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1 DIFFERENTIAL PROJECTIONS OF ASCENDING INPUTS TO THE CENTRAL NUCLEUS OF
THE INFERIOR COLLICULUS. L. M. Aitkin* L. Roth and M.M. Merzenich*
(SPON: H. J. Ralston III). University of California, San Francisco,
Ca. 94143

The central nucleus of the cat inferior colliculus has a tonotopic
organization and a relatively simple, laminated architecture, yet it
receives ascending input from at least ten lower auditory structures. In
order to determine if these auditory nuclei project differentially upon
the central nucleus, within the framework of a strict cochleotopic pattern,
a series of parallel physiological and anatomical studies were conducted
in the central nucleus. Microelectrode mapping techniques were employed
to determine the effectiveness of ipsilateral, contralateral, and binaural
stimulation at different central nucleus loci. In anatomical studies,
horseradish peroxidase was injected at physiologically-defined sites to
ascertain which lower structures project to those loci.

Microelectrode experiments confirmed the predominantly binaural inner-
vation of the central nucleus but also revealed that discrete regions
within the nucleus received a purely contralateral input. Horseradish
peroxidase injections commonly led to uptake of the tracer by most of the
lower auditory nuclei known to project to the central nucleus. Recon-
struction of these results indicated that neurons projecting to the
central nucleus were topographically related to the location of the in-
jection site. Furthermore, for injections in which a projection from the
superior olivary complex was revealed, labelled cells were not only
observed at the appropriate topographic, i.e. tonotopic, region in the
olivary nucleus, but were also distributed throughout the entire rostro-
caudal extent of these nuclei.

The number of labelled neurons in a given projecting auditory nucleus
varied markedly from experiment to experiment. For example, in some cases
no neurons were labelled in the contralateral cochlear nucleus, while in
other cases, labelling of neurons in the cochlear nucleus was massive.
Similiarly, in some injections few or no neurons were labelled in the
superior olivary complex, while in others, superior olivary labelling was
prominent. Of the projecting nuclei, the input from the ipsilateral
nuclei of the lateral leminiscus was the most constant, i.e., it invari-
ably provided a significant proportion of labelled neurons.

These experiments suggest that a given discrete region of the central
nucleus might receive a dominant input from either the contralateral
cochlear nuclei or the superior olivary complex, indicating that some form
of differential projection from these structures exists. The significance
of these findings, which are shown in the context of the highly ordered
tonotopic organization of the central nucleus, will be discussed.

Supported by NIH grant NS10414

* Indicates nonmember of Society for Neuroscience
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2 EFFECT OF AUDITORY NEOCORTEX ABLATION ON BINAURAL
MASKING-LEVEL DIFFERENCES IN THE CAT. J. L. Cranford,
J. Stramler, * M, Igarashi, Dept. Otorhinolaryngology & Communica-
tive Sciences, Baylor College of Medicine, Houston, Texas, 77025,

The "binaural masking-level difference (BMLD)" phenomenon in
binaural hearing refers to the observation, obtained in a large num-
ber of experiments with human subjects (see Green & Henning, 1969,
for a recent review), that the detectability of an auditory signal pre-
sented in noise may be improved by appropriate changes in the inter-
aural relations between either the signal or the noise. Two recent ex-
periments by Wakeford & Robinson (1974) and Cranford (1975) demon-
strated the occurrence of BMLDs in normal cats. Cranford measured
the effects of noise at one ear on the detection thresholds for tones em-
bedded in noise at the opposite ear, whereas Wakeford & Robinson
measured the relative detectability of in-phase (diotic) vs. 180° out-
of-phase (dichotic) binaural tones in the presence of continuous diotic
noise. Cranford found that cats exhibit significantly lower detection
thresholds for monaural tones when noise is present in the nonsignal
as well as the signal ear; Wakeford & Robinson, on the other hand,
observed improved detectability of tones when they are out-of-phase
relative to the noise. The purpose of the present experiment was to
examine the effects of unilateral and bilateral ablation of auditory cor-
tex on these two forms of BMLD test.

Seven cats, wearing stereo headsets, received each of the two BMLL
tests prior to, and after each stage of a two-stage ablation of auditory
subdivisions AI, AIl, Ep, SII, and I-T. Two additional cats were test-
ed before and after one-stage bilateral operations. Preoperatively,
the mean BMLD with the Cranford test was 4,9 dB (range of 2.9 to
6.7 dB for individual cats); in the Wakeford & Robinson test the mean
was 6,7 dB (range of 4,4 to 8.4 dB). After unilateral operations no
significant changes were observed with either of the two BMLD tests.
After bilateral lesions, however, it appears that, while BMLDs are
still present, they are reduced in magnitude to levels below that ob-
served prior to the first operation. With the Cranford test the mean
BMLD was reduced to 2. 6 dB (range of 2.1 to 4,5 dB); with the Wake-
ford & Robinson test the final mean BMLD was 4, 6 dB (range of 2. 8
to 6.7 dB). Thus, it appears that binaural masking-level differences,
like sound localization (Ravizza & Masterton, 1972; Heffner & Master-
ton, 1975), can be observed in animals deprived of auditory neocortex.

REFERENCES:

Cranford, J.L., J. Comp., Physiol, Psychol., 1975, 89, 219

Green, D. M. & Henning, G. B. Ann. Review of Psychol., 1969, 20, 105
Heffner, H., & Masterton, R.B., J. Neurophysiol., 1975, 38, 1340
Ravizza, R.J., & Masterton, R. B, J. Neurophysiol,, 1972, 35, 344
Wakeford, O.S. & Robinson, D.E. J.Acoust, Soc. Amer., 1974, 56,952

Supported by NINCDS Grants NS11812 and NS10940.
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3 A MEASURE OF CENTRAL AUDITORY PROCESSING IN HUMANS. DD Daly, DM Daly,
RJ Roser*, J Godfrey* and K Millay*, Callier Ctr. Comm. Dis., U.T. Dallas,
and Dept. Neurology, UT Health Sci. Ctr.. Dallas; Dallas, Texas 75235.

Several lines of evidence suggest the existence of neuronal systems se-
lectively sensitive to complex auditory stimuli having acoustic features
similar to speech sounds. Such systems may provide the basis for acoustic
processing which is exploited in speech perception. If so, disorders of
such processing should be reflected in impaired speech perception, as well
as in other behaviors.

In normal subjects studies of identification and discrimination of syn-
thetic sounds resembling English consonants indicate such rapidly changing
stimuli tend to be perceived ''categorically'. Using sets of stimuli like
those of Liberman et al. (J. Exp. Psychol. 52:127, 1956) we replicated the
identification functions (IF) which they found in normals and have extended
the study to other populations. We use two-choice forced response identi-
fication tests with 2 sets of 12 stimuli in which the time for frequency
change to steady state varies in 10 msec steps from 10 to 120 msec. De-
pending on the second formant frequency, one set was perceived as |b€!-|wd
and the other as |ge|-|ye|. Stimuli, recorded on tape in randomized se-
quences, were presented monaurally to each ear and binaurally. Normal sub-
jects tend to identify the shorter stimuli as the same (e.g.lbsl) and the
longer stimuli as the same (e.g. |we|), with an abrupt narrow range of un-
certainty (e.g. at about 40 msec).

With these sets of fixed stimuli we have explored the range and stability
of perception in an abstract auditory space (domain) in certain populations
of patients and subjects, all of whom had essentially normal hearing sen-
sitivity by pure tone and speech audiometry. We have found alterations
from normal |F in the following populations:

1) 9 adults (19-63 years) with acquired cerebral lesions (7 left hemi-
sphere; 2 right). Altered IF were present in three patients without apha-
sic defects in language; two patients with right hemisphere lesions, and
one patient with a left hemisphere lesion who had only severe auditory
comprehension problems (‘'word deafness'). One patient with severe anomia
but no comprehension problems had normal IF. The remaining five patients
had both altered |F and aphasia. All patients in this group had reported
normal hearing before the onset of their illness.

2) 2 adults of superior intelligence who could not learn to articulate
foreign languages or to recognize their own speaking errors in these lan-
guages, despite a knowledge of the languages sufficient for reading and
writing. Both had normal speech discrimination scores. One subject showed
normal IF for |be|-|we| but "mirror" or inverted identifications for |ge|-
|ye|, the sounds she could not articulate properly in German or French.
The other subject was incapable of discriminating |be| and |we| even at the
extremes of the set. The |ge|-|ye| set was identifiable but not "biquan-
tal''.

3) 8 children diagnosed as having "‘auditory dyslexia'': 3 siblings, a
father-son kinship, and four unrelated children. All children had altered
IF as did the father in the kinship. In some of the children, only one of
the stimuli sets was misidentified.

These studies provide evidence of: (1) Central auditory processing (CAP)
at cortical levels which may be disrupted by discrete acquired lesions.

(2) Defects in processing at prephonetic and prelinguistic levels since
altered IF occurred in subjects with normal speech discrimination scores
and without aphasia. (3) Differences in CAP in normal subjects and, thus,
evidence of different auditory perceptural domains, resulting in differ-
ences in representation of phonetic (speech) information.

We believe this method constitutes a sensitive clinical test of CAP.
Rigorous control over acoustical parameters of the stimuli permits develop-
ment of a heirarchy of such tests.
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CENTRAL AUDITORY PROCESSING IN PATIENTS WITH ACQUIRED LESIONS OF CEREBRAL
HEMISPHERES. DM Daly, DD Daly, RJ Roser®, J Godfrey* and K Millay*,
Callier Ctr. Comm. Dis., UT Dallas and Dept. Neurology, UT Health Sci. Ctr.
Dallas, Texas 75235.

‘Disruptions of neural systems selectively sensitive to complex auditory
stimuli with acoustic characteristics similar to speech may occur in cer-
tain communication disorders. Using synthesizedacoustic stimuli as des-
cribed in the preceding abstract, we have studied alterations of identifi-
cation functions (IF) in patients with acquired lesions in the cerebral
hemispheres.

We have examined 9 adults, 19 to 63 years of age, with acquired focal
lesions, seven in the left cerebral hemisphere, two in the right. All
patients reported normal hearing before the occurrence of their lesions.
On examination all had hearing sensitivity essentially within normal 1im-
its as determined by pure tone and speech audiometry; seven had speech
discrimination scores within normal limits. We tested each patient on
several occasions, some over intervals of several months, with the last
study at a time when the lesion was static. Of the patients with left
hemisphere lesions, five had suffered cerebral infarctions, one had had a
brain abscess, and one had had traumatic contusion. Of the patients with
right hemisphere lesions, one had undergone temporal lobectomy for intrac-
table seizures due to a low grade glioma, the other had had a brainabscess.

Alterations of IF may occur independently of aphasic defects. Both
patients with right hemisphere lesions showed altered IF. One patient
with a left hemisphere embolic infarction and severe defects in auditory
comprehension, but without aphasic defects either in oral language pro-
duction or in comprehension and production of written materials (‘word
deafness''), showed severe alterations of IF. One patient with a left
hemisphere infarction and severe anomia but no comprehension defects,
showed normal IF. The remaining patients exhibited both altered IF and
aphasia.

Altered IF often included loss of the ''biquantal'' pattern seen in nor-
mals. Occasionally, a "mirror' IF was observed. This did not appear to
be mislabeling due to aphasia since it was observed for only one set of
stimuli and remained stable over testing sessions. One patient with a
right hemisphere lesion was unable to discriminate between lbel and |w€|
TveT at the extremes of the set, reporting all stimuli from that set as

be|.

Alteration of IF occurred usually, but not solely, in the ear contra-
lateral to the lesion. Several patients showed persistent differences
between ears with monaural stimulation. The patient with "word deafness"
showed markedly altered IF for |ge|-|ye| only with the ear (R) opposite
the lesion; she had discovered that she could comprehend telephone con-
versations better when using the left ear. Despite intact IF, the patient
with anomia showed a persistent shift of the IF boundaries, in the direc-
tion of the longer stimuli, with the right ear. |In several patients, bi-
naural IF differed from both monaural IF and could not be described by
arithmetic summation of simple monaural |IF. However, these may be amen-
able to analysis as power functions.

These studies provide conclusive evidence of altered central auditory
processing due to single, acquired focal lesions in the cerebral hemi-
spheres. Such altered processing occurs independently of aphasic defects
and is prephonetic and prelinguistic. These findings can provide an in-
dependent basis for design and evaluation of aphasia therapy. The tests
appear highly sensitive, yet can be administered in the presence of severe
aphasic defects. A heirarchy of such tests may refine lateralization and
localization of lesions.
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5 EFFECTS OF PROBENECID ON NOREPINEPHRINE IN CSF. Charles R. Lsake,
Michael G. Ziegler¥*, James H. Wood¥, Michael H. Ebert¥*, and Irwin J.
Kopin. Laboratory of Clinical Science, NIMH, Bethesda, Md. 2001k.

Probenecid competitively inhibits active transport of acidic
metabolites of monamines from the cerebrospinal fluid (CSF) to blood.
Eighteen hours after probenecid administration, CSF levels of 5-
hydroxyindoleacetic acid (5-HIAA) and homovanillic acid (HVA), the
catabolites of serotonin (5-HT) and dopamine (DA), are increased by 450%
and 875%, respectively. The accumulation rates of these metabolites are
used as indices of the rates of utilization of the parent amines, and
have been studied in various neuropsychiatric disorders. CSF levels of
MHPG (l4-hydroxy-3-methoxyphenylethyleneglycol), the major catabolic
product of norepinephrine (NE) in brain, are increased by 60% after
probenecid administration. MHPG, however, is a neutral compound not
removed by the acid transport system, and its increase after probenecid
is unexplained.

In this study the effects of probenecid on CSF and plasma levels of NE
are examined. Blood (12 ml) and lumbar spinal fluid (4 ml) were obtained
from 20 neurological patients before and eighteen hours after probenecid.
Plasma and CSF levels of NE were measured by a radioenzymatic assay and
CSF levels of probenecid were determined by gas chromatography.

Probenecid administration resulted in an increase of plasma NE from
392 + 35 pg/ml (+ SEM) to 504 + 57 pg/ml with a mean increment of 112 +
37 (p < 0.005, matched paired t test). Levels of NE in CSF increased
from 270 + 37 to 375 + 45 pg/ml after probenecid, with a mean increase of
105 + 19 (p < 0.0005). The CSF probenecid level was 17.53 * 1.54 pg/ml.
There was no significant relationship between levels of probenecid and
increments in plasma or CSF levels of NE. NE levels'in CSF, however,
were significantly related to those in plasma (LR = 0.535; p < 0.05)
both before and after administration of probenecid. The increases in NE
levels in plasma were also correlated significantly with those in CSF
(LR = 0.611; p < 0.01), although plasma NE does not normally enter CSF.

The increment in levels of amine metabolites in CSF after probenecid
administration is a valid indication of the normal rate of amine utiliza-
tion only if the drug blocks acid transport and does not influence the
rate of amine utilization. Probenecid is not known to block transport or
metabolism of amines so that the increment in levels of NE in CSF and
plasma must be attributed to an increase in release of the amine. Since
there does not appear to be a relationship between levels of probenecid
in CSF with the increments in NE in plasma or CSF, it is unlikely that
the drug directly effects amine release. The results suggest that stress,
associated with the varying discomforts of probenecid administration, is
responsible for elevation of the NE levels and may account for the in-
creased CSF levels of the NE metabolite, MHPG, after probenecid adminis-
tration. These observations also raise questions about the contribution
of stress attending discomforts associated with drug administration to
the increments in metabolites of DA and 5-HT found after probenecid
administration.
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MIDBRAIN PROJECTIONS TO THE MEDIAL GENICULATE BODY AND THEIR RELATIONSHIP
TO CORTICOFUGAL PROJECTIONS OF THE AUDITORY CORTEX. D.,L. Oliver, Depart-
ments of Anatomy and Psychology, Duke University, Durham, N. C. 27710.

The medial geniculate body (MGB) of the tree shrew (Tupaia glis) con-
tains at least seven cytoarchitectonically distinct subdivisions, each of
which is connected reciprocally to an equally well-defined area within
the auditory cortex (Oliver, D.L. and Nelson, R.J., Neurosci. Abs. 1:34,
1975). Previous experiments demonstrated that these subdivisions can be
distinguished on the basis of their afferent connections from the inferior
colliculus and other midbrain structures (Oliver, D.L. and Hall, W.C.,
Brain Res. 86:217-227, 1975). The present report will present the results
of a more refined analysis of the locations of the midbrain cells which
project to the MGB and will relate these projections to the corticotectal
and corticotegmental connections of the auditory cortex. Both anterograde
and retrograde axonal transport methods (autoradiography and horseradish
peroxidase) as well as anterograde degeneration methods were used.

The projections to the medial geniculate from the inferior colliculus
(IC) are best understood when the colliculus is described as a set of
cytoarchitectonically distinct nuclei. It is then seen that each nucleus
is specifically related to a subdivision of the MGB. For example, the
central nucleus of IC projects to the ventral nucleus of MGB. Both nuclei
possess laminae composed of cells with disc-shaped dendritic fields, and
the connections of the two nuclei suggest a point-to-point topography
between their laminae. Likewise, the nuclei of the '"rind" surrounding the
central nucleus of IC project to specific targets in MGB. The roof of
the colliculus projects to the deep dorsal nucleus of MGB, while the
medial nucleus of the colliculus projects to the caudal-marginal nucleus
of MGB, The lateral zone of the colliculus projects to the rostral part
of the medial division of MGB. Unlike the cther subdivisions of MGB,
the caudal part of the medial division receives inputs from all of the
collicular subdivisions. The medial division also receives inputs from
the contralateral central nucleus and parts of the midbrain tegmentum.
Cells projecting to the suprageniculate nucleus of MGB are located out-
side of the inferior colliculus in the intermediate and deep layers of
the superior colliculus, in the tegmentum medial to the brachium of the
IC, and in the cuneiform nucleus beneath the IC. Cells which project to
the dorsal nucleus of MGB originate chiefly in the sagulum and in the
midbrain tegmentum lateral to the tectopontine fibers.

The cortical projections to these midbrain areas can also be related
to the subdivisions of the medial geniculate body. In some cases, a
cortical area projects back to the same midbrain region which, in turn,
projects to that cortical area via its relay in the MGB. For example,
the cortical target of the suprageniculate nucleus projects back to the
deep layers of the superior colliculus but not to the inferior colliculus.
Likewise, the cortical target of the dorsal nucleus of MGB projects to
the "rind" of the inferior colliculus, but its heaviest projections are
to the lateral midbrain tegmentum and sagulum. On the other hand, the
corticofugal projections of the primary cortex are an exception to this
pattern. The primary cortex, the target of the ventral nucleus of MGB,
does not project to the central nucleus of the inferior colliculus but
rather to the "rind" which surrounds it. The primary cortex terminals
are deeper in the "rind" than those of the cortical target of the dorsal
nucleus. The functional role that the corticofugal projections may play
is unclear at this time; however, it may be that a cortical area pro-
jects to that midbrain region from which it can best influence its
eventual ascending inputs via the thalamus. (Supported by NIH Grant
NS-09623 to W.C. Hall.)
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7 BRAINSTEM AUDITORY EVOKED RESPONSES (BAER'S) IN THE RAT--EFFECT OF FIELD
EXTENSION, ASPHYXIA AND AUTOIMMUNE ENCEPHALOMYELITIS. Victor F. Schorn*,
Vanda A. Lennon and Reginald G. Bickford. Dept. Neurosciences, UC San
Diego, CA. 92037 § Salk Institute for Biological Studies, La Jolla, CA.
92037.

The far-field evoked responses in the rat, (first observed by Jewett
and Ro mano, (Br.Res. 36,101,115, 1972) have been examined using standard
recording and averaging techniques under four conditions:

1. Wave components in the normal animal: In normal rats, four to seven
reproducible waves have been observed with the following latencies:
Wave I 1,3 msec s.d. .1 msec, Wave II 2.2 msec s.d. .1 msec, Wave IIT 2.9
msec s.d. .1 msec, Wave IV 4.1 msec s.d. .2 msec, Wave V 5. 0 msec s.d.”

.2 msec, Wave VI 6.1 msec s.d. .2 msec (Figure below).
7— F1eld extension experiments:  After surgical removal of the cranium,
the evoked potential field was allowed to extend into a large (4x4 cm)
saline pool and the evoked potential field was mapped directionally using
an exploring dipole and stereotatic control. The different wave compon-
ents can be shown to have individualized vector fields within the saline
pool and the slope of the potential field across the brain-saline inter-
face has been examined.

3. Suppressive effect of asphyxia on BAER and EEG: Suppression of BAER's
occurs after that of the EEG (high gain) under conditions of asphyxia.
The early waves of BAER increase in latency after EEG suppression. The
later waves of the BAER are differentially sensitive to asphyxia suppres-
sion.,

4, Experimental autoimmme encephalomyelitis (EAE): A hyperacute form of
EAE (HEAE), a model of acute necrotizing leukoencephalopathy in man, is
induced in Lewis rats by immunization with guinea pig myelin basic pro-
tein with Freund's complete adjuvant and B. pertussis vaccine (Fed.Proc
34:950,1975). Rats recorded in the active phase showed: (a) prolonged
1atency shifts, in some cases unilateral, (b) changes in the amplitude
of components. The evoked potential pattern was normal in control rats
injected only with adjuvants and in rats with the milder ordinary form of
EAE (analogous to acute disseminated encephalomyelitis) which is induced
when B. pertussis is omitted.

(Supported by USPHS NS 08962 and the National Multiple Sclerosis Society)
I

Figure 1.

BAER of a normal rat anesthetized with
pentobarbital. Recorded vertex to right
ear. Clicks delivered to the right ear

at 20 per sec. and at 60 dB. 2000 responses

]
averaged.

Uil Spy
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8 ETFECTS OF FOCAL BRATNSTEM COOLING ON THE FAR-FIELD ACOUSTIC RESPONSE IN
THE CAT: RELEVANCE TO RESPONSE ABNORMALITTES IN CNS DEMYELINATING DISEASE
J.J. Stockard, V.S. Rossiter and T.A. Jones. Department of Neurosciences,
University of California, San Diego, School of Medicine, La Jolla CA 92093

Two patients with evidence for single, large, bilaterally symmetric foci
of demyelination in the pons showed marked prolongation of all components
of the far-field acoustic response after wave III; this delay relative to
earlier waves tended to be constant for each of the later waves: Eight
other patients had evidence for multifocal brainstem demyelination: five
of these patients had prolonged latency of wave IV-V (these two waves usual
ly fuse in man) and, in four of these, other waves were also delayed from
their expected latencies -- the delay increasing progressively for succes-
sive waves; three of the patients with multifocal demyelination had reduced
amplitude of wave IV-V without prolongation in latency of this component.

In the cat, the constant latency shift of all waves after III could be
reproduced by cooling C>’cheopon‘cine auditory pathway below the nuclei of the
lateral lemnisci to 8 -15~ C., a technique described elsewhere [1]. Simul-
taneous bilateral cooling of this and more rostral levels of the brainstem
auditory pathway produced progressive delays in the latencies of waves
after III without reducing response amplitude (Figure, left). Unilateral
cooling of the auditory pathway just caudal to the nuclei of the lateral
lemniscus -- and contralateral to monaural click stimulation -- greatly
reduced wave IV amplitude but only slightly prolonged latency (Figure, rt.).

These findings suggest that the relative degrees of latency or amplitude
abnormality in the far-field acoustic response of patients with brainstem
demyelination may relate to the symmetry of pathway involvement at a given
brainstem level and to the number of levels involved. Bilateral cooling
or demyelination would tend to symmetrically slow conduction in ascending
auditory tracts on both sides of the brainstem, delaying the activation of
more rostral response generators but maintaining the bilateral synchrony
of activation (and amplitude of resultant far-field potentials). On the
other hand, unilateral slowing would alter phase relationships on the two
sides and desynchronize response generators above the level of the lesion,
affecting the amplitude relatively more than the latency of corresponding
far-field potentials. Slowing between more than one pair of such genera-
tors (multi-level lesions) could produce the progressive latency shifts.

BILATERAL COOLING OF PONS COOLING RIGHT PONS
L monaural Cz-A 22048 Spv L monaural Cz-A, 22048
65 dBSL 65 dBSL
clicks clicks
omi o 2 msec
; Ig X ¥
| BEFORE I O
|
|
|
' .
!
|
: AFTER
|
1 I

Jones et al: Application of cryogenic techniques in the evaluation of coma
mechanisms and afferent pathways. Proc 1976 San Diego Biomed Symp, in press.
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9 FUNCTIONAL ENIGMA OF COCHLEAR OUTER HAIR CELLS. J. J. Zwislocki and

W. G. Sokolich*, Institute for Sensory Research, Syracuse University,
Syracuse, NY 13210.

One of the striking features of the mammalian auditory system is its
sensitivity to changes in sound frequency. The sensitivity is attributed
primarily to a mechanical sound filtering in the cochlea that is sharp-
ened at the level of first-order neurons. The neural sharpening mech-
anism has not been elucidated thus far. Of the two populations of coch-
lear receptors, the outer hair cells outnumber the inner hair cells in a
ratio of about 3 to 1. In spite of their numerical minority, the inner
hair cells are innervated by nearly 95% of the afferent neurons of the-
auditory nerve. Consequently, practically all single-unit recordings
from the nerve must be assigned to these neurons. Because it is not cer-
tain that neurons innervating the outer hair cells have ever been re-
corded from, the functional role of the outer hair cells has remained
enigmatic. Nevertheless, evidence has been accumulating in favor of an
indirect effect of the outer hair cells on the activity of the fibers
innervating the inner hair cells. For instance, the frequency selec-
tivity (tuning) of afferent fibers is reduced considerably when outer
hair cells are selectively eliminated through the use of ototoxic drugs.
We performed a series of experiments to investigate the suspected inter- "
action between the inner and outer hair cells. The experiments con-
cerned primarily responses of individual auditory-nerve fibers to low-
frequency trapezoidal deflections of the basilar membrane. Thus far, the
recordings obtained from Mongolian gerbils, our preferred experimental
animals, have lent themselves to only one explanation, namely, that the
inner and outer hair cells do interact, and that the contribution of the
outer hair cells involves an inhibitory synapse. This outcome has led to
a model which accounts for the neural sharpening of the mechanical coch-
lear frequency analysis and for other hitherto unexplained response char-
acteristics of the cochlear nerve. However, a clear anatomical substrate
for the suspected interaction between the inner and outer hair cells re-
mains to be found. '
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FIELD ANALYSIS OF AUDITORY BRAINSTEM RESPONSES. L. Joseph Achor*
(SPON: A. Starr). Department of Psychobiology,UCI, Irvine, CA., 92717.
The present study was designed to evaluate the hypothesis that some
of the waves of scalp-recorded far field acoustic responses might repre-
sent "multiple generators in algebraic summation." Clicks were presented
monaurally at 25/sec to anesthetized cats held in a stereotaxic frame.
Evoked responses were recorded in the configurations 1) vertex refer-
enced to neck, and 2) depth macroelectrode referenced to neck. Isopoten-
tial maps were constructed for each of nine sagittal planes at times
corresponding to peaks in the scalp recording to locate the contributing
neural generators. :
Preliminary findings indicate that Waves I1I,IV, and V are generated
by activity occurring in two or more regions of the brain, whereas Wave
II1 is generated by only one region of the brain. Wave I is not detecta-
ble using the vertex to neck recording configuration. Wave II, which
consists of a positive peak and a positive inflection on the rising phase
is generated by the ipsilateral cochlear nucleus and the contralateral
superior olivary complex. Wave III has only one significant contributor
located contralaterally, but it has not been confirmed whether the gener-
ator is the superior olivary complex or the lateral lemniscus. The con-
tralateral superior olivary complex and the bilateral inferior colliculus
are the main contributors to Wave IV. The trough of Wave IV and the peak
of Wave V both receive a contribution from the lateral lemniscus, bilat-
erally. Wave V receives an additional contribution from the inferior
colliculus, bilaterally. These findings support the hypothesis of multi-
ple generators for several of the components of the far field acoustic
response and suggest that the concept of single principal contributors
for each of the waves is an oversimplification.

CENTRAL PROJECTIONS TO THE COCHLEAR NUCLEUS. Joe C. Adams. LNO, NINCDS,
NIH, Bethesda, MD. 20014.

Neurons which project to the cochlear nucleus of the cat were
identified after injecting horseradish peroxidase in the nucleus.
Small cells interconnect the anteroventral and dorsal cochlear nuclei.
Crossed connections originate in the contralateral anteroventral,
posteroventral, and deep parts of the dorsal cochlear nuclei. Descending
projections originate bilaterally in periolivary nuclei, nuclei of the
lateral lemniscus, and the inferior colliculi. Periolivary cells which
project to the cochlear nucleus form a continuous network around and
within the principal olivary nuclei and extend from the posterior
portion of the ventral nucleus of the lateral lemniscus to the inferior
olive. The locations of periolivary cells projecting to a given side
are roughly symmetrical about the midline. Most are around the lateral
superior olive and in the ventral nucleus of the trapezoid body. Pro-
jections arise from the central nucleus and from extracentral portions
of the inferior colliculi and have as their principal target the dorsal
cochlear nucleus.
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42 FREQUENCY RESPONSE CHARACTERISTICS OF ELECTRORECEPTORS IN "PULSE
TYPE" ELECTRIC FISH. Joseph Bastian. Dept. Zoology, Univ. Okla.,
Norman, OK. 73069

One category of weakly electric fish produces an electric organ
discharge (EOD) comsisting of brief pulses separated by longer
intervals. Electroreceptors in these fish were found to be most
sensitive to stimuli having frequencies similar to the dominant
frequency components of the species specific EOD, The population
of electroreceptors could be divided into two major categories.

One category, pulse marker receptors, responded to suprathreshold
stimuli with one spike at a short latency (<2 msec). The second
category, burst-duration coders, responded with a burst of spikes

at a longer latency. The first category of receptors was sharply
tuned to the higher frequency components of the EOD pulse of a given
species and were always 5 to 10 dB less sensitive than any other
receptor categories. The second category, burst-duration coders,
could be further divided into 3 sub-categories. In one type, rarely
seen, the tuning was similar to that in pulse marker neurons.

The second sub-category was more broadly tuned and the best frequency
coincided very well with the major frequency component of the species
specific EOD. The third category was most sensitive to lower
frequency components that were weakly if at all represented in the
species EOD. It is suggested that the diversity in the frequency
response characteristics of various receptor types allows the
animal's to identify and evaluate signals resulting from their own
EOD and the EOD of conspecifics as well as electrical stimuli
generated by other species of electric fish. Supported by NIH

Grant # 1 ROl NS 12337.

13 SINGLE UNIT RESPONSES IN THE AUDITORY CORTEX OF MONKEYS SELECTIVELY
ATTENDING STIMULI TO ONE EAR. Dennis A. Benson* and Robert D. Hienz*
(SPON: M. H. Goldstein, Jr.). Dept. of Biomedical Engineering, Johns
Hopkins School of Medicine, Baltimore, Md. 21205.

This study examined whether neurons in the auditory cortex are affected
by selectively directing an animal's attention to stimuli occurring in
one ear. Acoustic stimuli consisting of tones, noise, or click trains
100 msec in duration were presented through headphones randomly to the
left or right ear of rhesus monkeys. Each ear was alternatély selected
as the "attended" ear in blocks of 100 trials by illuminating either a
left or right response key. For example, when the right ear was to be
attended the animal was trained to press the right key once for each
stimulus in the right ear (attend) and not to respond to left ear stimuli
(non-attend). Comparisons of the activity evoked by stimuli to a given
ear under attend and non-attend conditions were made for 77 units in the
auditory cortex (koniocortex and adjacent secondary auditory fields) of
three rhesué_monkeys. For the population of units the rate of evoked
discharge significantly increased for the attended stimuli, even though
36% of the units decreased their evoked activity for the attended stim-
uli. The changes in evoked activity were not accompanied by changes in
the basic temporal response pattern or by changes in spontaneous activity.
For some units, the changes in evoked discharge rate between the attended
and non-attended conditions occurred as early as 30 msec after the onset
of the auditory stimulus. (Supported by NSF Grant No. BMS74-19040)
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EFFECT OF CHOLINERGIC DRUGS OM THE AUDITORY EVOKED RESPONSES FROM BRAIN
STEH TO AUDITORY CORTEX. V.K.Bhargava*,A.Salamy,A.Amochaev*and C.M.McKean.
Brain-Behavior Research Center, LPNI (UCSF), Eldridge, CA 35431 (U.S.A.).
Humerous investigations have been concerned in demonstrating the role

of chemical substances especially acetylcholine in central synaptic trans-
nission. However, very few studies have attempted to relate the electro-
physiological events in the auditory pathway (from the brain stem relays
to the cortical receptors and association pathways) to cholinergic manip-
ulations. The present studies were therefore undertaken to study the ef-
fect of drugs modifying cholinergic transmission on the brain stem nuclei
{far-field) and cortical components of the auditory evoked responses, with
a view to evaluate the cholinergic mechanisms involved in modulation of a
sensory impulse in the auditory pathway. The auditory evoked responses
vere recorded from rats with durally-implanted electrodes. The typical
evoked potential from the surface of the auditory cortex consisted of two
positive and two negative waves {P1, N1, P2 and l2) occurring at 9.8+4.1,
26.9+5.3, 73.1+410.6 and 135.2+21.3, latencies respectively. Eserine (.05-.2
mg/Kg) increased the amplitudes of all waves. The effect was more marked
on {1, P2 and 2. It also decreased the latencies of P2 and N2. Similar
effects on the amplitudes of lil, P2 and N2 were seen with carbachol and
oxotremorine. Atropine (2.5-10mg/Kg) increased latencies of P2 and N2 and
decreased amplitudes of N1, P2 and li2. The far-field responses of the
brain stem consisted of 4-6 positive waves (.8-7msec). Eserine in low con-
centration (.05-.1mg/Kg) caused a decrease in the latency and amplitude of
3 and 4 waves, a high concentration (.2-.6mg/Kg) increased latency and am-

litude of 2, 3 and 4 waves. This biphasic effect was more marked with car-
achol (.1-5mg/Kg). Atropine did not affect latencies but decreased the
amplitudes of far-field potentials. The present results thus provide evi-
dence of involvement of cholinergic mechanisms in modulation of far-field
and cortical auditory evoked responses. (Supported be HIH #HD01823.)

HRP UPTAKE IN GUINEA PIG ORGAN OF CORTI. William E. Brownell, James W.
Fleshman Jr., Marc S. Karlan. Dept.'s of Neuroscience and Surgery (ENT),
Univ. of Florida, Gainesville, Fla., 32610.

Horseradish peroxidase (HRP) dissolved in a modified Ringer's solution
was perfused into the perilymph of guinea pig cochleas. Animals were
placed in a sound-insulated room and either exposed to relatively high
intensity broad-band noise or maintained in silence. Cochlear micro-
phonics were monitored and showed changes of less than 10 dB for up to
two hours post-perfusion as compared to pre-perfusion values. The cochlea
was dissected and surface preparations of the organ of Corti were examined
under phase contrast and darkfield illumination. HRP reaction product
could not be found in the inner hair cells of those animals maintained in
silence but was present in the inner hair cells of sound exposed animals.
While reaction product was routinely found in outer hair cells, its up-
take pattern varied with sound stimulus conditions. The observed HRP up-
take in outer hair cells resembles that of retinal photoreceptors as
described by S.M. Schacher, et. al. (Nature, 249:261, 1974). The results
imply that outer hair cells are synaptically active in the absence of an
acoustic stimulus. Stimulus related change of synaptic activity may re-
flect the modulation of a '"silent current"” across the organ of Corti.
Displacement of the basilar membrane may increase the impedance across
the outer hair cells and shunt the current to inner hair cells causing
increased neurotransmitter release at the inner hair cell- eighth nerve
synapse. This suggests that the relation between outer hair cell synaptic
activity and eighth nerve discharge is reciprocal. (Supported by USPHS
grant 1 RO1 NS 12209-01 to W.E. Brownell and USPHS training grant 5TO1-

NS 05385-14).
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16 THE NEUROBIOLOGY OF THE ACOUSTIC TUBERCLE IN TUPINAMBIS NIGROPUNTATUS.

17

R. Browner and D. Caspary. N.Y. Medical College, Valhalla, N.Y. and
S.I.U. Medical School, Springfield, Illinois.

The cytoarchitecture of the acoustic tubercle (AT) was analyzed
in 14 animals. Brains were stained with cresyl-violet. Golgi Kopsch
impregnations were embedded in Araldite and sectioned in the standard
planes between 40-160.m.

The AT is located in the dorsomedial portion of the medulla.
Nucleus laminaris (NL) occupies the lateral wall of the 4th ventricle.
It contains (20um) fusiform cells with evenly distributed Nissl
substance. There are 2 dendritic trunks, few secondary branches and a
paucity of dendritic spines. Dendritic orientation is dorsomedial to
ventrolateral. Nucleus magnocellularis medialis (NMM), dorsolateral to
NL, contains (15.m) elongate cells, evenly distributed Nissl substance,
with 2-4 dendritic trunks, few secondary branches, and a paucity of
dendritic spines. Nucleus Angularis (NA), rostrolateral to NL and NMM,
have (13-19um) ovoid soma. There are 2-3 dendritic trunks, some
secondary branches and no dendritic spines. NMM and NA have radiate
dendritic fields.

The unit response of 18 neurons to tone burst stimuli was examined
in 20 animals. Glass micropipettes were hydraulically advanced through
the AT. Of 35 neurons studied, a majority show primary-like response
patterns in post-stimulus time histograms while interspike interval
histograms reveal a high degree of frequency following. These units
display low characteristic frequencies (below 1.3 KHZ) with low to
moderate rates of spontaneous and driven activity.

LOCALIZATION OF SOUND IN SPACE BY MONAURAL ANIMALS. John H.
Casseday and William D. Neff. Div. Otolaryngol. and Dept.
Psychol., Duke Univ., Durham, N.C. 27710 and Center for
Neural Sci., Indiana Univ., Bloomington, Ind. u47401.

Cats with one ear destroyed were trained to localize sound
in space in a situation requiring the animals to approach the
source of sound in order to obtain food reward. After abla-
tion of auditory cortex ipsilateral to the intact ear, experi-
mental animals were still able to respond correctly. After
ablation of auditory cortex contralateral to the intact ear,
animals were unable to.make the localization discrimination.
It is suggested that the auditory pathways contralateral to a
given ear carry the information that enables the animal to
identify the ear that is stimulated by sound.
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AFFERENT AUDITORY PATHWAYS INVOLVED IN REFLEX RESPONSES TO
ACOUSTIC STIMULI. Joseph C. Chan. Ctr. for Neural Sci.,
Indiana Univ., Bloomington, Ind. 47401. (SPON: Ilsa
Schwartz)

Startle and orienting responses were tested in unesthe-
tized cats before and after ablation of centers or tran-
section of pathways of the auditory nervous system. Both
reflex responses were present after unilateral or bilateral
ablation of auditory cortexj; the orienting response was less
accurate. Severe deficit in the orienting response occurred
after bilateral transection of the brachium of the inferior
colliculus (BIC). Thresholds for startle responses were
lower after bilateral transection of BIC.

Unilateral transection of the lateral lemniscus (LL) pro-
duced a severe deficit in orienting to sounds in the audi-
tory field contralateral to the side of transection. Bi-
lateral transection of LL abolished the orienting response.
Thresholds for startle responses were lower.

Unilateral transection of the ventral acoustic stria af-
fected orienting responses for sounds in the auditory field
ipsilateral to side of lesion. Transection of the trapezoid
body produced severe deficits in orienting to sounds in both
auditory fields and abolished the startle response.

CHRONIC INTRACOCHLEAR STIMULATION OF DEAF VOLUNTEERS: PITCH MODULATION
AND PARAMETRIC EXPERIMENTS. Donald K. Eddington, Michael G. Mladejovsky*,
Derald R. Brackmann* and Wm. H. Dobelle. Neuroprostheses Program,

Inst. Biomed. Eng., Univ. of Utah, Salt Lake City, UT 84112 and the Ear
Research Institute, Los Angeles, California.

Electrical stimulation of electrodes implanted in the cochlea
(inserted through the round window into the scala tympani) of a
restricted population of the deaf will produce relatively simple audible
perceptions. One bilateral deaf volunteer (congenital) and one
unilateral deaf volunteer (aquired) were implanted with multielectrode
systems connected to a percutaneous pedestal-connector assembly.
Feasibility and methods of chronic implantation with percutaneous leads
are presented. The pitch of the perception elicited by electrical
stimulation may be varied by varying the electrode being stimulated
(place pitch) or by varying the frequency of stimulation at a particular
electrode (periodicity pitch). This pitch modulation data along with
parametric threshold data and some absolute parameter matching data from
the unilateral patient are presented.

WITHDRAWN BY AUTHOR
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21 CORTICO-CORTICAL CONNECTIONS OF THE AUDITORY AREA IN THE OWL MONKEY.
K. A, FitzPatrick and T. J. Imig*. Dept. of Neurophysiology, Waisman
Center, University of Wisconsin, Madison, Wisc. 53706.

Auditory responsive cortex in the owl monkey consists of six fields
which can be distinguished on the basis of cytoarchitecture and physio-
logical mapping experiments (Imig et. al., in press, J. Comp. Neur.).
Two of the cortical areas, the primary field Al and the adjacent rostral
field R, comprise the core of auditory cortex. Cytoarchitectonically
Al and R are similar and each contains a complete frequency representa-
tion. Surrounding these two areas is an auditory belt region made up of
at least four distinct fields, the anterolateral (AL), caudomedial (CM),
posterolateral (PL) and rostromedial (RM) areas. In the present experi-
ments injections of tritiated proline were made into Al and R and the
autoradiographic tracing method was used to determine the connections of
these two areas with each other and with the surrounding fields. The
primary field projects strongly upon R and CM. A moderate projection
was found from Al to RM and PL. Occasionally AL appeared to receive a
projection from Al. The rostral field in turn projects strongly upon
Al and PL. R sends a moderate projection to RM and in some cases grains
were found in AL following injections into R. Thus Al and R are recip-
rocally connected. CM receives a projection only from Al, and PL and RM
receive from both Al and R. AL receives relatively little input from
either Al or R. Both Al and R give rise to commissural projections. R
appears to project upon contralateral auditory cortex through the
anterior commissure, while axons of cells in Al travel to the opposite
cortex in the corpus callosum.

(Supported by Training Grant NB-05326, Program Project Grant NS-06225,
and Core Grant HD-03352)

22 EFFECT OF AUDITORY CORTEX ABLATION ON THE LOCALIZATION AND DISCRIMI-
NATION OF BRIEF SOUNDS. Henry Heffner. Bureau of Child Research,
University of Kansas and Parsons State Hospital, Parsons, KS. 67357

Dogs with lesions in auditory cortex were tested on their ability
first to localize and then to discriminate between brief sounds. In
both tests the animals were required to make a spatial response by
moving to one of two goal boxes located 60 degrees apart and 8 ft
away from a starting position. Though the dogs were unable to
localize either a single click or a 0.5 sec burst of clicks emanat-
ing from Jloud-speakers located in the goal boxes, they were able to
discriminate the presentation of a single click from silence as well
as a 0.3 sec burst of a 100/sec click train from a 0.3 sec burst of
a 10/sec click train. The ability of these animals to make a spatial
response on the basis of sounds whose sources they could not Tlocate
indicates that the observed deficit in sound localization was not due
to an inability to make a spatial response to auditory cues in
general nor to any general impairment in attention or memory for
brief sounds. Instead, these results suggest that the observed
deficit is due, perhaps solely, to an impairment in the ability to
respond on the basis of the locus of sounds.

(Supported by Grant NICHHD 02528, Bureau of Child Research,
University of Kansas)
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EFFECTS OF ACOUSTIC STRESS ON AUDITORY BRAINSTEM POTENTIALS IN THE
C57BL/6J MOUSE. Kenneth R. Henry. Dept. Psychol., University of Calif-
ornia, Davis, CA., 95616,

The volume conducted auditory far field response was measured before,
immediately after, and two days after a 5 minute exposure to 90 db. white
noise., Each component had an immediate increase in latency, and most
subjects maintained a partial increase of latency for at least 2 days.
The auditory nerve component was more severely affected than were later
components, and the latency increase was more pronounced when far fields
were obtained at low sound pressure levels (SPL's) than at high SPL's.
Brainstem latencies recovered less rapidly in 35 day old mice than in
16 day old subjects, with many younger mice developing recruitment of the
central nervous system components, Single gene allelic substitutions at
the albino locus also influenced the development and recovery of the far
field response.

THE PRECEDENCE EFFECT IN YOUNG AND OLD ALBINO RATS. V. Hoeffding* and
J.M. Harrison. Dept. Psychol., Boston Univ., Boston, MA 02215.

Control of responding by the location of paired auditory stimuli (pre-
cedence effect) was studied in youna and old rats. The apparatus was a
wire enclosure with two speakers and levers on opposite walls, a response
key between the speakers, and a dipper feeder. The stimuli were sinale
pairs of clicks of equal intensity produced by 50 msec inputs to the
speakers, separated by time intervals (At's) varying from 15usec to 32
msec. On each trial a response on the lever next to the speaker that
sounded first was reinforced with food. Dearee of control was measured
by the percentage of reinforced responses. For shortft's, the lower
threshold (75% reinforced responses) was between 15 and 30 Msec, and the
upper threshold was approximately 16 msec. Asymptotic levels of more
than 95% were maintained usingat's between 125 msec and 4msec. Data for
at's between 64 msec and 2.048 sec are being collected, as are data for
intensity differences comparable to those which would be found between a
sound source and a natural echo at a given ot; the values of at at which
rats made over 95% correct responses are ones for which naturally occur-
ing intensity differences would be small (averaging less than 5 db).
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25 INTERPRETATION OF THE FAR-FIELD ACOUSTIC RESPONSE: A STUDY OF SINGLE
NEURONS IN THE BRAINSTEM. C.-M. Huang* and J.S. Buchwald (SPON: R.J.
Norman). Dept. Physiol. BRI, Mental Retard. Res. Ctr., Univ. of Calif.,
Los Angeles, Calif., 90024.

Single units in the brainstem auditory nuclei were studied in order
to specify further the anatomy and electrophysiology of cell groups
which contribute to the amplitudes of vertex recorded short latency "far-
field" acoustic evoked responses. In the cochlear nucleus of the cat, a
major subpopulation of short latency (2.5 + 0.2 ms) cells was found in
the ventral cochlear nucleus with precisely the same response latency to
acoustic stimuli -as that of the vertex short latency acoustic response
component 2. Response patterns of these cells within the first 20 ms
were highly predictable from one trial to the next, unlike other cells
in the ventral and dorsal cochlear nucleus. This type of cell also
showed response characteristics, i.e., changes in response latency and
response magnitude, which closely paralleled those of the far-field
acoustic response in terms of effects of stimulus repetition rate,
stimulus intensity and stimulus frequency. These data suggest that such
short latency neurons in the ventral cochlear nucleus may be the
major source of far-field response component 2. This functional cell
type, with a response latency which corresponds precisely to a particular
component of the vertex recorded short latency responses, is presently
being studied in other brainstem auditory nuclei up to and including the
inferior colliculus. The electrophysiology of such brainstem neurons
suggests that within the classical auditory pathway there is a subsystem
of fast-conducting cells whose sequential activation is reflected by the
far-field vertex responses. (This work was supported by USPHS Grant
NS 05437).

26 RELATIONSHIP BETWEEN BINAURAL INTERACTION COLUMNS AND COMMISSURAL
CONNECTIONS OF THE PRIMARY AUDITORY CORTICAL FIELDS (Al) IN THE CAT.
T. J. Imig* and J. F. Brugge. Dept. Neurophysiol. and Waisman Ctr. on
Mental Retardation, Univ. Wis., Madison, WI 53706.

Tritiated [PH]-proline or horseradish peroxidase (HRP) was injected
into the high-frequency representation of Al. Within Al opposite the
hemisphere receiving large injections of HRP, labeled cells group in clus
ters in layer Ill. A few labeled cells are located deep in the cortex.
As the result of large injections of [3H]-proline into Al, there appears
in sections prepared for autoradiography a dense accumulation of silver
grains over the caudal one third of the corpus callosum extending to with
in about 2mm of its tip. Silver grains are not evenly distributed over
Al contralateral to the injection site. They aggregate into a series of
vertical bands oriented perpendicular to the cortical surface. Except
for a narrow band at the IV-V border, layers IV and V are sparsely la-
beled compared to the other laminae. Neurons within this region of Al
are sensitive to binaural stimulation; a single type of binaural inter-
action predominates among neurons located within a vertical column. Bin-
aural interaction columns were mapped in Al of the hemisphere opposite
the one receiving injection of HRP or [3H]-proline. Borders of physiol-
ogical columns correspond closely with borders of vertical columns formed
by silver grains in autoradiographs. Columns characterized by cells
whose responses to binaural stimulation are greater than responses to
stimulation of either ear alone are relatively densely populated with
silver grains and HRP-positive cells. Columns characterized by neurons
whose responses to contralateral stimulation are suppressed by stimula-
tion of the ipsilateral ear are relatively devoid of silver grains and
HRP-positive cells. (NS05326)
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27 ELECTROPHYSIOLOGICAL PROPERTIES OF MIDDLE EAR AND LARYNGEAL MUSCLES IN
LITTLE BROWN BATS. Philip H-S. Jen and Nubuo Suga* Division of Biolo-
gical Sciences, University of Missouri, Columbia, Missouri 65201 and
Department of Biology, Washington University, St. Louis, Missouri 63130.

In little brown bats (Myotis lucifugus), both the middle-ear and
laryngeal muscles are highly developed. The large middle-ear muscles
are powerful in controlling the transmission of the sound energy across
the ossicular chain and the hypertrophied laryngeal muscle is related
with the emission of ultrasonic signals. When the bat emits orientation
sounds, action potentials of middle-ear muscles appear approximately 3
milliseconds after those of the laryngeal muscle; this activity of
middle-ear muscles attenuates the vocal self-stimulation and improves

"~ the performance of the echolocation system. When an acoustic stimulus
is delivered, both types of muscles contract; action potentials of
laryngeal muscles appear approximately 3 milliseconds after those of
the middle-ear muscles. The activity of acoustic laryngeal muscle
reflex may act as a negative feedback loop to stabilize the operation
of the vocalization system. Since these two groups of muscles discharge
action potentials prior to the vocalization as well as during the acous-
tic stimulus, both muscles are apparently activated in a coordinated
manner not only by the nerve impulses from the vocalization system, but
also by those from the auditory system. (Work supported by NSF).

28 ASCENDING AUDITORY PATHWAYS TO INFERIOR COLLICULUS IN
THE TREE SHREW., Doyle R. Jones* (SPON: James Coleman).
Depts. Psych., and Surgery, Duke Univ.,, Durham, N,C, 27706

In order to determine whether projections of the subdivisions of
the cochlear nucleus (CN) and superior olivary complex (SOC) con-
verge or remain separate at the central nucleus of the inferior
colliculus (ICc), small injections of horseradish peroxidase were
made in the ICc of the tree shrew. After injections in the center
of ICc, labeled cells were found in medial superior olive (MSO)
ipsilateral to the injection, lateral superior olive bilaterally, dorsal
CN bilaterally, and ventral CN contralateral to the injection. After
injections at the borders of ICc, only some subdivisions within CN
and SOC contained labeled cells. This result suggests that some of
these subdivisions have targets in ICc that do not overlap with the
targets of other subdivisions. Further evidence shows that targets
of other subdivisions do overlap. For example, the presence of
labeled cells in MSO was always accompanied by the presence of
labeled cells in anteroventral CN; the absence of labeled cells in
MSO was always accompanied by the absence of labeled cells in
anteroventral CN. This evidence suggests that these two subdivi-
sions have a common target in ICc.

(This research was supported by NIH Grant NS 12322)
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29 INPUTS TO CAT COCHLEAR NUCLEUS SEEN WITH HORSERADISH PEROXIDASE (HRP).

30

Eileen S. Kane. Dept. Anat., Univ. of Chicago, Chicago, I1l. 60637.

HRP was injected unilaterally into the caudal cochlear nuclei of over
20 adult cats. After 12-72 hours, cats were intracardially perfused with
weak aldehydes, brains removed, and brain stem blocks infiltrated with
30% sucrose. Frozen sections (40um), incubated in 1-2% diaminobenzidine,
were studied for granule-filled neurons in other auditory areas, other
cochlear nucleus regions, and other brain stem nuclei (control areas).
Cases of most interest involved injections of just the octopus cell area
(OCA) or just the dorsal cochlear nucleus (DCN). After the former injec-
tions, medium-sized (about 15-20um), ovoid neurons of ipsilateral dorsal
and ventral lateral periolivary areas of the superior olivary complex
(SOC) contained reaction product. Contralaterally, multipolar cells of
dorsomedial periolivary areas stained. No reacting neurons were seen in
the main SOC nuclei of either side, or in higher auditory nuclei after
just OCA injections; axons of the trapezoid body (TB) were stained. OCA
injections also showed projections from both anterior regions of the coch-
lear nucleus and from DCN. After DCN injections, neurons of the dorsal
and ventral nuclei of the lateral lemniscus reacted bilaterally. These
cells were about 20-25um in length; some looked multipolar. Occasional
cells of the contralateral inferior colliculus contained granules. No
cells of the SOC reacted after DCN injections. In combined injections of
OCA and DCN, a summation of reacting neurons appeared (periolivary cells,
nuclei of lateral lemniscus and posterior colliculus). Injections of
more anterior PVCN regions showed reacting cells in the hilus of the
lateral SOC nucleus. Thus, our results with HRP confirmed lesion
studies that deep DCN and OCA receive scanty and fairly proximal descend-
ing projections. (Supported by Deafness Res. Fdn. and USPHS Grants
NS 12071 and NS 00008 (RCDA) to the author).

PROJECTIONS OF FIELD L IN THE CANARY, Serinus canarius - AN
AUTORADIOGRAPHIC STUDY. Darcy B. Kelley and Fernando Nottebohm.
The Rockefeller University, New York, N.Y. 10021

Auditory experience plays an important role in the vocal development of
oscine songbirds. While we have recently demonstrated an efferent CNS
pathway controlling song in the canary (Nottebohm et al., 1976), the
anatomical connections with afferent auditory areas have not been estab-
1ished. Projections of an auditory telencephalic area, field L of Rose,
were therefore investigated using the technique of amino acid autoradiog-
raphy. Five to 20 nanoliters of tritiated leucine (100 uCi/ul) were
injected stereotaxically into field L and the adjacent neostriatum using
a tapered microsyringe or glass micropipette. Birds were sacrificed after
24 or 48 hours, perfused, the brains embedded in paraffin and processed
using standard autoradiographic techniques. Slides were exposed for 1, &
or 12 weeks. Injection sites did not invade the caudal hyperstriatum or
paleostriatum. All projections noted to date have been ipsilateral.
Immediately caudal to the injection site, light labelling of nucleus
ovoidalis was seen. Label was also seen in a restricted zone at the
medial and ventral borders of the hyperstriatum ventrale pars caudale
(HV.), posterior to field L. More caudally, labelled fibers turned
ventrally to travel through the archistriatum, collecting in a compact
bundle among the medial fibers of the tractus occipitomesencephalicus.
These labelled fibers could be seen outlining the anterior and ventral
borders of nucleus robustus archistriatalis (RA). Nucleus ovoidalis is
the thalamic auditory relay nucleus to field L. Both HV. and RA are
involved in the motor control of canary song.
(Supported by NIH grant MH-28083).
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CELLULAR LOCALIZATION OF*ADENYLATE CYCLASE ACTIVITY IN THE GUINEA PIG
COCHLEA. Thomas P. Kerr” and Jochen Schacht. Kresge Hearing Research
Institute, University of Michigan Medical School, Ann Arbor, MI. 48109.
Structures of the cochlear duct were isolated by low-temperature mi-
crodissection, and then incubated with the specific substrate adenylyl
imidodiphosphate (AMP-PNP) to demonstrate its enzymatic conversion to
cyclic AMP and imidodiphosphate (PNP). For biochemical analysis, coch-
lear tissues were separated into: a) organ of Corti and spiral limbus; b)
lateral wall (stria vascularis, spiral prominence and spiral ligament);
and c¢) myelinated axons of the cochlear nerve taken from the modiolus.
Cyclic AMP formed during incubation of homogenates was assayed by protein
binding. Highest activity was found in the cochlear nerve and the Corti/
limbus preparations, and the enzyme was present also in the lateral wall.
Initial incubations for cytochemical localization of adenylate cyclase

" were performed with glutaraldehyde (G) prefixation, and lead ion (Pbtt)

in the incubation medium (Howell and Whitfield, J. Histochem. Cytochem.
20, 873, 1972) to form a PbH-PNP reaction product visible under the elec-
tron microscope. With this procedure, reaction product was restricted
to epithelial cells of the spiral limbus and inner sulcus. Since G and
Pb™" may cause enzyme inhibition, other incubations were performed usin
mild formaldehyde (F) fixation, and strontium ion (Sr*¥) in place of Pb
(Ernst, J. Histochem. Cytochem. 20, 13 and 23, 1972). 1In F/Pbtt and
F/sctt preparations, a wider distribution of reaction product was found:
it extended to the sensory and supporting cells on the hair-bearing sur-
face of the organ of Corti, and to the spiral vessels beneath it. In
the lateral wall, reaction product was visualized on marginal and basal
cells of stria vascularis, and on spiral prominence epithelium, as well
as in the capillaries of the spiral prominence and ligament. (Supported
E¥1§Iy Program Project Grant No. 05785 and NIEHS contract No. NO.-ES-2-

SPATIOTEMPORAL PATTERNS OF PRIMARY AND DISTORTION COMPONENTS OF COCHLEAR
RESPONSES TO PHASE-LOCKED TWO TONES. D.O. Kim and C.E. Molnar,
Washington University, St. Louis, Mo. 63110.

Using phase-locked two tones fj and fj (fl<f2), spatiotemporal patterns
of cochlear responses at primary stimulus frequencies and at inter-
modulation distortion frequencies are measured from Fourier series
representations of period histograms of many (up to 340) single cochlear
nerve fibers of various characteristic frequencies in individual cats.
Spatial patterns of two-tone suppression show that fj component is
suppressed over a region with strong fy component, and vice versa. .We
have observed that the distortion products (fz-f1) and (2f;-f)) are
most prominent and display spatial distributions of both amplitude and
phase which are very similar to those of an externally applied single
tone of the same frequency over a region near the characteristic place
involved. This similarity strongly suggests that the distortion products
are mechanically propagated along the basilar membrane. With f3/f1 = 3/2
so that (f2-f;) = (2f;-f)) = 0.5f;, we have observed that both the
amplitude and phase of the distortion product at 0.5f; go through
pronounced variations with changes in the input phase relationship,
analogous to the psychophysical observations of Hall [J. Acoust. Soc.
Amer. 51: p 1872]. This monaural phase effect with two frequencies is
interpreted to be interactions of mechanically present (f;-fj) and
(2f1-f3) components whose amplitudes are comparable but with phases
changing in opposite direction with the input phase variation.
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33 TOPOGRAPHICAL FREQUENCY REPRESENTATION IN THE TELEOSTEAN MIDBRAIN.
Eric. I. Knudsen. Dept. Neurosci., Sch. Med., UCSD, San Diego, CA 92093

A prominent feature of neurophysiological organization in the midbrain
acousticolateral area of mammals, birds and reptiles is the orderly pro-
gression of unit tuning properties with dorsoventral unit depth. A single
unit study on the midbrain acousticolateral area (the torus semicircularis)
in catfish revealed an analogous functional organization.

A major input to the torus semicircularis arises from a subpopulation
of lateral-line receptors, which detect low frequency (<50 Hz) electric
fields. These electroreceptors are distributed over the entire body sur-
face and exhibit relatively uniform frequency tuning to 3-7 Hz fields.
Interestingly, electroreceptive units in the torus semicircularis are
tuned to various frequencies ranging from 0.5 to 15 Hz fields. In this
study frequency tuning properties were correlated with unit depth. Fre-
quency tuning was measured in terms of frequency-threshold and best fre-
quency (the frequency to which the unit responds with the greatest number
of spikes). Unit depth was measured from the dorsal surface of the torus
semicircularis. Frequency-threshold curves show a gradual transition from
low pass (10 db cutoff = 3-10 Hz) to band pass (centered at 8-15 Hz) types
with dorsoventral depth. Analysis of unit best frequencies corroborates
these data. Electrode tracks made at the optimal angle of 25° from the
sagital plane encountered units which progressed in best frequency at an
average rate of 5.5 Hz/100 um (calculated by a linear regression on a
cartesian plot of 48 points, r = .760). Although the correlation of unit
tuning with unit depth is perhaps not as strong as it is in higher ver-
brates, it is significant that such a topographical frequency representa-
tion has been generated entirely by neural processing of input from a
homogeneous population of receptors, without reference to a spatial
separation of frequencies 1ike that provided by the cochlea.

34 HISTOCHEMICAL STAINING FOR GAMMA-AMINOBUTYRIC ACID TRANSAMINASE (GABA-T)
IN THE COCHLEAR NUCLEI, SUPERIOR OLIVARY COMPLEX, AND CEREBELLAR CORTEX.
D.K. Morest and J.C. Adams. Laboratory of Neuro-otolaryngology, NINCDS,
NIH, Bethesda, MD. 20014

The hindbrain of guinea pigs was stained for GABA-T with Van Gelder's
method (J Neurochem 12: 231, 1965). In the cochlear nuclei, cell bodies
with a preponderance of primary auditory input stained heavily. Regions
with less primary input, compared to that of their central connections,
showed staining mainly in the neuropil. In each cytoarchitectonic subdivi-
sion of the ventral cochlear nucleus many somata, corresponding to one or
more of the large neuronal types of Brawer et al (J Comp Neur 155: 251,
1974), were stained; little of the neuropil stained except in the exter-
nal granular layer. In the dorsal cochlear nucleus the neuropil (inclu-
ding the glomeruli) was extensively stained, especially in the molecular
layer; some cell bodies stained lightly. In the olivary complex, cell
bodies stained heavily in the ventral and medial nuclei of the trapezoid
body, moderately in the dorsomedial periolivary nucleus, less so in the
lateral superior olive, and not at all in the medial superior olive. The
neuropil stained only in the lateral superior olive and ‘the ventral nuc-
leus of the trapezoid body.In the cerebellar cortex there was intense
staining of the axonal plexus in regions where putative GABAminergic axons
terminate. The present observations suggest that some GABA-T may occur in
axonal endings. Comparison of histochemical staining for GABA-T with
assays for glutamate decarboxylase (GAD) levels (Wenthold and Morest,
Neurosci Abstracts, 1976) suggests that there are relatively high GAD
levels in regions of dense neuropil staining. However, high GAD levels
can also occur in regions where no GABA-T staining of neuropil or cell
bodies was found.
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DIFFERENTIAL, INTRACOCHLEAR RECORDING OF THE COCHLEAR MICROPHONIC IN
PIGEON. Martha G. Pierson* (SPON: M.L. Wiederhold). Northwestern
University, Evanston, IL 60201.

Using tone bursts as stimuli, the auditory receptor potential, the
cochlear microphonic (CM), was characte ized as a function of stimulus
frequency and intensity in the pigeon. A differential electrode tech-
nique allowed an isolation of response from a limited portion of the
cochlea. .

At low input levels, the pigeon's CM was found to exhibit simple
linearity as a function of stimulus strength. The low level CM also
exhibits fidelity with respect to the middle ear transfer function as a
function of frequency. At high input levels the CM becomes nonlinear,
exhibiting saturation in response to sufficiently intense signals. And,
at higher input levels, the pigeon's CM shows a prominent nonlinearity
centered at the characteristic frequency of the electrodes.

These behaviors are largely consistent with the mammalian CM. . However
within the context of avian auditory function, one facet of these
results is particularly surprising. Generally, it is assumed that coch-
lear and retrocochlear sensitivity is determined by the middle ear. As
expected, the CM measured in this study reflects the avian middle ear
properties. However, behavioral and neural frequency response functions
of the pigeon are inordinately insensitive at low frequencies according
to other studies. It is probably not coincidental that the apex (the
low frequency region) of the avian cochlear consists exclusively of a
primitive type of hair cell, the so-called "tall hair cell" whereas the
basal avian cochlea through evolution has added a second type of
receptor cell, the "short hair cell." It is suggested that those avian
receptor cells which transduce low frequency stimuli (tall hair cells)
are physiologically less sensitive than short hair cells.

UNIT RESPONSES FROM THE COCHLEAR NUCLEI OF THE RED-WINGED BLACKBIRD. M. B.
Sachs and J. M. Sinnott*, Dept. of Biomedical Engineering, Johns Hopkins
School of Medicine, Baltimore, Md. 21205.

Responses to sound stimuli have been recorded from cells in nucleus ang-
ularis and nucleus magnocellularis of the anesthetized red-winged black-
bird (Agelaius Phoeniceus). This paper will be concerned with responses
to pure tone-burst stimuli. Response patterns were characterized by their
post stimulus time (PST) histograms. The form of these histograms for one
cell could vary with the frequency and/or scund level of the tone bursts.
For most cells frequencies near the characteristic frequency produced an
increase in discharge rate. Although PST histograms for CF tones were
often similar to those of auditory-nerve fibers (i.e., a maintained in-
crease in discharge rate), many cells exhibited more complex patterns,
including "on", "pauser", and "buildup" types. Bands of frequencies which
caused inhibition of spontaneous activity were often present on either
side of CF. Two cells showed inhibitory responses for tones of all fre-
quencies. Electrode locations were determined histologically so that re-
cordings could be associated with either nucleus angularis or magno-
cellularis. . Responses from these nuclei will be compared with those from
the mammalian dorsal and ventral cochlear nuclei. [Supported by NIH
Grant No. 5 ROl NS 12112 and AFOSR Contract No. F 44620-71-C-0024.]
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FAR FIELD RECORDING OF THE COCHLEAR MICROPHONIC TO PURE TONES FROM THE
SCALP OF ANIMALS. Vincent L. Schwent*and Don L. Jewett. Dept. Ortho.
Surg., Sch. Med., UCSF, San Francisco, CA. 94143.

Using a modification to our signal averaging equipment, we have been
able to record precise, clearly measurable cochlear microphonic (CM) wave-
forms from the scalp of cats and rats using skin-placed needle electrodes,
continuous tone auditory stimuli, repetition rates up to 6000 sweeps per
second and sweep durations as short as 150 usec, Averaged CM responses
have been recorded in the range of tone frequencies from 0.1 KHz to
12 KHz. To establish that the waveforms recorded were CM and not elec-
trical or mechanical artifacts or contaminated with neural responses,

a variety of control procedures were performed. Simultaneous recordings
from the scalp and directly from the round window produced identical
waveforms, even for complex, non-sinusoidal stimuli, thereby establishing
the cochlear origin of the scalp recorded potentials. The broad fre-
quency response and the stimulus-intensity: response-amplitude relation-
ship of the scalp recordings were characteristic of the CM and further
ruled out neural contamination. The absence of a response when the
stimulus conduction pathway to the ear was mechanically blocked and the
disappearance of the response with the death of the cochlea provide
additional evidence against electrical or mechanical artifacts. This
scalp recorded CM could be developed as an objective, frequency-specific
measure of cochlear function in intact animals and humans.

Supported by NIH Grant HD 07991

ULTRASTRUCTURE OF SYNAPTIC PROFILES IN THE DEVELOPING ORGAN OF CORTI IN
CULTURE. G.L.Scott*H.M. Sobkowicz,B.Bereman*and J.E. Rose* Depts. of Anat.,
Neurol., and Neurophysiol., Univ. of Wisconsin, Madison, Wis. 53706.

It was reported previously that the organ of Corti of a newborn mouse
can be maintained for some time in culture (J.Neurocytol., 1975,4:543).
Preservation of the fiber pattern and its further development in culture,
observed in silver preparations, suggested an electronmicroscopical ex-
amination of the material. The main objective was to determine whether
and in what form synaptic contacts are present in a cultured organ of
Corti when all its central connections are severed. 23 explants which
were maintained in culture from 1 to 22 days were prepared for ultra-
structural studies. The neuronal, sensory and supporting cells show a
remarkably well preserved structural organization. Nerve endings are
usually seen in contact with the hair cells, though in younger cultures
their number appears to decrease in the second and third row of outer
hair cells. The length of the membrane apposition between a single pro-
file of a nerve fiber and a hair cell varies. Contact between a nerve
fiber and a sensory cell may exist in the following forms: 1) apposition
of the two membranes without thickening 2) apposition of the membranes
accompanied by a localized membrane density on either the presynaptic or
the postsynaptic side 3) cleft with asymmetrical membrane thickenings
4) classical synaptic ribbon surrounded by a crown of vesicles. The sites
of membrane specializations contain a variety of vesicles which may be
present at both the presynaptic and the postsynaptic sites, or only at
the presynaptic location. Clear-center synaptic vesicles as well as dense
core and coated vesicles are present. In addition, large vesicles,in for-
mations that resemble growing tips of nerve fibers, are seen occasionally
near the basal portions of the hair cells. To what extent some synaptic
profiles develop in culture will be discussed.
Supported by NIH grants NS12732 and NS08626.
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RESPONSE OF SINGLE AUDITORY NEURONS TO WEAK, PULSED MICROWAVE RADIATION.
Ronald L. Seaman* and Robert M. Lebovitz, Dept. of Physiology, University
of Texas Health Science Center, Dallas, Texas 75235.

Human observers experience auditory sensations when they are exposed
to pulsed microwave radiation (MWR) at average incident power densities
much below those permissible under present U.S. safety guidelines.

Using cats under barbiturate anesthesia, we have investigated the
response of single eighth nerve fibers and of single neurons of the coch-
lear nuclei to low level pulsed microwave radiation (MWR). MWR at 918
MHz was delivered to the animal via an applicator-antenna oriented
towards the posterolateral aspect of the skull. The average incident
power density never exceeded 250 UW/cm2, whereas the current U.S. safety
standard is 10 mW/cm?. The responses of single units to the MWR were
compared with their responses to acoustic click stimuli delivered via a
pulse driven earphone inserted in one hollow ear bar of the stereotaxic
apparatus. With appropriate controls to preclude electrical or mechani-
cal artifacts and utilizing MWR pulses of 25 uJ/cm® or less, a distinct
effect on single cells of the auditory system could be demonstrated.
Effects on single cell discharge could be observed in response to MWR
pulse energies as low as 5 uJ/cmz. Examination of the acoustic click
response of such MWR responsive cells indicated that in most instances
an acoustic equivalent to the MWR pulse could be defined. These data
suggest that MWR induced audition includes a component derived from
displacement of the basilar membrane. Classical mechanical stimulation
by bone-conducted acoustic energy derived from the microwave energy
seems a likely explanation for this effect, although more complex modes
of interaction of the MWR with the inner ear are also suggested. (Support-
ed by DHEW Grant FD-00661 to RML)

ADAPTATION, .SATURATION, AND DYNAMIC RANGE OF SINGLE AUDITORY NERVE FIBERS.
Robert L. Smith. Institute for Sensory Research, Syracuse University,
Syracuse, NY 13210.

The operating range of the auditory system approaches 120 dB whereas the
apparent dynamic range of single auditory nerve fibers is generally below
40 dB. It could be possible to reconcile this discrepancy if the actual
operating range of a unit shifted according to its state of adaptation.

To test this possibility, responses were obtained from single auditory
nerve units of anesthetized Mongolian gerbils and guinea pigs. Signals
were tone bursts at the units' characteristic frequencies (CF) and were
applied during or after CF adapting tones. The firing rates produced by
the signals were averaged over 10- or 40-msec intervals. Adapting dur-
ations were up to 300 msec and intensities were within 60 dB of the units'
thresholds.

A general finding was that the operating range of a unit was not in-~
fluenced by adaptation and was always limited by the same peripheral sat-
uration. For example, both adapted and unadapted rate-intensity functions
asymptotically approached saturation values over the same range of sound-
intensity levels. Adaptation produced only a subtractive shift along the
firing-rate coordinate. In addition, the single-unit responses did not
behave according to Weber's Law. To explain, when a signal was superim-
posed on an adapting background, the response to the signal decreased
drastically at high background intensities even though the signal energy
was increased in proportion to the background energy. Hence, to the ex-
tent that auditory information is encoded by changes in the overall firing
rate, the short-term adaptation investigated does not produce shifts in
sensitivity and extend the operating ranges of auditory nerve fibers.
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41 AN EXPERIMENTAL DEMONSTRATION OF POLARITY-OPPOSITION BETWEEN INNER AND
OUTER HAIR CELLS IN THE COCHLEA. W. G. Sokolich* and J. J. Zwislocki
(SPON: D. A. Robinson). Institute for Sensory Research, Syracuse
University, Syracuse, NY 13210.

The time-locked responses of auditory-nerve fibers to low-frequency
trapezoidal deflections of the basilar membrane contain both velocity and
displacement components. The polarities of both response components de-
pend solely, and in a systematic way, upon the fiber's most-sensitive or
"characteristic" frequency (CF). The only simple way we could reconcile
the observed polarity reversals with the known pattern of afferent in-
nervation and with the homogeneous morphological polarization of the
cochlear hair cells was to assume that they resulted from the incomplete
cancellation of two opposing inputs. Whereas the input from inner hair
cells was assumed to provide excitation (inhibition), the input from
outer hair cells was assumed to provide inhibition (excitation) during
deflection of the basilar membrane toward scala vestibuli (tympani). To
test the polarity-opposition hypothesis we recorded the responses of aud-
itory-nerve fibers to the trapezoidal stimulus in kanamycin-treated
Mongolian gerbils. Their cochleas were subsequently examined and found
to contain full complements of inner hair cells in some cochlear regions
highly depleted of outer hair cells. In accordance with the predictions
of the model, the responses of fibers associated with these regions were
abnormal and showed unidirectional inhibition (excitation) during short-
term sustained displacement and/or motion of the basilar membrane toward
scala tympani (vestibuli). Furthermore, the responses of fibers asso-
ciated with cochlear regions containing full complements of both hair-
cell populations were either abnormal and scala-tympani excitatory or
were normal.

42 RESPONSE CHARACTERISTICS OF CAT AUDITORY NEURONS LOCATED WITHIN THE
DORSAL PERIOLIVARY CELL GROUPS. Chiyeko Tsuchitani, Sensory Sciences
Center, Graduate School of Biomedical Sciences, University of Texas
Health Sciences Center at Houston, Houston, Texas 77030. :

Single unit discharge were recorded extracellularly with stainless
steel microelectrodes from auditory units located dorsal to the lateral
and medial superior olives. Stimuli consisted of monaurally or binaur-
ally presented tone bursts. The response measures obtained were: effec-
tive ear, nature of effect, stimulus frequency representation, maximum
output, latency of response, and temporal pattern of discharges. The
Tocation of the unit studied or the end of the electrode tract and the
MSO cell layer were marked with electrolytic deposits of iron from the
recording electrode. Following an experiment the locations of units
studied were determined histologically. Most of the periolivary units
located dorsal to the lateral superior olive (the dorsal and dorsolateral
periolivary nuclei) were excited by stimulation of the ipsilateral ear
and unaffected by stimulation of the contralateral ear. These units
were narrowly tuned and produced low discharge rates. They responded
with long latencies to tone burst stimuli and exhibited large shifts in
latency with increases in stimulus level. They produced chopper type
PST histograms to CF tone burst stimuli that had wide peaks and long
interpeak periods. Many of these sustained chopper PST histograms also
contained a pause period between the first and second peaks. Most units
Jocated dorsal to the medial superior olive (dorsomedial periolivary
nucleus) were affected by stimulation of the contralateral ear, while
fewer were affected by stimulation of the ipsilateral ear. The responses
elicited by contralateral stimulatton were varied. These units tend to
be widely tuned and respond with long latencies. Supported by NINCDS
Research Grant.
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TRANSMITTER RELATED ENZYMES IN THE GUINEA PIG COCHLEAR NUCLEUS. R. J.
Wenthold and D. K. Morest. Laboratory of Neuro-otolaryngology, NINCDS,
NIH, Bethesda, Md. 20014.

The guinea pig cochlear nucleus and auditory nerve were analyzed for
choline acetyltransferase (ChAc), glutamate decarboxylase (GAD), and
tyrosine hydroxylase (TH). The auditory nerve was low in all three
enzymes with ChAc = 1.7 pmoles acetylcholine formed/min/mg protein,

GAD = 0.08 nmoles GABA formed/min/mg protein and TH = 1.0 pmoles DOPA
formed/min/mg protein. Specific activities of ChAc, GAD and TH were
determined for whole cochlear nucleus after unilateral cochlear
ablation. Enzyme levels did not decrease significantly in the cochlear
nucleus on the lesioned side compared to the unlesioned side at two,
four or six weeks after the lesion was made. Glutamic acid and
aspartic acid decreased in the cochlear nucleus after cochlear ablation.
For analyzing the distribution of ChAc and GAD within the cochlear
nucleus, anesthetized animals were perfused with cold 0.12M sodium
phosphate (pH 7.3) and the brain stem removed and sectioned at 200um.
Cytoarchitectonic subdivisions corresponding to those described b
Brawer et al. (J. Comp. Neur. 155: 251, 1974) were dissected at 4°C,
homogenized and assayed for ChAc, GAD and protein. ChAc and GAD were
distributed throughout the cochlear nucleus with highest specific
activity for ChAc in the granular layer of the anteroventral cochlear
nucleus and for GAD in the molecular-fusiform layers of the dorsal
cochlear nucleus. The data suggest it is unlikely that acetylcholine,
GABA or a catecholamine is a transmitter between the auditory nerve
and the cochlear nucleus. The distribution patterns of ChAc and GAD
in the cochlear nucleus may be related to specific types of axons
projecting from central regions.

RELATIONSHIP OF ACOUSTIC INTENSITY TO AUDITORY RESPONSE CHARACTERISTICS
OF NEURONS IN THE MOUSE INFERIOR COLLICULUS, James F. Willott, Leo M.
Chalupa, and Kenneth R, Henry. Dept. Psychol., UC Davis, CA. 95616.

Extracellular recordings were obtained from single units in the central
(ventrolateral) nuclei of the inferior colliculi of lightly anesthetized
C57BL/6J mice. Pure tones and white noise bursts were presented to the
contralateral ear in a calibrated closed system. Frequency specificity
and tonotopic organization were determined, but particular attention was
given to response properties as a function of stimulus intensity (I). In-
put-output (intensity-spike count) functions of 3 notable types were ob-
served: 1, Discharge rates increased monotonically for considerable in-
creases (up to 50 dB) in suprathreshold I before levelling-off or decreas-
ing; 2. Discharge rates were unaffected over broad ranges of suprathresh-
old T (up to 50 dB); 3. Maximum discharge rates were reached within 5 dB
of threshold before levelling-off or decreasing. Some units of the latter
type were remarkably sensitive to small I changes, going from no evoked
activity to vigorous responding with increments of 1-3 dB. Different fre-
quencies often resulted in differently shaped input-output functions for
the same unit,

PST histograms revealed several types of discharge patterns which have
been observed in other species: transient onset, off, "primarylike" sus-
tained, and onset-''pause''-sustained. The effects of acoustic I upon dis-
charge patterns were of 2 kinds. 1, The same pattern was maintained for a
broad I range, and the overall rate changed in accord with one of the 3
types of input-output functions. 2, The response pattern changed from one
type to another as a function of I, This often occurred when short lat-
ency (onset) and longer latency components of the discharge pattern varied
independently as I was varied, with the 2 components simultaneously show-
ing different types of input-output functions,
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45 PROJECTIONS TO THE INFERIOR COLLICULUS IN THE ECHOLOCAT-
ING BAT, Pteronotus parnellii parnellii., John M. Zook* and J. H.
Casseday. Depts. of Psychology and Surgery, Duke U,, Durham, N, C,

In echolocating species of bats, auditory areas of the brain are unusu-
ally hypertrophied and often distorted, so that it is difficult to recognize
which structures are homologous to auditory structures in other mam-
mals. In this study auditory areas of lower brain stem and cortex of
P. p. parnellii were identified by the method of retrograde transport of
horseradish peroxidase (HRP). Small amounts (.01 to .02 ul) of HRP
were injected into the inferior colliculus via micropipettes. In the
superior olivary complex three conspicuous nuclei were seen: a lateral
nucleus which contained labeled cells bilaterally, a dorsomedial nucleus
which contained labeled cells ipsilateral to the injection, and a medial
nucleus within the trapezoid body which did not contain labeled cells.
Comparison with results after injection of HRP in inferior colliculus in
other mammals suggests the hypothesis that these nuclei are homologous
to lateral superior olive, medial superior olive, and medial nucleus of
the trapezoid body. Cells in the dorsal part of the lateral lemniscus
were labeled bilaterally; cells in the ventral part, ipsilaterally. Label-
ed cells were found in all three subdivisions of the cochlear nucleus
contralateral to the injection site., Labeled cells in the cortex were re-
stricted to layer V and were found in a relatively large, although cir-
cumscribed, area of temporal cortex ipsilateral to the injection. Single
units which respond to sound have been found in a closely corresponding
area of cortex in the bat, Myotis lucifugus (Suga, J. Physiol., 181: 673,
1965). Supported by NIH grant NS 12322.
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NEURONAL UPTAKE OF PEROXIDASE INJECTED INTO BLOOD OR CEREBRAL VENTRICLES.
Richard D. Broadwell and M. W. Brightman*. NIH, Bethesda, MD 20014,

After intravenous injection or ventriculo-cisternal perfusion of
horseradish peroxidase (HRP) in mice, uptake of the protein by intact
terminals versus undamaged neuronal perikarya and the subsequent fate of
the HRP within the cell have been investigated by light and electron mi-
croscopy. Within 2 hrs. of vascular infusion, HRP crosses permeable cap-
illaries in the median eminence, neurohypophysis and area postrema to
fi1l the extracellular clefts in and around the hypothalamic arcuate and
ventromedial nuclei and the X and XII cranial nerve nuclei in the medul-
la. Neurosecretory axon terminals in the neurohypophysis and median emi-
nence incorporate HRP into pinocytotic and synaptic vesicles. Profiles
of smooth endoplasmic reticulum in a few terminals likewise contain per-
oxidase. By 8-12 hrs. post-injection, somata in the hypothalamic neuro-
secretory arcuate, supraoptic and paraventricular nuclei and in brain
stem cranial nerve nuclei contain HRP-positive granules, presumably as a
result of retrograde axoplasmic transport of the protein from their axon
terminals. Labeling of somata in the XII and arcuate nuclei is not as
evident in electron micrographs. In thin plastic sections, perikarya in
the hypoglossal nucleus of non-injected, control mice contain an average
of 20 dense bodies per section. Thus, the only certain sign of HRP-la-
beling of cell bodies is not the many pre-existing dense bodies but
rather bits of dense, smooth endoplasmic reticulum and vacuoles or multi-
vesicular bodies rimmed with reaction product. Almost invariably, la-
beled multivesicular bodies are close to or continuous with labeled tubu-
lar profiles of endoplasmic reticulum.

In order to assess the fate of HRP within the cell body of a damaged
neuron, peroxidase was injected intravenously and 12 hrs. later, when
both hypoglossal nuclei are densely labeled, one hypoglossal nerve was
ligated. Twelve additional hours after ligation the brains were fixed.
The somata on the ligated side contain far fewer HRP granules than do
those on the opposite, uninjured side; therefore, in neuronal somata with
crushed axons there is a heightened enzymatic degradation of HRP. Any
protein that may have been pinocytosed directly by these somata would al-
so be expected to be rapidly degraded. To determine whether appreciable
amounts of protein are incorporated directly by undamaged cell bodies,
0.01-0.04ml of a 10% solution of HRP was perfused into a lateral cerebral
ventricle. Four hours later, extracellular clefts throughout the brain
contain HRP reaction product. When viewed with dark field microscopy so-
mata of the X nucleus appear labeled but those of the XII nucleus contain
few if any granules that exceed those in uninjected controls. In elec-
tronmicrographs, only a few vacuoles and multivesicular bodies in somata
of the XII nucleus are HRP positive. By 12-24 hrs. post-injection, all
perikarya in the brain, excluding those of the cranial motor nerve nu-
clei, are labeled. The scant labeling of somata in hypoglossal and pos-
sibly in other cranial motoneurons after ventricular infusion may be due
to a low level of endocytosis, a rapid enzymatic degradation, and the an-
terograde transport of protein out of the cell body. Somata of the X
nerve nucleus are more heavily labeled at 12 hrs. than at 4 hrs. Con-
ceivably, axon collaterals from the X nerve may project to the area pos-
trema and would therefore be bathed by HRP diffusing from the fourth ven-
tricle. These perikarya would then receive most of their protein from
terminals rather than by cell body uptake. The above results suggest
that even hours after undamaged neuronal perikarya are exposed to the
amount and concentration of peroxidase used, they pinocytose only small
amounts of the protein.
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SLOW AXONAL FLOW: RATE OF TRANSPORT, DISTRIBUTION ALONG THE
AXON AND IN SUBCELLULAR FRACTIONS. Paul Cancalon and Lloyd
M. Beidler, Dept. of Biol. Science, Florida State Univ.,
Tallahassee, Fla. 32306

Most of the work done on the rate and composition of
slow axonal flow has been performed on the material arriving
at the synapses or in branched and myelinated nerves. The
garfish olfactory nerve with up to 30 cm. (200 mg.) of un-
branched unmyelinated nerve is particularly well suited for
the study of the distribution of radioactivity along the
axon and in various subcellular nerve fractions.

Profiles of TCA insoluble transported radioactivity were
determined at 21°C between 8 and 110 days after application
of 3H leucine to the olfactory epithelium. The maximum of
a well defined peak of TCA insoluble material moves along
the nerve at a rate of 0.92+0.02 mm/day. Apparent rates of
transport were also measured for the base of the leading
edge of the peak and the base of the back of the peak. Val-
ues of 1.61% 0.05 and 0.25 % 0.04 mm/day were found respec-
tively. The peak of radioactivity is relatively symmetrical
and decreases in height and broadens as it moves along the
axon. Labeling in front of the moving peak is significant
and at 90 days represents approximately 1/3 of the peak
maximum. This radioactivity probably represents material
previously deposited in the axon by fast transport, since
systemic labeling in the contralateral nerve is only 1/20
of the peak value at 90 days. Radioactivity behind the peak
decreases to a value almost as low as in the region ahead of
the peak. These results indicate that although the peak
broadens as it migrates, there is very little radioactivity
deposited in the axon behind the peak.

Double labeling experiments showed that the amount of
radioactivity slowly transported was 6.2 £ 0.5 times larger
than the amount rapidly transported. Striking differences
were also found between the composition of fast transport
and slow flow. Study shows the subcellular distribution of
slowly moving radioactivity to be: soluble 39.6 % 4.3%; total
membrane 32.0 £2.9%; mitochondrial pellet 26.9 £2.9%. Pre-
viously published values for fast transport were respective-
ly: 13.9+0.8%; 64.7 +3.0%; 17.3 £0.9% (Brain Res.89:225-244,
1975). SDS gel electrophoretic profiles of slowly trans-
ported proteins were also significantly different from those
previously determined for fast transport. In fast transport
60 to 65% of the membranous radioactivity is associated with
polypeptides of a MW superior to 54,000 with a major peak
(12%) at 126,000 MW. In slow flow, on the contrary, radio-
activity is associated with low and intermediate molecular
weight polypeptides (more than 80% below 80,000 MW) in both
soluble and membranous fractions. (Supported by NIH grant
NS 05258).
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48 THE USE OF TRITIATED HORSERADISH PEROXIDASE FOR DEFINING
NEURONAL PATHWAYS: A NEW APPLICATION. E.E. Geisert Jr.*,
(SPON: B.V. Updyke). Neurosciences Training Program and
Dept. of Anatomy, Univ. of Wisconsin, Madison, WI. 53706.

In this study, tritiated Horseradish peroxidase (3H-HRP)
was used either as a substitute for Horseradish peroxidase
(HRP) or in conjunction with HRP in a dual label experiment
designed to demonstrate collateral branching systems. In
five hemispheres of three cats, the visual cortex (areas 17,
18 or 19) was injected with 2% 3H-HRP, 20% HRP or a mixture
of the two. The 3H-HRP was transported from the injection
site in the anterograde direction, as demonstrated by the
labelling in the cortical terminal field in the superficial
layers of the superior colliculus. The 3H-HRP was also
transported in the retrograde direction, labelling the cell
bodies of neurons in the dorsal lateral geniculate nucleus.
When the 3H-HRP was injected in a weak (2%) solution it was
not detectable by its enzymatic activity but was detectable
by autoradiography. Thus, we have two independent markers
for studying axonal systems that branch; 20% HRP (detectable
only by its enzymatic activity) and 2% 3H-HRP (detectable
only by the autoradiographic method). In the right
hemisphere of animal 39, area 17 was injected with HRP and
area 18 was injected with 3H-HRP. In the tissue processed
by both the autoradiographic method and the HRP staining
procedure, two overlapping columns of labelled cells were
seen in the right lateral geniculate nucleus. In the region
of non-overlap only one type of label was seen, either brown
granules in the cells of the lateral portion of the nucleus
or silver grains over the cells in the more medial portion
of the nucleus. Where the two columns overlap cells were
seen which were only HRP stained and cells were seen which
were only tritium labeled. In addition, a few cells
contained the brown granules inside their cell bodies and
these cells also had silver grains directly over their cell
bodies. Therefore, this experiment confirms that some of
the cells in the lateral geniculate nucleus of the cat
project to both area 17 and area 18 by a collateral branching
system. This 3H-HRP method is more sensitive and more
reliable than the HRP method, since the 3H-HRP method is not
dependent upon the enzymatic activity of the protein and
because the autoradiographic technique can detect small
amounts of transported 3H-HRP or 3H-HRP degradation products.
Additional advantages of this method are that it does not
restrict investigations to frozen sections and that it
allows for the double labelling experiment.

(Supported by grants ROl NS 06662 and ROl EY 00962).
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AXONAL TRANSLOCATION OF 45Ca: RELATION TO FAST AXONAL TRANSPORT OF PRO-
TEIN. R. Hammerschlag*, A.Y. Chiu*, B. Weiss* and A.R. Dravid* (Spon:
J.E. Burton). Div. of Neurosciences, City of Hope Nat. Med. Ctr. Duarte,
CA 91010, and Bio. Med. Res. Div., Sandoz, Ltd., Basel Switzerland.

Axonal translocation of 45Ca has been demonstrated in a variety of
in vivo and in vitro preparations at rates similar to those observed for
fast axonal transport of protein. We have been interested in determining
whether this mobile %°Ca may reflect a role of calcium ions in the coupl-
ing of fast-transported proteins to the transport system (Science 188:
273, 1975). Axonal transport of 45Ca was followed in vitro in the 8th &
9th spinal-sciatic nerve complex of bullfrog. Dorsal root ganglia were

 selectively exposed for 1h at 18° to normal incubation medium with CaCl,

(1.8 mM) replaced by 45CaCl2 (600 uCi/ml; 15-30 mCi/mg). Following this
initial pulse, exposure of nerve trunks to calcium-free medium (while
maintaining the ganglia in normal medium) had no obvious effect on either
the rate or the amount of 45Ca transport during a 20h incubation period.
(Similar results have been reported for axonal transport of [3H]protein).
This selective incubation in calcium-free medium was found to reduce
endogenous calcium levels in the nerve trunks by 75-80%. #45Ca transport
was also unaffected by selective exposure of nerve trunks to high calcium
medium (9 mM) during 20h, conditions that led to a several-fold increase
in endogenous calcium levels. Conditions that increased calcium uptake
into the ganglia (substitution of LiC1 for NaCl during the 1h pulse)
increased the amount of 45Ca transported along the nerve trunks. Thus,
while 45Ca readily enters a "transportable" calcium pool within the cell
soma, once it begins its axonal migration it appears to become sequestered
in a pool that is not in ready equilibrium with the major compartment(s)
of calcium in the nerve trunk. In double-label experiments addition of
cobalt (0.0045 to 0.18 mM) to normal medium bathing both ganglia and
nerve trunks sugpressed the amount of 45Ca transport in parallel with

the amount of [3H]protein transport in a log dose-response manner. Thus,
cobalt jons may inhibit an initial calcium-mediated coupling of proteins
to the transport system within the cell somata. These results also
suggest that the mobile 45Ca is associated with all fast-transported
proteins rather than with a specific fast-transported calcium-binding
protein(s). If the translocation of 45Ca was a result solely of its
transport via a _specific carrier protein, cobalt ions might still depress
the amount of 45Ca undergoing transport but would not be expected to
result in the observed parallel depression of total [3H]protein transport.
llhen 45Ca was allowed to enter the sciatic nerve trunk during a 16h incu-
bation period and ligatures were than placed on the 8th & 9th spinal
nerves, further incubation during 8-30h resulted in accumulations of 45Ca
both proximal and distal to the ligatures. The ratio of the build-ups
indicates that transport of 45Ca in the retrograde direction occurred

at a slower rate than in the anterograde direction, similar to the rela-
tive rates observed for the bidirectional fast transport of proteins.

The present results are consistent with our proposal that calcium may
function in the transport mechanism as an ionic bridge during both the
loading phase and the translocation phase of fast axonal transport.
(Supported by NSF Grant BNS75-17640.)
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50 DESIGN AND CHARACTERIZATION OF FLUOROCHROME-CONJUGATED
HORSERADISH PEROXIDASES FOR NEURONAL TRACING. J.S. Hanker,
J.J. Norden, R.W. Oppenheim, and I.T. Diamond. Dent. Res.
Ctr. and Neurobiology Program, UNC at Chapel Hill, NC. 27514,
Dept. Psych., Duke Univ., Durham, NC. 27706, and Res. Div.,
NC Div. of Mental Health Serv., Raleigh, NC. 27611.

Horseradish peroxidase (HRP), although introduced as a
general cytochemical tracer, has been particularly valuable
in neuronal tracing. Its greater basicity than albumin may
contribute to its uptake by a number of different cell types
including neurons. However, its peroxidatic activity,
responsible for the oxidative polymerization of 3,3'-diamino-
benzidine, is probably its most important attribute.

Conjugates of HRP with fluorochromes of different colors
(J. Histochem. Cytochem. 24, 609, 1976) could be important in
neurobiology for several reasons. They could be useful in
the study of topographical organization, such as the somato-
topic organization of ganglion cells, as well as in the
study of the distribution of axon collaterals from a given
neuron. They could also be used to study changes in vascu-
lar permeability, the penetrability of glial cell processes,
and the phagocytic activity of Schwann cells. If the
peroxidatic activity of the HRP were retained in the con-
jugates, it could be utilized to arbitrate distinction of the
tracer from some cellular constituent displaying auto-
fluorescence. The conjugates of HRP with fluorescein iso- -
thiocyanate (FITC) or tetramethylrhodamine isothiocyanate
(TMRITC) were prepared in the usual mannerl. The FITC con-
jugates (YTHRP-F and VIHRP-F) were more orange than the buff
colored HRP starting materials (Worthington equivalents of
IT§RP and VIHRP) and fluoresced a brilliant yellow. The
solid pink TMRITC conjugates (IIHRP-R and VIHRP-R) fluoresced
a brilliant mandarin red whereas their solutions had a
magenta fluorescence. The conjugates had both fluorescent
and peroxidatic activities of an order of magnitude expected
of conjugates. Ultraviolet absorption studies suggested that
conjugation by covalent bond formation had occurred; a shift
in the absorption maximum of VIHRP from 220 nm to 230 nm, and
the absence of the 320 nm peak characteristic of FITC were
observed in the VIHRP-F conjugate.

Unequivocal proof of conjugation through covalent bond
formation was obtained by immunoelectrophoresis studies in
which each conjugate was compared with its HRP starting
material versus rabbit antiperoxidase (from horseradish).

The precipitin lines from each conjugate and its HRP starting
material were obtained on agar coated slides. When the
unstained precipitin lines were exposed to ultraviolet
radiation, the line of the TMRITC conjugate fluoresced
mandarin red, while the FITC conjugate line had a brilliant
yellow fluorescence. The precipitin lines of the uncon-
jugated HRP's, on the other hand, displayed only a very weak
autofluorescence. These immunospecific reactions establish
that conjugation of HRP with the fluorochromes via covalent
bond formation has occurred. (Supported by DE02668,
RR05333, MH04849, EY05101, MH16598, and NSF GB31874.)

1The conjugates are available from Cappel Laboratories, Inc.,
Downingtown, PA., 19335.

37



51

SOCIETY FOR NEUROSCIENCE

SURVIVAL TIME, ALDEHYDE FIXATION, AND AXONAL TRANSPORT OF HORSERADISH
PEROXIDASE. John C. Hedreen, Susan McGrath* and Carolyn Warner*, Dept. of
Anatomy, Johns Hopkins Univ. School of Medicine, Baltimore, Md. 21205

Survival studies. After injections of 0.1 pl 307 horseradish peroxi-
dase (HRP) into the caudatoputamen (CP) in rats, survival times of 2,3,4,
6,12,18 hrs., 1,1 1/2,2,3,5, and 8 days, were allowed before perfusion
with fixative containing 1.25% glutaraldehyde and 1% formaldehyde. Obser-
vations were made on the following phenomena:

Cells with granules indicative of retrograde transport can be seen at 2
hrs. in the parafascicular nucleus and rostral third of the substantia
nigra (SN). At 3 hrs. they appear in the remainder of the SN and in the
ventral tegmental area, and at 4 hrs. in the dorsal raphe nucleus. From
12 to 24 hours the cells are most numerous and most heavily labeled with
HRP. There is some fading apparent at 1 1/2 days, and at 2 and 3 days
the granular labelling of cells is much less prominent. At 5 days many
fewer cells are identifiable, and none are seen at 8 days.

HRP in presumed axonal terminals in the SN is first seen at 4 hours, and
is most prominent at 12 to 24 hrs. Subsequently the terminals fade and
are gone at 5 days. At 3 days some are enlarged and appear degenerating.
Injury to a neuron is not required to label its terminals since they are
seen in the SN in cases with large cortical injections (0.2 ul), presum-
ably because diffusion into CP allows striato-nigral anterograde trans-
port. A larger cortical injection is required to demonstrate terminals
in the SN than cells in the SN; thus a higher extracellular concentration
of HRP is required for anterograde than retrograde transport.

Visible diffusion of HRP around the injection site was maximal early and
thereafter shrank and faded in intensity. At 24 hrs. clear shrinkage of
this area had occurred, and by 2 days this region was extremely limited.
Clearly the limits of the region from which retrograde transport takes
place cannot be defined by examining diffusion from the injection site at
a particular survival time, The visible diffusion extended particularly
along large blood vessels and bundles of white matter and often entered
the rostral thalamus.

Diffuse filling of axons was present in the entire medial half of the
internal capsule in a section through posterior thalamus at early sur-
vivals. Thus there is an early massive movement of HRP in (and around?)
normal and damaged axons. At 18-24 hrs. most of these become quite
faded. Those which remain prominently stained may be damaged axons.

Dif fusely filled neuronal perikarya are abundant around the injection site
to the limits of the early visible diffusion, around large blood vessels
below the CP, and around bundles of diffusely filled axons (eg. internal
capsule). These cells probably take up HRP locally. Very dark diffusely
filled cells occur in many thalamic nuclei. These may be neurons whose
axons were damaged by the injection needle. With longer survival the
diffusely filled cells acquire granules and the diffuse cytoplasmic HRP
fades. At 36 hrs. very few diffuse cells without granules are left, and
many cells at the usual borders of early diffusion or near large blood
vessels below the CP now have granules and have lost their diffuse HRP
content, Clearly cytoplasmic granules are not proof of retrograde trans-
port from terminals.

Fixation studies on the effect of glutaraldehyde (G) and formaldehyde
(F) on HRP activity in CP injection cases and in somatosensory cortex
cases, with 1 day survival, showed that G alone (1.25-5%) is best, and F
alone (2-8%) is fair. 0.5% G with 0.4% F allows extensive post mortem
diffusion and yields no distant cell labelling. 1.25% G with 1% F is
usually good. Unexpectedly, G with F in higher concentrations (eg. 3.5%
G with 2% F) strongly inhibits HRP activity. Thus G alone appears to
maximally prevent post mortem diffusion, and to lack the inhibitory effect
of G and F together.

Supported by NSF GB-41755, NIH NS-10920 and RR-5378.
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THE AXON AS A BIOLOGICAL CHROMATOGRAPHIC COLUMN. P.N. Hoffman®, M.M.Black”

and R.J. Lasek (SPON: J.S. Brodkey). Dept. of Anatomy, Case Western
Reserve Univ., Cleveland, Ohio 44106.

The axon lacks the capability for endogenous protein synthesis, and
relies on the influx of newly synthesized proteins from the neuron cell
body. These proteins are conveyed within the axon by way of the axonal
transport system. Using radioactive amino acid precursors it is possible
to demonstrate the movement of pulse-labeled neuronal proteins along the
axon. This movement occurs at several discrete rates which correspond to
the so-called slow (1-2 mm/day), intermediate and fast (400 mm/day) com-
ponents. Each component studied thus far appears to have a unique protein
composition. This finding is consistent with the hypothesis that the
different components each represent the transport of different axonal
structures. Therefore, using the pulse-labeling paradigm it should be
possible to identify the groups of labeled proteins which constitute these
distinct axonal structures and organelles. In the case of microtubules,
for example, a number of non-tubulin proteins have been identified in
preparations of reconstituted microtubules. Are any of these proteins
naturally associated with microtubules, or are the associations between
tubulin and other proteins artifacts of the isolation procedures? Using
the axon as a biological chromatographic column we can identify proteins
which are co-transported with tubulin. It is these proteins which may be
naturally associated with tubulin as constituents of intact axonal micro-
tubules. ‘

The figure illustrates our ability to identify groups of labeled pro-
teins co-transported at different rates within the axon. It shows a
fluro-autoradiograph of an SDS-slab gel which contains the labeled pro-
teins present in the guinea pig hypoglossal nerve 9 days after labeling
the hypoglossal nucleus. The labeled proteins present in consecutive,

2 mm long segments of nerve were solubilized in urea, SDS and 2-mercapto-
ethanol. Two distinct groups of labeled proteins are revealed in this
fluro-autoradiograph. One group occupies segments of the nerve extending
up to 18 mm from the neuron cell bodies, which are transported at rates
up to 2 mm/day. The second group is present at distances of 20-38 mm,
and moving at an average rate of 3.2 mm/day. The slower moving group of
proteins contains three polypeptides with MWs of 200, 145 and 68,000 d.,
the slow component triplet. This slower group also contains a protein
identified as tubulin (53,000 d.). Data indicates that tubulin and the
triplet proteins are capable of independent movement within the axon,
suggesting that they represent the movement of different structures.

We have hypothesized that the triplet proteins are constituents of axonal
neurofilaments (Hoffman and Lasek, J. Cell Biol. 66,351, 1975). We are
currently investigating the
possibility that non-tubulin
proteins are co-transported
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IMMUNOCHEMICAL ANALYSIS OF THE PROTEINS COMPRISING MYXICOLA (1Cnm)
NEUROFILAMENTS. R.J. Lasek and J.-Y. Wu (Spon: E. Peck). Department of
Anatomy, Case Western Reserve U., Cleveland, Ohio 44106 and Department
Cell Biology, Baylor College of Medicine, Houston, Texas 77030.

The axoplasm of the giant axon of the marine polycheate, Myxicola is
an excellent source of neurofilaments (NF) because NF are the predominant
structures in this axoplasm which contains few, if any, microtubules. NF
were isolated from homogenized axoplasm by sedimentation through a dis-
continuous sucrose gradient containing 0.1 M NaCl, 5mM EGTA, 50mM Tris
HCl, pH 7.4. Analysis of fractions from the gradient on SDS-polyacryla-
mide gel electrophoresis showed that the fraction which contained most
of the NF also contained two of major bands with molecular weights of
150,000 and 160,000 (Figure). These bands represent more than 90% of the
stainable protein on the gel. The gels also showed a number of minor
bands, none of which accounted for more than 1-2% of the total protein.
Since the 150K and 160K proteins are the major components of Myxicola
axoplasm and copurify with NF, these proteins appear to be the primary
components of Myxicola NF.

Rabbits were immunized every two weeks with NF protein (NFP) by in-
jection intramuscularly of either 7, 35, or 70 ug of NFP in 0.5 ml saline
mixed with 0.5 ml camplete Freunds adjuvant. Antibody was detectable in
the sera from all of the rabbits two weeks after the 4th injection and a
single precipitin line was found with native NFP on immunodiffusion in
agar. NFP which was treated with 1% SDS, 5% BME and heated at 90°C for
4 min also produced a single precipitin line. NFP was analyzed by both
one dimensional and two dimensional immunoelectrophoresis on SDS-poly-
acrylamide gels. Two immunoprecipitin arcs formed. One arc corresponded
the 150K and 160K bands and the other to minor bands with molecular
weights between 47,000 and 60,000. Although SDS-gels indicated that NFP
consists of two molecular weight proteins (150K and 160K), the immuno-
electrophoretic experiments indicate that these proteins may be composed
of lower molecular weight subunits. Alternatively the multiple precipi-
tin arcs seen on immunoelectrophoresis could result, if the NFP antisera
contained a series of antibodies against the minor protein bands which
are present in NFP., However, this is unlikely, because the antisera
which was tested was produced by five injections with 7 ug of NFP, a
total of 35 ug. Thus, each of the minor bands which produced precipitin
arcs amounted to less than 140 ng of protein per injection. These re-
sults may explain the apparent differences in molecular weight which .
have been found for NFP from various sources. For example bovine NF
contain a number of bands on SDS-gels, one of which is similar in its
mobility to the 150K of Myxicola. However, the major band
in bovine NF has a molecular weight of 51-55K., Possibly
Myxicola NF and bovine NF are composed of similar lower
molecular weight subunits, but the 160K and 150K proteins 160
of purified Myxicola NF are not as readily dissociated by 5 =150
SDS as those of bovine NF. Further studies with antibody
to NFP should assist in the identification of the NFP sub-
units and allow phylogenetic comparisons of NFP.

Figure 1. illustrates a SDS-polyacrylamide slak gel of
10 ug of NFP. Only the 150K and 160K bands are visible.
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54 CELLULAR UPTAKE AND NEURONAL RETROGRADE TRANSPORT OF FLUORO-
CHROME-CONJUGATED HORSERADISH PEROXIDASES. J.J. Norden,
R.W. Oppenheim, I.T. Diamond, and J.S. Hanker. Dent. Res.
Ctr. and Neurobiology Program, UNC at Chapel Hill, NC. 27514,
Dept. Psych., Duke Univ., Durham, NC. 27706, and Res. Div.,
NC Div. of Mental Health Serv., Raleigh, NC. 27611.

Horseradish peroxidase (HRP) has been conjugated to
fluorescein isothiocyanate or tetramethylrhodamine isothio-
cyanate by the thioureido groupl. The resulting molecules,
HRP-F and HRP-R, respectively, fluoresce different colors
and their peroxidatic activity or ability to catalyze the
oxidative polymerization of 3,3'-diaminobenzidine (DAB) has
not been diminished by the conjugation in which the HRP -
molecules have been covalently bound to the fluorochromes
(J. Histochem. Cytochem. 24, 609, 1976).

Studies in different tissues of the mouse and embryonic
chick suggest that conjugation of HRP with the different
fluorochromes has not affected its uptake or transport by
cells. Thus HRP-F or HRP-R can be clearly distinguished by
virtue of their fluorescence in phagosomes of kidney proximal
convoluted tubular epithelial cells or cuboidal capsular
epithelial cells, characteristic of male mice, 15 min after
intravenous injection despite the presence of some auto-
fluorescence. The peroxidatic activity of the conjugates
could be used to arbitrate any doubtful cases; this activity
was observed in kidney phagosomes 5 min after tail vein
injections. It was also observed in a few tissue leukocytes
near blood vessels in kidney or in very few leukocytes in
spleen at this time. Fifteen to twenty min after injection,
however, the tracers could be observed in phagocytes of
tissue leukocytes throughout the cortex of kidney, in leuko-
cytes in spleen, and in osteoclasts at the surface of
remodeling bone. The peroxidatic activity of the conjugates
was clearly more discernable than their fluorescence in these
cells. The difficulty in detecting the tracers in situ by
virtue of their fluorescence could result from some obscure
factor such as quenching from some undetermined source,
hydrolysis of the thioureido linkage, or fading.

Retrograde transport of the tracers was shown unequivocally
by both peroxidatic and fluorescent activity after injection
of solutions of the conjugates into the leg musculature of
the chick embryo according to the procedure of Oppenheim
and Heaton (Brain Res. 98, 291,1975). The conjugates
could readily be detected by virtue of fluorescence or DAB
oxidation in chick dorsal root ganglion cells or spinal cord
o-motoneurons on the ipsilateral side 2 hrs after injection
into the hind limb.

Twenty-four hrs after the injection of HRP-F into the
foot pad and HRP-R into the thigh of the hind limb of a
young mouse, different cells could be observed in lumbo-
sacral spinal ganglia of the ipsilateral side by virtue of
the different fluorescent colors. In addition, there is
evidence that both conjugates are also transported to the
thalamus following injections into cortex. (Supported by
DE02668, RR05333, MH04849, EY05101, MH16598, and NSF GB31874.)

1The conjugates are available from Cappel Laboratories, Inc.,
Downingtown, PA., 19335.
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ANALYSIS OF PROTEINS FLOWING IN DORSAL ROOT AFFERENTS OF RATS. Fredric P.
White and Susan R. White. Fac. Med., Memorial University Newfoundland,
St. John's, Newfoundland. AlC 587

Proteins synthesized by the soma in L4 dorsal root ganglia (DRG) and
supplied to the axonal branches extending centrally in the dorsal root
(DR) and peripherally in the sciatic nerve (SN) were analyzed for radio-
activity following injections of (3H) leucine into the L4 DRG. All ex-
periments were performed on sodium pentobarbital anesthetized Lewis rats.
At various times after (3H) leucine injection (3 hours, 2, 3, 4 and 8
days), the rats were again anesthetized and the DR, ventral root (VR),
DRG and SN were removed and homogenized in water. The proteins were pre-
cipitated by 107% TCA and the precipitate was solubilized in SDS. An
aliquot of the solubilized protein was run on 10% acrylamide gels. The
gels were then stained with commasic blue, destained, sliced in 1 mm sec-
tions and assayed for radioactivity.

The DR always had at least 10 fold more (3H) protein than the VR which
consists of axons supplied by soma located in the ventral horn of the
spinal cord. Control injections of (3H) leucine over the DR instead of
into the DRG resulted in very small but approximately equal amounts of
(3H) protein in the DR and VR (at least 10 fold less than in the DR
following DRG injection. No changes in distribution of 3n) protein over
time were discernable in the DR, VR, SN or DRG following injection over
the DR. A similar lack of change over time was found in the VR following
DRG injections. However, the DR, DRG and SN gels gave patterns of radio-
activity which varied with time between injection into the DRG and
removal of tissue. These results indicate that the majority of the (3H)
proteins found in the DR and SN after DRG injection are synthesized in
the soma and transported to the axonal segments by a flow mechanism.

Distribution over time of (3H) proteins of various molecular weights
(MW) often differed in the DR and SN. (3H) proteins with a MW of greater
than 250 K daltons represented 5.4 * 1.3% of the (3H) proteins in the DR
at 3 hours, dropped to 1.6 * .15% at 2 days, rose to 3.8 * 1.3% at 4 days
and dropped again to 1.2 * .2% at 8 days. On the other hand, in the SN,
this group of proteins decreased almost linearly over the 8 day period
from a high of 4.3 # 1.6% at 3 hours to a low of 1.0 * .03% at 8 days.
31) proteins in the MW range of 48-72 K daltons peaked in the SN at 2
days. This group rose from 10 * .9% at 3 hours to 16.6 * 3% at 2 days
and constituted 12.5 + 2% of the (3H) protein at 8 days. In the DR, this
group represented approximately 9% of the (3H) protein in the first 3
days, rose to 12 + .6% at day 4 and fell to 8.3 * .6% on day 8. (3n)
proteins in the 31-48 K dalton range rose steadily over time in both the
DR and the SN. However, a greater amount of this group was present in
the SN, and the rate of increase was greater over time in the SN. This
group rose from 11.2 * .9% at 3 hours to 19.2 * 2.57 at day 8 in the SN,
while in the DR, this group increased from 10.1 * .8% at 3 hours to
12.4 +* 1.1% at day 8. (3H) proteins of less than 15 K daltons consti-
tuted 15% of the total (3H) protein in the SN but showed no change over
time. In the DR, however, this group rose from 14.0 * 2.2% to 36.4 *
2.6% over the 8 days. The DR and SN afferent axonal branches, therefore,
appear to be receiving proteins at different rates and in different rela-
tive amounts from the soma located in the DRG. (supported by MR. grant
MA-5404.
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56 RETROGRADE AXONAL TRANSPORT OF ADENOSINE DERIVATIVES IN THE CENTRAL
NERVOUS SYSTEM. S. P. Wise* (SPON: Nancy Berman) Dept. Anat. and
Neurobiol., Sch. Med., Washington Univ., St. Louis, Mo. 63110

It has been suggested (Schubert and Kreutzberg, Brain Research, 90:
319, 1975) that the nucleoside, adenosine, or its derivatives may be
transported by anterograde axoplasmic flow from neuronal somata to
synaptic terminals and thence to the somata of postsynaptic cells. The
following experiments in birds and mammals indicate that the material
may also be transporteg in the retrograde direction.

Injections of [2,8-"H] adenosine containing 250 uCi in 4-6 ul of
saline solution were injected into one eye or into the extraocular
musculature of 7-9 day old chicks. The animals were perfused after a
two day survival and sections from the brains were prepared by standard
autoradiographic procedures. Adenosine derivatives were found to be
transported in large amounts in both the anterograde and retrograde
directions. Retrograde labeling of cell somata was found in the
contralateral isthmo-optic nucleus after injection of the retina and
in the oculomotor nucleus after injection of the extraocular muscles.
Injections of the eye also led to heavy anterograde labeling of axons
in the optic tract and in the tectum but little or no anterograde,
transneuronal labeling of cell somata could be detected in the tectum.

Injections of 0.2 ul of 50 uCi/ul solutions of [?H] adenosine made
in the ventrobasal complex of the thalamus in rats lead to autoradio-
grapnic labeling of large numbers of cell somata in layer VI and of
a smaller number of somata in layer V of the somatic sensory cortex.
Little obvious cellular labeling is seen in the main zone of thalamo-
cortical fiber termination (layer IV). Since this pattern of labeling
is exactly the same as the retrograde cell labeling obtained after
injections of horseradish peroxidase in the ventrobasal complex, it
is tentatively concluded that the adenosine derivatives reach layers
V and VI by retrograde axonal transport.

Anterograde, transneuronal transport of adenosine derivatives has
been demonstrated by injections of [3H] adenosine in the somatic
sensory cortex of the rat. These result in labeling of cell somata
in the thalamic reticular nucleus and in the pontine nuclei, cell
groups that receive axons from but which do not project to the cortex.
However, the additional cell labeling that occurs in these experiments
in the thalamic ventral and intralaminar nuclear complexes and in the
contralateral cerebral cortex may be the result of retrograde as well
as anterograde transport of adenosine derivatives. (Supported by
NIH Grants numbers NS 10526 and EY 00024.)
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DISTRIBUTION OF 3H RNA ALONG REGENERATING RABBIT HYPOGLOSSAL
NERVE AFTER INJECTION OF “H URIDINE IN THE X1l NUCLEUS. L. Autilio-
Gambetti*, P. Gambetti. Div. Neuropath., U. of Pa., Phila., Pa.

Rabbits were injected with 3H uridine at the level of the Xl nucleus at different
times after unilateral crush of the hypoglossal nerve. All animals were sacrificed 9
days after crush. At this time the hypoglossal nerve had regenerated 1.5-2 cm.,
as determined by ultrasturcture and by intraaxonal transport of °H glycoproteins.
Both crushed and control nerves were dissected out, sectioned into 5 mm. segments,
and the epineurium separated from each nerve segment. Nerves were washed with
0.2 N HCIO, until no acid soluble radioactivity was present. RNA was extracted
by hydrolysis in 0.3 KOH. No radioactivity was found in the %oineurium, indicat-
ing that blood labeling was not significant. Both 3H RNA and °H acid soluble frac-
tions were increased in the regenerating nerve as compared to the control; an in-
crease of 2-4 times in the radioactivity of the acid soluble fraction was observed
only up to 2 days after injection. 3H RNA was increased 6-9 times; one day after
injection, this increase was detectable only in the nerve segments preceding the
site of crush; 2-6 days after iniecgion the increase was found in the regenerating
segments, whereas the amount of °H RNA in the segments preceding the site of
crush was similar to that of the control nerve. The amount of RNA (as determined
by OD at 260 mp in the RNA hydrolysate) was also found to be 3-5 times higher in
the regenerating segments than in the control nerve. These results suggest that part
of the RNA present in the regenerating hypoglossal nerve migrates from the hypo-
glossal nucleus. (Supported by NIH Grant NS-08933)

AXONAL TRANSPORT OF LOW MOLECULAR WEIGHT PROTEINS FROM THE ABDOMINAL
GANGLION OF APLYSIA. R.W. Berry and A.W. Schwartz*. Dept. Anat.,
Northwestern Univ. Med. School, Chicago, I1l. 60611,

Low molecular weight proteins are synthesized in abundance by certain
identified neurons of the abdominal ganglion of Aplysia and leave the
cell body by a colchicine-sensitive process. The firm establishment of
this process as axoplasmic transport and investigations of the further
metabolism of these proteins have been hampered by the low efficiency of
incorporation of precursors injected directly into these cells. We are
therefore studying transport from the whole ganglion by isolating it in
a chamber containing 3H—leucine, while allowing the peripheral nerves to
extend into an outer chamber containing excess unlabelled leucine.
Following a-2 hr labelling period, acid-insoluble labelled material
appears in the siphon, genital and pericardial nerves, migrating distally
at about 3mm/hr at room temperature. This migration can be blocked by
ImM colchicine and will not pass a ligation. Separation on SDS-
polyacrylamide gels indicates that a group of peptides at < 9,000 daltons
accounts for 30-40% of the leucine-labelled transported material.
Labelled material of this molecular weight is not found in the connective
nerves, nor is it synthesized by peripheral nerves incubated directly in
3H-leucine, and is thus likely to represent the low molecular weight
species transported from the identified cells. The proteolytic
processing previously described in the somata of such cells continues in
the axon as a time-dependent loss of 9,000 dalton material and concomi-
tant appearance of peptides of 6,000, 3,000 and lower molecular weights.

Supported by USPHS grant NS 11519.
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59 REVERSAL OF AXONAL TRANSPORT AT A NERVE CRUSH. Mark A. Bisby and Victor
T. Bulger*, Division of Medical Physiology, University of Calgary,
Calgary, Alberta, Canada T2N IN4.

We have investigated changes in retrograde axonal transport following
a nerve crush, with the aim of identifying factors which might signal
axonal damage. 3H-L-leucine was injected into the ventral horn of the
lumbosacral spinal cord of both "intact'" and "axotomized" rats. The
latter group had a single crush made distally on their sciatic nerves at
the time of injection or 6 hours later. At various intervals after
injection all animals had double "collection" crushes made 14 mm proximal
to the site of the initial distal crush. Labeled protein transported in
orthograde and retrograde directions accumulated adjacent to the collect-
ion crushes over a 2-3 hour period, then the animals were killed and the
nerves assayed. Labeled protein first reached the distal crush 5% hours
post-injection (p.i.) Significant retrograde transport to the collect-
ion crushes were detected in axotomized nerves during the 6-8 hour p.i.
collection period, showing that there is a rapid reversal of transport
at the distal crush, and that protein returning from the crush is trans-
ported at fast velocities (>130 mm/day). If the distal crush was made 6
hours p.i., the development of retrograde transport was delayed by one
hour, indicating that an additional period of ! hour was necessary for
the crushed axon to develop the ability to reverse transport. Over the
period 6-20 hours p.i. retrograde transport was 557 higher in axotomized
nerves than in intact nerves. Peak retrograde transport occurred 9-11
hours p.i. in axotomized nerves and 44-47 hours p.i. in normal nerves.
Changes in the magnitude or time-course of retrograde transport follow-
ing injury to motoneuron axons may be signals which initiate chromato-
lytic changes in the cell body.

60 gNA DISTRIBUTION IN GOLDFISH OPTIC TECTUM AFTER INTRACRANIAL INJECTION OF
H-URIDINE. AN EM AUTORADIOGRAPHIC STUDY DURING OPTIC NERVE REGENERATION.
P. Gambetti, L. Autilio-Gambett*, N. Ingoglia, P. Weis*. Div. Neuropath.,
U. of Pa., Phila., Pa. and Depts. Physiol. and Anat., New Jersey Med.
School, Newark, N.J.

In a prgvious study, we have analyzed by EM autoradiography the distri-
bution of “H RNA present in the goldfish optic tectum following intraocu-
lar injection of °H-uridine during optic fiber regeneration. This study
has shown that growth cones and adjacent glial cells have the highest den-
sity of grains related to 3H RNA whereas other structures are much less
labeled. This study, however, has not established whether the 3H RNA pres
ent in the regenerating axons is transported from the ganglion cells of
the retina or whether it is synthesized in the tectum by the glial cells
and then_transferred into the axon. To answer this question the distribu-
tion of 3H RNA present in the goldfish tectum following intracranial in-
jection of 3H-uridine has been analyzed by EM autoradiography. Goldfish
were sacrificed 24 days after crush of both optic nerves. Six days prior
to sacrifice, 3H-uridine was injected intracranially over the tecta. Pre-
liminary data show that glial as well as vascular cells have a density of
grains related to 3H RNA 10 - 20 times higher than any other structure;
whereas, the grain density over regenerating axons and growth cones is al-
most negligible. These findings suggest gag that during axonal regenera-
tion there is no significant transfer of 3H RNA from glial cells to regen-
erating axons, and ?b) that the 3H RNA present inside the regenerating
axons and growth cones following intraocular injection of 3H-uridine is
not synthesized in the tectum but migrates from the retina.

(Supported by NIH Grants NS-08933 and NS-11259.)
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KINETICS OF AXONAL TRANSPORT OF SEROTONIN IN A SINGLE AXON. Daniel J.
Goldberg, Ariel A. Sherbany* and James H. Schwartz. Div. Neurobiol. &
Behav., Dept. Physiol., Columbia U., Coll. Phys. & Surg., N.Y. 10032

Previous studies of axonal transport have used nerves containing
many axons. In order to elucidate the kinetics of transport in a single
axon, we have been studying the transport of 3H-serotonin (3H-5HT) in
the giant cerebral neuron (GCN), a serotonergic cell of Aplysia californ-
ica. We have postulated a model of axonal transport involving a concen-
tration-dependent, intermittent binding of organelles to the transloca-
tion machinery in the axon (Goldberg, Goldman and Schwartz, J. Physiol.,
in press). The present experiments were designed to test some predic-
tions of this model.

A pulse_of 3 H-5HT in the 1ip nerve axon of the GCN was obtained by
injecting 3H-5HT and then, 70 min later, ligating the 1ip nerve where
it exits from the cerebral ganglion. Nerves were maintained in sea water
supplemented with nutrients at either 23° C or 14° C for varying periods
of time, and then sequentially sectioned to yield transport profiles.
3H-5HT was transported as a discrete peak. This kind of experiment can
provide two independent kinetic parameters: the speed at which a peak
is translocated, and the peak width. We found that 3H-5HT was translo-
cated with rates of about 120-140 mm/day at 23° C and about half that
speed at 14° C. We are as yet uncertain whether these rates remain con-
stant with time. We have consistently observed that the peak widens as
it travels along the axon, oftentimes becoming skewed in the proximal
direction. This spread in the distribution of transported material is
predicted by our model for translocation.

EARLY CHANGES IN THE METABOLISM OF GOLDFISH RE TINAL GANGLION
CELLS FOLLOWING AXOTOMY. Bernice Grafstein and Roberta Alpert*.
Physiol, Dept., Cornell Univ, Med. Coll., New York, N.Y, 10021.

Autoradiographic studies have previously shown that at 4~7 days after the op-
tic axons in goldfish have been cut there is an increase in the incorporation of
amino acid into protein in the cell bodies of the retinal ganglion cells (1), In the
present study, changes were detected as early as 18-24 hours after axotomy by
measuring the amount of labelled material appearing in the optic nerve 6 hours
after the injection of 3H- or 4C-proline into the eye., Labeled protein in the
nerve (presumably conveyed by axonal transport) showed an increase of nearly
60% by 24 hours after optic tract section, while the labeled trichloracetic acid-
soluble fraction (mostly free amino acid) was only increased by about 20%. The
increase in protein was significantly greater (p<.02) than the increase in free
amino acid, even at 24 hours. Between 1 and 5 days after axotomy the amount
of labeled protein in the nerve nearly doubled, while the amount of labeled acid-
soluble material remained at its 1-day level, Phospholipids labeled with 3H-
glycerol and nucleotides labeled with 3H-g‘uanosi.ne showed little or no increase
until 5 days. It is therefore possible to distinguish two metabolic changes in the
axotomized cells, one occurring within 24 hours after axotomy, the other when
axonal outgrowth begins,

(Supported by USPHS Grant NS-09015 from NINCDS).

(1) Murray, M. & Grafstein, B, Exptl. Neurol, 23, 544 (1969).
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63 CALCIUM BINDING PROTEIN IN BRAIN SYNAPTOSOMES. Z. Igbal and S. Ochs.

Dept. Physiol., Indiana Univ. Med%cal Center, Indianapolis, In. 46202.
We have recently reported that "“Ca is carried down in peripheral nerve

at the usual fast transport rate of 410 mm/day bound to a 15,000 MW
protein (Igqbal, Z. and Ochs, S., Neurosci. Abs. 1:802, 1975). This
communication describes a similar Ca binding protein (CaBP) of 15,000
molecular weight in the synaptosomes isolated from cat brain. The
synaptosomes prepared according to the method describzd by Gray and
Whittaker (J. Anat. 26:79, 1962) were incubated with Ca in 0.32M sucrose
medium containing 10 mM Tris-HC1l, pH 7.5, 1.0 mM mercaptoethanol, 5 mM
ATP, 3 mM Mg and 0.1 mM Ca at 38° for 10 minutes with constant shaking.
They were washed thoroughly in cold sucrose solution and subjected to
osmotic shock. The soluble fraction obtained after high speed centri-
fugation (105,000 g for 1 h) was lyophilized and chromatographed through
Sephadex G-100 and Biogel A 5m columns using 10 mM Tris-HCl buffer, pH
7.5 containing 0.1 mM mercaptoethanol and 0.1 mM Ca. 1In another series
of experiments the incubation with %2Ca was performed with the soluble
fraction obtained after osmotic shock of the synaptosomes. Free “~Ca
was removed by filtering through Amicon Diaflow membrane UM-2 and the
samples chromatographed on the columns. The 7"“Ca activity in these
preparations falls at the same position in the column eluates as does
the 15,000 MW CaBP isolated from nerve. After several steps of purifi-
cation including Diaflow membrane filtration, ammonium sulfate
fractionation, gel filtration and acrylamide electrophoresis, the protein
was tested for its 43Ca binding capacity by equilibrium dialysis tech-
nique at 25°C and the apparent dissociation constant appears to be 6.66
x 10~5M. We consider it likely that the CaBP is transported into the
synapse to play a functional role at that site. Supported by PHS ROI NS
8706-07 and NSF Grant BNS 75 03868-A02.

64 METABOLIC ALTERATIONS INDUCED IN '"'FAST'" AND ''SLOW" SKELETAL MUSCLES OF
RAT BY SILASTIC CUFFS PLACED ON MOTOR NERVES. F.C.Kauffman and E.X.
Albuquerque. Dept. Pharmacol. Expt. Ther., Sch. of Med., Univ. of
Maryland, Baltimore, MD. 21201.

Previous studies (Kauffman et al., Exp. Neurol. 50:60, 1976) showed
that chronic application of cuffs « contalnlng vinblastine to the sciatic
nerves of rats induced marked alterations in glucose-6-P and phospho-
creatine (PCr) in extensor digitorum longus (extensor) muscles. Since
drugs readily diffuse from silastic cuffs and appear in various
tissues, we examined concentrations of metabolites in ''fast' extensor
and '"slow'" soleus muscles ipsilateral and contralateral to cuffed
nerves. One group of rats had silastic cuffs without drug applied to
the sciatic nerve and a 2nd and 3rd group were exposed to cuffs con-
taining 0.1% vinblastine and 0.1% colchicine, respectively. A signifi-
cant decrease in PCr levels occurred in extensor muscles supplied by
nerves cuffed without drug; therefore, changes in this metabolite
in extensor muscles may occur in the absence of disruption of axoplasmic
flow by the silastic cuff technique. Electrical stimulation of nerves
exposed to cuffs containing colchicine or vinblastine elicited
muscle twitiches; however, extrajunctional acetylcholine sensitivity
was increased to about 160-250 mV/nC (a value 3-4 fold lower than
10-day chronically denervated muscles). Levels of glucose-6-P, lactate,
alpha-ketoglutarate, PCr and ATP in contralateral muscles were the
same in each of the three groups. Thus, alterations in metabolites in
muscles innervated by cuffed nerves cannot be explained by a direct
action of vinblastine or colchicine on muscle metabolism. (Supported
in part by USPHS grant NS-12063, the Paralyzed Veterans of America
and the MDA.)
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TAURINE IS AXONALLY TRANSPORTED IN THE GOLDFISH VISUAL SYSTEM.
T.D. Lindquist®, N.A. Ingoglia, J.A. Sturman and G.E. Gaull.
N.J. Med. Sch., Newark, N.J. 07103 and Instit. Res. Ment.
Retdn., Staten Island, N.Y. 10314.

Taurine is present in high concentrations in nervous tis-
sue. Recent evidence has suggested that taurine may function
as a neurotransmitter or a neuromodulator in brain as well as
in retina. The present experiments were conducted in order
to see if taurine is axonally transported in the goldfish
visual system.

5S-taurine was injected into the right eye of a group of
fish. At various times after injection, fish were sacrificed
and their retinas and tecta were assayed for radioactivity.
Large differences in radioactivity in left vs right tecta
(indicating axonal transport) were apparent as early as 1 day
after injection and were still evident 21 days later.
Analysis of tectal radioactivity by an amino acid analyzer
linked to a flow cell scintillation spectrometer sggwed all
the radioactivity to be present as taurine. When S-cyste-
ine, a precursor of taurine, was injected in the same system,
radioactive material was also found to be axonally transport-
ed. Analysis of tectal radioactivity, however, showed the
presence of only 35S-§aurine, inorganic sulfate and proteins,
with no evidence of 39S-cysteine. Injections of 14C-GABA, an
amino acid homologue of taurine, as well as a putative neuro-
transmitter, resulted in 1ittle or no transport of radio-
activity. These results demonstrate a rapid and relatively
specific axonal transport of taurine in the goldfish visual
system.

ULTRASTRUCTURAL STUDIES OF THE DEVELOPING IRIS MUSCULATURE IN THE CHICK
EMBRYO WITH SPECIAL REFERENCE TO NEURONAL DEATH IN THE CILIARY GANGLION.
Y. Narayanan®* and C. H. Narayanan. Dept. of Anat., L.S.U. Medical Center,
New Orleans, Louisiana, 70119.

The purpose of the present investigation was to examine at the
ultrastructural level the differentiation of the iris musculature of the
chick embryo during development in an attempt to study possible inter-
actions between outgrowing nerve fibers from the ciliary ganglion and
their target iris muscle cells. Iris muscle was dissected out from
chick embryos between days 9 and 13 of incubation and processed for
electron microscopy. This time period was chosen to coincide with the
time course of cell loss in the ciliary ganglion of the chick. The
muscle cells of the iris between days 9 to 12 of incubation consisted
mainly of undifferentiated myoblasts or myotubes. Myofibrils were not
observed until day 13. The cells showed abundant hypertrophied golgi
from which large coated vesicles were found to arise by budding. These
golgi derived vesicles were found to migrate to the cell surface forming
omega figures and become incorporated in the cell membrane, suggesting
the release of a trophic substance essential for the establishment of a
successful relationship between the outgrowing nerve fiber and the
target cell. On the basis of these observations, we postulate: (a) a
transfer of material of some sort from the target cell to the neuron in
retrograde fashion which ensures the survival of the neuron; and (b) a
transfer of material from the neuron to the target cell in anterograde
fashion which triggers the differentiation of the target cell.

This was supported by USPHS grant #RO1 DEO4258-01.
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67 ISOLATION AND PARTIAL PURIFICATION OF TRANSNEURONALLY TRANSPORTED
MATERIAL IN THE VISUAL SYSTEM. S. Reinis#*, J.M.Goldman*, J. Kleib%*,

and P. Black*. Dept. Psych., U. of Waterloo, Waterloo, Ont., Canada.

In 1975, we reported that after an intraocular injection of 3H-proline
the radioactivity may be found around and most probably within the main
dendrites of cortical neurons (Trans. Am. Soc. Neurochem. 6: 108, 1975).
At least 45% of this radioactivity could be extracted from the tissue
with distilled water or several 0.0I1M buffers at p.H 7.0 - 7.2. Of the
remaining radioactivity, 95% was solubilized with SDS. Disc electro-
phoresis with subsequent liquid scintillation counting or autoradiography
showed that the labeled material migrates, relatively slowly, in one
single band, as did the SDS - extracted radioactivity. Ammonium sulphate
precipitation revealed one peak of radioactivity at 30% saturation and
another at 50% saturation. The second peak is, however, much lower when
the proteinases of the extracts are inhibited. DEAE - Sephadex
chromatography of the 307% peak yielded a single radioactive wave eluted
at p H 6.6. The molecular weight of this material has been estimated
by SDS electrophoresis.

68 BIOSYNTHESIS AND AXONAL TRANSPORT OF MEMBRANE GLYCOLIPIDS IN R2, A SINGLE
IDENTIFIED NEURON OF apLysra caLIFORNICA. Ariel A. Sherbany*, Richard T.
Ambron, and James H. Schwartz. Div. of Neurobiol. & Behav., Dept. Phys-
iol., Columbia U., Coll. Phys. & Surg., N.Y. 10032.

Previous work by others on axonal transport of lipids is complicated
by the probable Tocal incorporation of precursors in axons and glial
cells; in addition, incorporation of most 1ipid precursors is relatively
slow, presumably because most classes of 1ipids do not turn over rapidly.
We have introduced 3H-N-acetylgalactosamine (3H-NAGA) directly into the
cell body or axon of R2 by injection, and therefore have been able to
study transport of rapidly-labeled glycolipids. 15 hours after intra-
somatic injection, 3H-glycolipids appeared in the cell body and also
far along the right connective, which contains the major axon of R2. To
show that the 3H-glycolipids formed after intrasomatic injection were
within R2, we dissected out the cell body and also extruded axoplasm.

We characterized by polysilicic acid glass fiber chromatography 4 mem-
brane glycolipid components which are synthesized in R2's cell body.
These could not have been formed in glial cells, since the 3H-glycolipids
synthesized by non-neuronal tissue components chromatographed quite
differently. Rather compelling evidence that 3H-glycolipids were
actually transported from the cell body, and were not produced locally
after diffusion of precursors, was obtained by direct intraaxonal injec-
tion of 3H-NAGA: we found that only one 1ipid component was labeled in
the axon. This lipid differed from those synthesized in the cell body,
and exported into thé axon. We are now characterizing the individual
glycolipids and investigating their distribution along the axon to deter-
mine the selectivity and rates of their axonal transport.
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A GENETICALLY POLYMORPHIC POLYPEPTIDE IS TRANSPORTED DOWN THE AXONS OF
RABBIT RETINAL GANGLION CELLS, AS PART OF AN ADDITIONAL (FIFTH) GROUP OF
TRANSPORTED PROTEINS. Mark B. Willard* and Karen L. Hulebak*. (SPON:
T. A. Woolsey) Dept. Anat. & Neurobiol. and Biochem., Washington Univ.,
Sch. Med., St. Louis, Mo. 63110.

A polypeptide (H) in the rabbit nervous system is genetically polymor-
phic; one of its forms (Hl, MW = 200,000 daltons) has an electrophoretic
mobility that is 6% less than a second form (H2). In order to determine
whether the H polypeptide is a neuronal, intra-axonally transported poly-
peptide, 35S-methionine was injected into the eyes of rabbits, and the
temporal sequence of arrival of labeled transported polypeptides in seg-
ments of the retinal ganglion cell axons was analyzed by SDS gel electro-
phoresis followed by autoradiography of the gels. Label associated with
the H polypeptide was identified as an autoradiographic band which had a
different electrophoretic mobility in strain X/J (an inbred rabbit strain
which has only the B2 form of the polypeptide) than in an outbred strain
(in which Hl is the predominant form). The H polypeptide became labeled
in a sequence suggesting that it is transported at a velocity of about
1 mm per day.

We previously described four groups of polypeptides transported in
the rabbit retinal ganglion cells at velocities of 250, 34-68, 4-8, and
2-4 mm per day. The H polypeptide and two coordinately labeled poly-
peptides make up a fifth group with a slower velocity than any .of the
groups previously described. The composition of this group (three inten-
sely labeled polypeptides, one with a molecular weight of about 200,000
daltons) is similar to the composition of a slow phase of transport des-
cribed in the rat ventral motorneurons and the cat spinal sensory neurons
(Hoffman and Lasek (1975) J. Cell. Biol., 66: 351). (Supported by NINCDS
NS 12450 and a Neuromuscular Research Center Grant.)

THE EFFECT OF REPETITIVE ELECTRICAL STIMULATION ON AXOPLASMIC TRANSPORT.
R. M. Worth* and S. Ochs., Depts of Physiol., Neurol. Surg. and the Med.
Biophysics Program, Indiana Univ., Medical Center, Indianapolis, In. 46202.

A relationship of increased levels of neuronal activity to the axoplas-
mic transport of materials was studied in nerve fibers in Vitro using high
ratés of repetitive electrical stimulation. Other investigators had found
no change in the transport rate, but previous experiments from our labora-
tory appeared to demonstrate a 10% reduction in rate at 100 pps (Ochs, S.
and Smith, C., Fed. Proc., 30:665, 1971; Ochs, S. and Worth, R., Science,
187:1087, 1975). Subsequently, temperature inequalities were discovered
in the chamber system used and it appeared that a temperature differential
might account for the results earlier obtained. The present study, there-
fore, was undertaken to clarify this point using two temperature con-
trolled chambers. For measurement of downflow, the L7 dorsal root ganglia
of 11 cats were injected as usual with 3H-leucine and 2 hours later, the
sciatic nerves were removed and placed in chambers, one for repetitive
stimulation, the other as a control. The duration of stimulation varied
from 1-3 hours but the frequency of stimulation was kept constant at close
to 350 pps and action potentials monitored. At the conclusion of the
stimulation period, the nerves were removed and prepared as usual to show
the distribution of activity of labeled materials and the rate of axoplas-
mic transport assessed from the position of the foot of the crests. These
experiments reveal an apparent reduced rate of axoplasmic transport in
response to electrical stimulation. The control rate at 389C was 432 * 14
(S.E.) mm/da. The rate for the stimulated nerves was 374 * 10 (S.E.) mm/
da. The 15% reduction is significant at the P < ,01 level. Work is now
in progress to determine if the effect of the high level of stimulation is
to cause a temporary arrest as previously noted, or a reduction in rate
throughout the whole period of stimulation. Supported by PHS ROI NS
8706-07 and NSF Grant BNS 75 03868-A02.
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71 Postnatal Synaptogenesis in the Caudate Nucleus. A.M. Adinolfi, Dept. of
Anatomy, Sch. of Med., Mental Retardation Research Ctr., UCLA, Los Angeles
90024.

This study used light and electron microscopy to describe changes in
the synaptic organization of developing caudate nucleus and to quantitate
postnatal synaptogenesis in this region. The caudate nuclei from 45
kittens, ranging in age from newborn to 49 postnatal days, were processed
for histology (20 kittens, Rapid Golgi and Golgi-Cox methods) and for
electron microscopy (25 kittens). Observations at the light microscopic
level focused on the perinatal period and suggest an early maturation of
spiny interneurons of the caudate nucleus. Golgi impregnation of these
cells at early postnatal ages (birth to 5 days) revealed 3 to 5 primary
dendrites which radiate from the cell body and extend for distances of
10 to 20 um before branching. Secondary dendritic branches contain spines
and extend, with further branching, for additional distances of 30 to
80 um. The dendritic fields of neighboring caudate neurons overlap and
the axons which arise from these cells course and branch within the
dendritic fields.

Examination of perinatal caudate neuropil (birth to 5 days) by electron
microscopy revealed an extensive and well-developed axodendritic
connectivity. Axonal profiles form multiple synapses en passant along
single dendrites and dendritic spines or on several adjacent dendritic
branches. At these ages, however, few of the terminals are filled with
synaptic vesicles and mitochondria and few synaptic contacts are dis-
tinctly asymmetrical. Instead, axon terminals with scattered vesicles
form synaptic contacts which are often symmetrical or slightly asymmetri-
cal. By the eighth to tenth postnatal days, most boutons are filled with
vesicles, most junctional complexes are distinctly asymmetrical, and
axodendritic connectivity has been modified further by the increase of
postsynaptic dendritic spines and branchlets. Axosomatic conmnectivity
and desmosomal junctions between adjacent dendrites are additional
features of the immature caudate neuropil.

Quantitative estimates of postnatal synaptogenesis were made frgm
electron micrographs by determining the number of synapses/ 100 um~ of
caudate neuropil. The results obtained from counting 5124 synapses in 25
kittens of varying ages showed the following relationship between age and
synaptic density:

Age (days) Mean No. Synapses/ 100 um2 Tissue
0-2 3.5
4-6 6.7
8-10 7.5
12-15 8.5
18-23 12.4
28-49 13.2

These results suggest that 1) the basic pattern of synaptic organization
of the caudate nucleus is established within the first postnatal week, and
2) subsequent changes in synaptic organization are primarily quantitative.
The increase in synaptic density during postnatal development parallels
the development of synaptic security with age in the kitten as shown by
our electrophysiological studies of corticostriatal (Lidsky, et al., Exp.
Neurol., 50: 283, 1976), thalamostriatal (Fuller et al., this session) and
nigrostriatal (Morris et al., this session) projections which report an
increase in the number of units responding to, and following repetitive
stimulation of, these afferent fibers during first two months post-partum.

Supported by Grants USPHS NS11932 and MH-7097.
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Kitten Caudate Nucleus Development I. Thalamo-Caudate Connections.
D.R.G. Fuller,* C.D. Hull and R. Morris.* Mental Retardation Research Ctr.
Brain Research Inst., UCLA, Los Angeles, 90024.

The development of thalamo-caudate connections was studied in kittens
ranging in age from one to fifty days postnatally. Extracellular single
units were recorded from ipsilateral caudate nucleus in response to stim-
ulation of the thalamus and precruciate cortex. Anatomical studies (see
Adinolfi - Postnatal Synaptogenesis in the Caudate Nucleus, this meeting)
show that synapses are present in caudate nucleus at birth. The density
of these synapses increases with age. Previous studies of cortical-
caudate projections show that this increase in synaptogenesis is accompa-
nied by electrophysiological changes in that the number of neurons driven
by cortical stimulation increases with age and the latencies of cortically
evoked responses decrease with age; confirmation of these effects has been
obtained (e.g. 50 msec., day 3; 33 msec., day 20; 28 msec., day 40) in
this series of experiments.

Similarly, thalamically evoked responses in caudate nucleus also de-
crease in latency with age (e.g. 35 msec. at day 10, 22 msec., day 30).
Although some cells could not be fired by either thalamic or cortical
stimulation, the proportion of these decreased with age. Other cells
were evoked by one or both of the stimulated sites. Of the cells which
were evoked by stimulation of either site the majority (70%) had shorter
response latencies to thalamic than to cortical stimulation. This find-
ing suggests that a direct thalamic-caudate pathway, rather than a X
thalamic-cortico-caudate pathway has been utilized. Further evidence of
a direct thalamic-caudate pathway was obtained from the small variation
in response latencies (S.D. & 1.0 msec.) in some neurons. In general,
the ability to follow repetitive stimulation increases with age, although
some exceptions to this statement were found. It is quite often easier to
evoke responses at 3 hz than at 1 hz and sometimes in order to evoke a
reliable response, 10 hz stimulation needed to be used before 3 hz would
evoke a response. This fact is probably not indicative of a lack of
transmitter, but rather that long lasting cumulative depolarization final-
ly resulted in a threshold response.

A small number of interactions have been studied in kittens over 20
days. These indicate that cortical stimulation besides evoking a response
in caudate cells can inhibit thalamically evoked responses, a situation
similar to that found in the adult preparation. This study indicates that
a functional thalamo-caudate pathway is present in neonatal kittens as
early as the first five days of age. With increasing age the response
latencies decrease, and the numbers of responsive units and their ability
to follow repetitive stimuli increases.

Supported by Grants USPHS HD-05958 and MH-7097.
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73 PERMANENT DEFICITS IN CAUDATE NEURONAL ACTIVITY INDUCED BY NEONATAL
CORTICAL DAMAGE. E. Garcia-Rill, N.A. Buchwald, C.D. Hull, M.S. Levine,
J. Villablanca. Mental Retardation Research Ctr., Brain Research Inst.,
UCLA, Los Angeles, 90024.

The fact that axons of cerebral cortical neurons project to the caudate
nucleus and putamen has been well established from the morphological view-
point. Convincing neurophysiological data now exists to indicate that
this corticofugal output is excitatory upon striatal neurons. This con-
clusion is a result of two kinds of physiological data; the first is the
fact that the initial response evoked by cortical stimulation and
recorded intracellularly in caudate neurons is usually an EPSP, and the
second is that the spontaneous firing of caudate nucleus neurons slows
markedly in cats which have sustained frontal cortical damage. A major
interest of our laboratory is the elucidation of possible compensatory
mechanisms after early brain injury. For example, we have been studying
the behavioral, neurophysiological and electrophysiological development
of cats subjected to frontal cortical lesions during the first month of
life, and comparing these animals with their littermate controls. The
experiment mentioned above, in which frontal cortical lesions resulted in
slowing of caudate neuronal activity, was performed entirely on adult
cats. It seemed important to ask whether the excitatory cortical control
of the striatum was present in infancy as well as in the adult, and if it
was, whether compensatory mechanisms exist to enable the caudate nucleus
to "recover" from interruption of this excitatory control produced in in-
fancy. In an attempt to answer these questions partially, bilateral
lesions of the frontal cerebral cortex were carried out on a series of
kittens ranging from 9-36 days of age. This paper will report on the spon-
taneous activity of caudate neurons in these animals which were allowed to
survive to juvenile-young adult ages (9-18 months). Similar studies of ami-
mals, frontally decorticated in infancy and allowed to reach full maturity
before measures of neuronal activity are made, have not yet been completed.

In a terminal experiment, the spontaneous firings of pairs of caudate
neurons were sampled simultaneously from both caudate nuclei as previously
described (Hull et al. Brain Res. 73, 1974). The mean interspike interval
(ISI) for caudate cells of neonatally-lesioned juvenile cats was 5280 msec
compared to 3175 msec for caudate cells of non-lesioned controls. In cats
in which the frontal cortex was ablated in adulthood the mean ISI was 4854
msec compared to a mean ISI of 1712 msec for caudate neurons of their con-
trols. An analysis of variance indicated that the differences between non-
lesioned and lesioned animals in both adult and juvenile conditions was
statistically significant (p<.01). Of particular interest was the finding
that the non-lesioned juvenile cats displayed slower spontaneous caudate
unit firing rates than non-lesioned adult cats. This datum as well as
other evidence leads us to believe that the mature level of spontaneous
firing in the striatum is a slowly developing phenomenon. We know from
previous research (Lidsky et al. Exp. Neurol. 50, 1976; Adinolfi, Soc.
for Neurosci. 5, 1975) that functional excitatory cortico-striate con-
nections exist in neonates. These data together with the results presented
in the present paper show that compensation for the tonically induced
cortical excitation does not occur, at least for the first year of post-
natal life.

Supported by USPHS Grants MH-7097, HD-05958 and NS-12324.
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EPITHALAMIC AND PONTINE PROJECTIONS OF THE FELINE ENTOPEDUN-
CULAR NUCLEUS. Kenneth D. Larsen® and Russell L. McBride*
(SPON: Jerome Sutin). Depts. Physiol. and Anat., Emory Univ.,
Atlanta, GA., 30322.

The entopeduncular nucleus (EPN) is the feline homologue of
the medial segment of the globus pallidus and a major source
of efferents from the basal ganglia, projecting to the thala-
mus, epithalamus and pons. Projections to the thalamus are
known to influence the cerebello-~thalamo-cortical relay,
thereby affecting motor activity, while the functional signif-
icance of the epithalamic and pontine projections is unknown.
There is evidence for topographic organization of cortico-
caudate and caudato-pallidal projections, but the organization
in cats of EPN projections has not been shown. To determine
if there is topographic localization within EPN of efferents
to epithalamus and pons, the EPN cells have been studied by
antidromic activation and retrograde transport of horseradish
peroxidase. Extracellular recordings were made from EPN neur-
ons antidromically activated by stimulation of the lateral
habenular and pedunculopontine nuclei. In other experiments,
these same areas were injected with horseradish peroxidase and
the numbers and location of labeled cells in EPN determined.
Both techniques revealed that EPN cells projecting to the
lateral habenular and pedunculopontine nuclei originate from
all portions of the nucleus. Of 201 sampled neurons, 13 cells
were antidromically activated by lateral habenular stimulation;
latencies ranged from 1 to 3 msec with a mode of 2 msec
(conduction velocity of less than 5 m/sec). EPN cells pro-
jecting to pedunculopontine nucleus (16 of 201 neurons) have
1 to 2 msec latencies to antidromic activation (conduction
velocity of less than 12 m/sec). Using a standard systematic
sampling technique, EPN was estimated to contain 3800 neurons.
In typical peroxidase experiments, 16% of EPN cells were la-
beled after lateral habenular injections, and 1% after pedun-
culopontine injections. While neurons were distributed
throughout EPN following lateral habenular injections, the
more compact central zone of the nucleus contained proportion-
ally fewer labeled neurons than more dorsal and medial zones
where cells are intermingled among the fibers of the internal
capsule and adjacent lateral hypothalamus. (Aided by NIH
Grant NS-06948.)
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LOCALIZATION OF ACETYLCHOLINESTERASE WITHIN EXTRAPYRAMIDAL AND RELATED
STRUCTURES IN THE BRAINS OF MONKEYS TREATED WITH DFP. L.J. Poirier, R.
Marchand¥* and A. Parent. Neurobiology Lab. and Dept. Anat., Laval Univ.
Quebec, QUE. G1K TPk.

The pharmaco-histochemical technigue based on the administration of di-
isopropylfluorophosphate (DFP) and on an histochemical technique for cho-
linesterases, as applied by Butcher et al., J. Neural Transm. 37: 127,
1975) in the rat, was used to study the distribution of acetylcholineste-
rase (AChE) within the extrapyramidal system. Under such conditions
large neurons (possibly two types) located within the caudate nucleus and
the putamen show an intense AChE activity. Somewhat larger neurons which
also display an intense activity are present within the external and in-
ternal medullary laminae of the lenticular nucleus, at the base of the
anterior limb of the internal capsule, and within nucleus ansae lenticu-
laris, or else, they are interspersed between neurons of the nucleus of
the diagonal band of Broca and the substantia innominata (nucleus basalis
of Meynert). Medium-sized neurons of the external and internal divisions
of the pallidum and of the pars diffusa of the substantia nigra show a
moderate AChE activity. Elongated neurons with an intense AChE activity
and ovoid neurons with a moderate AChE activity are present in the pars
compacta whereas the few and somewhat larger neurons of the pars lateralis
of the substantia nigra have a moderate AChE activity. An intense AChE
activity may be observed in the soma and processes of the neurons of
nucleus tegmentosus pedunculopontinus, subnucleus compactus, and in the
soma of the neurons of the locus coeruleus whereas the soma of the neurons
of the subthalamic nucleus and nucleus ansae peduncularis show a weak to
moderate AChE activity. (Supported by the Medical Research Council of
Canada).

AChE-containing neurons
in the neostriatum (Figs
1,2) the pars compacta of
the substantia nigra (Fig
3) the internal medullary
lamina of the lenticular
nucleus (Fig 4) and nu-
cleus ansae lerticularis
(Fig 5) of a DFP-treated
monkey. Scale= 50U
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THE EFFECTS OF ROSTRAL CAUDATE NUCLEUS LESIONS ON MOTOR BEHAVIOR IN THE
CAT. G. T. Sanders*, M. E. McNeill, M. L. MurphgyX D. L. Bragunier*, and
M. C. Metz*. East Carolina Univ., Greenville, NC. 27834.

Facilitatory as well as inhibitory areas have been described in the
rostral caudate nucleus (CN) of the cat (Liles and Davis, 1969, Science,
164). Lesions involving the inhibitory (anteroventral) area, sparing the
facilitatory (dorsoposterior) area, have been reported to result in
athetoid and choreiform movements in a limited number of cats (Liles and
Davis, 1969; Harik and Morris, 1973, Brain Res., 62).

To further investigate the behavioral heterogeneity of the rostral CN
this study was undertaken to (1) investigate the behavioral effects of
unilateral, stereotaxic electrolytic lesions in the rostral CN of the un-
restrained cat, (2) objectively quantify hyperkinesia (height of forepaw
rise and abductien during ambulation), and (3) design and build a model
for the measurement of the amplitude of hyperkinesia. Lesions in 8 adult
cats were verified in frontal sections stained with the Klliver-Barrera
method. Unrestrained motor observations were made 15 min/day x 10 days
pre and post operatively. An incremental glass runway was used for
measurements during ambulation.

The primary postoperative motor changes were bilateral forelimb chorea
which was observed in 3 cats, 2 of which also displayed ipsilateral hind-
1limb chorea and 2 of which displayed athetosis. All of these lesions
were between coordinates A 19.5 and A 17.0 (Snider and Niemer, 1961).
Other behaviors that changed in frequency included head shaking, side-
lying, self and other cat grooming, sphinx position, crouching, rubbing,
kneading and mewing. An incidental finding was bilateral circling (pre-
dominantly tail chasing) in 2 cats with lesions rostral to the CN and in
1 cat with a lesion involving the anteroventral CN. The incremental
glass runway was economically and functionally useful for the measurement
of height of forepaw rise and abduction during ambulation. In this study
the varied findings of bilateral forepaw chorea, ipsilateral hindlimb
chorea and bilateral circling following small (1-2 mm) unilateral lesions
not only support the hypothesis that there is functional localization in
the caudate but strongly suggest that it is more specific than previously
reported.
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77 TONIC FIRING PATTERNS OF SUBSTANTIA NIGRA NEURONS IN AWAKE MONKEYS,
Marjorie E. Anderson. Depts. of Rehabilitation Medicine and Physiology
and Biophysics and Regional Primate Research Center, Univ. of Wash.,
Seattle, Wa. 98195

Tonic firing patterns of neurons in the substantia nigra of monkeys
have been studied during active maintenance of a stable postural position,
in an attempt to establish usable criteria that would distinguish between
thalamic-projecting neurons of the pars reticulata and nigrostriatal
neurons- during motor performance tasks. Juvenile monkeys (M.mulatta)
were trained to maintain a stable head position in which a skull-mounted
mirror would reflect a light beam from an overhead source into a fixed
position photodetector cell. Following training, a recording chamber was
surgically implanted, and after recovery and retraining, the firing pat-
terns of neurons in the substantia nigra (and subthalamic nucleus) were
recorded with a stable chair position. Interspike interval histograms of
this tonic activity were compared with those reported previously for
neurons in the other basal ganglia output nucleus, the internal globus
pallidus(GPi). Like GPi neurons, cells in the pars reticulata have high
frequency, rather regular discharge patterns, most with mean frequencies
higher than 50/sec. Neurons on the dorsal border and more medial por-
tions of the substantia nigra have lower frequency, more irregular dis-
charge patterns. Attempts are under way to determine, by antidromic
activation from chronically implanted electrodes, whether these tonic
firing patterns can be used to distinguish nigrothalamic (or nigro-
collicular) from nigrostriatal neurons. (Supported by NIH grants NS1080L4
and RR 00166 and SRS grantl16-P-56818 )

78 SOMATIC AND VISUAL FEEDBACK TO MONKEY CAUDATE NUCLEUS DURING A CENTRAL
MOTOR PROGRAM. R.J. Anderson, J. Wayne Aldridge*, and J.T. Murphy.
Dept. of Physiol., Univ. of Toronto, Toronto, Ont., Canada.

Experiments were designed to test whether either somatic or visual
sensory information is channelled to caudate nucleus during voluntary
movement. Monkeys (M. speciosa) were trained to track a visual target by
means of flexion-extension movement about the wrist. Target and manipul-
andum positions were presented on the visua! display for the monkey.
Torques were randomly delivered to the manipulandum thus activating
cutaneous and deep receptors in the hand and limb. Somatic and visual
feedback were randomly decoupled during the motor task, thus providing
indication of the relative role of each sensory channel.

The activities of 60 single neurons in contralateral caudate nucleus
were recorded both with the monkey at rest and during performance of the
motor task. Somatic sensory stimulation with the animal in the resting
state produced a response in 36 of these neurons. The neurons typically
had wide receptive fields, often involving more than one limb. Cells
usually responded to stimulation of either deep receptors in muscles or
Jjoints, or of cutaneous receptors; a small percentage (8 of 36 cells)
responded to both types of passive stimulation.

One-half of the cells studied responded during some component of the
motor task. A convergence of visual and somatic feedback was demonstrat-

. ed in this context. Of 30 task-related cells, 16 responded only to somat-
ic feedback during task performance, while 14 responded to both somatic
and visual feedback. No task related cells were linked solely to visual
feedback. These findings indicate that both somatic and visual informat-
ion play-an important role as determinants of output from caudate neurons
during voluntary movement, with the somatic feedback channel predominant.

Supported by M.R.C. of Canada.
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IS NIGRONEOSTRIATAL FACILITATION DOPAMINERGIC OR NOT ? Peter
Brawley, James Doyler and Charles Marmar*. Dept. Psychiat, Res.
Div., Toronto General Hospital, Toronto M5G 1L7, Canada.,

Iontophoretic application of dopamine (DA) to caudate neurones
usually has inhibitory effects but stimulation in the nigral area

of the brain stem has often been reported to have facilitatory
effects on caudate neurones. We mapped nigral area sites at which
stimulation would evoke field potentials and unit responses in the
caudate and studied the pharmacologic responsiveness of the caudate
responses in 36 adult cats paralysed and lightly anaesthetised.

Of five field potential waveforms which could be elicited in caudate
by nigral area stimulation, only one could be localised to the pars
compacta of the nigra (SNC)., None of the field potentials was
affected by the DA agonist apomorphine or by neuroleptics (trifluo-
perazine and haloperidol). Action potentials could be elicited in 61
caudate neurones with stimulation in SNC; such effects disappeared
when the stimulating electrode was moved 0.5 - 1 mm. Short-latency
responses (€8 msec) tended to have antidromic properties. Longer-
latency responses (»12 msec) tended -to have orthodromic properties
and were superimposed on the nigroneostriatal field potential.
Cumulative intravenous dose-response experiments with apomorphine,
haloperidol and trifluoperazine revealed an absence of drug effects
in 9 of 12 neurcones and non-specific, dose-unrelated effects on the
remaining three neurones. We conclude that a non-dopaminergic input
to the striatum, originating in or passing through SNC, is responsible
for nigroneostriatal facilitation.

NEURAL PATHWAY MEDIATING SOMATIC EVOKED POTENTIALS IN THE CAUDATE
NUCLEUS OF CATS. Q. Diez-Martinezf J.A., Roig, J. Sepdlveda* and G. Véz-
quez-Nin¥ Depto. de Fisiologia, Fac. de Medicina, Univ. Nal. de México,
México 20, D.F.

In previous experiments it was shown that evoked responses in the
caudate nucleus (CN) can be elicited by somatic and visual stimuli. How-
ever, the pathways followed by this sensory inflow were still unknown.
Since light doses of barbiturate (10 mg/Kg) abolished the caudate
responses but not the primary afferent responses, our search was oriented
to the ascending unspecific sensory system, Small lesions placed in the
lateral reticular thalamic n. supress the CN responses to radial nerve
stimulation., It was possible to record somatic evoked responses in the
mesencephalic reticular formation (MRF) with bipolar electrodes. The
polarity of these evoked potentials reverses within 1 mm as the electrode
was descended at the level of the rostral part of the n. reticularis
pontis oralis. Moreover, the electrical stimulation in this zone evoked
a short latency response in the n. centralis medialis and in the CN. 1In
other experiments electrolitic lesions were performed in the exact
locations where the smallest threshold to evoke responses in CN was
found, and degeneration of ascending fibers was traced with the Fink-
Heimer technique. Such fibers were found in centralis medialis,
reticular nucleus and in both CN, These fibers enter the head of this
nucleus at the same place where previous experiments showed that the
somatic responses reverse their polarity.

The data suggest that the sensory information reaches the CN by at
least two groups of fibers both coming from the MRF. One group passes
through the n., centralis medialis and the other through the thalamic
reticular nucleus.
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QUANTITATIVE MORPHOLOGY OF MONKEY NEOSTRIATUM: ONE-WEEK OLD VS. ADULT.
Marian DiFiglia, Tauba Pasik and Pedro Pasik. Department of Neurology,
Mount Sinai School of Medicine, CUNY, New York, N.Y. 10029.

Light Microscopy: Dendritic spines of the various neuronal types were
counted in material prepared by the Golgi method. Spiny type I neurons
show an increase in the density of spines with age from 7 to 16 per 10 um
of dendrite length. 1In spiny type II neurons, the density decreases from
8 to 5 per 10 um. At one week, the dendrites of aspiny neurons (types I,
II and III) exhibit spine-like processes and other longer and thinner
dendritic appendages up to 4 per 10 um which are only rarely seen in the
adult. Electron Microscopy: Synapses were counted and measured in 5
samples of 200 um* of net neuropil, at each age. The mean number of
synapses over the 5 samples increases significantly (p < 0.025) with age
from 45 to 52. Using preestablished criteria for maturity of synaptic
contacts, 28% are immature at one week. However, similar features are
also exhibited by 7% of the contacts in the adult. Axospinous synapses
increase significantly both in number, from 27 to 42 (p < 0.01), and in
relative occurrence, from 597 at one week to 81% in the adult. In contrast,
axodendritic synapses decrease significantly from 18 to 10 (p < 0.01) and
from 39% at one week to 197 in the adult. Mean total cumulative length
of synaptic contacts also increases significantly with age from 13 to
20 ym (p < 0.001) with a proportional increase in axospinous synapses
from 57% to 85%, and a decrease in axodendritic synapses from 41% to 157%.
Conclusions: Results indicate that the increase in number and cumulative
length of axospinous synapses observed with age reflects primarily the
two-fold increase in the number of dendritic spines of spiny type I
neurons seen in Golgi material. The corresponding decrease in the number
and length of axodendritic contacts suggests that up to one half of these
synapses present at one week are precursors of axospinous contacts in the
adult. Aided by N.I.H. Grants # NS-11631 and F22-NS-01639.

SOME ASCENDING AND DESCENDING PROJECTIONS OF THE SUBSTANTIA NIGRA AND
VENTRAL TEGMENTAL AREA IN THE RAT. V.B. Domesick, R.M. Beckstead* and
W.J.H. Nauta, McLean Hospital, Belmont, Mass. 02178.

Nigrostriatal and mesolimbic pathways have been amply documented by
histofluorescence and chemical-lesion methods, but their topography is not
easily demonstrated by these techniques. In our present study, autoradio-
graphy in cases of microelectrophoretic injection of “H-leucine-proline
into the ventral tegmental area (VTA) and various medial-to-lateral sub-
divisions of the substantia nigra (SN) suggested the following conclusions.
From lateral parts of SN, fibers ascend in the dorsomedial edge of the
internal capsule and suprajacent subthalamus to a lateral part of the ven-
tromedial thalamic nucleus (VM) and a large lateral region of the caudato-
putamen (CP), whereas descending fibers pass ipsilaterally to the dorso-
lateral midbrain tegmentum including anterior parabrachial and intra-
brachial regions. Fibers ascending from medial parts of SN follow a. the
lateral part of the medial forebrain bundle to more medial regions of CP,
and b. Forel's field Hl to a ventromedial part of VM, whereas descending
fibers are distributed to a wide medial zone of the ipsilateral midbrain
tegmentum. The suggested medial-to-lateral nigrostriatal topography is
confirmed by the results of HRP injections in CP. Fibers from VTA could
be followed forward in the medial forebrain bundle to all layers of the
olfactory tubercle and to the nucleus accumbens (Acc), but their distri-
bution also involves a wide ventral zone of CP lateral to Acc. Fibers
descending from VTA pass ipsilaterally to a median and paramedian zone of
the midbrain tegmentum, including the region of the median and dorsal
raphe nuclei.

Supported by PHS Grants NS 06542 and MH 25515.
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A MULTIVARIATE ASSESSMENT OF CAUDATE NUCLEUS FUNCTION IN THE RAT.
Charles C. Duncan* and Leslie H. Hicks. Dept. Psych., Howard University,
Washington, D.C. 20059.

The behavioral effects of six different caudate lesions were examined
for six separate groups of rats and operated controls on four behavioral
tasks: two-way active avoidance, a position discrimination task, one-way
active avoidance, and passive avoidance. The evaluation of the separate
experiments indicate that there were tasks specific deficits associated
with specific lesion sites. 1In particular, the mid-ventral (MV) lesion
group demonstrated a deficit on the acquisition of the passive avoidance
task, a finding which replicated an earlier observation by Winocur (JCPP:
86, 432, 1974). The anterodorsal (AD), posterodorsal (PD), and poste-
roventral (PV) groups demonstrated marked impairment on the position dis-
crimination task. Simple profile analysis on six of the variables from
the four behavioral tasks indicated that the various lesioned animals in
this study had redistributed themselves among three predominant profiles:
anterodorsal (AD), mid-ventral (MV), and operated control (OPC). Discrim
inant analysis of the AD, MV, and OPC profiles revealed a clear differen-
tiation among the animals assigned to these profiles by the profile anal-
ysis. Additional discriminant analyses also suggested that the rat caud-
ate nucleus is primarily involved in the mediation of spatially dissoci-
ated cues. The appearance of animals with various lesions within specific
profiles suggests there is a high degree of interdependence within the
caudate for the mediation of regionally specific behaviors. The combina-
tion of these two notions is in line with principles of brain-behavior
relationships originally postulated by Lashley in 1931.

STUDIES OF THE FIBER CONNECTIONS OF THE SUBSTANTIA NIGRA IN THE RAT USING
THE METHOD OF RETROGRADE TRANSPORT OF HORSERADISH PEROXIDASE

R, L. M, Faull* and W. R. Mehler. Departments of Anatomy, Univ. of
Auckland, New Zealand and Univ. Calif., San Francisco, and NASA-Ames Res.
Ctr. Moffett Field, CA 94035

Our fiber degeneration studies in the rat with the Nauta and Fink-
Heimer silver impregnation techniques have indicated that the substantia
nigra pars reticularis (SNr) projects to the ventromedial nucleus of the
thalamus (VM) and receives striatal afferents while the substantia nigra
pars compacta (SNc) projects to the striatum. In order to localize more
precisely the cells of origin of these projections and to investigate
recent reports of nigrotectal (Graybiel & Sciascia, '75) and pallidonigral
(Hattori et al., '75) connections, small (0.1 pl) injections of horseradish
peroxidase (HRP) were stereotaxically placed in either the striatum, VM,
superior colliculus or SN of 40 rats.

The results of these studies confirm that, in the rat, SNr cells pro-
ject ipsilaterally to VM and to the superior colliculus, while SNc cells
project topologically to the striatum. These results confirm Graybiel &
Sciascia's ('75) nigrotectal findings in the cat; discrete injections into
the caudal two-thirds of the stratum griseum mediale of the rat superior
colliculus consistently producing conspicuous labelling of ipsilateral
SNr cells especially in the lateral third and a ventral lamina of the
pars reticularis. In 12 cases with nigral injections, clusters of medium-
sized HRP positive neurons were consistently present in the ipsilateral
striatum; labelled pallidal cells were only encountered in experiments
where the subthalamic nucleus was obviously involved. These observations
do not support the notion of a pallidonigral projection but they do con-
firm that, as in the cat (Grofova, '75), the strionigral pathway in the
rat originates chiefly in the medium-sized striatal cells.

*Supported by the Commonwealth Fund of New York, the Medical Research
Council of New Zealand and NASA Task 970-21-11-11
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85 ELECTROPHYSIOLOGICAL STUDY OF THE DISTRIBUTION OF AXONAL BRANCHES OF INDI-
VIDUAL ENTOPEDUNCULAR NEURONS IN THE CAT. M. Filion, C. Harnois® and
G. Guano¥*.Neurobiology Lab., Fac. Med. Laval Univ. Quebec, QUE. Canada
G1K TPL.

Antidromic invasion of individual entopeduncular (Ent) neurons was used
to determine the distribution of their axonal branches. In cats under pen-
tobarbital anesthesia bipolar stimulating electrodes were placed in the
nucleus ventralis lateralis (VL) and "centre-médian" (CM) of the thalamus,
in the lateral habenula (HbL) and in the nucleus tegmenti pedunculoponti-
nus (TPP). The recording sites were labelled by injection of fast green
through the extracellular recording microelectrode. Giant soma spikes were
taken as evidence that we were not recording from fibers coursing through
the Ent nucleus. Responses were identified as antidromic by their fixed
latencies at threshold stimulation, by their ability to follow stimulation
rates greater than 300/s and by the demonstration of collision block. In
these conditions, individual Ent neurons were invaded antidromically from
a single, from a combination of two or three or from all four stimulation
sites. Neurons at the periphery of the Ent nucleus, especially in its ros-
tral portion, were often invaded exclusively from HbL and not from VL, CM
and TPP. The latency of antidromic invasion from VL (median: 1.1 ms) is in
agreement with the latency of monosynaptic IPSPs (mean: 1.5 ms) recorded
by Uno and Yoshida in VL-VA neurons following Ent stimulation (Brain Res.,
99: 377, 1975). Thus, our data show that Ent nucleus sends information in
parallel to many recipient structures through axon collaterals. An impor-
tant corollary is that electrical stimulation of any recipient structure
of Ent fibers can produce axon reflexes recordable in the other recipient
structures and which can be easily mistaken for a direct projection.
(Supported by the Medical Research Council of Canada and the Quebec Health
Sciences Council).

86 INITIATION OF MONKEY ARM MOVEMENTS DURING GLOBUS PALLIDUS COOLING,
J. Hore and T. Vilis. Department of Physiology, University of Westerm
Ontario, London, Ontario, Canada N6A 5Cl.

The finding that units in putamen and globus pallidus (GP) discharge
prior to movement onset led to the suggestion that the basal ganglia may
be involved in movement initiation (l1). We have investigated this sugges-
tion by cooling through a sheath implanted in the GP of Cebus monkeys
which were trained to perform a prompt armm movement in response to a vi-
sual GO signal (reaction time task). In contrast to previous work from
our laboratory, where cooling the dentate nucleus of the cerebellum pro-
duced an increase in reaction time, cooling the GP produced no comnsistent
increase in reaction time in 4 monkeys.

However impairments were observed in movements during GP cooling, for
example smaller amplitude and slower extension movements and a tendency
towards oscillation. Preliminary analysis of EMG records from extension
movements during GP cooling, reveals that the decreased amplitude of ex-
tension movements are in part the result of increased activity of the an-
tagonist (biceps) muscle. 1In addition, during extension movements, in-
stead of a monophasic increase in triceps activity, multiple peaks which
were synchronized to the beginning of movement, were observed which cor-
responded to 7 Hz oscillations in the acceleration record. These EMG
results could be explained if during GP cooling there is a failure to in-
hibit stretch reflexes during the movement. Thus stretch of biceps re-
sulting from the extension movement would produce, via stretch reflex
afferents, a simultaneous decrease in triceps activity and an increase in
biceps activity. Taken together these results suggest that any discharge
of GP neurons prior to movement onset may be inhibiting stretch reflexes
rather than contributing a major drive to the initiation of EMG activity

which produces the movement. (Supported by NIH NS-10311; MRC MT- 4465)
1. DeLong, M. R. (1972) Brain Research 40: 127-135.
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87 POSSIBLE AFFECT- AND AROUSAL-RELATED UNIT ACTIVITY IN RAT NEOSTRIATUM
AND LATERAL GLOBUS PALLIDUS. James J. Keene. Dept. Physiol., Sch. Med.,
Univ. of Puerto Rico, San Juan,

Affect coding has been defined as oppos1te single cell responses
lasting seconds to rewarding medial forebrain bundle (MFB) and aversive
midbrain reticular (RET) stimulation, and demonstrated in unanesthetized
postcollicular, pretrigeminal cerveau isol€ rats, and in chronically im-
planted, awake rats and cats. The anatomical 10ca1izatlon of this phe-
nomena in intralaminar thalamus and medial pallidum suggested that an
intralaminar-neostriatum-pallidum-intralaminar loop may be involved. In
cerveau isol€ rats, dorsal neostriatal (caudate) and lateral pallidal
units have been tested with MFB and RET stimuli (0.5 sec, 40 Hz, 0.5 msec
cathodal pulses), or both simultaneously, presented in random order with
an average variable ISI of 20 sec. An on-line PDP 11/20 computer tabu-
lated Initial (during the stimulus train) and Prolonged (4.5 sec post-
train) responses, indicating sianificant effects by paired t comparisons
with prestimulus firing rates. For 62 neostriatal and 40 lateral palli-
dal units tested thus far, Initial, short-latency responses were not
generally correlated, in direction or magnitude, with the Prolonged
responses to the same stimuli. Principal component factor analysis
identified the following MFB-RET interactions: (1) Arousal coding fac-
tors, where all three stimulus conditions elicited similar effects,
accounted for significant variance of the Prolonged neostriatal responses,
mostly inhibition, and of the Initial lateral pallidal responses (where
90% of the units were excited). (2) Affect-related factors, where RET-
elicited excitation was blocked by MFB stimulation in the Prolonged
lateral pallidal responses, and where MFB stimuli blocked RET-elicited
inhibition in the Initial neostriatal responses, were also significant.
The integrative functions of the above loop deserve further study.

88 ELECTROPHYSIOLOGICAL AND ANATOMICAL ANALYSIS OF THE CORTICO-CAUDATE
SYSTEM. Kitai, S.T., Kocsis, J.D., and Wood, J.I., Wayne State Univ.
Sch. of Med. Dept. Anat. Morin Memorial Lab., Detroit, Michigan, 48202.

The origin of the cortico-caudate system and its relationship to the
pyramidal tract (PY) were studied in nembutalized cat. Intracellular
responses were recorded from sensorimotor cortex following stimulation
of the caudate (Cd), ventrolateral thalamus (VL) and PY. One group of
cortical neurons responded antidromically to only PY stimulation and
another to only Cd stimulation. The PY responding group also received
monosynaptic EPSPs from VL. Intracellular recordings were also obtained
from Cd neurons. Cortical stimulation induced monosynaptic EPSPs which
were not obtainable from PY stimulation. Some of these recorded neurons
were identified by direct intracellular injection of horseradish peroxida-
se (HRP) through microelectrode. Neurons receiving monosynaptic inputs
from the cortex have somata of about 15 u giving rise to many spine laden
dendrites. The axon leaves the soma and gives cff a fine collateral plexus
and this parent axon continues for several millimeters. Extracellular
pressure injections of 50% HRP delivered stereotaxically to the rostral
Cd revealed that medium size pyramidal cells, containing HRP granules,
were found predominantly in layer III of the sensorimotor cortex. HRP
positive neurons were also observed in the substantia nigra and the
intralaminar thalamus. In conclusion, at least some neurons in layer
III of the sensorimotor cortex project to the Cd independent of the
pyramidal tract and their target neurons are medium size Cd spiny
neurons. (This work was supported by NIH Grant 00405 and RR5384).
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SYSTEM. J.D. Kocsis*, R.J. Preston*, and S.T. Kitai (SPON: C.A. Fox).
Wayne State Univ. Sch. of Med., Dept. Anat., Morin Memorial Lab. Detroit,
Michigan, 48202.

Caudate nucleus (Cd) projection neurons were studied by electrophysio-
logical and anatomical techniques. Intracellular recordings were obtained
from the Cd neurons in cats anesthetized with pentobarbital (40 mg/kg).
Recording microelectrodes were filled with a horseradiah peroxidase (HRP)
solution (4% in tris buffer with 0.2M KCl) or with 3M KCl. Spike
potentials with latencies of 7 msec to 14 msec were evoked in Cd neurons
following SN stimulation. These potentials were considered to be anti-
dromic according to the following criteria: 1) all-or-none constant
latency response at threshold, 2) collision with a preceding spontaneous
or intracellularly induced spike and 3) absence of underlying synaptic
potentials. Neurons responding in this manner responded with EPSP's to
thalamic, cerebral cortical or higher intensity SN stimulation. Intra-
cellular injection of HRP into these antidromically activated neurons
indicate that they are spiny neurons. In additional experiments extra-
cellular electrophoretic injections of HRP (47 in P04 buffer) were
applied to the entopeduncular nucleus or SN. Sagittal sections collected
to control against cross-cutting large fusiform Cd cells showed a large
number of small to medium sized neurons with four to six proximal den-
drites filled with HRP positive granules. No large Cd neurons contained
HRP granules. In conclusion, Cd projection neurons to the SN may be
spiny neurons. A relatively large number of small to medium sized
caudato-fugal neurons are distributed uniformly within the head of the
caudate nucleus. (This work was supported by NIH Grant 00405 and RR5384.)

Maze Learning in Kittens with Caudate or Frontal Cortical Lesions.

M.S. Levine, J. Villablanca, C.D. Hull, N.A. Buchwald and C.E. Olmstead.
Mental Retardation Research Ctr., Brain Research Inst., UCLA, Los Angeles,
90024.

We have been studying the development of kittens subjected to bilateral
caudate (Cd,N=10) or bilateral frontal cortical lesions (Fr,N=9) during
the first month of life (9-36 days) and comparing their performance on a
set of behavioral tests with that of their sham-operated (Sh,N=5) and in-
tact littermates (Norm,N=15). Two tests begun when kittens were about 90
days old were a visual discrimination and its reversal in a walk-through
T-maze. Kittens were trained to walk to the side containing a black board
placed on the floor just past the choice point of the T. After reaching
criterial performance of at least 80% correct for 4 consecutive sessions,
the meaning of the cue was reversed; kittens were trained to walk to the
side not containing the cue.

Mean trials to criterion for Norm and Sh kittens were 258 and 210 re-
spectively. Cd and Fr kittens were impaired compared to their controls.
Mean trials to criterion being 315 and 350 respectively. There was a direct
relationship between the magnitude of the impairment and the amount of
caudate removal. Kittens with over 607% caudate removal (N=6) took longer
to learn (357 trials) than animals with smaller lesions (253 trials).

On the reversal task Cd kittens performed less well than Fr, Sh or Norm
kittens. This deficit was due to a marked tendency to persevere in respond
ing to the previously reinforced cue. The magnitude of this deficit was
also directly related to the size of the Cd ablation. The results indicate
that some of the effects of both caudate and cortical damage inflicted in
neonates persist at least through 6 months of age with caudate damage pro-
ducing more severe disturbances in reversal learning than cortical damage.
Supported by Grants USPHS HD-05958 and MH-7097.
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OROPHARYNGEAL SENSORY INFLUENCES ON ENTOPEDUNCULAR UNIT ACTIVITY,
T, I, Lidsky, J, H, Robinson*, F, J, Denaro*, Dept. Psychol.,, SUNY
Stony Brook, N,Y, 11794

Considerable work has implicated the basal ganglia in the control
of oro-ingestive behavior. The purpose of the present research was to
describe how neuronal activity in the entopeduncular nucleus is
affected by jaw movement-related sensory stimuli, Units were recorded
extracellularly in awake, paralyzed and locally anesthetized cats.
Cells were physiologically identified by caudate stimulation., The
effects of two types of sensory input were tested. 1) Afferents from
periodontal mechanoreceptors involved in reflex jaw opening were
stimulated via electrodes in the inferior dental nerve (IDN).
2) Afferents from spindle receptors in jaw elevator muscles, involved
in reflex jaw closure, were stimulated via electrodes in the tract
of the mesencephalic nucleus of the trigeminal (MNT). A significant
proportion of entopeduncular units (95 units sampled) responded to
stimulation of the IDN (30%) or MNT (51%). Of responsive cells, half
responded to stimulation of both MNT and IDN; ipsilateral and contra-
lateral stimulation were equally effective, Units responsive to
more than one input usually showed qualitatively similar response
patterns to all inputs with mainly quantitative properties serving
to differentiate stimulation loci. Responses were most typically
bursts of evoked action potentials at long latency (mean latency
to IDN=60 msec, MNT=85 msec). Multiple unit recording from the
trigeminal nerve indicated that evoked entopeduncular unit responses
occurred well after the cessation of reflexive motor responses.

TETANUS TOXIN AND TURNING. Patrick L. McGeer and Edith G.
McGeer. Kinsmen Laboratory of Neurological Research, Dept. of Psychiatry,
University of British Columbia, Vancouver, B. C., Canada, V6T 1W5.

Stereotaxic injection of 1 ul of tetanus toxin into one caudate of
adult Wistar rats caused rotation towards the injected side which began
4-5 days after injection and persisted for approximately two weeks.

During this period, the injected rats showed continuous circling when dis-
turbed and occasionally in the home cage; no straight or contralateral
movements were observed at the peak. Even at rest, the rats were often in
an extreme position of flexion with both head and tail sharply bent toward
the injected side. In a small percentage of rats, there was some gnawing
of the foot or tail. Otherwise, the rats appeared healthy. Ipsilateral
thalamic lesions potentiated the turning. Injections into the substantia
nigra (SN) or thalamus led to more violent and continual ipsilateral move-
ments which developed within 1-2 days and led to death by the 4th-5th day
post injection. Injections into the hippocampus produced no visible
change in movement or behavior. )

Caudate injections still produced rotation in rats previously treated
with 6-OHDA but not in animals previously hemitransected on the same side;
SN injections were still effective in such rats. This, plus the long
latency after caudate injections as compared with SN or thalamic
injections, would be consistent with transport from the caudate before
action.

The phenamenon occurred with toxin which was lethal to mice within
2-3 days when 1 ml of 1/10° dilution was injected i.p. but not with toxin
that had lost its toxicity. This may provide both an experimental model
for the determination of new neuronal defects which might cause dystonic
conditions and a test system for the evaluation of phamacological agents
for use in such conditions.
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CAT. Charlotte McGuinness*, Mario Dalsass*, Eric Proshansky* and George
Krauthamer, Depatment of Anatomy, CMDNJ-Rutgers Medical School,
Piscataway, New Jersey 08854.

Retrograde transport of horseradish peroxidase (HRP) was used to demonstrate
afferent connections of the nucleus centrum medianum (CM) in the cat.
lontophoretic delivery of HRP (30% dissolved in 0.01M saline) through
micropipettes produced small dense deposits of HRP (.3-1mm diameter) which
were essentially confined to CM. In cats sacrificed after twenty-four hours the
largest concentration of HRP labelled neurons was found in the ipsilateral
entopeduncular nucleus. HRP positive neurons were also found in ipsilateral
precruciate cottex, the substantia nigra, ventral layers of the superior colliculus
and the locus coeruleus. Labelled cells were found bilaterally in the periaque-
ductal grey and throughout the reticular formation. In animals which survived for
two and three days HRP labelled neurons were further seen bilaterally in the
vestibular complex and in the cervical spinal cord, in lamina VIl of Rexed.

This ovetlap of projections within CM supports the notion that this area is
involved in the integration of basal ganglia functions with somatosensory,
especially spinothalamic, and reticular mechanisms.

(Supported by NIH grant NS 10922.)

INTRINSIC ORGANIZATION OF A SINGLE CAUDATE NUCLEUS. Patricia L. Mensah,
Department of Anatomy, University of Southern California School of
Medicine, Los Angeles, California 90033.

Patterns of cell clustering and interconnectivity within a single
mouse caudate nucleus were studied using Nissl staining, Golgi techniques
and horseradish peroxidase histochemistry (HRP). For analysis, the
caudate-putamen complex was divided into four quadrants: dorsomedial
(dm), dorsolateral (dl), ventrolateral (vl), and ventromedial (vm). In
each, clusters of neurons, usually 10 to 12 in number, often are sep-
arated by internal capsule fiber bundles. Medium sized spiny cells com-
prise 967 of the total caudate cell population and 95% to 100% of each of
the four quadrants. These cells are stellate, giving rise to short, thin
axons and to several branching dendrites profusely covered with spines.
Giant fusiform neurons also occur, almost exclusively in dm, dl, and vl
striatal regions, and comprise 17 of the total cell population. They are
surrounded by several stellate cells. Medium-sized varicose, smooth and
long-axoned cells as well as small cells are also present.

HRP was injected electrophoretically or deposited via insect pin in
the caudate nucleus of normal mice or of mice subjected to unilateral
cortex removal 20 to 30 days previously. Intracellular label was seen
most often in medium cells lying within a 100 micron radius of the
localized injection site. When more medial, and particularly vm areas,
of the caudate nucleus were injected, HRP granules were also seen in dl
and vl giant neurons. These data together with those of Golgi and Nissl
procedures suggest that the heterogeneous caudate nucleus may be composed
of specific territories of varying interconmnectivity. A ventromedial
assoclation area appears to be present.
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Kitten Caudate Nucleus Development II. Ventral Tegmental-Caudate
Connections. R. Morris*, N.A. Buchwald, and D.R.G. Fuller*. Mental
Retardation Research Ctr., Brain Research Inst., UCLA, Los Angeles, 90024.
Responses of caudate units to electrical stimulation of the midbrain
and precruciate cortex were studied in neonatal kittens ranging in age
from one to fifty days. Overall mean latencies for all units evoked in
each animal by ventral tegmental stimulation were longer (e.g. 75 msec.,
day 3; 52 msec., day 20) than the comparable cortically evoked responses
(50 msec., day 3; 33 msec., day 20). However, in some of the units which
were evoked by stimulation of either site the ventral tegmental latency
was shorter than that of the cortex. Additionally, cortical latencies
were too long for most tegmental evoked responses to be explained by a
pathway involving cortical mediation. Latencies of responses evoked by
thalamic stimulation (see Fuller et al. - Kitten Caudate Nucleus Develop-
ment I., this meeting) are too long for the shorter latency tegmental
responses to be explained by thalamic mediation. A number of units found
in all ages of neonatal kittens show very small latency variation (S.D.g
0.13 msec. at 10 days) and follow repetitive stimulation (10/sec), suggest
ing a direct pathway. Threshold measurements indicate that some of the
responses were evoked by stimulation of the substantia nigra. Mean latency
decreases ability to follow repetitive stimulation and number of evoked
units increase with age. In the youngest animals (1-10 days) very few
units show stable spontaneous activity. Older animals have more units
which are spontaneously active and in a few of these inhibition (200 msec.
duration) has been observed usually following an initial excitatiom, to
both tegmental and cortical stimulation. This study indicates the presence
of a functional pathway projecting from the ventral tegmental to the
caudate nucleus from birth.
Supported by Grants USPHS HD-05958 and MH-7097.

BAR PRESSING AND MAZE LEARNING IN KITTEN OPERATED CAUDATECTOMIZED AND
FRONTAL CATS. Charles E. Olmstead and Jaime R. Villablanca, Dept. Psy-
chiat., Mental Retard. Res. Ctr., UCLA, CA 90024

The bar pressing and T-maze tasks which were used to test adult oper-
ated cats (see companion abstract) were applied to adult animals with bi-
lateral caudate (BAc, N:7) or bilateral frontal cortical (BFr, N:9) le-
sions inflicted during the first month of life (9-36 days). Intact (N:12)
and sham operated (ShO, N:5, bilateral lesions of midline cortex and cal-
losum) littermates served as controls. For the bar pressing, intact ani-
mals readily acquired the task in 2-8 half-hour sessions and transferred
to the opposite paw in 2-4 additional sessions. All 3 operated groups
showed significantly slower rates of acquisition. Significantly fewer
ShO and BAc cats acquired the initial response and only 2 BFr or BAc ani-
mals reached the single alternation criterion. The BAc cats, furthermore,
showed significantly slower rates of transfer, overall responding and al-
ternation; they did not exhibit postural adjustments and could bar press
and drink simultaneously. There was a direct relationship between the
magnitude of the deficit and the amount of caudate removal. On the T-maze
reversal, only the ShO cats produced significantly more errors. The dis-
tribution of errors differed from that seen in adult operated animals;
the intact and BAc cats showed errors of anticipation while the BFr and
ShO groups exhibited errors of a random nature. Although our T-maze re-
sults might suggest that there were savings in the animals receiving neo-
natal lesions, this must be only a tentative statement because these kit-
tens had earlier experience in mazes. The bar press data, on the other
hand, indicates that while there may be some savings in the more subtle
nuances of behavior, the overall effect on performance can be just as
large as when the lesions occur later in life. (Supported by USPHS Grants
HD-05958, MH 07097 and HD-04612).
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SELECTIVE ABLATION OF STRIATAL NEURONS WITH NEUROEXCITATORY AGENTS.
Robert Schwarcz* and Joseph T. Coyle. Dept. of Pharmacology and Psychia-

try, Johns Hopkins Univ. Sch. of Med., Baltimore, Maryland 21205.

Certain neuroexcitatory agents have been shown to induce degeneration
of intrinsic neurons of the retina. We have explored the effects of
stereotaxic injection of such neurotoxins into the rat striatum. Ten
days after injection, the activity of choline acetyltransferase, concen-
tration of acetylcholine, and the activity of the synaptosomal high
affinity uptake process for choline are reduced 60-70% (p < 0.001) as
compared to the contralateral striatum. Similarly, the activity of
glutamic acid decarboxylase, the concentration of GABA, and the activity
of the synaptosomal high affinity uptake process for GABA are reduced 60-
70% (p < 0.001). 1In contrast, the activity of tyrosine hydroxylase is
increased 47% (p < 0.01) and the concentration of dopamine and the
activity of the synaptosomal high affinity uptake process for dopamine
are unaffected. After injection, the wet weight and protein content of
the striatum are the same as control. Stereotaxic injection of the non-
specific toxic agent CuSQO4 results in a parallel decrement in the neuro-
chemical markers for all three neuronal types. Unilateral lesion in the
striatum produces sustained, spontaneous rotatory behavior toward the
ipsilateral side similar to that caused by unilateral ablation of the
dopaminergic nigro-striatal pathway. These results suggest that a group
of neuroexcitatory agents is selectively toxic to neurons with cell bodies
near the site of injection but spare axons and terminals from distant
neurons. This may be a useful animal model for Huntington's chorea.
(Supported by USPHS Grant DA 00266).

BAR PRESSING AND MAZE LEARNING IN ADULT OPERATED CAUDATECTOMIZED AND
FRONTAL CATS. Jaime R. Villablanca and Charles E. Olmstead, Dept. Psy-
chiat., Mental Retard. Res. Ctr., UCLA, Los Angeles, CA 90024.

In a two-bar lever pressing (BP) situation bilateral acaudate cats
(N:8) showed specific defects consisting of difficulties in shaping the
use of the paws, tendency to persist at the response producing the last
reward, inability to execute two concurrent motor acts and peculiar
postural adjustments. These changes contributed to slow rates of re-
sponding, markedly impaired ability to alternate and interfered with all
phases of acquisition and performance. Unilaterally ablated animals
(N:7) exhibited only fragments of these defects. Frontal cats (N:6; bi-
lateral removal rostral to stereotaxic plane A22) conversely, exhibited
markedly irregular behavior, inability to sustain performance and slow
rates of BP but without the other response peculiarities of acaudate
cats. In a standard T-maze, on spatial alternation and black-white
discrimination tasks, acaudate cats showed errors of perseveration while
frontal cats produced mainly randomly distributed errors. Such defects
were not seen in unilaterally lesioned animals. The above deficits did
not manifest any marked recovery even in cats studied for up to 16 months.
Sham operated cats behave like intact animals. In conclusion: 1) stable,
chronic cats with caudate removal and absence of dorsolateral cortical
damage are capable of learning, retention and performance far beyond
previous suggestions; 2) the discrete behavioral deficits resulting from
extensive caudate or frontal lesions are different suggesting that these
structures play different functional roles; 3) the deficits resulting
from caudate destruction are discussed in terms of interfereénce with
high level sensory-motor processes. (Supported by USPHS Grants HD-05958,
MHO7097 and HD-04612).
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P. M. Weinhold*, J. W. Gustafson and T. TI. Lidsky. Dept. Psychol.,
SUNY At Stony Brook, Stony Brook, NY 11794; Dept. Psychol., Purdue
Univ., Lafayette, Ind.

This research was intended to investigate the role of the caudate
nucleus in the control of jaw movements. Work was focused on movements
involving jaw-opening reflexes (digastric reflex-DR) and jaw-closing
reflexes (masseteric reflex-MR) in chronically prepared cats. A
conditioning test (C-T) procedure was employed in which the effects of
conditioning stimulation of the caudate upon test evoking of the DR and
MR were assessed. When the DR and MR were evoked by stimulation of
trigeminal afferents, caudate stimulation was found to have
predominantly inhibitory effects. These influences were observed at C-T
intervals of 20-100 msec with contralateral and ipsilateral caudate
stimulation being eaqually effective. Similar effects were observed when
the DR was evoked by stimulation of the amygdala. Cunditioning
stimulation of the caudate typically was inhibitory at similar C-T
intervals. In contrast, when the DR was evoked by stimulation of orbital
cortex, caudate stimulation had predominantly facilitatory effects upon
this reflex. These effects of caudate stimulation cannot be attributed
to current spread to the internal capsule; caudate stimulation at high
intensity (with concomitant evidence of spread) or direct stimulation
of the capsule does not produce similar effects upon jaw movements.

NIGRAL MODULATION OF PERIPHERAL INPUTS ON CELLS IN THE STRIATUM OF RATS.
D.H. York and S. Lentz*, Dept. of Physiology, Sch. Med., U. of Missouri,
Columbia, Mo. 65201

Prev1ous studies in the cat have demonstrated evoked sp1kes in the
caudate nucleus following stimulation of peripheral 1imb nerves. The
present study was undertaken to evaluate the effect of peripheral inputs
on striatal cells in the rat and to determine how nigro-striatal
activation may influence peripheral inputs. The study was performed on
male Sprague Dawley or Wistar derived rats anesthetized with urethane.
Spontaneously firing single units were recorded with a tungsten micro-
electrode inserted stereotaxically into the striatum. An integrator
counted up to a fixed number of spikes and displayed an incremental
staircase output, resetting when the fixed number was reached. ‘Thus
cell firing was evaluated over several periods consisting of fixed
numbers of spikes per period. A control period was alternated with a
peripheral leg stimulation period. Stimulation of the foot pads with
square wave pulses (1-2 msec, 14 pulses, 1-2/sec) consistently resulted
in facilitation of cell discharge over control levels. Cells were
evoked at constant latencies of 35-40 msec with either single spikes
or bursts of 3-4 spikes. Stimulation of the substantia nigra (SN) with
square wave pulses (1 msec, 14 pulses, 1-2/sec) also consistently
produced elevation in discharge over control levels. However, subsequent
testing of the leg stimulus was now markedly facilitated over previous
levels and may remain elevated for several minutes. This occurred in
spite of no change in basal firing level of control periods which were
alternated with periods of leg stimulation. This pattern of response
has been consistently observed in 5 animals, on 29 cells. It suggests
that nigral input may set a level of excitability for various peripheral
inputs. (Supported by NSF grant 1471).
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MEDIATION OF SPECIFIC RENAL VASOCONSTRICTOR RESPONSES TO HYPOTHALAMIC
STIMULATION IN THE CAT BY THE PARABRACHIAL REGION OF THE ROSTRAL PONS.
J. R. Adair, D. G. Ward*, L. P. Schramm, and D. S. Gann. Dept. Biomed.
Engr., Johns Hopkins Univ. Sch. Med., Balto., Md. 21205.

The role of the parabrachial region of the dorsal rostral pons (PB)
in mediating control of renal blood flow and of systemic arterial blood
pressure was investigated in 9 cats anesthetized with chloralose/urethan.
Electrical stimulation through electrodes placed stereotaxically in lat-
eral and medial positions in the hypothalamus (LH and MH) of each cat,
elicited pronounced systemic arterial pressor responses and renal vaso-
constrictions. Electrical stimulation through electrodes placed in PB and
in ventrolateral reticular formation (VLRF) also produced responses in
systemic pressure and renal flow similar to those elicited by hypothalam-
ic stimulation. Stimulation parameters were adjusted so that renal flow
responses elicited from each site were approximately of the same magni-
tude. All stimulation sites were stimulated four or more times in random
sequence with a minimum of 2 min between stimuli. After control values
were obtained for each stimulation site, a unilateral lesion was made in
the PB. All sites were stimulated in the same manner as used to obtain
pre-lesion controls. The changes in pressure and flow responses (expressed
as % change * S.E.M.) to stimulation are shown in the table below:

A Pressure A Flow

control post-lesion P control post-lesion P
LH 22.3%¥4.4 19.1%6.5 >0.5 -51.3¢7.0 -22.1%#5.3 <0.01
MH 33.6%6.1 35.1%7.4 >0.5 -48.7%8.9 -17.8%*10.2 <0.01

Stimulation of the VLRF, posterior to the lesion, consistently produced
undiminished systemic pressor responses and renal vasoconstriction
throughout the durations of the experiments. Therefore, the differential
effect on pressure and flow cannot be explained as a specific sensitivity
of the renal system to neural intervention. The data indicate that hypo-
thalamic control of systemic arterial and renal vasoconstriction are med-
iated differently. Lesions of the PB do not affect significantly the sys-
temic pressor response to hypothalmic stimulation but do diminish mark-
edly the vasoconstrictor response of the kidney. Thus, the data suggest
that pathways mediating renal vasoconstriction in response to hypothalam-
ic stimulation pass through the parabrachial region whereas pathways med-
iating systemic vasoconstriction in response to hypothalamic stimulation
must bypass this region.

(Supported by NIH grants AM14952, GM00576 and HL16315 and the Mellon
Foundation.)
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CARDIAC ARRHYTHMIAS PRODUCED BY ELECTRICAL STIMULATION OF THE MIDBRAIN
RAPHE IN THE CAT. R.A. Gillis*, C.J. Helke*, B.L. Hamilton, and V.H.

Morgenroth III. Depts. of Pharmacol. § Anat., Sch. Med. & Dent.,

Georgetown University, Washington, D.C. 20007

Our previous studies indicated that ventricular arrhythmias produced by
digitalis are in part due to activation of serotonergic neurons in the
mid-brain raphe. This suggested that excitation of serotonergic neurons
would have significant effects on cardiovascular function. The purpose
of the present study was to test this possibility by examining cardiovas-
cular responses to electrical stimulation of the nucleus raphe dorsalis.
Cats were anesthetized with chloralose, and ECG and arterial blood pres-
sure were monitored. Nucleus raphe dorsalis was stimulated with a con-
centric bipolar electrode using 20-40 Hz, 30-300 uamp, and 1 msec dura-
tion biphasic pulses. Stimulation consistently produced increases in
heart rate, arterial blood pressure, and ventricular arrhythmias. In
addition, stimulation produced pupil dilatation, nictitating membrane con-
traction, and piloerection. Pretreatment with propranolol prevented the
sinus tachycardia and ventricular arrhythmias, and pretreatment with phen
tolamine prevented the pressor response. Stimulation of areas in the
rostral pons not associated with the nucleus raphe dorsalis and its axon
groups with currents as high as 300 uamp at a frequency of 20 Hz produced
little or no cardiovascular effects. Stimulation of nucleus raphe dor-
salis also produced increases in 5-HIAA concentration in the hypothalamus
colliculi and amygdala. Tryptophan hydroxylase activity was increased
in these areas as well. These results demonstrate that activation of
serotonergic neurons in the nucleus raphe dorsalis of the cat results in
profound changes in cardiovascular function that are mediated by the sym-
pathetic nervous system. These results are also consistent with the idea
that digitalis may activate this region and cause ventricular arrhyth-
mias. (Supported by USPHS and the Washington Heart Association.)
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103 EFFECTS OF DIENCEPHALIC STIMULATION ON CARDIOVASCULAR FUNCTION IN THE
NEONATAL PIG. P.M, Gootman, N. Gootman, N.M. Buckley, L. Crane and
B.J. Buckley. Division of Pediatric Cardiology, Dept. of Pediatrics,
Long Island Jewish-Hillside Medical Center, State University of New York
at Stony Brook, Depts. of Physiology, Downstate Medical Center, State
University of New York, and Albert Einstein College of Medicine, New York.

A study has been undertaken to locate vasoactive sites in the central
nervous system, to determine the patterns of responses to stimulation of
these sites, and to study effects of moderate stresses on such responses
in the neonate. Cardiovascular effects of stimulation of vasoactive sites
in the lateral hypothalamus and zona incerta were recorded in 25 piglets
ranging in age from birth to 13 days. Experiments were performed under
light anesthesia with halothane, paralysis with decamethonium bromide
and artificial ventilation to maintain normal blood gases and pH. The
following variables were recorded: 1) arterial pressure, 2) heart rate,
3) peripheral arterial flows (femoral, renal, and/or carotid) with non-
cannulating electromagnetic probes. The classical patterns of blood
pressure and heart rate response reversals to changing stimulus para-
meters over the frequency and/or intensity range were obtained in the
older piglets. These responses were accompanied by changes in carotid
and femoral flows that were parallel to the blood pressure effects, while
renal flow was not. In the youngest animals, high intensity and/or fre-
quency of stimulation resulted in increased blood pressure, heart rate
and femoral flow; however, decreases of these parameters to low intensity
and/or frequency of stimulation at these sites were not observed in the
youngest animals. The effects of either hypercapnia or hemorrhage on
these responses were then investigated in selected experiments. Hyper-
capnia was produced by ventilating the animal with a gas mixture contain-
ing 10% CO,. Hypercapnia resulted in depression of responses to high
frequency stimulation of diencephalic sites in all animals studied; res-
ponses to low frequency stimulation in older animals were lost or rever-
sed. These results in neonates were unexpected in view of the findings
in adult animals, in which moderate hypercapnia usually leads to aug-
mented responses to direct diencephalic stimulation. Acute non-shocking
hemorrhage was produced by removal of 5 ml aliquots of blood to a total
of 15-20ml/kg. Norepinephrine (0.5 pg/kl, i.v.) was administered before
and after the hemorrhage, as a test of peripheral responsiveness. Res-
ponses to diencephalic stimulation were lost in the youngest animals to
all but the highest intensity of stimulation; the responses, which were
not lost, were diminished in magnitude. Responses were retained but
were markedly diminished in the older animals., Since responses to nor-
epinephrine were retained, loss of responses to diencephalic stimulation
was probably due to the central effects of hemorrhage. Our results
indicate that the substations of the neonatal cardiovascular controlling
system studied have a low safety factor to these stresses. (Supported
in part by the Nassau Heart Association grant #443 and NIH NS12031).
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EFFECT ON BLOOD PRESSURE AND HEART RATE OF ELECTRICAL STIMULATION OF
ACUPUNCTURE AND NON-MERIDIAN POINTS IN ANESTHETIZED RABBITS

R. L. Kline*, K. Y. Yeung*, and F. R. Calaresu. Department of Physiology
University of Western Ontario, London, Ontario N6A 5Cl.

The effect of electrical stimulation of acupuncture points traditionally
associated with the cardiovascular system was studied in chloralose-ure-~
thane anesthetized rabbits. Blood pressure (Pa) and heart rate (HR) were
recorded during bilateral stimulation with acupuncture needles of the
Ho-Ku, Tsu-San-Li, or control points in the forepaw, hindlimb, hindpaw,
and tail. Points were stimulated with 2 msec pulses ranging in intensity
from motor threshold to 2mA, at frequencies of 4, 40, and 100Hz; the
needles were either not insulated or insulated to the tip. Pa and HR de-
creased significantly during stimulation of acupuncture points and of
those control points which were located in areas of small tissue mass
(i.e. forepaw, hindpaw, and tail). Stimulation of control points in the
hindlimb (gastrocnemius) did not elicit significant changes in Pa or HR
even when 2mA stimulations were used. The motor threshold for acupuncture
points was significantly lower than that of any of the control points.
When insulated needles were inserted at various depths in the region of
the Tsu-San-Li point the decrease in Pa and HR became greater as the
needle tip approached the underlying peroneal nerve. Similarly, if the
needles were inserted into the hindlimb control points so as to approach
the tibial nerve significant decreases in Pa and HR could be elicited.
Responses obtained during stimulation of Ho-Ku or control points in areas
of small tissue mass were not related to the depth of the needle. The
cardiovascular responses to electrical stimulation at all points were
abolished by sectioning the nerve trunk which gave rise to the nerves in-
nervating the tissues in the acupuncture and control areas. This study
indicates that cardiovascular responses may be produced by stimulation at
either acupuncture points or control sites if there are nerves in the
immediate proximity or if the stimulus intensity is large enough. It is
concluded that the responses obtained were probably efferent components
of somatosympathetic reflexes evoked by activation of somatic afferent
fibers. (Supported by the Ontario Ministry of Health).
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105 DIRECT HYPOTHALAMO-AUTONOMIC CONNECTIONS. C. B. Saper*, A. D. Loewy,
L. W. Swanson and W. M. Cowan. Dept. Anat. and Neurobiol., Sch. Med.,
Washington Univ., St. Louis, Mo. 63110.

Since the initial observations of Karplus and Kreidl in 1909, the
hypothalamus has been known to play an important role in the central
control of autonomic activity but, until recently, no direct hypo-
thalamo-autonomic pathways have been identified.

Following large injections of horseradish peroxidase (HRP) into the
region of the nucleus of the solitary tract and the dorsal motor
nucleus of the vagus in the rat and cat, and into the spinal cord of
rats, cats and monkeys, we have observed a more-or-less continuous
group of retrogradely labeled neurons in the hypothalamus extending
from the paraventricular nucleus rostrally, through the dorsal and
lateral hypothalamic areas, to the posterior hypothalamic area.
Unilateral injections of a mixture of tritiated proline, leucine and
lysine into the hypothalamus in the rat, cat and monkey result in the

. anterograde transport of label from the hypothalamus, through the
region dorsal to the substantia nigra and into the lateral part of the
central tegmental fields. At the pontomedullary junction the labeled
projection appears to split into two components: a dorsal component
which courses dorsomedially through the region of the nucleus ambiguus
to the ventromedial part of the nucleus of the solitary tract and the
dorsal motor nucleus of the vagus of both sides; and a ventral component
which continues caudally along the ventrolateral surface of the medulla
into the lateral funiculus of the spinal cord. This component termi-
nates in the intermediolateral cell column of both sides. These obser-
vations indicate that there is a direct pathway from the hypothalamus
to the autonomic centers of the brainstem and spinal cord and serve to
explain many of the earlier observations on the influence of the hypo-
thalamus upon the autonomic nervous system.

(This work was supported by USPHS Grants MH-24604, NS-03777, NS-10943,
GM-02016, NS-12751 and RR-05389 from the National Institutes of Health.)
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MORPHOGENESIS OF SYMPATHETIC PREGANGLIONIC NEURONS (SPN's) IN RATS:

A QUANTITATIVE ANALYSIS. Lawrence P. Schramm, Judith M. Stribling*,
George N. Barton*, and John T. Thompson*. Dept. of Biomedical
Engineering, Johns Hopkins Univ. School of Medicine, Baltimore, Md.21205.
Recently, we reported that SPN's were morphologically immature in
weanling rats (Brain Res. 106:166,1976). The present study suggests that
the morphogenesis of these neurons is very slow, and that a great degree
of interanimal variability exists in the morphology of these neurons in
rats as old as 100 days postnatal. The left celiac ganglia of inbred
Wistar rats, 22,35,49,63 and 100 days old were injected with a 20%
solution of horseradish peroxidase (HRP) under ether anesthesia. One

to two days after injection, rats were reanesthetized and perfused with
a buffered 2.5% solution of glutataldehyde. Spinal cords were fixed and
sectioned in the horizontal plane, and sections were stained for HRP.
The excellent filling of cell bodies and proximal dendrites of celiac
SPN's with reaction product permitted determination of their morphology.
At level T8 of each rat, the following morphological characteristics were
quantified for all neurons containing reaction product: location and
orientation of cell bodies, orientation of dendrites, structure of the
somatic-dendritic junction and existence of proximal dendritic branching.
These data were scanned by pattern recognition programs to determine the
incidence of neurons possessing particular combinations of these
characteristics in rats of different ages. An average of 256 SPN's/rat
were stained. Confirming our earlier study, SPN's with mediolaterally
directed cell bodies and dendrites were most common in young rats while
SPN's with longitudinally directed cell bodies and dendrites were most
cornmon in older rats. Between 22 and 100 days, the incidence of
longitudinal dendrites increased at least 5 fold. The incidence of
transverse dendrites decreased by two thirds. Cell bodies with strongly
transverse orientations constituted approximately 16% of the stained
neurons in the youngest rats and decreased to less than 1% in 100 day
rats. Cell bodies with strongly longitudinal orientations increased
nearly 5 fold during the same period. Interanimal morphological
variability increased dramatically with age. For example, morphological
indices which, in rats up to 49 days old, predicted ages to within one
or two weeks predicted ages to within approximately eight weeks at

100 days. One interpretation of this variability is that after a period
of relatively uniform development, SPN's in different rats continue

to develop at greatly differing rates. Since we do not yet have data

on the morphology of SPN's in rats older than 100 days, we do not know
whether the SPN's of all rats finally achieve a uniform morphology or
whether the variability we observe at 100 days represents a persistent
differential development. These data indicate that the morphogenesis

of SPN's continues through the period of sexual maturation in rats.

This period greatly exceeds that during which adult somatic behavior
develops and during which basic reflex control of metabolic systems is
established. The results incidate that a detailed study of the
norphogenesis and physiological ontogeny of these autonomic interneurons
may provide significant information on the mechanisms mediating complex,
adult, autonomic behavior.
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107 LOCALIZATION AND IDENTIFICATION OF VAGAL CARDIOINHIBITORY NEURONS IN THE
PIGEON. James S. Schwaber and David H. Cohen. Dept. of Physiol., Sch.
of Med., Univ. of Virginia, Charlottesville, VA. 22901

In specifying the anatomical pathways mediating visually conditioned
heart rate change in the pigeon it was shown that the vagal cardiac in-
nervation contributes to the response development (Brain Res., 9: 15,
1968). With retrograde degeneration material the cells of origin of
these vagal cardioinhibitory fibers were then localized to the dorsal mo-
tor nucleus, predominantly 0.5-1.0 mm rostral to the obex (J. Comp. Neur-
ol., 140: 299, 1970). The present results provide further information on
this localization and establish electrophysiological criteria for identi-
fying such neurons.

Initial experiments showed that the compound action potential of the
cervical vagus has 4 major components with mean conduction velocities of
22, 10, 5 and .8 m/sec. Bradycardia was not elicited until activation of
the second component whose conduction velocity range was 8-14.5 m/sec.
When this component was maximal, increasing stimulating current did not
further enhance the bradycardic response.

The fiber diameter spectrum of the cervical vagus, calculated from
electron micrographs, was then shown to have a prominent unmyelinated fi-
ber contingent, accounting for the slowest action potential component,
and a multimodal distribution of myelinated fibers, corresponding to the
three faster action potential components. Electron microscopic analysis
of the major thoracic and abdominal vagal branches indicdted that at
least 75% of the fibers in the cardiac branches are myelinated, and 50%
of these have diameters > 2.4 u. Approximately 90%Z of such larger myeli-
nated fibers found in the cervical vagus distribute to the cardiac bran-
ches, and a substantial number of these are efferent to the heart, as de-
monstrated by electron microscopy after nerve transection. It is this
larger myelinated fiber contingent that generates the action potential
component conducting at 8-14.5 m/sec and is associated with bradycardia.
In contrast, the abdominal vagus consists primarily of unmyelinated and
smaller myelinated fibers, the vast majority of which are afferent.

In another experimental series, field potentials evoked by cervical
vagal stimulation were recorded in the dorsal motor nucleus with 3M NaCl
micropipettes (1.5-5.0 MQ). 1In the region anatomically described as con-
taining cardioinhibitory cells of origin, field potentials were consis-
tently elicited by activating the action potential component associated
with bradycardia (8-14.5 m/sec). Moreover, such fields were not found in
the most rostral aspect of the nucleus and were minimal at levels caudal
to the cardiac representation. Single unit studies indicated that neu-
rons in the region of the cardiac representation that are activated by
fibers in the cardioinhibitory velocity range were always antidromically
driven, and therefore give rise to vagal efferents. Such units were ne-
ver activated by stimulation of the recurrent laryngeal nerve or of the
vagus nerve caudal to the heart.

These findings confirm the previous anatomical localization of the va-
gal cardioinhibitory cells of origin in the pigeon and show that these
cells have 2.4~4.0 p myelinated axons that conduct at 8-14.5 m/sec. Few
such fibers are found in branches other than those to the heart. Thus,
the following sequence of operations allows identification of vagal car-
diac neurons for physiological study: (a) electrode localization to the
region of the cardiac representation using the field potential activated
by the cardioinhibitory fiber contingent; (b) isolation of a single neu-
ron that is antidromically activated by cervical vagal stimulation; and
(c) demonstration that its axon conducts at 8-14.5 m/sec. We have now
studied over 100 neurons meeting these criteria, and all have been found
to send efferent axons to the vagal cardiac branches.

(Supported by NSF grants BMS-74-22258 and BMS-75-20537 and a grant from
the Scottish Rite Foundation.)
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SYMPATHETIC INFLUENCES ON THE OLFACTORY BULB. H,U, Aguilar-Baturoni and
R. Guevara-Aguilar, Depto. de Fisiologfa, Fac. de Medicina, Univ. Nal.
de México, México 20, D.F.

Since no information is available of the projections of cervical
sympathetic fibers (CS) on the olfactory bulb (OB), some experiments were
performed in cats, recording at various points of OB, while stimulating
CS with single shocks. Monophasic bimodal potentials were recorded in
different points of the lateral part of the olfactory bulb. They had a
latency of 6.1 F 0.2 ms and could followed the frequency of stimulation
on one to one rate up to 20 Hz. Higher frequencies produced post-tetanic
potentiation of the evoked responses. )

It was also found that the electrical stimulation of the hypothalamus
evoked responses in a similar places of the olfactory bulb as the CS did,
(The characteristics of this potentials are described in another paper of
this annual meeting). If during the application of iterative single
shock to the CS the hypothalamus was stimulated at 40 Hz during one min
the magnitude of the CS's evoked responses decreased immediately. The
effect lasted for 5 min.

RELATIONSHIP OF THE AREA POSTREMA TO MEDULLARY CARDIQVASCULAR CONTROL.
Karen L. Barnes, Carlos M. Ferrario*, and John P. Conomy. Division of
Research and Department of Neurology, Cleveland Clinic Foundation,
Cleveland, Ohio, 44106.

We have shown that small amounts of angiotensin II (AII) delivered
to the hindbrain of the dog via the vertebral arteries produce marked
rises in blood pressure and vascular resistance. These same doses are
without effect when given intravenously. These pressor responses have
been shown to be mediated by the area postrema (AP), a neurovascular
structure devoid of a blood-brain barrier extending rostrally from the
obex as the lateral wall of the fourth ventricle. Bilateral destruction
of the AP selectively eliminates the centrally mediated pressor response
to AIL; pressor responses to the infusion of other centrally vasoactive
substances are not affected. Further, local cooling of the AP reversi-
bly eliminates the pressor effects of intravertebral AII. It is not
clear whether the pressor effects of intravertebral AII are mediated by
neurons within the AP, or whether dendrites from cells of adjacent med-
ullary regions are activated directly without mediation by AP cells.
Experiments in chloralose anesthetized cats have attempted to define
further the significance of the AP in cardiovascular control. Electri-
cal stimulation (0.2-0.5mA) of the AP elicits a pressor response that is
of similar magnitude to those produced by intravertebral infusion of AII.
Firing patterns of units in the AP and surrounding regions such as the
solitary tract nucleus to electrical and chemical stimulation (AII, nor-
epinephrine) were compared to define the relationship of the AP to ad-
jacent cardiovascularly active regions. (Supported in part by NIH Grant
HL 6835 and the Rhineberger Foundation.)
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ELECTROLYTIC LESIONS VITH PLATINUM TRIDIU™M FLECTRNDES PRODUCE VEANLING
RAT VENTPOMEDIAL (VMN) AND DORSOMEDIAL (DMN) HYPOTHALAMIC SYNDROMES.

L.L. Bernardis and Larrv L. Bellinper*, Depts. Surgserv and Pathology, SUNY
at Buffalo, Buffalo, NY, 14215,

Weanling male Sprague Dawlev rats received hbilateral electrolvtic
lesions with Platinum Iridium electrodes and an anodal current in the VMN
and DMN, resp.. Sham-operated rats served as controls. Two experiments
vere performed, one lasting 48 davs (Fxperiment 1), the other 33 davs
(Fxreriment 2) after the hvpothalaric onerations. Poth experiments showed
that all parameters change in the same direction as thev do wvhen electro-
lytic lesions are rrocduced with stainless steel electrodes: YMN rats show-
ed normophaeia and bodv veight erains, reduced linear growth and increased
carcass fat. In Experiment 2, however, the VMN rats displaved a temporary
(14 days) hvperphagia. The rats with DVN lesions had reduced bodv weights,
linear growth and hvrpophagia but normal hodv composition. Plasma obtained
at sacrifice of Experiment 2 showed slight, but significant hvperinsulin-
emia in the YN rats (p<0.02 vs controls, p <0.05 vs DMN rats). The DMN
rats had higher nrolactin levels (n<0.05 vs controls, p <0.02 vs VMN
rats). The data indicate that the alterations that follow VMN and DMN
lesions produced shortlv after veaning are due to "true" tissue destruc-
tion rather than to artefactitious effects. Thev suggest, therefore, that
an "irritative focus" hvpothesis is not recuired to account for the alter-
ations that have been rerorted folloving V™N and DMN lesions with stainless
steel electrodes.

NIH-GM 15768, NTH W22N€02625.

ADRENERGIC INHIBITION OF THE ELECTRODERMAL RESPONSE. Patricia J.
Bernthal*, Joanne I. Moore and Michael C. Koss. Univ Okla. Coll. Med.,

Okla. City, OK 73190.
Previous investigators have suggested that circulating catecholamines
depress electrodermal activity in humans (Billigheimer, Arch. Exp. Pathol.

Pharmakol., 1920, 88, 172). In order to verify and quantitate this effect

of catecholamines, epinephrine was administered iv to cats, and the
resulting changes in this sympathetic-cholinergic system analyzed. Adult
cats (2.2-4.0 kg) were anesthetized with pentobarbital. Nictitating
membrane responses, blood pressure changes, and heart rate, as well as
footpad skin potentials, were recorded. The right ulnar nerve was stimu-
lated once every 30 sec with a 15-22 volt, 10-12 Hz train of 2 sec dura-
tion or with a single shock of supramaximal intensity. Intravenous
epinephrine (0.3, 1.0, 3.0, and 10 ug/kg) was administered before and
after phentolamine (5.0-10.0 mg/kg iv) or propranolol (0.5 mg/kg iv).
Administration of epinephrine resulted in a dose dependent inhibition of
the EDR ranging from 207% depression at the 1.0 ug/kg dose to 82% de-
pression at the largest dose. Four to five minutes of asphyxia depressed
the response by approximately 51%. Phentolamine antagonized the de-
pression by both epinephrine and asphyxia, while administration of
propranolol was without effect. Preliminary studies indicate that epi-
nephrine produces a similar depressive effect on electrodermal reflex
activity. Angiotensin (0.25-2.0 ug/kg iv) was relatively ineffective in
inhibiting either the peripheral or reflex responses. These observations
suggest that epinephrine inhibits the EDR in a dose-related fashion and
that an alpha-adrenergic mechanism may be involved.

Supported by USPH Grant MH 25792.
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RESPONSES OF SINGLE UNITS IN ANTERIOR HYPOTHALAMUS TO ELECTRICAL
STIMULATION OF AORTIC NERVE IN RABBITS. Andrew L. Brickman, Marc P.
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