a cystinuric patient indicate that further
investigations into the pathogenesis of
cystinuria must consider sulfhydryl-
disulfide interaction between -cysteine
and cystine and must explain the ob-
served differences in renal and intestinal
transport.
SAMUEL THIER
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STANTON SEGAL
National Institute of Arthritis and
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National Cancer Institute,
Bethesda 14, Maryland

References and Notes

1. W. E. Knox, in The Metabolic Basis of In-
herited Disease, J. B. Stanbury, J. B. Wyn-
gaarden, D. S. Fredrickson, Eds. (McGraw-
Hill, New York, 1960), p. 1302.

2. C. E. Dent and G. A. Rose, Quart. J. Med.
20, 205 (1951).

3. M. Fox, S. Thier, W, Kiser, L. E. Rosenberg,
S. Segal, New Engl. J. Med., in press.

4, M. D. Milne, A. M. Asatoor, K. D. G. Ed-
wards, L. W, Loughridge, Gut 2, 323 (1961);
A. M. Asatoor, B. W. Lacey, D. R. London,
M. D. Milne, Clin. Sci. 23, 285 (1962).

5. R. P. Spencer, T. M. Bow, M. A. Markulis,
K. R. Brody, dAm. J. Digest. Diseases 8, 419
(1963).

6. H. Hagihira, E. C. C. Lin, A. H. Samiy, T.
H. Wilson, Biochem. Biophys. Res. Commun.,
4, 478 (1961).

7. L. E. Rosenberg, S. Downing, S. Segal, J.
Biol. Chem. 237, 2265 (1962).

8. G. Frimpter, J. Clin. Invest. 42, 1956 (1963).

2 January 1964 ]

Reciprocal Activities of the Ventromedial and Lateral

Hypothalamic Areas of Cats

Abstract. Statistical treatment of recordings of spontaneous unit discharges
from the ventromedial nucleus and the lateral area of the hypothalamus (the
activities in one area being recorded while the other was stimulated) revealed
significant reciprocal relations. The concept that glucose-sensitive neurons are
present in the ventromedial nucleus was supported by the effects on the spon-
taneous unit discharges of injecting glucose and other solutions intravenously.

The important role of the hypothala-
mus in the nervous regulation of food
intake has already been emphasized.
Bilateral lesions in the lateral hypo-
thalamic area (LH) of mammals cause
aphagia and those in the ventromedial

hypothalamic nucleus (VM) induce
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polyphagia (7). Electrical stimulations
of the former through chronically im-
planted electrodes elicit feeding be-
havior (2), while stimulations of the
latter suppress it (3). The results of
several electroencephalographic studies
of these regions supported the be-
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Fig. 1. Spontaneous unit discharge pat-
terns in cats under ether anesthesia. 4,
Distribution of intervals between successive
discharges recorded simultaneously in the
ventromedial hypothalamic nucleus (VM,
top, in a series of 199 potentials) and in
the lateral hypothalamic (LH, bottom,
825). Ordinate: n is the number of in-
tervals between x - Ax. The mean interval
¥ is shown. The solid curve was plotted
according to n = N (Ax Ax)
T exp —;~ .

B, Distribution of number of spontaneous
unit discharges per second in the VM
(right) and the LH (left). The discharge
pattern of the VM closely corresponds to
the Poisson distribution and that of the
LH to the Gaussian distribution.

havioral experiments (4). In this re-
port we describe analytical studies of
the activities of single neuronal units
in the lateral hypothalamic area and in
the ventromedial hypothalamic nucleus,
yielding information on the reciprocal
activities of these areas (5).

Cats were anesthetized with ether and
made to respire artificially through tra-
cheal cannulae. Glass pipette recording
microelectrodes and concentric, bipolar,
metal-stimulating electrodes were in-
serted in the ventromedial hypothalamic
nucleus (F 11.5, S 1.2, H-5, according
to Jasper’s atlas) and the lateral hypo-
thalamic area (F 11.5, S 3.5, H-4) at
the level of the VM. Electrode loca-
tions were later verified histologically.
(Insertions were successful in 18 out of
29 cats.) When a stable series of
spontaneous unit discharges was de-
tected, tetanic shocks of 20 to 50 cy/sec
for a few seconds (pulse duration 0.05
msec; current strength 107° to 10° A)
were applied through one of the stimu-
lating electrodes. This was followed by
intracarotid injections of test solutions
(0.3 ml of 10 percent glucose; 10 per-
cent NaCl, Tyrode solution or water).
Tactile, auditory, or visual stimuli did
not affect the hypothalamic neurons
under investigation.

Simultaneous recordings of spon-
taneous unit discharges in the LH and
VM of more than 1 minute duration
were attained in seven cats. The fre-
quency of the discharges was usually
low in the VM (2 to 7 cy/sec) and
high in the LH (8 to 20 cy/sec). The
distributions of the time intervals of the
spontaneous unit discharges (discharge
intervals) and the number of discharges
per second (discharge frequency) were
compared with simple theoretical dis-
tributions, and the significance of the
differences was estimated by the Chi-
square test.

In all VM recordings, the dis-
charge interval closely resembled the
exponential distribution and the dis-
charge frequency the Poisson distribu-
tion (p < .05 to 0.01) (Fig. 1), like
the spontaneous miniature end-plate
potential (6). On the other hand, in all
LH recordings, the discharge interval
did not fit the exponential distribution
but the Gaussian curve described the
discharge frequency (p < .05 to 0.01)
(Fig. 1). It was confirmed theoretically
that even when different class intervals
were used (different scales on the ab-
scissa), the patterns of discharge inter-
vals did not correspond to the exponen-
tial  distribution. Thus, completely
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random discharges were indicated in the
VM, but a more or less systematic pat-
tern of discharges was indicated in the
LH.

Termination of ether inhalation in-
creased the frequency of spontaneous
unit discharges in the VM and de-
creased it in the LH, completely re-
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Fig. 2. Effect of electrical stimulation. A,
From top to bottom and from left to right,
(left) spontaneous unit discharges in the
VM were reduced in frequency and even
ceased for a few seconds by tetanic stimu-
lation of the LH, (shown by artifacts in
middle of left columns); (right) discharges
in the LH were also decreased by stimula-
tion of the VM. Two different prepara-
tions; time, 1 second. B, Effect of glucose
solution. Number of discharges per second
(ordinate) in the VM (top) and LH (bot-
tom) were changed in frequency by in-
jection of 0.3 ml of 10 percent glucose at
the time shown. Abscissa, time.
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versing both discharge patterns in all
instances; that is, in the VM, the dis-
charge interval no longer fitted the
exponential distribution but the dis-
charge frequency corresponded to the
Gaussian one (p < .05 to .01), and in
the LH, the discharge interval and fre-
quency corresponded to the exponential
and Poisson distributions, respectively
(p < .05 to .01). This may explain the
encephalographic patterns in unanesthe-
tized cats where low-voltage, fast waves
usually appear in the VM and slower
ones in the LH (7). The changes in
spontaneous unit discharge patterns
may indicate some synaptic control
which is influenced by anesthesia not
only in the VM and LH, but also in
other places such as the amygdaloid
nucleus.

With tetanic stimulation of the LH,
discharges in the VM (21 of 25 neurons)
decreased or even ceased, while dis-
charges in the LH (15 of 16 neurons)
increased up to about twice the former
frequency during stimulation and even
several seconds afterward, gradually
returning to the original frequency (Fig.
2 A). The frequency of discharges in-
creased up to about 200 percent in the
VM and decreased in the LH when the
intensity of stimulation was increased,

probably because the stimulating cur-

rent spread into the VM. Thus, the VM
depression was not due to the spread-
ing depression. With stimulation of the
VM, the frequency in the LH decreased
or ceased and then recovered (9 out of
10 neurons) in a manner similar to that
when the LH was stimulated (Fig. 2 A4).
These results also indicate reciprocal
relations between the VM and LH.

In 9 VM neurons of 13 and in 2 LH
neurons of 30, the frequency of spon-
taneous unit discharges increased up to
about 200 percent during or after in-
jection of glucose solution. This effect

sometimes lasted more than 30 seconds’

(Fig. 2 B). Glucose solution decreased
the frequency to about half in 16 out
of 30 neurons in the LH (12 were un-
effected), but the original frequency
was recovered several seconds after the
injection (Fig. 2 B). On the other hand,
injection of water accelerated the dis-
charge in 12 out of 13 LH neurons.
Sodium chloride solution increased the
frequency in the LH (6 of 9 neurons),
indicating that the glucose effects were
not due to osmotic effect (except in 2
LH neurons). Tyrode’s solution, used
in control experiments, had no effect,
and spontaneous unit discharges re-
corded from incorrect insertions were

not influenced at all by any of the above
treatments. This evidence seems to sup-
port the concept that glucose sensitive
neurons are present in the ventromedial
hypothalamic nucleus (8).
YurakA OoMURrRA*, KATsuMI KIMURA
HirosHr OovaMa*, TAKASHI MAENO
MATASABURO IKI, MAKOTO KUNIYOSHI
Department of Physiology, Faculty of
Medicine, Kagoshima University, Japan

References and Notes

1. B. K. Anand and J. R. Brobeck, Yale J.
Biol. Med. 24, 123 (1951).

2. J. M. R. Delgado and B. K. Anand, 4m. J.
Physiol. 172, 162 (1953).

3. B. K. Anand and S. Dua, Indian J. Med.
Res. 43, 113 (1955).

4. B. K. Anand, S. Dua, B. Singh, Electro-
encephalog. Clin. Neurophysiol, 13, 54
(1961).

5. We thank S. Kano, Department of Mathema-

tics, Faculty of Literature and Science, for

his advice on the statistical treatment of the

data. This work was supported in part by a

grant from the Rockefeller Foundation (GA

MNS 6194).

P. Fatt and B. Katz, J. Physiol. 117, 109

(1952).

Y. Oomura and K. Kimura, unpublished ob-

_servation.

. B. K. Anand, G. S. Chhina, B. Singh, Science
138, 597 (1962).

Present address: Department of Physiology,

Faculty of Medicine, Kanazawa University,

Japan.

18 October, 1963

® 2o

*

Pteridines as Pigments in Amphibians

Abstract. Extracts of brightly col-
ored skins from nine amphibian species
were analyzed chromatographically. In
yellow skin in which xanthophores pre-
dominated, relatively large quantities
of sepiapterin were found, while in
red skin which was laden with erythro-
phores, three drosopterins were most
prevalent. Frozen sections of skin in-
dicated that pteridines were present
within chromatophores, either alone or
accompanied by carotenoids. It is con-
cluded that sepiapterin and three dro-
sopterins are utilized as pigments in
amphibians and it is suggested that
other less brightly colored pteridines
also function in this respect. It no
longer seems proper to make the tacit
assumption that bright pigmentation of
amphibians is due only to the presence
of carotenoids.

The ubiquity of integumental carote-
noids among amphibians, together with
the occurrence of yellow, orange, or
red chromatophores which lose their
color after treatment with fat solvents,
has led to the general assumption that
bright coloration of amphibians results
from the presence of carotenoids in
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