
histone types can be closely correlated 
with the state of differentiation, and 
must produce major rearrangement of 
histone molecules within the chromo- 
somes. In this instance, the changes in 
histones may be employed in a special 
differentiation process, perhaps taking 
place within the chromosomes to pro- 
duce their condensed state in the ma- 
ture sperm. Even so, the replacement 
of histones on this major scale prob- 
ably lacks the genetic specificity which 
differentiation often displays. Such spe- 
cificity may lie in mechanisms which 
precisely control the position of his- 
tones upon the chromosomes without 
regard to the relative amount of the 
histones (5, 6). 
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Origin in the Amygdala 

Abstract. Evoked responses re- 
corded from the amygdala of the cat 
after sequentially pairing neocortical 
and hypothalamic stimulation showed 
consistent suppression or depression 
of the response evoked by the test 
shocks, regardless of whether the 
cortical or subcortical site received 
the preceding conditioning shock. The 
possibility that functional interaction 
of neocortical and hypothalamic sig- 
nals occurs in the amygdala is proved 
and an active inhibitory process is 
suggested. 
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Origin in the Amygdala 

Abstract. Evoked responses re- 
corded from the amygdala of the cat 
after sequentially pairing neocortical 
and hypothalamic stimulation showed 
consistent suppression or depression 
of the response evoked by the test 
shocks, regardless of whether the 
cortical or subcortical site received 
the preceding conditioning shock. The 
possibility that functional interaction 
of neocortical and hypothalamic sig- 
nals occurs in the amygdala is proved 
and an active inhibitory process is 
suggested. 

Much work on relationships be- 
tween the brain and behavior in high- 
er organisms has been focused on the 
interactions of the limbic system with 

tween the brain and behavior in high- 
er organisms has been focused on the 
interactions of the limbic system with 

other structures of the central nervous 
system. Anatomical and physiological 
evidence indicates close ties between 
the limbic system and the hypothala- 
mus and, also, the neocortex. Hypo- 
thetically, limbic structures, such as 
the amygdala, can be viewed as cor- 
relating specific neocortical functions 
with motivational processes of hy- 
pothalamic origin (1). Neurophysio- 
logical details of such an interrelation 
at the neurophysiological level remain 
unspecified. The pilot experiments re- 
ported here were undertaken to de- 
fine some of the neurophysiological 
variables involved in cortico-limbico- 
hypothalamic interactions. 

In a series of 12 cats under 
chloralose anesthesia the cortex was 
stimulated through a pair of silver 
ball electrodes and concentric, stain- 
less-steel electrodes were introduced 
stereotaxically to stimulate the hy- 
pothalamus and other sub-cortical 
structures. In the first experiments, 
stimulating electrodes were placed in 
the preoptic area and anterior hy- 
pothalamus and on the surface of the 
posterior ectosylvian gyrus, the homo- 
logue of the first temporal convolu- 
tion of the primate brain (2). A bi- 
polar recording electrode was placed 
in the lateral nucleus of the amygdala 
near its juncture with the cortico- 
medial nuclei [F:12, L5, H-6 accord- 
ing to the atlas of Jasper and Ajmone- 
Marsan (3)]. A typical recording elec- 
trode site is shown in the photomicro- 
graph of Fig. 1. 

Monopolar and bipolar oscilloscop- 
ic recordings were made of responses 
in the amygdala to cortical and sub- 
cortical stimulation. Brief rectangular 
stimuli with a pulse duration of 1 
msec were delivered at an intensity 
just sufficient to evoke reproducible 
waveforms at the recording electrode. 
Cortical stimulation elicited a com- 
plex triphasic response consisting of a 
high voltage (400 to 500 /jv) 5- to 
10-msec sharp potential with a latency 
of approximately 10 msec, followed 
by a slow wave of 40 to 70 msec 
duration appearing about 50 msec 
after stimulation; occasionally, terti- 
ary waves were observed. Amygdaloid 
responses to preoptic and anterior 
hypothalamic stimulation consisted of 
a broad, 50 to 100 juv, slow wave 
commencing 20 to 25 msec after 
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Fig. 1. Photomicrograph of a histological 
section through the amygdala showing a 
characteristic recording site represented 
by a small circular lesion within the sub- 
stance of the amygdala (Nissl stain). 

Fig. 1. Photomicrograph of a histological 
section through the amygdala showing a 
characteristic recording site represented 
by a small circular lesion within the sub- 
stance of the amygdala (Nissl stain). 

the slow wave. Representative traces 
are shown in Figs. 2 and 3. 

When sequential stimuli were de- 
livered to both ectosylvian cortex and 
hypothalamus, the response to the 
second, or test stimulus, was regularly 
abolished or attentuated for periods 
up to 150 msec (Fig. 2). Abolition 
or attenuation of the response invari- 
ably resulted, whether the initial or 
conditioning stimulation was cortical 
or hypothalamic. The influence of 
the conditioning cortical stimulus was 
somewhat more profound and endur- 
ing than that of the test stimulus, but 
when complete blocking of the high- 
voltage response to cortical stimula- 
tion by prior hypothalamic stimula- 
tion occurred, it was no less dramatic. 
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Fig. 2. Responses in the amygdala of the 
cat to test stimuli with and without prior 
conditioning stimulation. A, Stimulation 
of the anterior hypothalamus alone and 
preceded by stimulation of the posterior 
ectosylvian gyrus with an interval of 50 
msec. B, Stimulation of the ectosylvian 
gyrus alone and preceded by stimulation 
of the anterior hypothalamus with an 
interval of 40 msec. Bipolar recordings, 
time scale, 10 msec; calibration, 100 ,uv. 
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of the anterior hypothalamus alone and 
preceded by stimulation of the posterior 
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msec. B, Stimulation of the ectosylvian 
gyrus alone and preceded by stimulation 
of the anterior hypothalamus with an 
interval of 40 msec. Bipolar recordings, 
time scale, 10 msec; calibration, 100 ,uv. 
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Even when occasionally the amygdaloid 
responses to hypothalamic stimulation 
were not obvious in the record, re- 
sponses to test stimulation of the ecto- 
sylvian cortex were still markedly re- 
duced. On the other hand, when high 
voltage components were present in the 
response to hypothalamic stimulation, 
the period of test response attenua- 
tion was extended, in one instance 
for as long as 500 msec. 

Two questions arose immediately: 
What physiological mechanism is in- 
volved? Is the observed attenuation 
specific for the areas tested? When 
the cortex or hypothalamus was stim- 
ulated at intervals of less than 20 
msec, attenuation of test responses 
did not occur, nor was there any 
evidence of response facilitation; 
stimuli spaced further apart still at- 
tenuated the test responses in the 
same preparation (Fig. 3). This was 
taken as evidence that the recording 
substrate was not rendered refractory 
by the conditioning stimulus, and that 
the mechanism of response blocking 
was not passive occlusion. Active in- 
hibition is probably involved. 

Similar phenomena could be elic- 
ited from a wide variety of stimulated 
cortical and subcortical sites. Stimula- 
tion of the posterior hypothalamus, 
dorsal hippocampus, and caudate nu- 
cleus attenuated amygdaloid responses 
to ectosylvian cortex stimulation; the 
same effect was obtained when two 
different cortical sites were employed 
for conditioning and test stimulation. 
Whenever the amygdaloid-evoked re- 
sponse appeared, it interacted recipro- 
cally with the response from another 
cortical source and the interaction 
resulted in attenuation of the test 
response. 

When a specific cortical placement 
was stimulated repeatedly, it was ob- 
served that the early responses of 
short duration could not be sustained 
at rates greater than 4 to 5 per sec- 
ond. Coincident with this failure of 
the early high-voltage component, the 
secondary slow wave of the response 
became more prominent and seemed 
to have an earlier onset. Whether the 
short-duration component prevented 
the early appearance of the slow wave 
or whether the true waveform of the 
slow component was unmasked by the 
elimination of the high voltage po- 
tential, remains uncertain. Upon oc- 
casion, unpaired cortical stimulation 
also failed to produce a high voltage 
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Fig. 3. Excitability cycle in amygd 
lowing anterior hypothalamic stim 
when tested with responses elici 
stimulations to the posterior ect< 
cortex (graph). A, B, and C record 
from same animal. A, Stimulation 
terior hypothalamus followed ai 
msec by stimulation of posterior 
vian cortex: no inhibition of test re 
B, Stimulation of the same corti 
alone: control response. C, Stimulz 
the anterior hypothalamus followe 
110 msec by stimulation of posterii 
sylvian cortex: partial recovery of 
sponse. Time scale, 10 msec; cali 
100 Av. (Note the sweep speed 
in C). 

potential, and similar displacen 
the slow waves was observed. 

The placement of the rei 
electrode is apparently of some 
cance. While investigations ( 
parameter have not been con 
it was apparent that slight cha 
the position of the recording el 
in the amygdala definitely alte 
evoked response. 

These observations confirn 
that impulses generated at neo 
and hypothalamic sites conve 
the amygdala and, second, tl 
evoked responses elicited in thi 
ture mutually interact. In our 
ments, this interaction exclusi- 
sulted in attenuation of the 
sponse, suggesting that cortic 
hypothalamic impulses are n 
linked to cause inhibition 
amygdala. 

The technique of paired 
tion at diverse locations has be 
before, with the reticular fo 
(4), for example, to study 
tions of diverse sensory inputs 
recently, Albe-Fessard and Gil 
have investigated interactions 
thalamic center median nucleut 
sponses to paired peripheral an 
cal stimuli. Their experimental 
was similar to ours, and they 

ported that ubiquitous attenuation oc-. 
curred even when the conditioning 
stimuli produced no observable re- 

tesponse sponses in macroelectrode recordings. 
ude These workers also suggested that ac- 

ude tive inhibition is responsible for the 
attenuation rather than passive occlu- 
sion or refractoriness. However, re- 

200 mse. fractoriness of possible intervening 
to structures or long pathways may be 

concerned in this effect. 
The question may be raised as to 

whether the use of chloralose as an 
lala fol- anesthetic may be an important factor 
ulation, in explaining the long-lasting mutual 
ited by inhibition. Recent evidence cited by 
s tlvkan Albe-Fessard (6) however, makes it 
sof ann highly unlikely that chloralose anes- 

fter 10 thesia is a significant factor in this ef- 
ectosyl- fect. The similarity of our results to 
esponse. those of Albe-Fessard and Gillet (5), 

tialon oitf raises the question of whether we are 
Id after dealing here with two instances of a 
or ecto- more general neurophysiological mech- 
test re- anism. Whether or not this is so, our 
bration, observations demonstrate that at least reduced one limbic structure, the amygdala, 

provides for the mutual interaction 
of neocortical and hypothalamic activ- 
ity. An extension of investigations to 

nent of other limbic areas should permit a 
more precise interpretation of our 

cording findings. 
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