneous
raise of HR and respiratory rate.

PGFy (1 pg.kg=1) and arachidonic acid (100 pg.kg=l) are ineffec-
tive on the BP. Baclofen, a structural derivative of GABA,
induces a fall of BP, HR and evokes Mayer waves twenty minutes
after administration of 20 pg.kg~* in AN cats.

Substance P may have dual action in brain, releasing endorphines
at very low doses and directly exciting neuronal activity in
nociceptive pathways at higher doses (R.C. FREDERICKSON and al.,
Science 199, 1359, 1978). Injection of 1 pg.kg=l of this drug in
the third ventricle of UN cats induces a slight increase of BP,
and no significative modification of HR, while in AN cats,
Substance P (10 pg.kg=l) produces no significative increase of
BP and HR.

PGE) and baclofen induce an hypotension. PGEj does not affect
the synthesis of cAMP (HAVEMANN and al., Naunyn Schmied.Arch.
Pharmacol., 302, 103-106, 1978). The analgesic activity of baclo-
fen is different from that of morphine since baclofen analgesia
is not antagonized by naloxone (LEVY and PROUDFIT, J.P.E.T., 202,
437, 1977). Morphine and enkephalin as cAMP increase BP and HR.
It is known that these drugs induce an increase of cAMP synthesis.
These findings add further support to the hypothesis that cAMP
may participate in the modulation of central blood pressure
regulation.

A NEW ASCENDING SPINAL CARDIOVASCULAR PATHWAY. A. I. Faden and
T. P. Jacobs*, Dept. of Medical Neurosciences, Walter Reed Army
Institute of Research, Washington, DC 20012.

Previous work in this laboratory has demonstrated that in-
creases in blood pressure, heart rate and cardiac contractility
may be seen after electrical stimulation of the zona intermedia
in the lower thoracic and upper lumbar cat spinal cord and that
sites of maximal cardiovascular response (SMCR) can be histologi-
cally localized to the intermediolateral nucleus (ILN) (Faden et
al, Exp. Neurol. in press; Faden and Woods, Neurology 28:322,
1978). On the other hand, evidence from peripheral nerve stimu-
lation has shown that inotropic and chronotropic responses can
only be elicited from the first five thoracic ventral roots.
hypothesis which reconciles the findings from peripheral and
central nervous system stimulation is that axons of preganglionic
sympathetic neurons may traverse long distances intraspinally
before exiting through distant ventral roots. That the changes
in heart rate and cardiac contractility are mediated through an
ascending intraspinal pathway was shown by making spinal cord
transections or hemisections two to four segments rostral to a
lower thoracic or upper lumbar SMCR. Such lesions completely
blocked the chronotropic and inotropic responses elicited from
these more caudal segments. In order to localize this pathway,
after SMCR had been identified in the lower thoracic region a
second SMCR was located ipsilaterally two or three segments ros-
trally. Just lateral to this rostral site a progressively en-
larging electrolytic lesion was made until the cardioacceleratory
response from the more caudal site had been markedly reduced or
abolished. The location of the rostral electrode was chosen to
correspond to Bok's intermediolateral fasciculus. In two animals
the rostral lesions completely blocked the cardioacceleratory re-
sponse and these lesions involved the white matter immediately
adjacent to the ILN. Two other lesions resulted in a marked
reduction but not ablation of the cardioacceleratory response;
interestingly these lesions spared small areas of white matter
adjacent to the ILN. 1In all animals the superficial white matter
of the dorsolateral funiculus as well as the region of the apex
of the dorsal horn were spared. These findings suggest the ex-
istence of an ascending intraspinal cardiovascular pathway which
is located in the deep white matter adjoining the ILN. The recent
anatomic demonstration of an intraspinal sympathetic preganglionic
pathway (ISPP) (Faden and Petras, Brain Res. 144: 358-362, 1978)
with a suspected localization corresponding to that of the cardio-
vascular pathway described in these experiments, strongly suggests
that the ascending cardiovascular pathway and the ISPP are the
same.

One
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LOCALIZATION OF CARDIAC VAGAL PREGANGLIONIC SOMA. G. Steven Geis
and Robert D. Wurster. Department of Physiology, Loyola
University of Chicago, Stritch School of Medicine, Maywood,
Illinois 60153.

Horseradish peroxidase (HRP) was injected subepicardially in
anesthetized cats for retrograde labeling of cardiac vagal pre-
ganglionic soma. The injections were made in 3 groups of ani-
mals: (1) after left cervical vagotomy (LCV), (2) after right
cervical vagotomy (RCV) and (3) -after combined left cervical
vagotomy and section of the right cranial and caudal cardiac
vagal branches (LCV-CCX). After a 48 hr survival period the
cats were reanesthetized, perfused and fixed. The brain stems
were removed, cut in 40 pm serial cross-sections and developed
with 3,3'-diaminobenzidine tetrahydrochloride.

Approximately 350 labeled soma were identified in brain stems
of cats with LCV and RCV. Distribution and morphological char-
acteristics of the cell bodies were common among the animals.
The soma were ipsilateral to the intact vagus, extending 2.8 mm
caudal and 4.8 mm rostral to the obex. Distinct aggregations of
cell bodies were apparent in the nucleus ambiguus (NA), the dor-
sal motor nucleus of the vagus (DMNX) and an intermediate zone
(IZ) between the NA and DMNX. In each animal about 78% of the
soma were in the NA while 177 and 5% were located in the DMNX
and IZ, respectively. Approximately 72% were fusiform and 287
were round in shape. Fusiform soma had an average long axis of
28.27 pm and an average short axis of 16.96 um. The round cell
bodies demonstrated a diameter of 22.29 ym. About 27 soma were
labeled in each LCV-CCX cat. It is therefore concluded that
6.7% of the identified cells in LCV and RCV animals were associ-
ated with non-cardiac tissue or the result of HRP uptake by
axons traveling to the heart by vagal branches other than the
cranial and caudal cardiac vagal branches.

The data demonstrate the presence of cardiac vagal pregangli-
onic soma in the NA, DMNX and IZ. The cell bodies are predomin-
ately fusiform in shape and give rise to axons exiting the ip-
silateral brain stem. The separate populations of labeled cells
suggest the possibility that different cardiac vagal nuclei
modulate different myocardial functions. (Supported by NIH grant
HL08682.)
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PUTATIVE SHORT-LATENCY BAROSENSORY CIRCUIT LINKING THE
BARORECEPTORS, CAUDAL DIENCEPHALON, AND DORSAL VAGAL NUCLEUS
IN RABBITS. ROBERT B, HAMILTON, JEFFREY H. WALLACH, GUY K.
PETRIK,* AND NEIL SCHNEIDERMAN, Dept. of Psychology, Univ.
of Miami, Coral Gables, Florida 33124,

FElectrical stimulation (10 sec trains, 100 pulses/sec,

0.5 msec pulse duration,<180 uA) of specific areas within
anterior hypothalamus, lateral hypothalamus, rostral zona
incerta (at the thalamus-hypothalamic border), and lateral zona
incerta of the subthalamic region in barbiturate anesthetized
rabbits elicited primary bradycardia (M= -119 bpm; SD= +10)
accompanied by only a small decrease in mean arterial pressure
(M= -6.0mm Hg; SD= 18.3). These responses were abolished

by bilateral vagotomy, but were not significantly attenuated

by unilateral section. Single-pulse aortic nerve (AN) stimula-
tion (pulse duration 0.1 msec) activated neurons, thereby
defined as barosensory-sensitive, in the above areas. Electri-
cal stimulation (10 sec train duration, 100 pulses/sec, 0.1 msec
pulse duration < 35 HA) was used to identify the cardioinhibitory
region of the dorsal vagal nucleus (DVN) of the medulla.
Single-pulse stimulation of this region activated units in the
rostral and lateral zona incerta at latencies under 10 msec.
These same units were also activated by single-pulse AN
stimulation at latencies as short as 4 msec. Stimulation of
bradycardia-sensitive sites in the rostral and lateral zona
incerta in the same region where barosensory-sensitive units
were found, resulted in the activation of neurons in the
bradycardia-sensitive area of DVN, which were also activated

by AN stimulation. Mean onset latency of the response of

these DVN units to zona incerta stimulation was 6 msec

(sp= ¥1 msec) (Kaufman, Hamilton, Wallach, Petrik, &
Schneiderman, in preparation).

The present data suggest that the time period for barosensory
information to reach the caudal diencephalon, and for informa-
tion from this region to project back to the cardioinhibitory
region of DVN may be as short as 15 msec or less. Our findings
are also consistent with the possibility that a feedback circuit
may exist linking the cardioinhibitory region of DVN with the
zona incerta (Supported by NSF Grant BMS 75~10967 and by grants
from the Heart Association of Greater Miami and Florida Heart
Association),
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EFFECTS OF DIENCEPHALIC AND BRAINSTEM LESIONS ON HAEMOPOIETIC
STEM CELLS

N.R. Hall, J.K. Lewis*, R.D. Schimpff, R.T. Smith*, A.H.
Trescot*, H.E. Gray, S.E. Wenzel*, W.C. Abraham and
S.F. Zornetzer

Division of Tumor Biology, Department of Pathology, University
of Florida College of Medicine, Gainesville, FL 32610

A functional axis betwcen the central nervous system and bone
marrow has bcen postulated based upon several types of evidence.
Haemopoietic cells possess receptors for certain neurotransmitter
substances, nerve endings not associated with blood vessels are
present in bone marrow and haemopoietic cells exhibit a light
responsive circadian rhythm. To test for the existence of a
brain-bone marrow axis, C57BL/6J and Swiss Webster mice received
bilateral electrolytic lesions (300 pA anodal current for ten
seconds) of the anterior hypothalamus, posterior hypothalamus,
locus coeruleus or cerebellum. A standard in vivo technique was
used to assess the number of haemopoietic stem cells. Six weeks
after lesioning, the animals were exposed to a sub-lethal dose of
radiation which stimulated the formation of colony forming units
on the surface of the spleen (CFU-S). Only thosc subjects that
had received locus coeruleus lesions had significantly reduced
numbers of CFU-S when compared with control values. Macro-
autoradiography following the injection of Fe39 revealed many of
these colonies to be erythrocytic. An in vitro clonal assay was
used to assess the number of granulocytic progenitor cells. Bone
marrow cells seeded into either soft agar or methyl cellulose
produced significantly reduced numbers of granulocyte macrophage
colonies (GM-CFC) when the donor animals had received locus
coeruleus lesions. This reduction was more pronounced in animals
with bilateral lesions than in animals with unilateral lesions.
Preliminary evidence suggests that this effect can be reversed by
administering amphetamines. Animals with locus coeruleus lesions
were also found to have lower peripheral blood white cell counts
when compared with controls, however, the lesions had no effect
on the differential cell count. Haemaglutinating antibody titers
five days after the injection of sheep red blood cells were not
affected by the locus coeruleus lesions.

These data suggest an interaction between the nucleus locus
coeruleus and haemopoietic stem cells in the bone marrow. The
mechanism by which this interaction is able to occur is
currently under investigation.

This is Tumor Biology publication number 127

INTRACELLULAR RECORDINGS FROM THE INFERIOR MESENTERIC GANGLION OF
THE CAT. Yvon Julé* and Joseph H. Szurszewski. Dept. Physiol. &
Biophysics, Mayo Med. Sch., Rochester, MN 55901.

Intracellular, in vitro recordings have been obtained from
more than 200 cells of the inferior mesenteric ganglion (IMG) of
the cat. Two types of cells were impaled: inexcitable and
excitable cells. Ten percent of the cells impaled were inexcit-
able cells. They had a high resting membrane potential (up to
75 mV) and they never produced an action potential either to
direct intracellular depolarizing current or to preganglionic
nerve stimulation. In these cells, repetitive stimulation of a
preganglionic nerve trunk gave rise to a slow depolarization
which was frequency dependent. The inexcitable cells found in
this study have properties in common with glial cells of the
central nervous system. Ninety percent of the cells impaled were
excitable cells. They received excitatory synaptic input from
preganglionic nerve fibers and produced action potentials in
response to a direct intracellular depolarizing current. Their
resting membrane potential ranged from -45 to -85 mV (mean
-56 mV), their input resistance ranged from 20 - 280 Ma (mean
80 M) and the membrane time constant ranged from 2 - 12 msec
(mean 8 msec). Action potentials in these cells often had an
overshoot of 10 to 25 mV. An afterhyperpolarization up to 20 mV
and lasting 150 - 300 msec followed each action potential. In
50% of the excitable cells tested long intracellular depolarizing
pulses (up to 1 sec) triggered a phasic discharge of action
potentials; in 40% of the cells there was a tonic discharge. The
excitable cells have properties in common with principal ganglion
cells found in prevertebral ganglia of the guinea pig. Excitatory
synaptic input was recorded from principal ganglion cells in
response to stimulation of hypogastric, intermesenteric, inferior
splanchnic and colonic nerves. More than 55% of ganglion cells
received input from all extrinsic nerves. This suggests that
marked convergence of central input and peripheral input occurs
on ganglion cells in the IMG of the cat. (Supported by NIH Grant
AM 17632.)
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METABOLIC MAPPING OF NEURAL PATHWAYS INVOLVED IN GASTROSECRETORY
RESPONSE TO INSULIN HYPOGLYCEMIA. Massako Kadekaro, Helen E.
Savaki* and Louis Sokoloff. Lab. of Cerebral Metabolism, NIMH,
Bethesda, MD 20014.

It has been known since 1927 that hypoglycemia induced by
insulin increases gastric secretion. This response is mediated
by the central nervous system inasmuch as vagotomy completely
prevents its occurrence. Little is known, however, about the
neural pathways involved in this response. The objective of the
present studies was to attempt to ideptify these neural pathways
by means of the recently developed [~ Cldeoxyglucose method.

Fifteen albino Sprague-Dawley male rats weighing between
340-430 g were studied. Fach animal was initially prepared by
surgical construction of a chronic gastric fistula. One week
after the surgery the animals were fasted for 18-24 hours and
then anesthetized with urethane injected intraperitoneally at a
dose of 1lg/kg. A femoral artery and vein were then catheterized.
Basal gastric secretion was collected for 30 min after which
insulin was administered intravenously at a dose of 0.05-0.3
units, depending on the initial plasma glucose concentration.
Collection of gastric secretion continued for another 90 min.

In control experiments saline was injected instead of insulin.
Forty—fivelwin after the injection of the insulin or saline a
pulse of [~ C]deoxyglucose was administered at a dose of 125
uCi/kg. During the following 45 min, fimed arterial blood samples
were drawn for assay of the plasma [~ Cldeoxyglucose and glucose
concentrations. At the end of the 45 min period the animals
were decapitated, and the brains processed for quantitative
autoradiography. During the experiments blood pressure, body
temperature and blood gases were monitored. Local cerebral
glucose utilization was quantitatively determined as previously
described (Sokoloff et al., J. Neurochem. 28:897, 1977).

The results showed that in fourteen of the eighteen struc-
tures examined, including, for example, the ventromedial medial
nucleus of the hypothalamus, globus pallidus, zona incerta and
n. ambiguus, the glucose consumption remained unchanged over the
84-215 mg% range of plasma glucose concentrations. There were,
however, significant inverse correlations between plasma glucose
concentration and rate of glucose utilization in the n. solitary
tract, perifornicial area, dorsal motor nucleus of the vagus and
the superior olivary nuclei. With the exception of the superior
olivary nuclei all the structures affected by low plasma glucose
concentrations have been shown to be involved in the gastro-
secretory response to the blockade of glucose utilization provoked
by pharmacological doses of 2-deoxy-D-glucose (Kadekaro et al.,
Neuroscience Abstracts 29:21, 1977) suggesting that these same
nuclei are also activated by hypoglycemia.

INTESTINAL BLOOD FLOW AND MOTILITY ACCOMPANYING INCREASED
SYMPATHETIC OUTFLOW INDUCED BY BULBAR STIMULATION AND A SPINAL
REFLEX. K. Alan Kelts, John W, Oehlert*, and Julie Johns*.
Dept. of Neuro., Sch. Med., Stanford Univ., Stanford, CA 94305.
Efferent postganglionic sympathetic nerve activity may be
increased by electrical stimulation of the 'pressor” area in the
medulla or by activation of spinal reflex arcs. The aim of this
work was to assess changes in intestinal motility and blood flow
associated with the increasing nerve activity during those two
stimuli. Fifteen cats were anesthetized with chloroform and
chloralose-urethane (40 - 80 mg/kg). A proximal jejunal loop
was prepared for recording intraluminal volume (GV), efferent
mesenteric nerve activity (NA), and venous blood flow (BF). A
femoral artery was cannulated for blood pressure (BP). Further
preparation involved craniectomy for 60 Hz electrical stimulation
of the dorsomedial bulbar reticular formation (RFS) or cannula-
tion of a more proximal jejunal loop for mechanical stimulation
of an intestino-intestinal inhibitory reflex (I,-R). Control
and stimulation periods were divided into 6 sec intervals, data
quantitated (including integration of NA and calculation of
vascular resistance, VR), and significance of changes assessed
by a 2-tailed T-test. RFS produced significant increases in NA
(p < 0.0005) and in GV (p = 0.001) during the first 6 sec, and
in VR (p = 0.01) after 10 - 18 sec. I,-R's resulted in signifi-
cant increases in NA (p < 0.0005) and In GV (p = 0.001) within
6 sec, but no significant change in BF. Therefore, both RFS and
I.~-R produced increased mesenteric sympathetic efferent discharge
and intestinal relaxation, but only RFS caused a significant
increase in vascular resistance. These data suggest separate
populations of efferent sympathetic fibers passing in mesenteric
nerves to intestinal and vascular smooth muscles. Moreover,
these populations may be activated independently by different
stimuli.
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BARORECEPTORS, CATECHOLAMINES, NUCLEUS SOLITARIUS, AND THE AREA
POSTREMA: A CARDIOVASCULAR CONNECTION? David M. Katz and Harvey
J. Karten, Depts. of Biology (DMK) and Psychiatry (HJK), S.U.N.Y.,
Stony Brook, N.Y. 11794

The anterograde transport of horseradish peroxidase (HRP) was used
to visualize the central projections of the aortic arch depressor
nerve (DN) to the nucleus solitarius (nS) in pigeons. The distri-
bution of DN afferents was compared with the distribution of mon-
eminergic neurons within nS as revealed by fluorescence histochem-
istry. The relationship between the DN projection area and the
area postrema {AP) was also examined.

HRP was applied to the proximal cut end of the aortic depressor
nerve by means of a small impl::nted chamber fastened around the
nerve stump. Following 2-3 day survival times, HRP granules were
seen in neurons in the nodose ganglion and within axons in the
tractus and nucleus sclitarius. HRP labelling within nS was con-
fined to the neuropil of only one nuclear subgroup, the subnucleus
sulcalis dorsalis (Sd). Sd lies dorsal to the tractus solitarius
and extends from 0.8 to 2.0 mm rostral to the obex. The caudal
portion of Sd lies below the floor of the fourth ventricle at the
point of attachment of the taenia choroidea.

The region surrounding the taenia chorcidea had previously been
suggested to encompass the area postrema in birds (Moll,J. &
Hilvering,C.,Proc.Konin.Neder.,54,1951). Because of the proximity
of this region to Sd, we decided to more precisely define the extent
of the area postrema in the pigeon using intravenous injections of
HRP(Broadwell ,R.D. ,&Brightman,M.W. ,J.Comp.Neur. ,166,3,1976). This
technique revealed that the rostral portion of the area postrema
lies immediately adjacent to the caudal portion of S4.

Combined glyoxylie acid/paraformaldehyde-induced fluorescence re-
vealed that Sd is extremely rich in catecholamine-containing neurons.
Except for a more exteasive rostro-caudal distribution, the fluo-
rescent neurons within Sd overlapped precisely with the DN pro-
Jection area. Fluorescent fibers extended from the caudal portion
of 8d into the adjacent area postrema and taenia choroidea.

These data indicate that depressor nerve afferents have a restricted
distribution within the nucleus solitarius in pigeons. Our data
also provide strong evidence for the involvement of catechol-
aminergic neurons within nS in a central cardiovascular sensory
pathway. In addition, our data suggest an anatomical association
between tha area postrema, which lacks a blood-brain barrier, and
the DN projection area within nucleus solitarius. Fufictional con-
nections between these two regions may be partly responsible for
the cardiovascular effects of blood-borne substances, such as an-
giotensin 2, which are mediated by the central nervous system

(Joy,M.D., and Lowe, R.D., Nature, 228,1970).
Grant support: NS-12078 to HJK

PATTERNS OF SINGLE UNIT ACTIVITY IN SYMPATHETIC POSTGANGLIONIC
NERVES (CARDIAC AND VERTEBRAL NERVES). Mark Kollai and

Kiyomi Koizumi. Dept.of Physiol., State University of New York,
Downstate Medical Center, Brooklyn, N.Y. 11203.

Activity patterns of single postganglionic fibers of inferior
cardiac and vertebral nerves were analyzed in chloralose anes-
thetized and artificially ventilated cats. They were divisible
into three categories according to firing patterns. The first
group, 727 of cardiac fibers and 387 of vertebral nerve fibers
showed rhythmic discharges which were clearly synchronized with
phrenic activity during normal ventilation. Other fibers of this
group originally showing irregular firing patterns became syn-
chronized with phrenic activity during slight hypoventilation or
chemoreceptor stimulatfon. Although only a few of these fibers
showed activity synchronized with cardiac cycle pulses all were
strongly affected by baroreceptor excitation. The second group,
38% of vertebral but none of the cardiac fibers, showed very
regular discharges which were not related to phrenic nor to
cardiac rhythms. Interspike intervals ranged from 200 msec.
to 10 sec. and the discharge frequency was very constant in any
given fiber for a considerable period of time; occasionally in
some units the frequency shifted. The third category, 28% of
cardiac and 24% of vertebral nerve fibers, showed irregular
firing patterns which could not be made synchronous with phrenic
nor cardiac rhythms by various maneuvers. They were unaffected
by activation of baroreceptors but increased their activity
greatly under asphyxia. It is hoped that such analyses of single
postganglionic fibers will give us more information concerning
the properties of postganglionic neurons as well as the function
of the autonomic ganglia. (Supported by grants from USPHS
#NS00847 and New York Heart Association.)
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INHIBITION OF CARDIOPULMONARY SYMPATHETIC EFFERENT NERVE ACTIVITY
DURING LUNG INFLATION IN THE CANINE. David R. Kostreva and

John P. Kampine*. Depts. Physiol. and Anesthesiol., Med. College
of Wisconsin and Wood VA Ctr., Milwaukee, WI 53193

Positive pressure lung inflation in open chested dogs resulted
in short latency inhibition of cardiopulmonary sympathetic effer-
ent nerve activity (CPSENA) before and after bilateral vagotomy.
Mongrel dogs, 20-30 kg, were anesthetized using sodium pentobarb-
ital, 35mg/kg i.v. The animals were intubated and placed on
positive pressure ventilation. The chest was split transversely
between the second and third ribs, to allow unimpeded access to
both stellate ganglia and adjacent ansae subclaviae. CPSENA was
recorded from the cut central end of one of the left or right
ansae. The CPSENA was amplified, filtered and time averaged us-
ing a half-wave rectifier. Central venous pressure and systemic
blood pressure were monitored from the femoral vein and artery
respectively. Tracheal pressure (TP) was monitored from a large
bore needle inserted into the endotracheal tube. The electro-
cardiogram (ECG) was monitored from leads placed in a lead II com
figuration. Averaged CPSENA, ECG and the pressures were recorded
using a polygraph.

Prior to vagotomy, lung inflation to 15 mmHg TP resulted in a
marked inhibition of CPSENA traversing the left and right ansae
subclaviae. At the onset of expiration, CPSENA immediately re-
turned to or momentarily exceeded pre-inflation levels. Each
inflation consistantly resulted in a depression of CPSENA. Imme-
diately following bilateral vagotomy, baseline CPSENA decreased
markedly. However, within one minute post-vagotomy, each infla-
tion continued to produce a short latency inhibition of CPSENA.
The degree of inhibition of CPSENA in most animals was attenuated
after vagotomy. This may have been due to the marked decrease in
baseline CPSENA produced by vagotomy. Bilateral sympathectomy by
sectioning the remaining intact ansae resulted in a further de-
pression of baseline CPSENA. Lung inflation to 15 mmHg TP after
sympathectomy did not result in an inhibition of CPSENA. How-
ever, in several animals the ventilator was shut off for several
minutes and the animals attempted to breath spontaneously. Dur-
ing expansion of the chest, CPSENA was immediately depressed with-
out lung inflation. This study suggests that either chest wall
somatic afferents or central respiratory centers can inhibit
CPSENA. This study has also provided some evidence indicating
that some vagal and sympathetic cardiopulmonary afferents can
have an excitatory effect on CPSENA while other vagal and sympa-
thetic cardiopulmonary afferents can have an inhibitory effect on
CPSENA. (Supported by Grant HL 16511 and Young Investigator Re-
search Award HL 21042 from HLBI, and the Medical Research Service
of the VA.)

AUGMENTATION OF SYMPATHETIC VASOMOTOR AND RESPIRATORY NEURAL DIS-
CHARGES BY A DERIVITIVE OF y-AMINOBUTYRIC ACID. Peter M. Lalley.
Dept. Physiology, Sch. Medicine, U. Wisconsin, Madison, WI 53706

A derivitive of y-aminobutyric acid (LioresalR, Ciba-Geigy)
was found in the present study to augment neural discharges re-
corded from sympathetic vasomotor fibers, and from intercostal
motoneurons in cats anesthetized with urethane, pentobarbital or
chloralose. Under control conditions, conditioning electrical
stimulation of depressor fibers in the aortic nerve (AN) or
cervical vagus nerve (XN) abolished the reflex discharges evoked
in sympathetic nerves by single test shocks applied to the carotid
sinus nerve (CSN). After injections of lioresal (0.5-2 mg/kg
1.V.), CSN-evoked sympathetic discharges were markedly augmented
by conditioning AN or XN stimulation. Similar effects were pro-
duced by supplemental subanesthetic doses (5-10 mg/kg I.V.) of
pentobarbital or methohexital. Lioresal or the barbiturates also
caused further enhancement of the post-tetanic facilitation of
CSN-sympathetic reflexes which followed stimulation (30-50 Hz) of
the ipsilateral or contralateral CSN. Lioresal also increased
(25-50 mmHg) resting mean blood pressure in several experiments,
in concert with an increase in spontaneous sympathetic neural
discharges. In other experiments, intercostal expiratory moto-
neurons, identified by antidromic activation of axons in the
internal intercostal nerves, also increased their rate of spon-
taneous discharge following lioresal administration. The effects
on sympathetic discharges are consistent with the results of an
earlier study (Lalley, 1978) in which lioresal consistently con-
verted the hypotensive episodes evoked by CSN, AN or XN stimula-
tion to pressor responses. The depressor responses were tempo-
rarily restored by picrotoxin or bicuculline, but not by strych-
nine or metrazol. The neuronal mechanisms responsible for these
unexpected effects, including a possible GABA-mimetic action, are
currently under investigation. (Supported by American Heart
Association Grant No. 75 899.)
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IDENTIFICATION OF PATHWAYS IN THE ABDOMINAL PREVERTEBRAL GANGLIA
WITH RETROGRADE TRANSPORT OF HORSERADISH PEROXIDASE. David L.
Kreulen* and Joseph H. Szurszewski. (SPON: J. C. Lynch). Dept.

Physiol. & Biophysics, Mayo Med. Sch., Rochester, MN 55901.
Electrophysiologic experiments on the abdominal prevertebral
ganglia of guinea pigs indicate that there is viscerotopic
organization of the postganglionic outflow of these ganglia to
the colon. The celiac ganglia (CG), the superior mesenteric
ganglion (SMG) and the inferior mesenteric ganglion (IMG) were
dissected as a single preparation, pinned to the floor of an
organ bath, and superfused with oxygenated Krebs at 370 C. Two
major groups of nerve fibers leave the ganglia for the periphery:
the celiac nerves and the lumbar colonic nerves. The celiac
nerves project from the more cephalad CG while the lumbar colonic
nerves project from the more caudad IMG. Solid horseradish
peroxidase (HRP) was placed on crushed regions of these
mesenteric nerve trunks 5 to 8 mm from the ganglia. After
1 - 6 hours the preparation was fixed and 42 y thick frozen
sections of all the ganglia were processed in benzedine. When
HRP was placed on the lumbar colonic nerves, labelled neurons
were found in the IMG, SMG and CG. However, labelling appeared
more dense in the IMG than in the other ganglia. This indicates
that while most of the axons in the lumbar colonic nerves have
their cell bodies in the IMG some of the axons come from CG and
SMG. When HRP was placed on the celiac nerves, labelled neurons
were again found in all the abdominal prevertebral ganglia;
however labelling was most dense in the CG and least dense in the
IMG. This indicates that some of the axons in the celiac nerves
are from cell bodies located in the IMG. These experiments show
that while there is cephalad-caudad distribution of post-
ganglionic outflow from the abdominal prevertebral ganglia there
is some crossover of this outflow. That is, some neurons
located in the cephalad ganglia pass through the caudad ganglia
and out caudad nerve trunks. Also, some neurons located in the
caudad ganglion pass through the cephalad ganglia and out the
cephalad nerve trunks. This organization may be important for
mediating reflexes between viscera in different regions of the
abdomen. (Supported by Grants AM 17632 and T32 RL 7111-02.)

FIRING PATTERNS OF PREGANGLIONIC NEURONS AND INTERNEURONS IN THE
SACRAL AUTONOMIC NUCLEUS OF THE CAT. R.J.Milne*, A.M.Booth* and
W.C.deGroat, Dept. Pharmacol., Univ. of Pittsburgh, School of
Medicine, Pittsburgh, PA 15261

Extracellular unit recordings were obtained from neurons in
the region of the sacral autonomic nucleus of anesthetized cats.
Preganglionic neurons of two types were identified by antidromic
invasion in response to stimulation of the sacral ventral roots.
Preganglionic neurons which were fired by rectal stimulation or
during spontaneous colonic contractions eéxhibited slow axonal
conduction velocities (less than 2 m/sec), whereas preganglionic
neurons activated by distension of the urinary bladder or during
spontaneous bladder contractions had fast axonal conduction
velocities (3-10 m/sec). The mean firing rate of bladder pre-
ganglionic neurons increased monotonically from O to a maximum of
2-5 Hz when bladder pressure was raised from 0 to 30-40 cm Hp0
pressure. At low bladder pressures, bursts of spikes preceded
and corresponded to brief rhythmic bladder contractions. At
higher pressures the interval between rhythmic contractions de-
creased and firing became continuous. Over the same range of
bladder pressures the frequency of bladder contractions was pro-
portional to the mean rate of firing of preganglionic neurons.

The preferred interspike interval (range, 25 to 125 ms), as
defined by the peak of the time interval histogram, was generally
independent of the mean firing rate.

Interneurons exhibiting firing rates which were correlated with
bladder activity were also encountered, generally slightly dorsal
to the location of the preganglionic neurons. At zero pressure,
while bladder preganglionic neurons were quiescent, these inter-
neurons maintained a slow rhythmic pattern of firing. At higher
pressures the firing rate increased linearly with bladder pressure
and the firing became essentially continuous. The preferred inter-
spike interval was similar to that of preganglionic neurons and
was independent of the mean firing rate. Bladder interneurons were
inhibited by antidromic activation of the ventral roots and by
rectal stimulation.

In summary, preganglionic neurons in the micturition reflex
pathway respond to afferent input from the bladder with bursts of
activity. The frequency of firing within bursts is independent of
bladder pressure, whereas the interval between bursts is directly
related to bladder pressure. Excitatory input to preganglionic
neurons may be mediated by sacral interneurons which also fire in
conjunction with bladder contractions. Inhibition of these inter-
neurons may be responsible in part for recurrent inhibition in the
sacral outflow to the bladder as well as inhibitory interactions
between intestinal and bladder reflex pathways.




67 IDENTIFICATION OF VISCERAL AFFERENTS TO THE SACRAL CORD OF THE CAT
USING HORSERADISH PEROXIDASE. Charles Morgan, William C. de Groat,
,Irving Nadelhaft. Dept. Pharmacol., Univ. of Pittsburgh Sch. of
Med, and V.A. Hospital, Pittsburgh, PA 15261

The parasympathetic preganglionic efferents to the pelvic vis-
cera leave the sacral spinal cord and travel together in the pel-
vic nerve before separating to innervate the bladder, colon, and
sex organs, Afferents from these organs also travel in the pelvic
nerve and enter the spinal cord in dorsal roots S1,2,3. By cut-
ting the pelvic nerve, exposing the central portion to a 25% solu-
tion of HRP and allowing 35-60 hrs. transport time, we have been
able to label both the efferents and afferents from the pelvic
viscera to the sacral cord. Frozen sections of spinal cord (42 u)
were processed in benzidine and examined with darkfield illumina-
tion. Preganglionic neurons of the sacral parasympathetic nucleus
were observed in 7 cats. The distribution of HRP reaction product
in primary afferent (PA) axons or terminals is shown on the right
in Figure 1. The PA were observed primarily in the dorsal root
entry zone, Lissauer's tract, the apex and lateral edge of the
dorsal horn (DH) in the marginal layer often continuing into the
region of the dorsal band of the SPN. Less frequently PA were
also found on the medial side of the DH. The position of the
SPN at the mid-S2 level is shown on the left in Figure 1.

Cells of the dorsal SPN often send their dendrites along the
lateral edge of the DH possibly to meet incoming afferent fibers.
In order to determine that the PA in that region were not actual-
1y preganglionic dendritic processes, the sacral ventral roots in
one cat were cut before exposing the pelvic nerve to HRP. The

distribution of PA was identical to that observed in the other cats.

In another cat the direct exposure of the S2 dorsal root to HRP
showed, in addition to the commonly described afferent path
through the medial DH, an extremely heavily labelled axonal path
along the lateral DH, identical in position to the dlstr1but1on
of PA observed in the pelvic nerve
experiments. Many afferent terminals
labelled so strongly that they out- R @
lined the shapes of the cells with
which they synapsed.

We conclude that pelvic visceral ya
afferents to the sacral spinal cord A~
reach the region of dorsal band of
the parasympathetic nucleus by L
traveling primarily along the / N
lateral edge of the dorsal horn. \ N 1 "

Fig. 1

Left SPN R1ght PA.

69 THE ROLE OF THE ANTEROVENTRAL THIRD VENTRICLE (AV3V) IN DEVELOP-
MENT OF NEUROGENIC HYPERTENSION. Michael T. Mow*, J.R. Haywood*,
A.K. Johnson, and Michael J. Brody* (SPON: W.W. Kaelber). Depts.
of Pharmacology, Psychology, and Cardiovascular Center, The
University of Iowa, Iowa City, Iowa 52242.

The region of periventricular tissue aroung the AV3V has been
identified as the central site at which intraventricularly
administered angiotensin produces its dipsogenic and pressor
responses in the rat. Lesioning the AV3V region prevents the
development of 1- and 2-kidney models of renal hypertension as
well as DOC-salt hypertension, an experimental model with
suppressed renin levels. The present experiments were conducted
in an effort to determine whether the AV3V is also involved in
the development of neurogenic hypertension produced by lesioning
of the nucleus tractus solitarius (NTS), the brain stem region
where baroreceptor afferents terminate. This form of hyper-
tension is acute and within 4-5 hours of lesioning, rats die from
pulmonary edema and heart failure. Electrolytic lesions of the
NTS were performed under ether anesthesia on two groups of rats
prepared 3-4 weeks earlier; one group which had received AV3V
lesions and the other group which had received sham AV3V lesions.
Blood pressures were recorded in the conscious state from in-
dewlling arterial catheters and were monitored before and several
hours following lesioning of the NTS. Lesioning of the NTS pro-
duced hypertension in both groups of animals. However, in the
group with AV3V lesions, blood pressure rose only 40 mm Hg com-
nared to a peak increase of 74 mm Hg in the sham lesioned group.
Furthermore, the AV3V lesioned animals showed no signs of pul-
monary edema. These data demonstrate that the region of the
AV3V plays an important role in neurogenic hypertension. Since
hypertension produced by NTS lesions is dependent upon the integ-
rity of structures lying above the midbrain (mid-collicular
decerebration will abolish and prevent NTS hypertension; Doba
and Reis, Circ. Res. 32: 584, 1973), it appears that the AV3V
may be a portion of long Ioop reflex arcs existing between the
anterior hypothalamus and brainstem.
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BARORECEPTOR REFLEX GAIN DURING HYPOTHALAMIC ACTIVATION IN SPON-
TANEOUSLY HYPERTENSIVE(SHR) AND NORMOTENSIVE(WKY) RATS.

S. Morrison and D. Whitechorn, Dept. of Physiology and Biophysics,
Oniv. of Vermont, College of Medicine, Burlington, Vt. 05401

Baroreceptor reflex mechanisms, acting at spinal and medullary
levels attenuate changes in blood pressure (BP) by inhibiting
sympathetic activity (SA). Stimulation of posterior hypothalamus
(PH) produces sudden increases in SA and BP which are larger in
the SHR than the WKY. This could be explained by a diminished
baroreceptor reflex effectiveness in the SHR. To test this hy-
pothesis we have measured the gain of the baroreceptor reflex
during a step increase in hypothalamic activity.

Rats (10 WKY,8 SHR) anesthetized with alpha-Chloralose (100mg/
kg) were instrumented with a femoral arterial cannula, a bipolar
recording electrode on the preganglionic splanchnic nerve (SA)
and a concentric bipolar stimulating electrode in the PH (AP4.5,
ML .5,DV2.5). Square wave pulses (0.1 msec duration) were applied
to the PH for 3 second periods at 60 or 100 Hz., at twice the in-
tensity required to produce a discernible (Smm) change in BP.
After 6 periods of stimulation at each frequency sinoaortic de-
nervation was performed and stimulation repeated.

In the intact preparation, SA changes during stimulation ex-
hibited three phases: an initial rapid rise beginning 65 mscc
and ending 150 msec after stimulation onset; a short, rapid fall
(150-400 msec); and a third phase (400-2000 msec) during which
SA declined more slowly. The accompanying BP increase occurred
during the third phase, reaching a sustained peak at 2-2.5 seconds
after stimulation onset.

After denervation the third phase was no longer present and
can thus be attributed to baroreceptor reflex inhibition of SA.
Denervation also resulted in a rapid increase in the level and
lability of resting SA and BP. Significant differences in the
extent of these increases could not be demonstrated between SIIR
and WKY. The SA and BP response to Pli stimulation was greater in
each animal after denervation, although the increase in SA during
the first phase, expressed as percent of control changed only
slightly and continued to be larger for SHR's.

In the intact animal, the baroreceptor reflex gain was
measured as the slope of the relationship between SA(percent con-
trol) and BP during the third phase. The reflex gain was the same
during 60 and 100 Hz. stimulation. The gain in the SHR (5.582.72)
was significantly greater (p<.0l1) than that in the normotensive
rats (2.20%.38).

We conclude that the hyperresponsiveness of the SHR to PH
stimulation is not due to a reduced baroreceptor reflex effec-
tiveness. The results are expressed in a quantitative model of
certain medullary and spinal components of the cardiovascular
control system. (Support from Vt. Heart, 75-333).

EFFERENT CARDIAC PROJECTIONS OF THE RIGHT STELLATE GANGLION IN

THE CAT. Michael L. Niehoff* and James M. Sullivan* (SPON: P.A.
Young). Dept. Anat., St. Louis Univ. Sch. Med., St. Louis, MO
63104.

Fluorescence microscopy has demonstrated extensive adrenergic
periarterial plexuses around the coronary arteries. The sino-
atrial and atrioventricular nodes have also been shown to be
richly innervated. Using autoradiographic techniques, the present
study has attempted to demonstrate the distribution of the post-
ganglionic sympathetic cardiac fibers originating in the right
stellate ganglion. A total of 500 microcuries of tritiated
leucine was injected into the right stellate ganglion of the cat.
After a three day postoperative survival period the animals were
sacrificed. Transverse and longitudinal serial sections were
made of the heart, great vessels, and trachea. The majority of
the right stellate ganglionic fibers traveled between the trachea
and aortic arch, and entered the cardiac plexus. Passing through
the plexus these fibers coursed between the ascending aorta and
the pulmonary arterial trunk to reach the left coronary artery.
Periarterial and subepicardial plexuses then arose from these
nerves. Most fibers formed a periarterial plexus which followed
the distribution of the ventral descending branch of the left
coronary artery. A few followed the circumflex artery. The con-
spicuous subepicardial plexus formed was most prominent in the
cranial half of the left ventricle. Other fibers arising from
the right stellate ganglion descended between the cranial vena
cava and the right branch of the pulmonary artery. These ramified
on the dorsal surface of the right atrium, and formed a large
bundle which passed caudally through the interatrial septum. In
the caudal part of the septum they turned ventrocranially and
ascended in the septum for a short distance. They then ramified
among the septal myocardial cells. In conclusion, sympathetic
postganglionic fibers from the right stellate ganglion projected
mainly to the left side of the heart. Periarterial and subepi-
cardial plexuses were formed along the left ventricular myo-
cardium. Other projections formed a subepicardial plexus in the
right atrium and ramified in the interatrial septum.

(Supported in part by USPHS grant FR 05388.)



7

73

SOCIETY FOR NEUROSCIENCE

CONTROL OF THE RESPIRATORY CYCLE BY THE MIDBRAIN RETICULAR
FORMATION. John Orem and Raloh Lydic. Dept. Physiol., Texas
Tech Univ. Sch. Med., Lubbock, TX 79409.

Several studies have shown that the midbrain reticular forma-
tion (MRF) influences breathing. The iIRF is essential to waking
consciousness, and its role in breathing may pertain to the
wakefulness stimulus for resniration. Ve demonstrate here that
the MRF can control the respiratory cycle independent of other
known control systems (the nneumotaxic centers, vaqal and
intercostal reflexes).

Twelve anesthetized (Nembutal, 35 mg/kg) cats (Ss) were used.
Stimulation of the MRF (50 oulses, 0.5 msec, 200 cps) during
expiration (E) caused a nhase-switch to insoiration (I). In
some cases stimulation of the same site also oroduced I-to-E
switching. Phase-switching was easier the greater the stimulus
intensity and the longer the delay after the end of I or E (if
testing for E-to-1 or I-to-E switching resoectively). This was
exoressed as: Switch Factor = Log % Resnonse (1/mA-s) where
"% Resnonses” was the vercentage of switches at a given inten-
sity-delay combination; "mA" was the stimulus intensity in milli-
amps, and "s" was the delay in seconds after which the stimulus
was annlied. The factor was fairly constant at all intensity-
delay combinations. For E-to-I, the average factor across
animals was 12; I-to-E factors ranged from 6 to 14. After
extensive bilateral nontine lesions (the oneumotaxic centers) the
duration of I (determined from diaohragmatic e.m.g.s) increased
slightly from a mean of 1.74 to 2.0 across Ss, but the duration
of E greatly lengthened from a mean of 4.3 to 20.3 s. [Inspira-
tion was initiated by iIRF stinulation with an average switch
factor of 1.5. Stimulation of the same MRF sites produced I-to-£
switching in every case (average factor = 2.0). ‘'lhen nountine
lesions were combined with spinal cord t
bilateral vagotomies, rhythr

“breathing ceased.
expiration, once bequn, did not spontaneously terminate.
ever inspiration could be initiated (factor = 1.1) and terminated

Inspiration or
How-

(factor = 0.6) by stinulation of the IRF. In these cases, M?F
stimulation provided corinlete control of respiration.

We conclude that, althouah phase-switching becomes morz
difficult with progressive lesions, the MRF can control breath-
ing indenendent of the pneumotaxic centers and intercostal and
vagal reflexes.

Sunported by NIH qrant 701 'lL 21257.

ALTERED UPTAKE OF NOREPINEPHRINE BY THE CARDIOVASCULAR SYSTEM OF
SPONTANEOUSLY HYPOTENSIVE RATS.
Joon H. Rho* and Natlie Alexander* (Spon: B. Newman). Clinical
Pharmacol., Dept. Med., Sch. Med., USC, Los Angeles, CA 90033.
The uptake of exogenous tritiated norepinephrine (H’-NE) by
the cardiovascular blood vessels of spontaneously hypertensive
rats (SHR) and normotensive Wistar Kyoto (WKR) rats have been
investigated. The isolated tissues were incubated with H3-NE and
the storage vesicles were isolated by means of sucrose density
gradient centrifugation. Studies of H’-NE incorporation into the
isolated storage vesicles indicate that the portal-mesenteric
vein synaptic vesicles of 12 week old SHRs take up less H3-NE
than those of WKRs (approximately 56% of the WKR), and it appears
to be even less in the 36 week old SHRs. The mesenteric artery
and branches to the gut wall have been processed in the same
manner as the portal-mesenteric vein. In contrast to the results
on the latter, the mesenteric arteries of SHRs showed an
increase in uptake from 63 to 100% over that of the WKR control.
A similar trend has been noted in atria. These results indicate
that the neurotransmitter uptake is different on the low and
high pressure sides of the circulatory system. Studies of
H3-NE incorporation into isolated storage vesicles of the tissues,
thus, permit an assessment of vesicular uptake and binding
mechanisms and their possible alterations in hypertension. These
results will be discussed with regard to a possible défect in the
neuronal membrane transport system.
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EFFECT OF FENFLURAMINE AND PARACHLOROFHENYLALANINE UPON CIRCADIAN
BODY TEMPERATURE, OXYGEN CONSUMPTION AND ACTIVITY LEVELS IN RATS.
P.E. Penn*, R.L. Gerber*, J.D. Sibonga*, and B.A. Williams¥.
NASA-Ames Res. Ctr., Moffett Field, CA 9L035.

Tt has been reported that injections of the anoretic drug fen-
fluramine (Ien) and of p-chlorophenylalanine (pCPA) produce long
term depletion of brain serotonin by different mechanisms and pos-
sibly in the process causing an initial rapid release of seroton-
in. Involvement of serotonin in temperature regulation has long
been implicated, so the effect of Fen and pCPA on body tempera-
ture and other circadian variables was studied.

Using maie rats maintained at 22°C, daily variations in body
temperature (TB) and activity levels (A) were measured every min-
ute by an inductively-powered telemetry system newly developed at
Ames. Oxygen consumption (02) and other data were stored on a
computer. Five days of control data were collected prior to in-
Jjections which were made in the afternoon just before the circad-
ian increase in the measured variables. The drugs tested were
injected intraperitoneally in doses previously reported to pro-
duce significant neurochemical and behavioral effects. Fen (20
mg/kg) produced an immediate significant (p+<.05,n=5) drop in TB,
which was lowest after four hrs., when compared to the same rats'
pre-injection TB (1.27°C), paired controls (1.38°C) or the same
animals' TB at the same time on a previous day (1.53°C). This
drop in TB was accompanied by a significant drop in Op of approx-
imately 33%(p<.05,n=5) when compared to the same three controls
(1.27, 1.58 and 1.93 W/kg). Activity levels showed no consistent
chanse. Food and water consumption were lower for 24 hrs. Be-
fore 24 hrs. had passed, all variables measured returned to nor-
mal levels and normal cycling. These initial responses were in
contrast with those obtained following injections of 300 mg/kg
pCPA.  TB and Op also significantly dropped immediately following
injection (TB -2.02°C,n=5;0p -25%). However, normal cycling did
not occur for several days, with Op remaining at a low normal lev-
el and TB returning to and remaining at a high normal level.

Food and water intake was lower during this time. Destruction of
the BY serotonergic cell bodies by Fen does not appear to have
longr term effects upon TB, Op, A and tood and water consumption
while more extensive serotonin depletion by pCPA does. It is pos-
sible that the initial falls in the TB and Op were due to the im-
nediate release of serotonin posited to occur with Fen and pCPA.
The scrotonin precursor tryptophan (Try) has been reported to
cause an immediate, short term increase in serotonin levels and,
probably, release. Injections of Try (300 mg/kg) produced signi-
ficant short lasting drops in TB (2.30°C,n=3) which were lowest
at two nrs. Althcugh other causes cannot yet be ruled out, sero-
tonin release may be responsible for the immediate short term
falls in TB and Op secen with Fen and pCPA. (*NRC assoc. at Ames)

EFFERENT PROJECTIONS OF THE PARABRACHIAL NUCLEUS. C.B. Saper
and A.D. Loewy, Depts. Anat. & Neurobiol. and Medicine, Wash.
Univ. Sch. Med., St. Louis, MO 63110

Interest has been focussed on the parabrachial (PB) nucleus
because this region, surrounding the brachium conjunctivum in
the dorsolateral pons, receives key inputs from the hypothala-
mus, amygdala and nucleus of the solitary tract, and is thought
to be important in central autonomic regulation.

In order to study efferent projections_from the PB nucleus,
we made small injections of a mixture of °H amino acids into
the region of the PB nuclei of rats and after 5 to 7 days
survival, the brains and spinal cords were processed using the
autoradiographic method. We have found major differences in
the efferent projections from each of the subdivisions of the
PB complex. The lateral PB appears to project rostrally
through the contralateral medial lemniscus to the ventrobasal
complex of the thalamus, lateral hypothalamic area, zona in-
certa, lateral preoptic area, and central nucleus of the
amygdala and ipsilaterally in the central tegmental fields to
reach the dorsal tip of the cerebral peduncle, and to enter
the stria terminalis. From here, this bundle projects to the
bed nucleus of the stria terminalis and the central nucleus of
the amygdala. Descending fibers which appear to originate
from the region of the K&lliker-Fuse nucleus travel in the
ventrolateral medulla and along the medial edge of the spinal
trigeminal nucleus. Some fibers appear to go as far as the
spinal cord, traveling through the dorsal part of the lateral
funiculus to innervate the intermediolateral cell column.

The medial PB projects rostrally mainly through the ipsi-
lateral central tegmental fields to enter the lateral hypo-
thalamic and preoptic areas, dorsomedial, ventromedial and
paraventricular nuclei of the hypothalamus, zona incerta,
central nucleus of the amygdala and bed nucleus of the stria
terminalis. Other fibers ascend through the central gray to
the periventricular nuclei of the thalamus and hypothalamus.
Ipsilateral fibers enter the ventral supraoptic commissure and
cross to the contralateral lateral hypothalamic and preoptic
areas. Descending fibers appear to travel in a similar tra-
jectory similar to that described for axons from the lateral
PB complex but none have yet been traced as far as the spinal
cord. Various portions of the PB complex appear to give rise
to separate portions of the total projection, as small dif-
ferences in injection sites may cause certain pathways not to
be labeled. We conclude that the PB complex may play an
integral part in the highly interrelated central autonomic
control system. Supported by USPHS grant #12751 and American
Heart Association grant #77 797.



75 FUNCTIONAL CHARACTERIZATION OF SYMPATHETIC CARDIAC AFFERENT FIBERS.
Jeanne L. Seagard* and John P. Kamgine* (SPON: A. Sances, Jr.).
Depts. Physiol. and Anesthesiol., Med. College of Wisconsin and
Wood VA Ctr., Milwaukee, WI 53193

Evoked potentials were employed to functionally characterize
the numbers and types of cardiac afferent fibers present in the
thoracic sympathetic nerves of dogs.

Ten mongrel dogs were anesthetized with sodium pentobarbitol
(35 mg/kg, i.v.) and placed on positive pressure ventilation.

The second to fifth ribs along with the adjacent sternum were
removed from the left side to expose the thoracic nerves. The
ventrolateral (VLCN), ventromedial (VMCN), and left stellate (SCN
cardiac nerves were isolated and sectioned, with the central end
retained for stimulation. The left sympathetic chain and T,-Tg
white rami communicantes were isolated by sectioning the chain be-
low T4 and each white ramus at its junction with the spinal nerve.
The Ty-T4 chain and corresponding rami were placed in a nerve
chamber filled with warm mineral oil for recording purposes. Each
ramus was desheathed and dissected into smaller bundles of fibers.
Individual bundles were sequentially placed on tungsten-carbide
recording electrodes which were connected to high gain preampli-
fier-amplifier system in series with an Ortec averaging computer.
VLCN, VMCN, and SCN were individually positioned across bipolar
stimulating electrodes connected to a constant current stimulator.
Supramaximal parameters of 3 Hz, 0.5 msec, and 12-15 ma resulted
in the stimulation of both A§ and C fibers. Stimulation of each
nerve, while recording from T,-T4 white rami, evoked a greater
percentage of C fiber potentials (0.31-1.8 m/sec) than A§ fiber
potentials (2.1-16.4 m/sec). Stimulation of the SCN and VMCN
produced a greater number of potentials than did stimulation of
the VLCN. The VLCN contained few fibers with conduction velo-
cities greater than 2 m/sec. There did not appear to be any pre-
ferential distribution of cardiac afferent fibers arising from
any ramus examined in this study (T2-T4). This study has demon-
strated that 1) both A§ and C fibers carry sympathetic cardiac

afferent activity and 2) there is a greater percentage of C fibers

than A§ fibers involved with the transmission of this cardiac af-
ferent activity. (Supported by Grant HL 16511 and the Medical
Research Service of the VA.)

77 AN AUTORADIOGRAPHIC STUDY OF VAGAL PREGANGLIONIC FIBERS TO RAT
BRONCHI, HEART, AND LOWER ESOPHAGUS. J.M. Sullivan* and N.
Connors* (Spon: K.R. Smith). Dept. Anat., St. Louis Univ. Sch.
Med., St. Louis, MO 63104.

Silver techniques have previously been used to demonstrate the
visceral motor parasympathetic fibers that originate from the
dorsal motor nucleus of the vagus. There is a minimum of infor-
mation concerning the anatomical relationships of these pregan-
glionic fibers within the bronchial and epicardiac ganglia and
within the myenteric plexus of the lower part of the esophagus.
The exact mode and arrangement of terminations has not yet been
elucidated. The purpose of this study was to demonstrate by
autoradiography the terminal branches of these preganglionic
fibers on the postganglionic neurons within the bronchial and
epicardiac ganglia and the myenteric plexus of the lower part of
the esophagus. Twelve adult albino rats of both sexes were
studied. The right dorsal vagal nuclei in six animals and the
left nuclei in another six animals were injected with 250 micro-
curies of tritiated leucine. Following a postoperative survival
period of three days, the animals were perfused with 10% buffered
neutral formalin and serial sections of each lung, heart, and
Tower part of the esophagus were processed for autoradiography.
Microscopic examination indicated a specific arrangement of pre-
ganglionic fibers within the vagus. The bronchial and heart
tissue contained heavily labelled vagal fibers in close proximity
to the postganglionic neurons. The bronchial ganglia containing
labelled vagal axons consisted of clusters of postganglionic
neurons located in close relationship to the smooth muscle down
to and including the respiratory bronchioles. Epicardiac ganglia
containing labelled vagal axons were located along the epicardial
surface of the right atrium. The number and location of the epi-
cardiac ganglia varied slightly in each animal. The esophageal
preganglionic fibers of the vagus did not appear to be heavily
labelled. Our results show a large labelled vagal preganglionic
input to the bronchial and epicardiac ganglia but few labelled
vagal preganglionic axons to the myenteric plexus of the Tower
esophagus.

(Supported by USPHS grant FR 05388.)
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RESPIRATORY RELATED DISCHARGE OF POMTINE [EURONS DURING SLEEP
AID WAKIIG STATES IN FREELY-BEHAVING CATS. G. C. Sieck* and
R. M. Harper. Dept. Anat. and Brain Research Inst., Sch. iled.,
UCLA, Los Angeles, CA 90024.

Single neuron activity of the nucleus parabrachialis medialis
(1:PBM) was examined in unanesthetized, freely-behaving cats during
sleep-waking states. A bundle of 10 fine wire (62 nichrome)
electrodes was implanted together with electrodes for monitoring
cortical, hippocarpal, and lateral geniculate EEG, eye movements,
and EKG. Respiratory riovements were ronitored using a piezo-
electric strain gauge placed across the rib cage. Relationships
between neuronal activity and respiratory rovements during sleep-
waking states were determined by cross-correlation techniques.
Sleep-waking states were assessed using established criteria.
Discharge rates of neurons in the NPBM fell into two categories
with respect to sleep-waking states: (1) cells showing no speci-
fic relation to state charge and no relation to the respiratory
cycle; (2) cells showing state-dependent changes in discharge rate
which were correlated with respiration. The latter group of cells
tended to have greatly increased firing rate during active sleep
and comparable firing rates during quiet waking and quiet sleep.
The increase in firing of HPBM cells during active sleep was not
related to the phasic events of this state, and in fact firing
often slowed during eye movements. A respiratory pattern of
discharge in [IPBM cells was present in each sleep-waking state.
The degree of coupling to respiration and the phase relationship
to the respiratory cycle depended upon the sleep-waking state and
the cell being exanined. Increased coupling was observed in
active sleep in some cells; however,
other cells showed a decreased
coupling during both active and
quiet sleep compared to the awake
pattern (see figure). These find-
ings demonstrate respiratory related
discharge of neurons in the pneumo-
taxic center of non-vagotomized,
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This research was supported by
Grant HL 22418-01 from the Hational
Institute of Health.

Cross-Correlated Histograms
Between Respiration & {IPBM
Heurons During laking, Quiet
Sleep, & Active Sleep

SELECTIVE PROTECTION AGAINST BETHANECHOL-INDUCED DEPLETION OF
SMALL INTENSELY FLUORESCENT (SIF) CELL HISTOFLUORESCENCE IN
SYMPATHETIC GANGLIA. E.J. Tsevdos*, A.0. Humbertson, Jr.,
A.E. Langley* and R.W. Gardier*. The Ohio State University,
College of Medicine and Dentistry, Columbus, Ohio 43210

Electrical recordings of the superior cervical ganglionic sur-
face potential in cats indicated that gallamine or pancuronium
inhibit the muscarinic mediated hyperpolarization (s-IPSP)
without affecting slow depolarization (S-EPSP) by selective
blockade of postsynaptic cholinergic receptors, typed M; on the
ganglionic interneuron (Gardier et al., J. Pharmacol. Exp. Ther.
204:46-53, 1978; Gardier et al., Fed. Proc. submitted). Since
the development of the s-IPSP theoretically results from
sitmulation of dopamine receptors on the ganglion cells, the
effect of haloperidol was investigated and found not to affect
the s-EPSP but to intensify the s-IPSP presumably by a pre-
eminent blockade of dopamine receptors on the interneuron.

The selective postsynaptic blockade by gallamine or pancuronium
suggested from the surface potential studies was evaluated
further by the histochemical fluorescent technique of Falck et
al. (J. Histochem. Cytochem. 10:348-354, 1962). 1In vitro
exposure of rat superior cervical ganglion (SCG) to bethanechol,
a muscarinic stimulant, reduced fluorescence in both ganglionic
neurons and interneuronal (SIF) cells. Treatment of rat SCG
with gallamine (in vivo and concomitant with bethanechol in
vitro) or pancuronium (in vivo) prevented the decrease in SIF
cell fluorescence resulting from in vitro exposure to bethanechol.
Pretreatment of the SCG with gallamine or pancuronium alone
had no observable effect on either ganglionic neuronal or SIF
cell fluoresence. Exposure of the SCG to haloperidol in vivo
as well as during in vitro exposure with bethanechol produced a
depletion of SIF cell and ganglionic neuronal fluorescence
comparable to that from bethanechol alone. The failure of
haloperidol to protect against histofluorescence depletion in
the ganglionic cell conforms to its lack of effect on the s-EPSP.
These data provide further documentation for two pharmacolog-
ically distinct muscarinic receptors (M; and M) in sympathetic
ganglia.

Supported by NIDR Grant DE00291, OSU Studybaker Fund and OSU
Development Fund #533768.
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SPINAL PROJECTIONS OF LEFT VENTRICULAR AFFERENTS

W. Hugh Vance and Robert M. Bowker*. Dept. of Cardiology and
the Marine Biomedical Inst., University of Texas Medical Branch,
Galveston, TX 77550.

The location of the cells of origin of the spinal afferents
innervating the left ventricle in the area of the left anterior
descending artery (LADA) have been determined in the cat and dog
using the retrograde transport of the enzyme horseradish
peroxidase (HRP).

Adult animals were anaesthetized with barbiturate anaesthetic
and intubated with a tracheal tube. A routine thoracotomy was
performed and the animal was maintained by artificial respiration
throughout the surgical procedure. After the pericardial sac
was opened, the LADA was identified and 15 injections consisting
of 10 pl eacin of 1%Z HRP solution were injected subepicardially
in the region of the LADA. After a survival period of 72 hours
the animal was perfused with 0.5% paraformaldehyde and 2.5%
glutaraldehyde in phosphate buffer. Dorsal root ganglia (DRG)
of levels C7 through T6 were collected bilaterally and serially
sectioned at 50um. The sections were treated with tetramethyl
benzidine according to the method of Hardy and Heimer (1977)
in order to obtain reaction product.

Labelled neurons have been fornd at spinal levels C8 through
T5 but predominantly at T2 and T3 with respectively 40% and 49%
of the labelled cells found so far being at these levels. The
labelled cells are also of relatively small size, being
approximately 20um to 40um in diameter.

Our data is then in general agreement with but extends the
classic work of Nettleship (1936) who described the cells
innervating the "endocardial net at the apex of the ventricles
and the wall of the coronaries" as being located at levels Tl
through T5; as well as that of Ellison and Clark (1975) who
injected HRP into the left and right ventricles and atria and
found reaction product in the left T2 DRG.

Supported by Texas Heart Association grant #1-19511-488009.

80

ACUTE CHANGES IN BODY FLUIDS AFTER BARORECEPTOR DENERVATION. 82
A.H. Werber* and G.D. Fink* (SPON: J. Thornburg), Dept. of
Pharmacol., Mich. State Univ., E.Lansing, Mich. 48824

In 1964, Krieger reported the production of hypertension in
rats by sinoaortic (SAD) or aortic baroreceptor denervation (ABD).
In 1973, Guyton and co-workers reported that after SAD in dogs,
although blood pressure (BP) was more variable, there was no rise
in the 24 hr average level of mean arterial blood pressure (MABP).
Guyton postulated that any rise in BP due to interruption of baro-
receptor pathways would be transient, with restoration of BP
occurring through an enhanced renal excretion of salt and water,
contraction of the plasma volume and reduction in cardiac output.
Nevertheless, recent results indicate that interference with baro-
receptor function can result in prolonged hypertension (Jones and
Hallback, 1978; Scher, 1978; Doba and Reis, 1973). Fluid volumes
and renal function were not determined in these latter studies.

The present experiment was designed to examine the effects of
ABD on cardiovascular and body fluid parameters in the conscious
rat. Heart rate (HR), MABP, water intake (WI), urine ouptut (UO),
body weight (BW), urinary sodium excretion (Uy,V), urinary po-
tassium excretion (UgV), plasma volume (PV), and extracellular
fluid volume (EFV) were measured. Water balance (WB), a parameter
derived by subtracting UO from WI was also measured. MABP was
measured directly in the freely moving animal by means of an in-
dwelling aortic catheter. PV and EFV were measured by dilution of
Evan's blue and thiocyanate, respectively. WI, U0, Uy,V, UKV
were determined for 24 hr periods in rats housed individually in
metabolism cages. The duration of the study was 7 days.

BP was significantly elevated 1, 2 and 3 days after ABD. HR
was increased significantly 1, 2, 3 and 4 days after ABD. WI was
significantly depressed on all days following ABD, with the
smallest intake the day after ABD. UO was not increased after
ABD, and decreased 2, 3 and 4 days after ABD. WB was reduced 1,

2 and 3 days after ABD, with the largest fall on the first day
after ABD. BW was significantly lower all 5 days after ABD.

UnaV was decreased 2, 3 and 4 days after ABD. UgV was decreased
all days after ABD. Five days after ABD, PV and EFV were 157
lower than preoperative values. There were no significant changes
in any of these parameters in sham operated control rats.

These results confirm that in the rat an acute neurogeni-
cally-induced rise in BP results in contracted fluid volumes, and
a tendency for blood pressure to return to control levels. How-
ever, it appears that this phenomenon is not dependent upon in-
creased salt and water excretion by the kidney.

RENAL HERVLC RLSPOUSES TO ACTIVATION OF CARDIAC SYMPATHETIC AFFLR-
ENT NCRVES BY CORONARY OCCLUSION AND BY TOPICAL APPLICATION OF
AUTOCOIDS TO THE MYOCARDIUM. Lynne C. Weaver, Dept. of Physiology
Michigan State University, E. Lansing, MI 48324.

Activation of cardiac sympathetic afferent fibers by ventricu-
lar stretch induces reflex excitation of renal nerve activity
(Weaver and Macklem: Fed. Proc. 37:743, 1978). Cardiac sympathetic
afferent fibers also can be excited by coronary occlusion or by
topical application of autocoids such as bradykinin, prostaglan-
din Ep or histamine to the myocardial surface. Reflexes evoked by
these stimuli may resemble those induced by natural activation of
ventricular sympathetic afferents. Therefore, these stimuli were
used to excite cardiac sympathetic afferent fibers to assess
their influence on renal nerve activity and systemic blood pres-
sure. Experiments were performed in a chloralose anesthetized,
vagotomized, sino-aortic denervated cats. Occlusion of one or
both branches of the left coronary artery caused myocardial is-
chemia and reflexly excited renal nerve activity by 23-94%. Occlu-
sion of the left descending coronary artery appeared most effec-
tive. This increase in renal nerve activity was not observed in
cats whose stellate ganglia and thoracic sympathetic chains had
been removed. Coronary occlusion also caused systemic blood pres-
sure to fall; however, equivalent decreases in blood pressure in-
duced by hemorrhage failed to elicit similar increases in renal
nerve activity. Solutions (1 ml) containing various concentra-
tions of bradykinin (0.1-50 pg/ml), prostaglandin Ly (0.1 pg/ml),
or histamine (1-50 pg/ml) were perfused over the cardiac ventri-
cles. After a latency of 5-10 sec., this application of bradykin-
in increased systemic blood pressure by as much as 90 mm Hg and
increased renal nerve activity by 17-131%. The duration of the re-
sponses was 30 sec. to 3 min. Tachyphylaxis was apparent upon re-
peated administration of one concentration of bradykinin. Blood
pressure responses were attenuated and renal nerve responses elim-
inated by removal of the stellate ganglia and thoracic sympathetic
chains. Similar responses could not be evoked by intravenous or
intramuscular administration of bradykinin. Increasing blood pres-
sure with intravenously administered phenylephrine (equivalent to
the pressor response to bradykinin) did not excite renal nerve ac-
tivity. Application of prostaglandin E; or histamine to the ven-
tricles also induced increases in systemic blood pressure and re-
nal nerve activity. However, responses to these agents were less
consistent than those to bradykinin. In summary, activation of
cardiac sympathetic afferent fibers by coronary occlusion or by
bradykinin, prostaglandin Ej or histamine can reflexly increase
renal nerve activity. This reflex may be responsible for some of
the changes in kidney function associated with cardiac dysfunc-
tion. (Support: Mich. Heart Assoc. and NIH HL 21436.)

LOCALIZATION OF FROG PREGANGLIONIC SYMPATHETIC CELL BODIES USING
HRP. Robert D. Wurster. Department of Physiology, Loyola
University of Chicago, Stritch School of Medicine, Maywood,
Illinois 60153.

On 6 bull frogs anesthetized by ice water immersion the 9th
and/or 8th paravertebral ganglia were injected with 30% horse-
radish peroxidase solution. The frogs were returned to room
temperature and allowed to survive for 48 hours. The animals
were then pithed, perfused and fixed. The spinal cords were
removed, sectioned and reacted according to the diaminobenzidine
technique. Labeled cell bodies are located in the lateral horn
about 275 to 575 ym from the lateral surface of the spinal cord
and 425 to 625 um from the dorsal surface. The cell bodies occur
in clusters of 2-4 cells at about 70 ym intervals in the longi-
tudinal direction. Interspersed between the clusters are nerve
fibers communicating between the white and gray matter. These
cell bodies have 2 to 3 processes and have a major diameter of
8 to 22 um (mode of 14 pm) and a minor diameter of 8 to 16 um
(mode of 10 um). These cell bodies are smaller and are more
localized in the lateral horn than those of the cat.
(Chung, et al., Brain Research 91: 126-131, 1975.)
by NIH grant HL08682.)

(Supported




AUTONOMIC FUNCTION

83 IN VITRO STUDIES ON THE FUNCTIONAL ANATOMY OF SYMPATHETIC GANGLIA
USING HORSERADISH PEROXIDASE. R.E. Zigmond, C.W. Bowers* and B.D.
Wise*. Dept. of Pharmacol., Harvard Med. Sch., Boston, MA 02115.

We have recently used horseradish peroxidase (HRP) in vivo to
study the location of neurons in the rat superior cervical gan-
glion (SCG) which use particular postganglionic trunks to reach
their target tissues (Fed. Proc. 37: 526 (1978)). These studies
showed that the ganglion can be divided into a caudal group of
neurons whose axons project out the external carotid nerve and a
rostral group of neurons whose axons project out the internal
carotid nerve.

Since many other autonomic ganglia are located in regioms of
the body which are not as easily accessable as the SCG, we have
developed an in vitro method to study them. A ganglion is re-
moved from an animal together with as much of its pre- and post-
ganglionic trunks as possible and placed in a petri dish. A
small teflon ring is coated on the bottom with a layer of vacuum
grease and placed over one of the cut trunks to isolate it from
the ganglion cell bodies and the other trunks. The compartment
created by the teflon ring is then filled with a 10% solution of
HRP and the rest of the petri dish is filled with Ringer's solu-
tion. After 15 min the HRP solution is removed. The ganglion is
then maintained in organ culture for about 18 h. The tissue is
processed for the HRP reaction using normal procedures.

In vitro studies on the postganglionic trunks of the SCG
produced the same distribution of labeled neurons in the SCG as
found in vivo. Studies on the cardiac nerve of the inferior
cervical ganglia demonstrate that the neurons whose axons project
out this trunk are localized in a distinct region of this gan-
glion. Labeled neurons were observed only in the medial half of
the ganglion and were particularly clustered near the exit of the
cardiac nerve. These results demonstrate that sympathetic gan-
glia are not homogeneous structures but are made up of regions
containing neurons innervating specific tissues. Our in vitro
method should be useful in further studies on the anatomy of

these ganglia. (Supported in part by Amer. Heart Assoc. grant
#76723.)
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84 THE EFFECTS OF VARIOUS CATIONS UPON THE INCORPORATION OF PROLINE
INTO THE MACROMOLECULES OF LARGE CELLS WITHIN THE DORSAL COLUMN
NUCLEI OF CATS. K. J. Berkley, H.H. Molinari and D. C. Mash.
Dent. Psychol., Fl. St. Univ., Tallahassee, FL 32306.

Many different amino acids appear to be incorporated nearly
equally into the macromolecules of all of the different types of
neurons located in the vicinity of an injection site. Proline,
however, differs in that it appears to be incorporated prefercn-
tially only into the macromolecules of certain types of neurons.
This pattern has so far been observed in the cerebellum (Felix
and Kinzle, 1974) the lateral reticular nucleus (Kiinzle and
Cuénod, 1973) and the dorsal column nuclei (Berkley, 1975) of the
cat. In these experiments, “H-proline was not incorporated as
heavily by Purkinje cells of the cerebellum or by large cells of
the lateral reticular n. and dorsal column n. as it was by other
neurons in these regions.

‘The mechanisms which underly this preferential incorporation
pattern are not yet clear, as the pattern seems to be unaffected
by many experimental or technical manipulations (Berkley, et al.
1977) . One variable which does affect this pattern, however, is
the presence of calcium in the injection solution. If 3H-proline
is dissolved in a solution of calcium chloride and injected into
the dorsal column nuclei of cats, the 3H-proline appears to be
incorporated by large as well as by small neurons throughout the
injection site. If the 3H-proline is dissolved in distilled

water, or solutions of sodium-, potassium-, or magnesium chloride,

however, the preferential incorporation pattern is unaffected.
This 1on-specific effect is consistent with the suggestion that
the failure of the large cells within the dorsal column nuclei to
incorporate extracellularly available proline into its macromole-
cules is occasioned at least in part by some active property of
the membrane of the large cells.

Supnorted by PHS grants KO4 NS 00118, RO1 NS 11892 and NSF
grant BNS 76-01393.

86 RETROGRADE TRANSPORT OF NERVE GROWTH FACTOR TO LUMBAR SPINAL
GANGLIA IN THE CHICK EMBRYO. J.K. Brunso-Bechtold and V.
Hamburger, Dept. Biology, Washington University, St. Louis, Mo
63130.

Retrograde transport of nerve growth factor (NGF) has been
reported in postnatal and adult rodents (Hendry, et al., Br.
Res. 68:103, 1974; Stoeckel, et al., Br. Res. 89:1, 1975).
Since NGF, delivered systemically, is known to produce an en-
largement of spinal ganglia only in the embryo, it was of
interest to find out whether retrogradfzgransport of NGF to the
spinal ganglia occurs in the embryo. I-NGF impregnated
pellets of polyacrylamide gel were implanted into the lower leg
of stage 36 (10 day) chick embryos. The embryos were sacri-
ficed 8 hours after injection and processed for routine auto-
radiography. Inspection of the leg shows heavy concentrations
of silver grains in distal leg tissues in the region of the
pellet, but virtually no grains above background at the base
of the leg. Hence, there appears to be no spread of 1251_NGF
to the trunk by diffusion. Heavy labelling is seen within the
lumbar sensory nerves along their extent to the ganglia as well
as in the ganglia themselves, but the dorsal roots, ventral
roots, and lateral motor columns are unlabelled. No label
above background is found in any of the contralateral sensory
roots or spinal ganglia. It can therefore be concluded that
NGF is selectively picked up by neurons of the spinal ganglia,
and transported retrogradely to the cell bodies, but not
beyond them. (Supported by NIH grant NS05721 and Jerry Lewis
Neuromuscular Disease Research Center grant.)
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PROTEINS IN THE WAVEFRONT OF FAST AXONAL TRANSPORT. Mark A.
Bisby, Division of Medical Physiology, Faculty of Medicine, Uni-
versity of Calgary, Calgary, Alberta, Canada, T2N 1N4.

L-[355]-methionine was used to label axonally transported
proteins in rat sensory neurons of the L5 dorsal root ganglion
(DRG). 1-2 h after injection of precursor into the DRG, in some
experiments the DRG were removed. In all experiments the dorsal
roots and sciatic nerves were removed 3-4 h after precursor in-
jection and cut into segments. Some segments were prepared for
scintillation counting while others were processed for SDS poly-
acrylamide gel electrophoresis and run on exponential slab gels.

Profiles of protein-incorporated 35S activity along the
length of the nerves revealed waves of activity characteristic
of the rapid axonal transport of protein (Ochs: J. Physiol. 227,
627-645, 1972). Fluorographs of gels containing extracts from
different regions of the wave of activity showed that the same
transported polypeptides were present in all parts of the wave.
However, the forward edge of the wavefront, containing the fast-
est transported proteins, was enriched in two polypeptides (S)
and S2) with apparent molecular weights (MW) of 24,300 and 20,700
daltons. Using the fluorographs as a guide, regions of gel con-
taining specific labeled polypeptides were excised and counted.
This quantitative data confirmed the results of fluorography.
Slight differences were noted between the fluorographic banding
patterns of gels containing dorsal root and sciatic nerve seg-
ments. The possibility that these differences arise as a result
of diffusion of precursor along the dorsal roots cannot yet be
eliminated.

Segments situated nearer to the cell bodies, containing more
slowly transported proteins, were not enriched in polypeptides
of lower MW, as would be predicted by the micro-stream hypothesis
of transport (Gross & Weiss, Neurosci. Lett. 5, 15-20, 1977).

On the other hand, the preferential transport of specific poly-
peptides at the fastest velocity may support the transport-
filament hypothesis of Ochs (Ann. N.Y. Acad. Sci. 228, 202-223,
1974).

(Supported by the Medical Research Council of Canada).

TRANSPERIKARYAL PASSAGE OF HORSERADISH PEROXIDASE ALONG PERIPHERAL
SENSORY NERVES OF THE RAT. Thomas 4. Brushart* and Marek-Marsel
Mesulam. Neurological Unit, Beth Israel Hospital, Boston, Massa-
chusetts.

Anterograde degeneration (Sprague & Ha, Prog. Brain Res.,
1964) and HRP (Proshansky & Egger, Neurosci. Lett., 1977)
methods for tracing the central terminations of individual somato-
sensory nerves require axonal interruption or HRP application
proximal to the dorsal root ganglion (DRG). These studies thus
reveal the central connections of "individual dorsal roots rather
than those of specific peripheral nerves. We now report a method
which demonstrates nearly all central sensory connections after
HRP application to peripheral nerves.

The proximal ends of cut rat sciatic nerves were anchored
within HRP-filled microtubing (10 pL 10-20% Miles HRP). In other
rats intramuscular HRP injections were made in the peroneal nerve
distribution. After 249-480 survival, the rats were perfused and
the tissue reacted with tetramethyl benzidine (TMB) as described
by Mesulam (J. Histochem. Cytochem., 1978).

Retrograde transport of HRP produced intense labeling of an-
terior horn neurons. In addition, granular HRP label was seen in
DRG neurons as well as their peripheral and central processes.
HRP-labeled axons could be followed into the dorsal root, the
Tract of Lissauer, and the fasciculus gracilis. HRP reaction pro-
duct suggestive of axon terminations was found in: (1) Rexed lami-
nae I-IV; (2) the internal basal nucleus (medial laminae V-VI);
(3) the nucleus of Clarke; (4) discrete sites in the intermediate
zone and ventral horn; (5) the nucleus gracilis in the medulla.

When compared with 24° survival, 48° gave more consistent
visualization of sensory connections. Few sensory connections
were demonstrated with intramuscular HRP injection so that contin-
uous exposure of cut nerves to HRP was clearly superior. Retro-
grade transport was not as susceptihle to these manipulationms.

The importance of the sensitive TMB procedure was also demonstrat-
ed: motoneuron labeling was attenuated and the labeling of sen-
sory connections abolished in matching sections processed with
DAB.

Although Proshansky and Egger (op. cit.) produced exquisite
axonal detail, they had to apply HRP proximal to the DRG and could
only follow axons for 2.5 cm. In contrast, the present technique
has resulted in trans-perikaryal passage of HRP from peripheral
nerve through the DRG into the spinal cord and brainstem, and may
thus be used to trace the central connections of many sensory
fibers in peripheral and cranial nerves.

(Supported in part by NIH grant 09211)
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ANTEROGRADE TRANSPORT OF HORSERADISH PEROXIDASE IN THE VISUAL
SYSTEM OF THE TREE SHREW. Russell G. Carey* and Michael Conley*
(SPON: M. Wolbarsht). Dept. of Psychol., Duke Univ., Durham, N.C.

The purpose of the present study was to demonstrate that the
enzyme horseradish peroxidase (HRP) can be used as a sensitive
anterograde tracer and compares favorably with the autoradio-
graphic (ARG) techniques used to demonstrate the anterograde
transport of amino acids. We examined the retinal projection of
the tree shrew (Tupaia glis) by making intraocular injections of
either 50 ml 30% HRP or 150-500 uCi of tritiated proline or a
proline-leucine mixture. Survival times range from 8 hours to
6 days.

The HRP tissue was processed with benzidine dihydrochloride
(BDHC), 3,3', 5,5'~tetramethyl benzidine (TMB) and 3,3' diamino-
benzidine (DAB). Best results were obtained with BDHC or TMB.
Little or no transport could be demonstrated with the use of DAB.
Labeled terminals could be identified in contralateral visual
nuclei (e.g., lateral geniculate, superior colliculus, pretectum,
etc.) as early as 8 hours post injection. The optimal results,
however, were obtained after 48 hour survival times. In these
cases labeled axons could be traced in the optic tract to the
sites of retinal termination. No evidence of transneuronal
transport was apparent even with the longer survival times and
multiple injections.

In terms of sensitivity every retinal terminus identifiable
with the ARG method was shown with the same clarity using the HRP
methods, and in certain instances the results from the HRP method
were superior to those of the ARG. For example, the ipsilateral
projections to the pretectal complex and medial terminal nucleus
were much more distinct in the HRP cases than in the ARG material.
Also, the ipsilateral "puffs" in the superior colliculus, often
difficult to see in the ARG material, were well defined with HRP.
Further, the anterograde transport of HRP has allowed us to
confirm the contralateral retinal projection to the anterior
dorsal nucleus first demonstrated by Conrad & Stumpf (Exp. Brain
Res., 23, 1975).

In conclusion, these results demonstrate that anterograde
transport of HRP can be used as an effective means for tracing
retinofugal projections. The comparable sensitivity and the time
saving advantages of this method indicate that is is a valuable
alternative to the ARG and anterograde degeneration techniques.
We are currently applying this method in the study of cortico-
fugal systems in the tree shrew and these results suggest that
this method may be valuable in tracing these connections as well.

(Supported by NIMH postdoctoral fellowship MHO5867 (R.G.C.)
and NIMH grant MH-4849 to I.T. Diamond.)

THE CYTOSKELETON OF AXOPLASM EXAMINED BY HIGH VOLTAGE
STEREO ELECTRON MICROSCOPY; A POSSIBLE VEHICLE FOR AXO-
PLASMIC TRANSPORT. M. H. Ellisman® and K. R. Porter+.
°Dept. Neurosci., Univ. Calif., San Diego; +Dept.
Molec. Cell § Devel. Biology, Univ. Col., Boulder.

Axoplasmic streaming is a dramatic example of cyto-
plasmic motility. Constituents of axoplasm migrate as
far as 400 mm/day or at about 5 pm/second. Thin sec-
tion studies have identified the major morphological
elements within the axoplasm as being microtubules,
neurofilaments (100 A filaments), vesicles of the
smooth endoplasmic reticulum, and finally a matrix of
ground substance in which the tubules, filaments, and
vesicles are suspended. In the ordinary thin section
image, the ground substance is comprised of wispy frag-
ments which, in not being noticeably tied together, do
not give the impression of representing more than a
condensation from what might otherwise be a homogenous
solution of proteins.

Using the high-voltage microscope on thick (0.5 pm)

sections, we have noticed that the so-called wispy frag-

ments are part of a three-dimensional lattice. The in-
dividual strands or trabeculae radiate into the ground
substance often at right angles to the microtubules and
neurofilaments. In thus reaching out, they intercon-
nect the filamentous components of the axoplasm with
each other and with vesicles of the endoplasmic reticu-
lum, with multivesicular bodies, and the undersurface
of the plasma membrane. The axoplasm is found to have
the same structured ground substance as has been re-
ported for the general cytoplasm of other cells, par-
ticularly where viewed in whole cells.

Better ways of staining the trabecular lattice to
allow a more complete visualization in thick sections
also are being examined. Uranyl-acetate block stains

or tannic acid glutaraldehyde fixation apoear to improve

visualization of the matrix through an enhancement of
its electron density. Thus, with improved staining of
the trabecular material in sections, it should be pos-
sible to visualize, in detail, any changes in the lat-
tice associated with motion of endoplasmic reticulum

cisternae (containing, for example, transported protein)

within the axoplasmic column.

[Supported by research grants from the Muscular Dys-
trophy Assn. to K. Porter and M. Ellisman, and from NIH
to K. Porter (#RR00592).]
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LIGHT AND ELECTRON MICROSCOPIC STUDIES OF THE CELLS OF ORIGIN OF
THE INFRAORBITAL NERVE UTILIZING RETROGRADE AXONAL TRANSPORT OF
HORSERADISH PEROXIDASE AND A NONCARCINOGENIC SUBSTITUTE FOR DIA-
MINOBENZIDINE. Keith A. Carson, Warner J. Lucas*, John M. Gregg*
and Jacob S. Hanker. Dental Research Center, School of Dentistry,
and the Neurobiology Program, University of North Carolina at
Chapel Hill, Chapel Hill, North Carolina 27514.

Neuroanatomical studies have been greatly facilitated through
the use of retrograde axonal transport of horseradish peroxidase
(HRP). The technique for histochemically demonstrating HRP has
recently undergone refinement, including the introduction of para-
phenylenediamine-pyrocatechol (PPD-PC; Polysciences), a more spe-
cific and more sensitive noncarcinogenic substitute for diamino-
benzidine (Hanker et al., Histochem. J., 9:789-792, 1977).PPD-PC
proved to be readily ovidized to a dark, insoluble, osmiophilic
copolymer by HRP, but unlike DAB it was only slightly active or
inactive as a substrate for endogenous peroxidases, catalases,
hemoproteins, and mitochondrial enzymes. Light and electron micro-
scopy have been combined with HRP techniques to investigate the
somatotopic localization and nature of the cells of origin of the
infraorbital branch of the trigeminal nerve.

Following surgical exposure of the infraorbital nerve bilater-
ally on four Sprague Dawley rats, the main trunk was sectioned
at its exit from the infraorbital foramen. Crystals of HRP (Type
VI, Sigma) were applied directly to the isolated proximal stump
and allowed to remain for 15 minutes. All animals were sacrificed
48 hours later and the trigeminal ganglia were sectioned, stained,
and prepared for light and electron microscopy.

Light microscopic examination of the ganglia revealed the pre-
sence of many neurons filled with dark granules. Staining due to
endogenous peroxidases and hemoproteins was negligible. Labeled
cells had generally consistent topographical locations in all
ganglia. Counts of labeled cells demonstrated that approximately
60% of cells with axonal processes in the infraorbital nerve were
stained. Mapping techniques showed the labeled cells to be consis-
tently in the middle of the ganglion just rostral to the point
of separation of the mandibular branch. Dorsal sections in the
horizontal plane showed labeled cells located medially while in
more ventral sections labeled cells were situated laterally.
Electron microscopic studies showed that the reaction product
filled large membrane-bound granules and endoplasmic reticulum
and showed no evidence of diffusion. In addition, these experi-
ments demonstrated the advantages of PPD-PC for demonstrating HRP
at light and ultrastructural levels and its applicability to many
systems.

Supported by NIH grants DE 02668, DE 00288, 1-RO1-DE04730-01,
RR05333, MH14277, and a grant to the Neurobiology Program from
the Alfred P. Sloan Foundation.

BIDIRECTIONAL AXONAL TRANSPORT OF MACROMOLECULAR (16S) ACETYL-
CHOLINESTERASE. Barry W. Festoff and Hugo L. Fernandez. Dept.
of Neurology, University of Kansas Med. CTR. and Neurobiology
Research Lab., VA Hosp. Kansas City, Mo. 64128

The restricted presence of macromolecular acetylcholinesterase
(AChE) in innervated, end~plate enriched skeletal muscle regions
of rat (16S) and chicken (19.5S) has suggested their role in
nerve-muscle communication (see Vigny et al 27: 1347,1976). It
was suggested that this AChE form was exclusively myogenic (Hall,
J. Neurobiol. 4:343,1973; Vigny et al J. Neurochem. 27:1347,1976)
because it could not be detected in central or peripheral nervous
tissue. Recentiy, however, a small amount of 165 AChE was detect-
ed in rat sciatic nerve, which increased in a time-dependent
fashion in the proximal stump after neurectomy (Digiamberadino
and Couraud, Nature 271: 170,1978) suggesting that it moved with
the rapid phase of axonal tramsport. In studies concerning
trophic regulation of end-plate AChE, transport of 16S AChE could
provide a source of the enzyme to the end-plate. For this reason
evaluation of molecular forms of AChE were evaluated in control
nerves, proximal, distal and between double ligatures in experi-
mental nerves.

Sciatic nerves of Sprague-Dawley rats were ligated with fine
silk thread and animals sacrificed 4,6,12,16,20,42 and 72 hrs
later. Control nerves were divided into 3 equal 1 cm sections
which were obtained proximal to the 1ST ligature, distal to the
2nd and between both ligatures. Nerves were homogenized in high
ionic strength buffer containing 1% lubrol-WX and molecular forms
of AChE separated on linear sucrose gradients. AChE (sensitive
to BW 284C51) was estimated by a sensitive radioassay. Our
results indicate that 16S AChE is present in ccntrol nerves
representing approximately 37 of total AChE. Futhermore, this
macromolecular form accumulates proximal to the 1lst and distal to
the 2nd ligature. No accumulation of 165 AChE occurred between
the ligature. Although 10S and 4S AChE are present in blood only
10S showed proximal but not distal accumulation. 6.5S, an AChE
form which may be specific to nerve, showed slight proximal and
distal accumulation. Our emphasis, however, is on 165 AChE and
confirms its presence in peripheral nerve. Its proximal and dis-
tal accumulation indicate its bidirectional transport. Such
data shed light on trophic nerve-muscle imeraction. Present
experimats are concerned with estimating its transport rate and
effects of agents known to block axonal transport.

(Supported by Muscular Dystrophy Assn. and the Medical
Research Service of the Veterans Administration.)
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MACROMOLECULES IN RAT VISUAL SYSTEM. Jeffry F. Goodrum*, Arrel
D. Toews, and Pierre Morell. Dept. of Biochem. and Biol. Sci.
Res. Ctr., UNC, Chapel Hill, NC 27514

The axonal transport of [3H]fucose and {35s]sulfate-labelled
macromolecules in retinal ganglion cells of 16 day Sprague-Dawley
rats was investigated following simultaneous intraocular injec-
tion of precursor. Maximal incorporation of fucose into acid in-
soluble material in the retina was at 8 h, followed by a slow de-
cline. Transported [3H])fucose was in the optic nerve (ON) and
tract (OT) by 2 h and in the lateral geniculate body (LGB) and
superior colliculus (SC) by 3 h after injection, indicating a
rapid rate of transport. Labelled fucose continued to accumulate
in the SC for 8-12 hours, and began a slow decline by 24 h. More
than 98% of the acid insoluble [3H]fucose in the SC was in glyco-
peptides. Proteins in the SC were fractionated on 7.5% SDS poly-
acrylamide gels. There were no radioactive peaks present by 24 h
that were not also present at 3 h, suggesting that there is little
heterogeneity of fast transport rates for fucose-labelled materi-
al. However, over the 24 h period a 45,000 MW peak accounted for
a progressively increasing fraction of radioactivity on the gel;
possibly a function of its greater metabolic stability relative
to other nerve terminal glycoproteins.

In contrast to fucose, incorporation of [3SS]sulfate into acid
insoluble material in the retina was maximal at 2 h after which
there was a rapid decline. The appearance of [35S]sulfate in ON,
OT, LGB, and SC preceded by a short time that of the [3H]fucose.
Consistent with the pulse labelling of the retina by sulfate, the
total transported sulfate in the SC peaked by 4-6 h and was de-
creased by 65% at one day. At all times, acid insoluble [35s]-
sulfate in the SC was equally divided between glycopeptides and
glycosaminoglycans, indicating these macromolecules are transport-
ed at the same rate. Fractionation of sulfate-labelled protein on
gels revealed a prominent radioactive doublet between 70,000 and
80,000 MW at 3 h which was diminished at 4 h and absent at 8 h
implying extremely rapid turnover of the sulfate moiety in these
two proteins.

These results suggest that there is a delay of about 1 h be-
fore injected fucose becomes incorporated and available for trans-
port in contrast to sulfate which begins transport very soon after
injection. Once transport is initiated, labelled macromolecules
of both species are rapidly transported at a single rate (approx.
200 mm/day). Upon arrival at nerve terminals the macromolecules
turn over at different rates; of particular interest are two pro-
teins containing sulfate moieties with a half-time of turnover of
the order of hours.

Supported by U.S.P.H.S. grants NS11615 and HD03110.

ISOLATION OF RAPIDLY SYNTHESIZED CALCIUM BINDING PROTEIN FROM
SYNAPTOSOMAL AND SOLUBLE FRACTIONS OF RABBIT BRAIN CORTEX AFTER
TOPICAL APPLICATION OF 3H-LEUCINE. Zafar Igbal and Sidney Ochs.
Dept. Physiology and Medical Biophysics, Indiana University
School of Medicine, Indianapolis, IN 46202,

In our earlier work the presence of a calcium binding protein
(CaBP) of 15,000 daltons was reported in cat brain synaptosomes
(Iqbal & Ochs, Neurosc. Abs., 2:47, 1976). We now report the
rapid labeling in situ of this protein. The incorporation of
3H-leucine was studied by applying the precursor topically to
the exposed parietal occipital cortex of anaesthetized rabbits.
The animal and temperature of the cortex was maintained at 38°C
by means of a thermoregulator device controlling a heating lamp
shined through Saran wrap covering the cortex so as to prevent
dehydration. Three to 3.5 hr after the application of the pre-
cursor, the cortex was removed, washed and homogenized in 0.32 M
sucrose. Subcellular fractionation of the homogenate performed
according to_the method of Gray and Whittaker showed an incor-
poration of “H~leucine into proteins of all fractions with 6.9%
in the synaptosomal (P2B) and 33.6% in the soluble (105,000 xg/
lh, S3) fractions. The soluble fraction was filtered through
Amicon Diaflow DM-5 membranes to remove low molecular weight
components and the retentate analyzed by gel filtration chroma-
tography on BioGel ASm columns. Using a 10 mM phosphate buffer
of pH 7.5 for elution, 6.42 of the radioactivity was found to be
present in the first peak (Ia) eluting with the void volume.

The amount of radioactivity in the proteins of 40,-180,000
daltons (second peak, Ib) was 53.9% whereas the third peak, Ic,
containing proteins of less than 20,000 daltons had 25.7% of the
radioactivity. On further analysis of Ic peak proteins by
electrophoresis on 10% acrylamide gels containing 0.1% SDS,

among other proteins a significant amount of the 15,000 dalton
protein was found to be labeled with radioactivity. This pro-
tein had earlier been found to have calcium binding properties.
Similarly, when the synaptosomes or the synaptosomal soluble
fraction obtained from synaptosomes after hypotonic shock was
analyzed on SDS containing acrylamide gels, the protein band

of 15,000 daltons was observed to be labeled with radioactivity.
The protein present in the synaptosomes and the soluble fraction
(S3) show similarities to the CaBP of 15,000 daltons isolated
from cat sciatic nerve which has recently been shown to be trans-
ported at a fast rate (Igbal & Ochs, J. Neurochem., 1978 in
press). Supported in part by the NIH,grant PHS ROl NS 8706-09, &
the NSF,grant BNS 75-03868-A03.
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AXONAL TRANSPORT

HORSERADISH PEROXIDASE EVALUATION OF LATERAL HYPOTHALAMIC AREA
INTERCONNECTIONS. R. Guevara-Aguilar, H.U. Aguilar-Baturoni.
F.C. Barone and M.J. Wayner. Departamento de Fisiolcgia.
Facultad de Medicina, U.N.A.M., Mexico and Brain Research Labo-
ratory, Syracuse University, Syracuse, New York, USA.
Horseradish peroxidase (HRP. Sigma Type VI, 4 to 40 percent)
was applied in the mid-lateral hypothalamic area (LHA) of female
rats. HRP was administered by two different techniques in order
to cross-validate results and eliminate non-specific damage
associated with large cannula used for infusions of the enzyme
into the brain. In some cases, macrocannulae (250 um) were
used to infuse 0.1 pl into the LHA. In other cases the HRP
was applied to the LHA by microiontophoretic ejection from glass
micropipettes with tips broken to 25 um. Positive DC current,
1.0-1.5 uA, was applied for 8 to 20 min. After 24 to 48 hr
survival time, all animals were perfused intracardially with 1
percent formaldehyde and 2 percent glutaraldehyde in 0.1 M
phosphate buffer at pH 7.4. The brains were sliced in the fron-
tal plane on a freezing microtome in 30 to 50 um sections.
Some sections were processed with DAB tetra HCl for the brown
reaction, and others with BDA for the blue reaction according
to the Nauta Technique. Labeled neurons were identified and
photographed under the light microscope. Results were analyzed
by means of mapping the results from several sequential sections
onto copies of plates extracted from the K8nig and Klippel rat
brain atlas. HRP was observed to move rostrally, following the
Diagonal Band of Broca and the Medial Forebrain Bundle , into the
Lateral Septal Nucleus and as far as the Anterior Olfactory
Nucleus. Axons containing HRP were identified at the level of
the Globus Pallidus. Movement in the caudal direction was also
determined. Many labeled neurons were observed in the Para-
fasiculis Nucleus, Posterior-Medial Thalamic Nucleus, the Ventral
Thalamic Nucleus as well as the Zona Incerta.

AXONAL PROTEIN TRANSPORT IN THE NIGROSTRIATAL
AND MESOLIMBIC NEURONAL PATHWAYS IN THE RAT,
Edgar T, Iwamoto. Dept. Pharmacol., Sch. Med., UCSF,
San Francisco, CA 94143,

Axonal transport of tritiated protein was investigated in
Sprague-Dawley rats after an injection of tritiated lysine into
the ventral mesencephalic tegmentum (VMT), or into the sub-
stantia nigra (SN). Five, 60, 120 and 180 minutes after the
injection of labelled lysine into the VMT, approximately 4,
35, 57 and 80 percent, respectively, of the radiolabel recov-
ered from the midbrain injection site was present as TCA-in-
soluble protein; less than one percent of the label two hours
after lysine injection was tritiated water. Three days after
injecting 3 to 6 pCi of labelled lysine in 0,1 to 0.5 pul of arti-
ficial CSF into either the VMT or the SN, over 95 percent of
the radiolabel recovered in thin-sections of the forebrain was
bound to protein, VMT injections resulted in the preferential
accumulation of labelled protein in known limbic projections
(nucleus accumbens, olfactory tubercle, septum); less than
12 percent of forebrain radiolabel was located in the adjacent
neostriatum. SN injections of labelled lysine resulted in the
preferential accumulation of labelled protein principally in the
nucleus caudatus-putamen. Coinjection of 1 pg of colchicine
with the labelled lysine into VMT depressed recoverable fore-
brain radiolabelled protein by over 60 percent without altering
midbrain amino acid pools. Coinjection of 1 pg of cyclohex-
imide decreased labelled lysine incorporation into midbrain
protein by over 75 percent and also diminished labelled protein
recovery from limbic termina, Tritiated lysine injections in
the SN of rats with chronic, 6-hydroxydopamine-induced
lesions of the SN resulted in reduced recovery of radiolabelled
protein from both limbic and neostriatal brain regions to less
than 50 to 11 percent of control. 6-hydroxydopamine lesions
of thd caudate nucleus decreased labelled protein accumulation
in the neostriatum, but not in the nucleus accumbens or olfac-
tory tubercles, Unilateral kainic acid lesions of the caudate
nucleus, which presumably spare axons of passage and nerve
terminals, did not appreciably alter the accumulation of radio-
labelled protein in any brain region after SN injection of label -
led lysine. The data demonstrate that axonal transport of pro-
tein from the VMT and SN region to both limbic and striatal
termina in rat brain is sensitive to inhibitors of both microtu-
bule assembly and protein synthesis, and may depend upon the
integrity of a 6-hydroxydopamine-sensitive neuronal pathway.
(Supported in part by a Research Starter Grant from the
Pharmaceutical Manufacturers Association Foundation).
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RAPID AXOPLASMIC TRANSPORT OF (U-!“C)PHENYLALANINE LABELED
MATERIAL IN THE DORSAL SENSORY NEURON OF THE CAT. Jeffery L.
Johnson and Jong-Hwan Kim*. Section on Physiology, Div. g!ochem/
Phys/Pharm, Univ. So. Dak. Sch. Med., Vermillion, SD 57069.
Even though the clinically important amino acid ohenylalanine
(PA) is necessary for normal neuronal function as evidenced by
the neurological effects of PA deficiencies or excesses, very
little is known about the importance of this amino acid with
respect to neuronal constituents migrating via the rapid axo-
plasmic flow process down the axons. CNS studies (J. Neurochem.
23, 1974, 1065) at least, have suggested that analysis of such
a process for phenylalanine labeled proteins would be quite
fruitful using a branched neuron such as that seen in the sen-
sory ganglia where a length of fiber can be easily separated
and divided for analysis. (U-!“C)Phenylalanine (>430 mc/milli-
mole) was injected into the seventh lumbar dorsal root aanalia
bilaterally and at times ranging from 1-8 hrs following injec-
tion, the proximo-distal distribution of label in successive
3 mm segments was analyzed. Evident was a clear proximo-distal
advancing front of labeled material peripherally (sciatic
nerve) and centrally (dorsal root) moving at an average rate
of 380 mm/day. Background counts distal to this front ranged
from 2-20 cpm, suggestive of very little diffusion or extra-
axonal spread of injected label. 5 x 107® g/ml puromycin
markedly suppressed the amplitude of this advancing front and
a nerve freeze resulted in a marked damming proximal to the
freeze zone. This suggests that intraaxonal phenylalanine which
has been incorporated into protein is a major component of the
advancing front. A marked accumulation of phenylalanine labeled
material in the dorsal spinal cord gray where much of the incom-
ing dorsal root fibers terminate was noted, and this appeared to
be greater than the amount advancing up the dorsal white tracts
containing the ascending dorsal root fibers. A precise linear
relationship between the counts in the ganglionic (perikeryal)
injection site and the counts in the sciatic nerve advancing
front was uncovered over the entire range of injected PA used
(0.8-17 uc), suggestive of a precise relation between perikeryal
protein formed and protein in the advancing sciatic plateau AND
a lack of saturation of the protein synthetic mechanism by the
amounts here injected. Following an early rapid flow component
of high labeling in the dorsal root which was cleared from the
dorsal root between 3-4 hrs after ganglionic injection, the
dorsal root counts were consistently less than that seen in the
sciatic nerve. Reasons for the difference will be discussed.
(Supported by the Ralph W. Parsons Medical Research Fund.)
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AXONAL TRANSPORT OF ENZYMES REQUIRED FOR PHOSPHOLIPID
SYNTHESIS. M. H. Kumara-Siri* and Robert M. Gould,
Dept. Neurochem., Inst. Basic Res. Ment. Retard.,
Staten Island, NY 10314.

Lipids and proteins used for the maintenance and
integrity of neuronal processes and terminals are syn-
thesized in the perikaryon and axonally transported to
the sites of utilization in the axolemma and distant
terminal regions. Previously it has been shown by
autoradiographic techniques that, in addition to this
mechanism, inositol 1lipid synthesis takes place local-
ly in the mammalian axon (Gould, 1976, Brain Res. 117,
169-174). 1In the present investigation we have demon-
strated that enzymes required for the synthesis of
phosphatidylinositol and phosphatidylcholine are be-
ing supplied to the processes by axonal transport.
Studies of the tramsport of the enzymes vere performed
with in vivo ligature paradigm using the sciatic nerves
of adult male rats. Activities of CDP-diglyceride:
inositol transferase (IT) and 1,2 diglyceride:choline
phosphotransferase (CPT), the terminal enzymes of
phosphatidylinositol and phosphatidylcholine synthe-
sis, vere optimized in homogenates of sciatic nerves
using CDP-dicaproin (for IT) and 1,2 diolein (for CPT)
as substrates. Specific activity fer IT was 38.0 +
2,58 (S.E.M. n=33) and that for CPT was 0.36 + 0.031
(S.E.M. n=35) nmoles product formed per mg protein per
hr. Ligatures were left for 2-72 hr periods and pro-
ximal segments (Sam) were removed at sacrifice, along
with control segments (5mm), from same and contra-
lateral side. Enzyme activities (both IT and CPT) inm
homogenates of proximal segments increased in a time
dependent manner compared with the controls. Our re-
sults suggest that the two enzymes are axonally trans-
ported at slov rates. Build-up of IT in the proximal
segment was at all times greater thanm that for CPT.

IT activity was found to double at 40 hr after liga-
tion, whereas at this time activity of CPT enzyme was
increased approx. 60XZ. These results provide addi-
tional evidence for a specific need of local inositol
11pid metabolism within the processes and perhaps in
nerve terminal.
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BRAIN STEM AND SPINAL CORD PROJECTIONS OF VAGAL SENSORY AND MOTOR
FIBERS IN THE CAT USING THE TETRAMETHYL BENZIDINE (TMB) REACTION
FOR HORSERADISH PEROXIDASE (HRP). Madhu Kalia and Marek-Marsel
Mesulam. Dept. Physiol., Hahnemann Med. Col, Phila, PA 19102 and
Harvard Neurological Unit, Beth Israel Hosp, Boston, MA 02115

In the past, investigations of the sensory and motor termina-
tions of the vagus nerve have posed great technical difficulty
since these studies were based on degeneration techniques. The re-
cent availability of sensitive HRP methods has made it possible
to study the afferent and efferent connection of the peripheral
nerves and in the present study we have applied these techniques
to the vagus. In adult cats the cut central end of the rt. vagus
nerve at the level of the larynx was continuously immersed in 33%
HRP (Type VI Sigma) for the 48 hrs; the brains perfused with 2.5%
buffered glutaraldehyde and the tissue reacted with TMB (Mesulam
J.Histochem. Cytochem. 26:106,1978) . Uncounterstained sections
were examined under dark-field illumination for HRP reaction pro-
duct. During the survival period if the animals remained anesthe-
tized (Chlorolose), the amt. of HRP reaction product visualized
was significantly less than that seen in unanesthetized cats. The
HRP label was seen in 3 types of structures within the brain stem:
neurons, nerve fibers and patterns that seemed to be nerve ter-
minals. Retrogradely labeled neurons were seen in: 1) Dorsal
Motor Nucleus (DMN) of vagus; 2) Nucleus Ambiguus (NA); 3) Nucle-
us retroambigualis (NRA); 4) Isolated labeled neurons were locat-
ed inwhat seems to be the reticular formation of the medulla. We
cannot exclude the possibility that these are aberrant neurons
of the DMN or NA; 5) In upper cervical segments of spinal cord
labeled neurons were seen just lateral to the central canal and
medially in the ventral horn. HRP labeled fibers were seen enter-
ing through the dorso-lat. side of the medulla. These fibers
could be classified into two groups, one belonging to axons of
labeled neurons and the other belonging to the central processes
of Nodose Ganglion (NG) cells. Virtually all HRP labeled axons
were directed at the DMN. Some of these axons joined labeled neu-
rons of the DMN and some other axons looped ventrolat. to reach
labeled neurons in NA. The central processes of NG neurons reach-
ed and coursed within the Tractus Solitarius. Some of these fibers
seemed to form terminal patterns in the components of the Nucleus
of the Tractus Solitarius (NTS) such as: lat. NTS, med. NTS and
subnucleus gelatinosa of NTS. Such afferent terminals also seem-
ed to be present within the DMN. Thus, this procedure enables the
demonstration of afferent and efferent connections which charac-
terize the peripheral components of the vagus nerve and illustrates
that the transperikaryal passage of HRP across the Nodose Ganglion
may be demonstrated with the use of sensitive histochemical pro-
cedures. (Support by NIH grants HL 17800, NS 09211, RCDA HL 00103
and Scottish Rite Freemasonary of North America.)

DESHEATHED SPINAL NERVE TRUNKS EXHIBIT A DIVALENT CATION REQUIRE-
MENT FOR FAST AXONAL TRANSPORT DISTINCT FROM THAT IN GANGLIA.
P.-A. Lavoie*, F. Bolen* and R. Hammerschlag. Div.of Neuro-
sciences, City of Hope Med. Ctr., Duarte, CA 91010

The amount of [3H5protein undergoing fast axonal transport in
primary afferent neurons of bullfrog is depressed when ganglia
but not when nerve trunks are incubated in medium with either
calcium removed or cobalt added (R.H.,Dravid,& Chiu,Science 188:
273,1975; R.H. et al, J.Neurobiol. 8:439,1977). Our proposal,
based on these observations, was that a calcium-dependent step
occurs in the soma:prior to translocation of proteins by the
transport system. This has been brought into question by recent
studies showing that axonal transport is blocked in desheathed
mammalian nerve exposed to calcium-free medium (Ochs, Worth, &
Chan, Nature 270: 748, 1977). To assess whether, in bullfrog, de-
sheathing reveals a similar dependence of transport on calcium,
a 4 mm region of sheath was removed from 8th and 9th spinal
nerves. Preparations were preincubated for 5 h with ganglia in
normal medium and nerve trunks in calcium-free medium containing
1 mM EGTA with_or without 4 mM MgCl2. Ganglia were pulse-labeled
for 1. h with [3H]leucine,and incubation was continued for 17 h at
18°C with nerve trunks selectively exposed to the appropriate
calcium-free medium. Similarly desheathed preparations maintained
in normal medium served as controls. [3H]protein transported be-
yond the desheathed region was depressed by 53 t 9% (n=10) in
nerves exposed to calcium-free medium lacking Mg*+, whereas no
depression of transport was detected with Mgt* added to the cal-
cium-free medium (104 * 9%, n=10). These results suggest that
ongoing fast transport in axons has a divalent cation require-
ment that can be met by Cat+ or Mg*+. The effects of desheathing
on transport were also tested in nerves incubated in medium con-
taining 0.18 mM CoCl12. Ganglia were pulse-labeled for 1 h and
preparations were initially transferred to normal medium for 5 h
to allow labeled fast-transported proteins to enter the nerve
trunks. Ganglia were then removed and the isolated nerve trunks
were placed in cobalt-containing medium for an additional 12 h
at 18°C. The amount of transport through the desheathed region
was similar in nerves incubated in medium with and without cobalt.
These results suggest that cobalt does not compete with calcium
for the axonal divalent site involved in fast transport. The
divalent cation requirement for transport in axons differs from
that in ganglia since, in axons, Mg** can replace Catt, and Cott
does not act as a Ca*t antagonist. The original proposal that
calcium is required in the soma for initiation of transport is
therefore not affected by the finding of a calcium requirement
for maintenance of transport in_the axon.
(Supported by NSF Grant BNS75-17640, and by MRC of Canada Fel-
Towship to P.-A.L.
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EFFECTS OF COLCHICINE AND CYTOCHALASIN B ON AXONAL
TRANSPORT IN NORADRENERGIC NEURONS OF THE RAT BRAIN.
B.E. Levin. College of Medicine and Dentistry of New Jersey and VA
Hospital, East Orange, NJ ,07019.

Proteins labelled with ["H] leucine are transported in four waves in
the ascending noradrenergic neurons of the locus coeruleus. Waves I
(72-192 mm/d) and II (24-48 mm/d} correspond in rate and subcellular
distribution to two waves of ["H] fucose labelled glycoproteins.
Norepinephrine (NE) is also transported at a rate of 48 mm/d. Waves III
(13-20 mm/d) and V (1.4-2.9 mm/d) travel at intermediate and slow
rates respectively. The effect of colchicine and cytochalasin B on
axonal transport within these neurons was compared to that for 6-
hydroxydopamine (6-OHDA), a specific toxin for catecholamine axons,
by injecting 1 ul of the three drugs stereotaxically into the ascending
dorsal noradrerergic bundle (DB) at various times prior to precursor
injections into the locus coeruleus. Colchicine (5 ug/ ul) caused a time
dependent block in net transport (correction was made for chapges in
precursor incorportion) of [°H] proteins, glycoproteins and ["H] NE
comparable to that for 6-OHDA in waves I, Il and V. Wave III was only
partially blocked (70%) by colchicine when compared to 6-OHDA
(100%). Cortical levels of NE and dopamine-B-hydroxylase (DBH), the
vesicle bound glycoprotein enzyme which synthesizes NE, were
cdecreased distal to colchicine DB lesions comparably to 6-OHDA
lesions. Cytochalasin B (24 ug/ ul) significantly reduced net transport
of only waves I and III and failed to alter cortical NE and DBH levels.
‘There were no specific ultrastructural changes in microtubles or
necurofilaments found in the lesioned areas by electron microscopy. The
differential effects of colchicine and cytochalasin B on the four waves
transported in this system suggest that the various subcellular
constituents in each wave are transported by differing mechanisms.
‘The similar effects of both drugs on transport of wave II proteins and
¢lycoproteins and NE, as well as similar changes in cortical levels of NE
and DBH, suggest that both are transported in this wave by a similar
mechanism. This supports the hypothesis that both DBH and NE are
transported together within the same vesicles in noradrenergic neurons.

OUABAIN INHIBITION OF FAST AXOPLASMIC TRANSPORT: Robert 0'Neill,*

Fred Samson and J. Alejandro Donoso. Ralph L. Smith Research
Center, University of Kansas Medical Center, Kansas City,

Kansas 66103. The intracellular ionic environment is probably
important in fast axoplasmic transport (FAXT). Since the intra-
cellular ion composition can be altered by inhibition of the
Na-K ATPase, we have studied the effect of ouabain, which causes
a Na* gain and
structure. Ouabain, at low concentration, has no effect on
tubulin/microtubule polymerization in vitro, structures believed
to be involved in FAXT. FAXT of protein in the cat cervical
vagus nerve was studied in vitro. 3H-leucine was microinjected
into the nodose ganglion; after 2 hrs (for labelling of proteins
and initiation of transport) the nerves were removed, incubated
for 2.5 hr in Krebs-Ringer solution with 1, 10 or 100 M ouabain
and the FAXT character ascertained from the radio-activity in

2 mm nerve segments. In control experiments the labelled
material distribution along the nerve is characterized by (a) a
significant amount of label at the injection site; (b) a region
of gradual decrease of label with distance from the ganglion
("saddle area") and (c) a more distal radio-active peak or
"front" of transported material. Ouabain 1 wM caused a partial
blockade of FAXT as evidenced by the appearance of extra peaks
behind the normal front. Higher concentrations cause a corres-
pondingly greater inhibition, that is, a filling of the saddle
area. Preliminary electron microscopy revealed in unmyelinated
axons prominent "vacuoles", swelling of some mitochondria and
signs of intraaxonal lysis; other axonal constituents such as
microtubules and neurofilaments appeared intact. These axo-
plasmic alterations are more extensive with the high ouabain
concentrations. Myelinated axons and glial cells appear less
affected. The ionic imbalance induced by ouabain may disrupt
the FAXT system by a general spatial disorganization of the
cytoskeleton or possibly directly by a specific ionic effect.
Supported in part by NICHHD-02528, U.S.P.H.S.

K* loss intracellularly, on FAXT and axonal ultra-
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RETROGRADE AXONAL TRANSPORT OF NERVE GROWTH FACTOR
(NGF) IN THE CILIARY GANGLION OF THE CHICK. S.R.Max,
M.Schwab*, M.Dumas* and H.Thoenen, Biocenter of the
University, CH 4056 Basel, Switzerland

Retrograde axonal transport of NGF has been demon-
strated in peripheral sympathetic and sensory neurons,
but not in motor neurons. "e have investigated the
possibility that NGF is also transported in parasympa-
thetic neurons. This was accomplished by measuring the
accumulation of radioactivity in the ciliary ganglia
of 1-2 day post-hatching Esgcks following unilateral
intraocular injection of I-NGF. The difference in
radioactivity between ganglia on injected (I) and un-
injected (U) sides is a measure of specific transport.
We have substantiated this technique for peripheral
systems in other species. Tasstudy selectivity of
transport, we also tested I-labelled tetanus toxin,
wheat germ agglutinin (WGA), and cytochrome C.Tetanus
toxin and WGA have been shown to be transported in
all peripheral and central neurons thus far investi-
gated. Cytochrome C, which has physical properties
similar to those of NGF, is not transported in these
systems. NGF was transported in the ciliary ganglion
(I/U=2.2), as were tetanus toxin (I/U=2.5) and YGA
(I/U=3.8). Cytochrome C was not transported (I/U=1.0).
Autoradiographic studies support the biochemical evi-
dence for selective retrograde axonal transport of
NGF in the ciliary ganglion. Thus, in contrast to
generally held views, NGF may have a physiological
function in the parasympathetic nervous system.
(Supported by the Swiss National Foundation and by
the Roche Research Toundation).

AXONAL TRANSPORT OF 35S TAURINE ALONG NEONATAL AND YOUNG ADULT
RAT OPTIC AXONS. Michael Politis and Nicholas Ingoglia. Dept.
Physiol. and Neurosci., N.J. Med. School, Newark, N.J. 07103

Brain concentrations of taurine are highest in early develop-
ment and decrease as a function of age. Studies in this labora-
tory have indicated that this sulfonic amino acid is axonally
transported along goldfish optic nerves. In the present exper-
iments the axonal transport of taurine has been examined in
neonatal and young adult rat optic axons. The rat optic system
was chosen because a large extent of development in this system
occurs postnatally, the majority of synapses in the lateral gen-
iculate bodies being formed between 5 and 12 days after birth.

355 taurine was injected into the vitreous humor of right eyes
of developing (1 to 15 day old) or young adult (40 day old) rats.
At various times after injection ranging from 3 hrs. to 7 days,
right retinae and left and right geniculates were removed and
assayed for radioactivity. Since the rat optic system is predom-
inately crossed, left minus right geniculate (L-RLG) radioactiv-
ity was used as an index of axonally transported 355 taurine
activity. Results indicated that taurine was rapidly transported
along both neonatal and young adult optic axons. This is in con-
trast to other amino acids (i.e., leucine and proline& which are
not axonally transported in this system. Peak L-RLG 55 activity
in both neonatals and adults was reached by 24 hrs. after injec-
tion. Significant developmental variations were seen in the
levels of both L-RLG and right retinal 35S taurine activity 24
hrs. after injection of 1,4,7,11,15 and 40 day old rats. Auto-
radiographic analysis of retinae following intraocular injection
of 3H taurine indicated that the proportion of total retinal
radioactivity in the ganglion cell layer was approximate]g 15%
in 5,11 and 40 day old rats. Thus, total right retinal 355
activity was used as an index of 355 taurine uptake by retinal
ganglion cells. The levels of L-RLG 35S taurine activity "cor-
rected" for retinal uptake in animals injected at 1,4,7 and 11
days after birth (prior to and during the major period of
synaptogenesis in the geniculates) were 4.5, 3.1, 2.3 and 2.6
times higher, respectively, than those ig the young adults. In
contrast, the amount of corrected L-RLG 5¢ activity in animals
injected 15 days after birth (after synaptogenesis) were not
significantly different than those in the young adults.

These data show that taurine is transported along both neonatal
and young adult optic axons and that the amount of taurine trans-
ported along neonatal axons prior to and during the development
of synaptic connections is several fold higher than along adult
axons. It is proposed that axonally transported taurine may be
acting as a stabilizer of axonal membrane activity during the
formation of synaptic connections.
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SPECIFIC AND RAPID TRANSPORT OF FREE GLYCINE IN IDENTIFIED AXONS
OF APLYSIA. C.H. Price, D.J. McAdoo, and Y. Farr*. Marine Bio-
medical Inst., Univ. Texas Medical Branch, Galveston, TX 77550.
Neurons R3-R14 in the parietovisceral ganglion (PVG) of

Aplysia may be glycinergic (Price, et al., and McAdoo, et al.,
1978, Brain Res., in press). Their axons travel down the branch-
ial nerve to peripheral terminals presumed to be near the junc-
tion of the heart and efferent vein from the gill. The 12 axons
are easily identified in histological sections due to their large
size, characteristic granules, and extensive invagination by glial
cells. Using a double-chamber _apparatus, the PVG was incubated

in vitro, in media conCainin§ 3H—glycine, and the branchial nerve
was~extended into a radioactivity-free, superfusion chamber.

After incubations for several hours, the nerve was either frozen
in place and sliced into sequential 1 mm pieces for liquid scin-
tillation spectrometry or fixed with 3% glutaraldehyde for auto-
radiography. In light microscope autoradiographs of cross-sec-
tions taken at 4 mm from the PVG, 45% of the silver grains were
localized in R3-R14 axons; these axons take up less than 10% of
the entire nerve area. Electron microscope autoradiographs con-
firmed that the silver grains in R3-R1l4 were inside the axons and
not in surrounding glial tissue. When other “H-amino acids were
used instead of glycine, the axons of R3-Rl4 were labeled equally
to other axons. At least 85% of transported radioactivity comi-
grated with free glycine in thin-layer chromatographic analyses
of pieces of nerve from experiments in which ganglia were incu-
bated in media with 3H—glycine for 3-24 h. Free glycine was
transported down the branchial nerve at a faster rate (65 mm/day)
than other amino acids (20-48 mm/day) and in greater quantities
(>6 times as much). In the left pleurovisceral connective (which
contains no R3-Rl4 axons), glycine was transported at 25 mm/day.
Transport of glycine down the branchial nerve was inhibited by
mercuric ions (HgClp, 1 mM), by lowered calcium (oxalic acid, 20
mM), and by the microtubule agents vinblastine (0.1 mM) and Noco-
dazole (10 pg/ml) but was not affected by 2,4 DNP (2 mM), NaCN

(1 mM), or high K* (150 mM). Ligation stopped transport; no
proximal accumulation of radioactivity was observed. Glycine is
transported retrogradely at a rate comparable to orthograde trans-
port but in quantities 9 times less. In autoradiographs of
nerves from retrograde experiments, silver grains were localized
almost exclusively to R3-R14 axons. We have demonstrated the fast
and energy-dependent axonal transport of large quantities of free
glycine in identified neurons R3-R1l4. This specific tramsport,
which is directly dependent on the presence of calcium and may
involve microtubules, strengthens the notion that there is a non-
metabolic role for glycine in these neurons, perhaps as a neuro-
chemical messenger. This work was supported by an NIH fellowship
to CHP (#1F32NS 05856) and DHEW grant #11311 to DJM.

NEUROTOXIC HEXACARBONS INTERFERE WITH NERVE FIBER GLYCOLYSIS.
Mohammad I. Sabri*, Cyril L. Moore** and Peter S. Spencer,
Neurotoxicology Unit, Albert Einstein College of Medicine, Bronx,
N.Y. 10461 and *the School of Medicine at Morehouse College,
Atlanta, Georgia.

Prolonged, low-level exposure to neurotoxic carbon compounds
such as methyl n-butyl ketone (MBK) or its metabolite, 2,5-hexane-
dione (2,5HD) initially causes axonally transported materials to
accumulate and form swellings on the proximal side of nodes of
Ranvier in the distal region of long and large PNS myelinated
fibers, and, subsequently, fiber breakdown below an axonal swell-
ing. Speculating that anterograde axonal transport blockade
might first occur at nodes of Ranvier if decreased amounts of ATP
were available to drive energy-dependent axonal transport and
impulse conduction, investigations commenced to determine the
possible effects of hexacarbons on metabolic pathways concerned
with energy production. We have focused our studies on
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and phosphofructo-
kinase (PFK), major control steps in glycolysis. When crystalline
GAPDH or PFK was pre-incubated with MBK or 2,5HD enzyme activity
was inhibited as a function of the concentration of the toxin and
the period of pre-incubation. Enzyme activity was preserved by
dithiothreitol, suggesting that sulfhydryl groups were vulnerable
to hexacarbons. A comparable response was found when these en-
zymes were assayed in both PNS and CNS tissue pre-incubated with
MBK or 2,5HD in vitro. Double reciprocal plots of velocities
against substrate concentration revealed that GAPDH was inhibited
un-competitively by 2,5HD. By contrast, 1,6 hexanediol (a neuro-
logically inactive hexacarbon compound) and acetone failed to
inhibit crystalline GAPDH activity. The specificity of hexacarbon-
induced GAPDH inhibition was shown by preservation of crystalline
and tissue lactic dehydrogenase acticity, even after prolonged
pre-incubation with 2,5HD or MBK in vitro.

These data demonstrate that neurotoxic hexacarbon compounds
interfere with energy metabolism by inhibiting key glycolytic
enzymes in peripheral nerves. Because GAPDH blockade is known to
result in a failure of fast axonal transport, we suggest that this
mechanism may be in part responsible for the abnormalities of
axonal transport seen in hexacarbon neuropathy. Furthermore,
these data provide the first evidence to support our hypothesis
that hexacarbons are targeted directly against enzymes required
for axonal integrity, the nerve cell body perhaps being unable to
meet the presumed increased axonal demand, thereby causing distal
regions to suffer first from a failure and undergo degeneration.

Supported by USPHS grants, OH00535 and NS 03355 and a grant
from the American Petroleum Institute.
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DIFFERENTIAL TURNOVER OF AXONALLY TRANSPORTED GLYCOPROTEINS.
James A. Ripellino*and John S. Elam, Dept. Bio. Sci., Florida
State Univ., Tallahassee, FL. 32306

It has previously been shown that axonally transported glyco-
proteins reach maximum accumulation in the goldfish optic
tectum at 25-30 h after intraocular injection of “H- fucose
(Forman et al, Br. Res. 48, p. 327 (1972); Monticone & Elam,

Br. Res. 100, p. 61 (19757). This label was found to undergo
subsequent turnover with a half life approximately of 20-30 days.
In the present study, the distribution and turnover of axonally
transported glycoproteins was assessed in the membranous and
soluble subfractions of goldfish tectum at various times after
intraocular injection of 3H fucose. The membranous fraction
(sedimentable at 100,000 g) comprised 87% of the rapidly trans-
ported label 24 h postinjection. This fraction exhibited a half-
life for the disappearance of radioactivity of 20 days. In con-
trast, the 100,000 g soluble fraction showed a more rapid turn-
over, with an apparent halflife of 7 days.

Axonally transported glycoproteins associated with the mem-
branous and soluble fractions were converted to glycopeptides
(by pronase digestion) and separated into dialyzable and non-
dializable fractions. At 24 h post injection the membrane de-
rived non-dialyzable glycopeptides produce a broad peak within
the included volume of Sephadex G 50. At 20 days post injection,
this distribution shows an apparent increase in molecular size,
suggesting more rapid turnover of the lower molecular weight
chains. There was no corresponding turnover-dependent change in
the size of non-dialyzable glycopeptides associated with the
soluble fraction.

The results suggest that soluble glycoproteins are utilized
more rapidly than membranous glycoproteins in the nerve terminals.
The various sized glycopeptides from the soluble fraction appear
to nave similar turnover rates while glycopeptides from mem-
branous fraction show size dependent differences in turnover.
These patterns support the concept of differential utilization of
various classes of glycoproteins at the nerve terminal.

A MULTIWIRE PROPORTIONAL CHAMBER USED TO DETECT AXONAL TRANSPORT
OF 35S-METHIONINE AND 32P-PHOSPHATE LABELLED MATERIAL.

R.E. Snyder*, T.R. Nichols* and R.S. Smith., Division of Biomedi-
cal Engineering and Applied Sciences, the Department of Physics
and the Department of Surgery, University of Alberta, Edmonton,
Canada.

A multiwire proportional chamber was used to detect axo-
plasmic transport in dorsal root ganglion/sciatic nerve prepara-
tions from Xenopus laevis. Nerve cell bodies exposed to 35S-
methionine were shielded from the detector by a lead-lined com-
partment; the sciatic nerve ran in an unshielded chamber over the
detector. In experiments with 32P, the effects of secondary
X-rays were avoided by loading the label into the cell bodies for
several hours in a separate bath; the dorsal root ganglia and
adjacent nerve roots were then removed and the sciatic nerve alone
was placed in a chamber over the detector. The detector collect-
ed radiation from a series of 6 mm segments of nerve for consecu-
tive periods of 1/2 h for the duration of experiments lasting 18-
22 h. Typically, in the 35S-methionine experiments, the radio-
activity of each nerve segment showed an initial plateau at back-
ground followed by a rise which was linear through time. Plots
of the time at which the rise in radioactivity took place against
the position of each segment of the nerve yielded transport vel-
ocities of about €.2 mm/h. Cutting the nerve proximally showed
that label left each segment of nerve at the same velocity.
Material labelled with 32P was also transported at a similar
rapid velocity. An order of magnitude less label was transported
if 32p-phosphate was used in conjunction with phosphate-buffered
saline than if the saline were HEPES-buffered and free of cold
phosphate. With HEPES buffer, the amount of 32P transported was
about two orders of magnitude less than the amount of 35S-
methionine which was transported in similar preparations.

Supported by the Medical Research Council of Canada.



108

110

TRANSNEURONAL TRANSFER OF AXONALLY
TRANSPORTED RADIOACTIVITY DURING POST-NATAL
DEVELOPMENT OF THE HAMSTER VISUAL SYSTEM. Susan
C. Specht* (SPON: W.C. De Mello). Dept. Pharmacol. UPR
Sch. Med., San Juan, PR 00936.

Transneuronal transfer (TT) of axonally transported
protein-bound radioactivity was examined in the visual system
of neonatal and adult albino hamsters. Following intraocular
injection of 3H-proline, radioactive protein is axonally
transported to nerve endings in the lateral geniculate body
(LGB) and superior colliculus (SC). Some of the transported
radioactivity is transferred to LGB cells and subsequently
transported to LGB nerve endings in layer IV of visual cortex
where it can be detected by scintillation counting or autoradio-
graphy. Non-specific TT from SC to overlying retrosplenial
cortex was also observed. ’

TT was evaluated both 1 and 11 days after intraocular
injection of 3H-proline by scintillation counting of visual and
non-visual cortex. Early TT (1 day) was greatly enhanced
during the period of eye-opening (14-16 days post-natal) and
then diminished in older animals. Labeling of LGB was not
significantly different. Early TT was not detected against the
cortical background radioactivity in 8 and 10 day animals.
Late TT (11 days) was observed in all ages, but was
significantly greater in young animals. Non-specific transfer
to retrosplenial cortex followed essentially the same develop-
mental pattern. These results demonstrate that the onset of
functional visual activity in the optic nerve is accompanied by a
large but transient increase in TT of rapidly (or intermediate-
ly) transported radioactivity. Increases in both specific and
non-specific transfer suggest that the primary event is
enhanced release from optic nerve endings and not a post-
synaptic event, e.g., enhanced uptake or enhanced protein
synthesis, although these may play a part. The fact that TT
decreases in older animals with functional visual activity
supports the conclusion of Grafstein and Laureno (Exp. Neurol.
39:44, 1973) that synaptic activity per se is neither a
sufficient nor necessary condition for TT. The brief increase
in TT at the time of eye-opening may be related to inductive
events in visual system development. (Partly supported by
grant CA-16598-02).
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COMPARISON OF FAST TRANSPORTED PROTEIN AND GLYCOPROTEIN DOWN-
FLOW PATTERNS IN SENSORY AND MOTOR FIBERS OF MAMMALIAN SCIATIC
NERVE. Daniel P. Stromska* and Sidney Ochs. Dept. Physiology,
Indiana University School of Medicine, Indianapolis, IN 46202.

Glycoproteins and some polypeptides are considered to be
carried in nerve fibers by fast axoplasmic transport, primarily
to the axon terminals, while the bulk of the proteins synthe-
sized by the soma are transported more slowly. We compared the
outflow characteristics of fast transported JH-fucose and 3u-
glucosamine labeled glycoproteins with 3H-leucine labeled pro-
teins in the motor and sensory fibers of the cat sciatic after
injecting the labeled precursors into the L7 dorsal root
ganglion or L7 ventral cord. The resulting outflow patterns
showed a higher amount of incorporated 3H-leucine transported in
the crest than of 3H-fucose labeled components in the sensory
fibers. The ganglion pool - nerve crest amplitude relationghip
(Ochs, J. Physiol. 255:249, 1976) was the same with either “H-
fucose or JH-leucine as the precursor. The slope of the ad-
vancing front of 3H-fucose labeled activity was shallower than
that of the 3H-leucine labeled proteins in the sensory fibers
after 3 and 7 hours of downflow. A shallow front slope was also
observed with “H-glucosamine labeled material in sensory fibers.
The maintained shallow slope of the labeled fronts in the
sensory fibers with distance of the 3p-fucose labeled substances,
suggests, that in contrast to “H-leucine labeled materials,
fucose labeled glycoproteins have a different process of
synthesis and export into the fibers. Glycoprotein synthesis
requires transit through the Golgi apparatus, the shallower
front slope found for the sensory fibers with “H-fucose compared
to “H-leucine may be due to this process. The outflow patternms
in the motor fibers generally show a somewhat higher amount of
34-fucose labeled material transported than 3H-leucine labeled
components, as judged by their crest amplitudes. In contrast to
the sensory fibers, the slopes of the fronts of both “H-fucose
labeled glycoproteins and ~H-leucine labeled proteins were
shallow in the motor fibers and this was seen after both 4 and 7
hours of downflow. This observation suggests that “H-leucine
polypeptides are processed in motor neurons at a slower initial
rate than in sensory neurons. The 34-leucine labeled poly-
peptides in the motoneurons may be more dependent on Golgi
processes and/or slower polypeptide synthesis which occurs at a
rate comparable to that of glycoproteins in sensory neurons.
Supported in part by NIH grant PHS RO1 NS 8706-09 and NSF grant
BNS 75-03868-A03.
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SIMILAR PROTEINS ARE RAPIDLY TRANSPORTED IN DORSAL ROOT
SENSORY NEURONS AND VENTRAL HORN MOTONEURONS. George
C. Stone and David L. Wilson, Dept. of Physiol. and Biophys., U. of Miami
Sch. of Med., Miami, Fla. 33152.

Despite histochemical and enzymatic evidence suggesting the rapid
axoplasmic transport of proteins unique to specific types of neurons, the
majority of electrophoretic studies to date have found no differences in
rapidly-transported proteins in various neuronal systems.

Two-dimensional gel electrophoresis has allowed a higher-resolution
comparison of rapid transport in dorsal root sensory neurons with that in
ventral horn motoneurons in sciatic nerve. Experiments were performed
in vitro in frog as described previously (Stone et al., Brain Res. 144; 287-
302)." Dorsal root ganglia 8 and 9, or hemisected spinal cord were
selectively exposed to 3%5-methionine for 6 hr, while the sc(i:’atic nerve was
ligated 30 mm distal to the label site. After 24 hr at 18°C label which
accumulated in a 3-mm segment proximal to the ligature was subjected to
two-dimensional gel electrophoresis. Comparisons were made of fluoro-
graphic patterns from dried gels. Fifty independent species of protein,
including all the more abundant ones were consistently common to both
dorsal root and ventral horn neurons (see figure, closed symbols), while at
most 4 minor protein species were possibly transported only in ventral
horn neurons (open symbols). Less counts were transported in ventral horn
neurons, so the determination of transported proteins unique to dorsal root
neurons was not attempted.

The analysis suggests that approximately 50 of the most abundantly-
transported, independent proteins are common to these two sets of
neurons which subserve very different functions. This result verifies and
extends the earlier observations of others made with lower-resolution
electrophoretic techniques.

Supported by NIH grant NS12393 and a biomedical research support
grant. GCS is a NIH postdoctoral trainee (NS07044).

AXONAL TRANSPORT IN GUINEA PIG OPTIC NEURONS: EACH COMPONENT CON-
SISTS OF A DISTINCT PATTERN OF PROTEINS. M. Tytell* and R. J.
Lasek, Neurobiology Center and Anatomy Department, Case Western
Reserve Univ., Cleveland, Ohio 44106.

When guinea pig optic neurons are pulse labeled, axonal protein
transport appears as three major waves of radioactivity defined by
their velocities: the fast component (FC), >250 mm/day; slow com-
ponent b (SC,), 2.0 mm/day; and slow component a (SC_), 0.3 mm/day
(Black & LasBk, Soc. Neurosci. 3:29, 1977). The hypBthesis that
each component contajns a distinct ¢lass of proteins was tested by
SDS-PAGE analysis. T“H-lys and -pro were injected into the vitre-
ous hymor of guinea pig eyes and the animals sacrificed after 6
hrs for FC, 6 days for SC,, and 38 days for SC_. For FC, the op-
tic nerve was cut slightly anterior to the chiasm to cause the FC
proteins to accumulate. The portion of nerve containing the wave
of labeled proteins was homogenized in 8 M urea with 5% BME and 1%
SDS, which solubilizes essentially all proteins. Following cen-
MWx. FC SCb SCa trifugation at 140,000g-30 min, the
108 ) labeled proteins in the supernatant

were analyzed by SDS-PAGE on a 4-17.5
% gradient gel. In the Fig, the
bands unique to each component are
enclosed by () for FC, [] for SCb,
and !! for SC_. The patterns are
clearly diffeTent. None of the pro-
teins are present in equal amounts in
more than one component and most do
not overlap at all. The few bands
which appear similar in two compo-
nents (80K, 92K, and 180K daltons for
FC and SC, and 35K, 43K, 50K, and 250
K daltons for SC, and SC_) are most
likely different proteinS with sim-
ilar electrophoretic mobilities or
small amounts of proteins trailing
behind the wave. It is also possible
that a few proteins are actively con-
veyed in more than one component.
These possibilities are being explor-
ed. Since neurofilament proteins
(nf) and tubulin (tub) are conveyed
exclusively in SC_, actin in SC, and
) y FC contains mainly membraneous pro-
teins, each component of axonal trans-
port appears to represent a specific
set of structural and functional en-
tities.

300~ ( — )
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AXONAL TRANSPORT OF TRITIATED PROLINE IN THE CORTICOSPINAL TRACT
OF THE RAT SPINAL CORD. H. Lee Vahlsing*, Earl R. Feringa and
Ronald B. Hirschl*. Depts. Neurol. and Path., VA Hosp. and U. of
Mich., Med. Ctr., Ann Arbor, MI 48105

Thirty-six female rats received injections of tritiated pro-
line (100 uCi in 5 ul) into the sensory-motor cortex at eleven
weeks of age. At time intervals of 1,2,4,6,8,16 and 24 hours and
2,4,7,14 and 21 days after injection, groups of three rats were
sacrificed and formalin perfused. The spinal cords were com-
pletely removed and divided into sixteen 5 mm long segments begin-
ning at the obex. Each segment was then analyzed for tritiumcon-
tent using scintillation counting technique. Radioactivity was
detected in the spinal cord segments of rats sacrificed one hour
after injection in amounts 5-10 times greater than that found in
uninjected controls. Tritium label in segments from rats sacri-
ficed two hours after injection showed similar low level back-
ground, but also exhibited the leading edge of a wave of tritium
which passes down the spinal cord at the rate of 15-20 mm/hr.
This wave, which was initially five to ten times the magnitude of
background levels found at one hour, was approximately five cm in
length and was skewed toward the leading edge. This wave left be-
hind a residuum of tritium in each segment which was approximately
proportional to the mass of that segment. Autoradiography on spi-
nal cord segments revealed that most tritium was confined to the
corticospinal tracts, but a minor amount was somewhat diffusely
present in the dorsal and lateral horns of the gray matter. At
four days after tritium injection, the leading edge of a second
wave of tritium was apparent in the first few segments of spinal
cord. Initially this peak was about 100 times greater than the
background found in the one hour rats, but as it traveled at 3-4
mm/day, the peak decreased progressively leaving a residuum of
tritium which labeled the corticospinal tracts lying ventrally in
the dorsal white columns. Autoradiography revealed that this wave
also frequently labeled a small tract adjacent to the ventral
median fissure. This tract was most easily identified in the cer-
vical regions. The label in the horns of the gray matter was less
intense and more diffuse. Autoradiography after the injection of
the sensory-motor cortex of only one cerebral hemisphere revealed
only the contralateral dorsal corticospinal tract was labeled
while the ventral tract was labeled only on the ipsilateral side
of the cord.

SUBCELLULAR LOCALIZATION OF PARTICLES INVOLVED IN THE TRANS-
LOCALIZATION OF PROTEIN IN CEREBRAL TISSUE. Fredric P. White.
Faculty of Medicine, Memorial University of Newfoundland,

St. John's, Newfoundland, Canada. AlB 3V6

The translocation of newly synthesized protein from one
subcellular site to another within brain cells has been in-
vestigated using cerebral cortex slices. In one experimental
design vinblastine, an inhibitor of fast axoplasmic flow, was
used in conjunction with a double label routine. In these
experiments some slices were incubated with vinblastine [0.1mM],
which does not inhibit protein synthesis in slices, and [3H]
leucine while other slices were incubated in 14[C] leucine alone.
The slices were homogenized together and fractionated by
differential sedimentation and discontinuous sucrose gradient
techniques. Comparisons of the ratios of 34/14¢ for each
fraction enables one to determine if any fraction is enriched
for an export particle or import particle. An export particle is
one in which vinblastine causes an accumulation of newly
synthesized protein and an import particle is one in which vin-
blastine prohibits the accumulation of newly synthesized protein.
This analysis has shown the presence of at least one export
particle, P16, This particle pellets in the crude nuclear
fraction and has a density between 1.166 and 1.280. Light micro-
scopy inspection of these fractions show the presence of nuclei,
however, the particle of interest shows a skewed distribution
towards the lighter portion of the gradient in comparison to DNA.
The greatest enrichment for an import particle has been obtained
from the crude mitochondrial pellet. It [P22] has a density be-
tween 1.0592 and 1.1036, and is marked by the presence of both
5'AMPase and 2', 3' cyclic nucleotide 3'-phosphohydrolase
[2',3'CNP]. Continuous sucrose gradients have shown that the
5'AMPase and 2',3"CNP activities can be separated and the import
particle is skewed towards the 5'AMPase. It is believed, there-
fore, that 5'AMPase is a marker for this import particle. In
other experiments using pulse-chase procedures P16 was shown to
decrease in specific activity during the chase period while P2
increased in specific activity during the same period. Thus the
conclusion drawn from the vinblastine experiments, that P16 was
an exporter of protein and P22 an importer, were confirmed.
Lowering the [Cat+] of the incubation media inhibits the
synthesis of protein by the slices, but transport is stopped only
when the media is made up Catt free. It is concluded that sub-
cellular particles can be isolated by ultra centrifuiition tech-
niques which are involved in the vinblastine and [Ca’] sensitive
transport of proteins. This research was supported by MRC Grant
MA-5404.
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RETROGRADE TRANSPORT OF FLUORESCENT SUBSTANCES IN THE PAT BPAIN.
Derek van der Kooy, Henricus G.J.M. Kuypers¥ Coriene F. Catsman-
Berrevoetsiand Marina BentivoglioX Dept. Anat., Sch. Med., Fras-
mus Univ., Rotterdam, The Netherlands.

A search has been made for fluorescent sutstances that are
retrogradely transported in axons. Fvans Blue, which fluoresces
red, and a mixture of Primuline and 4°-6-diamidino-2-phenylindol
2 HCL (DAPI), which fluoresces blue with golden granules, can both
be shown to travel retrogradely from an injection area in the
caudate-putamen back to cell bodies in the substantia nigra of the
rat. Pecently, Propidium Iodide, which fluoresces red- orange, has
also teen shown to undergo retrograde axonal transport in the
nigro-striatal system. Two of these fluorescent compounds can be
used to simply and effectively demonstrate double labelling of
single cells. This has been shovm in the mammillary bodies, after
injection into two divergent axon collateral areas. Rats were
injected unilaterally with 0.10-0.40 ul of 107 Evans Blue solution
into the AV, AD, and AM thalamic areas, and with a similar quanti-
ty of 107 Primuline-2.57 DAPI solution into an area medial to the
red nucleus where the descending mammillary body fibers travel.
Many of the cells in the ipsilateral lateral mammillary nucleus
and in the medial part of the ipsilateral medial mammillary
nucleus were labelled both with Evans Blue and DAPI-Primuline.
This double labelling technique has also been used to study the
degree of collateralization of certain brainstem projections to
the forebrain. After injections of Evans Blue into the frontal
cortex- olfactory tubercle and DAPI-Primuline into the temporal
cortex- amygdala, many double latelled cells were seen in the dor-
sal raphe nucleus. In contrast, separate, but intermixed, clusters
of red and blue fluorescent cells vere seen in the substantia
nigra. Other experiments have demonstrated that a population of
substantia nigra pars reticulata cells give collateral projections
to both the thalamus and superior colliculus. A continuing search
is in progress to find other fluorescent substances transported
retrogradely in neurons, in order to improve further the double
labelling methodology with the aim to investigate the axon col-
laterals of cells in other neural systems.
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STIMULUS THAT INITIATES A MOTOR TASK. J. Wayne Aldridge,
R.J. Anderson and J.T. Murphy. Dept.Physiol., Univ.of Toronto,
Toronto, Ontario, Canada, M5S 1A8.

Monkeys were trained to perform a motor task involving wrist
movements. The object of the task was to superimpose a square
on a vertical target line displayed on a TV monitor. The
monkeys achieved this through a manipulandum by flexion or exten-
sion of the wrist which corrected the horizontal position of the
square. For this study experimental trials were designed to
examine responses to the sudden appearance of the line and square
on the TV screen, that is, to the visual cue initiating the task.
Each trial consisted of a control period during which the dis-
play was blank followed by a period during which the monkey per-
formed the task. Spikes from the caudate nucleus (cd) were
recorded with PtIr electrodes and spike times, angular velocity
and angular position of the wrist were recorded by an on-line
computer. Histological verification of cell locations was carr-
ied out.

Two hundred and sixteen Cd cells were examined for a visual
cue response. Of this sample 100 neurons (45.6%) altered their
cell firing with the appearance of the display. Fifty-two cells
were inhibited, 56 were excited and 9 cells had both excitation
and inhibition. The majority of the responses observed were
phasic in nature. The mean latencies were 238(+16L4) msec and
200(+67) msec for excitations and inhibitions respectively.
Ninety-two cells (92%) responded before the onset of movement.
The mean latencies to movement were 200 msec and 261 msec for
excitation and inhibition respectively.

These results demonstrate that a significant proportion of Cd
neurons have responses correlated with a visual stimulus signify-
ing the onset of a motor task. The anatomical position of the
caudate may allow it to direct this information to other motor
structures through the pallidal and thalamic pathways.

Supported by MRC of Canada.

EFFECTS OF VENTRAL MESENCEPHALIC TEGMENTAL LESIONS ON LOCOMOTOR
ACTIVITY IN RATS. M.G. Boyeson, G.K. Hodge, and R.T. Linn.
Dept. Psychology, U. of New Mexico, Albuquerque, NM 87131.

Recently, increasing concern has been focused on the systems
underlying spontaneous locomotor activity in hopes of better
understanding the motoric dysfunctions respondsible for hyper-
active behavior exhibited by children. The exact neuroanatomical
structures and neurophysiological functions respondsible for
hyperactivity remain unclear. The integrity of monoaminergic
pathways of the mesolimbic and nigro-neostriatal systems,
however, appear essential in maintaining normal locomotor
activity. Bilateral lesions in the ventral mesencephalic
tegmentum, in particular, area Al0, and pars compacta of the
substantia nigra have resulted in increased locomotor activity
(Le Moal et al., EXP NEUROL 50: 521, 1976; Hodge and Butcher,
NEUROSCIENCE ABSTRACTS 1: 196, 1975). To further delineate the
substrates of spontaneous hyperactivity, bilateral radio-
frequency lesions were made in the ventral mesencephalic tegmen-
tum of rats. Locomotor activity was assessed in an open field
apparatus for 15 minutes on six days prior to, and twelve days
following, the operations. The lesions resulted in a significant
increase in locomotor activity. Subsequent histological eval-
uation revealed that hyperactivity was associated with damage to
area Al0; such lesions, however, also involved nucleus linearis
centralis, believed to be comprised of serotonergic cell bodies.
In fact, lesions of nucleus linearis centralis alone were found
sufficient to elicit hyperactivity. These data suggest that
serotonergic as well as dopaminergic systems may contribute to
the increased activity produced by lesions of the ventral
mesencephalic tegmentum. (Supported by U.N.M. Research
Allocation grants 020-812-270 and 020-812-402.)
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DEMONSTRATION OF RAT CAUDATE PROJECTION NEURONS BY INTRACELLULAR
HORSERADISH PEROXIDASE TECHNIQUE. G.A. Bishop, R.J. Preston* and
S.T. Kitai. Dept. Ant., Mich. State Univ., E. Lansing, Ml 48824
The caudate (Cd) nucleus is composed of a variecty of neuronal
types differentiated on the basis of somatic size and dendritic
morphology. While previous studies have attempted to identify
which of these various neurons are projection cells, no conclu-
sive evidence has been reported. In this study, therefore, we
have combined intracellular recording and intracellular staining
techniques to (1) identify Cd projection neurons and (2) examine
the physiological responses of these projection cells to stimula-
tion of the substantia nigra (SN). Male hooded rats (200-400 g)
were anesthetized with urethane (120 mg/100g). SN stimuli (0.05-
0.1 msec pulses) were applied through stereotaxically positioned
insulated needles. Beveled microelectrodes filled with 4% HRP
in 0.5 M KCI-tris buffer were used to record from and stain
(positive DC pulses 5-20nA; 1-5 min; f=5/sec) single Cd cells.
Following appropriate histological processing, neurons filled
with HRP were serially reconstructed with the use of a drawing
tube and identified as projection neurons by following their
axons out of the CD nucleus. In these neurons, SN stimuli evoked
monosynaptic EPSPs at an average latency of 4.3 msec. Often the
EPSPs were followed by hyperpolarization lasting 100 msec or
more. The injected neurons were located in various reqgions of
the head of the Cd nucleus. Their somata had diameters of 14-24
um, were either spherical or elliptical in shape and gave rise
to 4-9 primary dendrites. These primary dendrites branched
repeatedly into secondary and tertiary branches extending 250-
400 um anterposteriorly, 300-350 um dorsoventrally and 150-200 um
mediolaterally. The somata and primary dendrites of the projec-
tion neurons were virtually spine free while the secondary and
tertiary dendrites were heavily covered with both pedunculated
and sessile spines. The axon arose either directly from the soma
or from a primary dendrite and gave rise to 2-4 local collaterals
which branched extensively to form a fine axonal plexus within,
and to some extent beyond, the dendritic domain of the parent
cell. Without branching further in the Cd, the parent axon
coursed ventrally and caudally out of the nucleus and into globus
pallidus (GP). Some axons appeared to terminate in GP while
others, often after giving rise to a beaded collateral in this
nucleus, continued into the internal capsule. Several of these
latter axons were traced to a point near the entopeduncular
nucleus; however, the precise area of termination of these axons
has not yet been observed. This study has clearly demonstrated
that at least one type of projection neuron in the Cd nucleus of
the rat is a medium sized spiny neuron and that this neuron
receives excitatory input from the SN. (This work was supported
by NIH grant NS00405.)

THE EFFECTS OF STIMULATION OF THE SUBSTANTIA NIGRA ON ENDOGENOUS
AND DEUTERIUM-LABELLED ACETYLCHOLINE (ACh) IN THE CAUDATE NUCLEUS
OF THE CAT. S.H. Butcher and E. Garcia-Rill, Mental Retardation
Res. Ctr., Sch. Med. UCLA, Los Angeles, CA. 90024

The existence of an interaction between dopamine (DA) and ACh
in the caudate nucleus has been accepted for many years.
However, the exact nature of this interaction or modulation of
ACh activity by DA, i.e. whether DA has an excitatory or inhibi-
tory effect on ACh, remains a controversy. In an attempt to
examine this interaction in the cat caudate nucleus we employed
electrical stimulation of the nigrostriatal pathway as a means
of stimulating the DA input to this region. A four-pronged
stimulating comb was stereotaxically introduced unilaterally
into the substantia nigra in locally-anesthetized, paralyzed
cats. The cortex overlying the caudate nuclei was removed by
suction allowing the removal of biopsies as described by Anchors
and Garcia-Rill (Brain Res., 133:183, 1977). Throughout the
experimental procedure animals were infused with deuterium-
labelled choline ( H9-Ch, lpmol/kg/min). Endogenous and labe-
lled ACh and Ch were analyzed using the gas chromatographic-
mass spectrometric method of Jenden et al (Anal. Biochem. 55:438
1973). In an attempt to diminish post-mortem changes in ACh,
tissue samples were withdrawn into a solution of IN formic acid/
acetone (15/85 v/v) within 1 sec and quenched in liquid nitrogen
within 4 sec. In four cats, biopsies from both caudate nuclei
were removed before and after 5 min of unilateral stimulation
of the substantia nigra (15v, 20Hz, 0.2ms ea).

Stimulation of the nigrostriatal pathway produced a 74%
decrease in deuterium-labelled ACh levels, as well as a decrease
in the levels of endogenous ACh levels. This decrease in the
specific activity of ACh (57%) implies that stimulation of the
nigrostriatal pathway had an excitatory effect, (eg. increased
ACh release) on ACh neurons in the caudate nucleus. This
increased release in ACh probably represents release of ACh
from the newly synthesized pool.

This work was supported by NIH postdoctoral Fellowship
5F3Z NSO 5316-0Z, USPHS HD-05958, MH-7097 and NS-12324.
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AN ELECTROPHYSIOLOGICAL STUDY OF CORTICO-CAUDATE CONNECTIONS: ROLE
OF THE CENTER MEDIAN-PARAFASCICULAR NUCLEI OF THE THALAMUS.
E. Cherubini*, M.S. Levine, N.A. Buchwald and C.D. Hull. Mental

Retardation Research Center, Sch. Med., UCLA, Los Angeles CA
90024.

In cats, the pericruciate cortex (CX) projects heavily to the
head of the caudate nucleus (CD). Electrical stimulation of CX
produces an initially excitatory response in CD neurons. Some
of the responses are monosynaptic but there are other routes by
which stimulation of CX can influence CD neurons. For example,
stimulation of CX can activate thalamic nuclei which project to
the CD or may antidromically activate collaterals projecting
from intralaminer thalamus to both CX and CD. There is anato-
mical evidence for each of these alternative routes. The pres-
ent experiment was designed to determine the extent to which
indirect activation of CD neurons occurs in response to CX stim-
ulation. Extracellular spike potentials of CD neurons were
evoked by electrical stimulation of precruciate CX in intact
cats. Mean latencies to response and the distribution of these
latencies were determined. Following these recordings electro-
lytic lesions of the center median-parafascicular complex of the
thalamus (CM-PF), an important contributer of inputs to CD were
produced in the same cats in order to interrupt some of the prev-
iously mentioned indirect CX-CD pathways. The responses of CD
neurons to CX stimulation were then redetermined. Experiments
were begun 1-2 hrs postlesion. Analysis of the data revealed a
significant decrease in mean latencies to respond from 20 msec
prelesion (6 cats, 86 units) to 12 msec postlesion (77 units).
The distribution of latencies for individual units was also mar-
kedly changed. A shift from a peak latency of 20-25 msec (30%
of the response) prelesion to a peak of 5-10 msec (30% of the
response) postlesion occurred. In the lesioned cats less than
8% of the units responded with latencies of more than 25 msec
while in intact animals more than 21% of the latencies were in
this range. In addition to the shortening in latency, the post-
lesion responses were less variable. Average standard deviations
(SD) decreased from 4 msec prelesion to 2.2 msec after the
lesion. Similarly, there was a marked shift in the distribution
of SDs. Before the lesion only about 10% of the response showed
SDs less than 1 msec. After the lesion more than 40% of the
responses were in this catagory. These results were not due to a
non-specific effect of the lesions since additional control
lesions in the entopeduncular nucles did not markedly alter res-
ponse latencies. We conclude that in the intact cat many of the
CX-CD responses may result from indirect activation of the CD
through orthodromic or antidromic activation of thalamic inputs.
Supported by USPHS grants MH-7097 and HD-05958.

TWO FORMS OF CATALEPSY REVEALED IN DIFFERENTIAL EFFECTS OF
MORPHINE VER§US HALOPERIDOL ON PQSTURAL SUPPORT MECHANISMS.
Marc De Ryck , Timothy Schallert , and Philip Teitelbaum. Dept.
Psych., Univ. of Illinois at Urbana-Champaign, Champaign, IL 6180.
Neuroleptics (e.g., haloperidol), which block dopaminergic
receptors, and narcotic analgesics (e.g., morphine) produce
catalepsy, i.e., active maintenance of passively imposed postures.
The differences between neuroleptic and narcotic catalepsy are
still poorly understood (Costall & Naylor, 1973). By electromyo-
graphic recordings from antagonistic flexor and extensor muscles
in the frontpaw and hindpaw of 20 rats, we show that morphine and
haloperidol have opposite effects on static support mechanisms.
We analyzed an important feature of catalepsy, i.e., resistance
to passively induced displacement (“negativism"). When haloperi-
dol-treated rats (1, 5, 10 mg/kg) were pushed forward, backward,
or sideways, they resisted passive displacement by enhanced
bracing reactions in the limbs. Bracing was characterized by
simultaneous tonic contractions in antagonistic flexor-extensor
muscles of the frontpaw (biceps and triceps) and hindpaw (tibialis
anterior and gastrocnemius). Synergistic activation of antagonis-
tic limb muscles is a normal mechanism involved in static support
(the positive supporting reaction of Magnus, PSR). In
haloperidol-treated rats, the PSR appeared spontaneously, even in
the absence of external challenges. Haloperidol-induced release
of PSR was transient; it waned when haloperidol-treated rats were
completely immobile in a stable posture. Thus, haloperidol causes
a transient, synergistic rigidity in response to challenges to
static equilibrium. Morphine (20, 30, 40 mg7kg) produced
persistent rigidity in limb musculature normally antagonistic to
a given limb position, i.e., extensor hypertonia during paw flexim
and flexor hypertonia during paw extension. When subjected to
challenges of body stabilization, morphine-treated rats failed to
display bracing reactions and allowed themselves to be rolled
over to their sides. Thus, morphine causes a free-running,
steady-state, antagonistic rigidity insensitive to challenges to
static equilibrium. In other words, whereas the PSR was released
during haloperidol catalepsy, it was suppressed during morphine
catalepsy. Like the PSR, cold-induced shivering in the limbs
consists of synergistic contraction of antagonistic muscles.
Haloperidol permitted limb shivering, but morphine abolished it.
Haloperidol rats showed rapid contact or air righting from a
supine position, whereas righting reflexes in morphine rats were
slow or entirely inhibited. Tonic grasp was present in haloperi-
dol rats, but absent in morphine rats. Thus, in haloperidol
catalepsy, tonic postural mechanisms involved in securing and
maintaining a normal stable equilibrium posture are released,
whereas in morphine catalepsy these mechanisms are inhibited.
Supported by NIH Grant #RO1l NS 11671.
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THE SUBTHALAMIC NUCLEUS AND THE SUBSTANTIA NIGRA OF THE MONKEY.
NEURONAL ACTIVITY IN RELATION TO MOVEMENT. Mahlon R. Delong and
Apostolos P. Georgopoulos, Pept. Physiology, The Johns Hopkins
Sch. Med., Baltimore, MD 21205.

Single neurons in the subthalamic nucleus (STN) and substantia
nigra pars reticulata (SNpr) and pars compacta (SNpc) were stud-
ied in the monkey during the performance of a step and a pursuit
tracking task (see Georgopoulos,A.P. and DeLong,M.R., The globus
pallidus of the monkey: Neuronal activity in relation to movement,
this volume). 227 neurons were isolated in 32 histologically
identified penetrations in two hemispheres: 123 from STN, 90 from
SNpr and 24 from SNpc. Nearly all of the task-related units were
activated in both the step and the pursuit tasks; detailed analy-
sis of the relations of unit activity to the amplitude, velocity
and acceleration of movement and to EMG activity is currently be-
ing done. Further observations were made by careful examination
of the animal to specify the responses of the units to "passive"
manipulations and to active movements that the animal made outside
the context of the task. Most STN units exhibited a tonic, burst-
ing pattern of spontaneous discharge. Many cells were strikingly
modulated by active movements of individual contralateral limbs,
or of the face, tongue or jaw. Most of the units related to the
limbs discharged with proximal movements. Passive driving, when
present, was usually weak and was related to deep structures in
and around the region involved in the active movement. Movement
related units were found largely in the lateral portion of STN,
where units related to specific body parts were grouped together
suggesting a somatotopic organization. Most units isolated from
the medial part of STN were not clearly affected by movements.
SNpc units had low spontaneous discharge rates and did not show
clear modulation with active movements or passive manipulations.
SNpr units had high spontaneous activity, similar to those of
internal pallidal units. Many SNpr cells were modulated by chew-
ing, licking or swallowing movements; only a few were related to
limb movements, and a few were modulated by eye movements.

It appears that the pars reticulata of the substantia nigra and
the internal segment of the globus pallidus (GPi) together form
a functional entity which has been divided by the internal capsu-
le. This is suggested by: (a) the striking similarities in the
morphology of their neurons, neuropil and ultrastructure, as well
as in their afferent and efferent connections, (b) the nearly
identical patterns of spontaneous activity (high tonic discharge),
and (c) the apparent continuation of the GPi body representation
into the SNpr, with units related to licking and chewing movements
located in the medial portion of GPi (Georgopoulos and Delong,
this volume) and in the lateral portion of SNpr, indicating fur-
ther the arbitrariness of their separation by the internal capsu-
le.

ELECTRON MICROSCOPY OF GOLGI IMPREGNATED SPINY AND ASPINY NEURONS
IN MONKEY NEOSTRIATUM. M. DiFiglia, P. Pasik and T. Pasik. Dept.
of Neurol., Mount Sinai Sch. of Med., CUNY, New York, N.Y. 10029.

Most of the neurons in the monkey neostriatum are of medium
size and, as shown in Golgi impregnations, include cells with
spiny dendrites and long axons, and cells with aspiny, varicose
dendrites and short axons (DiFiglia et al, 1976). Standard
electron microscopic methods have provided data which permitted
only a tentative correlation with the above findings (Pasik et al,
1976). Presently, however, positive identiffcation can be
achieved by applying a gold-toning technique to Golgi impregnated
material (Fairén et al, 1977). This procedure allows the exam-
ination of cytological detail of deimpregnated cells at the EM
level. A modification of the latter method was used in the
present study for the unequivocal identification of neostriatal
Spiny I and Aspiny I neurons (DiFiglia et al, 1976). Golgi im-
pregnated sections (175 um) were gold-toned, and regions contain-
ing isolated neurons <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>