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Adrenocorticotropin Secretion 
Inhibited by Implantation of 

Hydrocortisone in the Hypothalamus 

Abstract. Small quantities of crystalline 
hydrocortisone acetate, when implanted 
stereotaxically into the hypothalamus of 
rats, resulted in inhibition of compensatory 
adrenal hypertrophy and in adrenal 
atrophy. Similar implants of hydrocorti- 
sone in the pituitary gland, and of choles- 
terol in the hypothalamus, had no notice- 
able effect on the adrenals. 

The importance of the central nerv- 
ous system and particularly the hypo- 
thalamus in the control of adreno- 
corticotropin (ACTH) secretion is gen- 
erally agreed upon (1). There is, how- 
ever, much less certainty about the 
participation of the brain in the so-called 
"feedback" regulation of this hormone, 
whereby fluctuations in the blood level 
of adrenocortical hormones modify 
ACTH output. It has been shown, in 
dogs and rats with lesions in the hypo- 
thalamic median eminence, that de- 
creases in peripheral corticoid levels fail 
to provoke increases in ACTH secre- 
tion (2). On the other hand, the avail- 
able evidence suggests that augmented 
blood levels of corticoids do not act 
at the level of the hypothalamus (2), 
but either directly on the pituitary 
gland or at some other unknown locus. 

Previous studies (3) have indicated 
that intracerebral implants of small 
quantities of crystalline steroid hor- 
mones can exert specific effects on 
localized areas of the brain, and that 
systemic hydrocortisone affects evoked 
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potentials in the hypothalamus (4). 
Our experiments were conducted to 
study the effects of the local implanta- 
tion of crystalline hydrocortisone in the 
hypothalamus and pituitary on ACTH 
secretion. 

Forty adult, male albino rats were 
used. The right adrenal was removed 
at the beginning of the experiment, the 
left one 9 days later. In eight rats with 
unilateral adrenalectomy, the mean dif- 
ference in adrenal weight [(left adrenal 
weight minus right adrenal weight X 
100) divided by right adrenal weight] 
was +53.9 ? 7.2 percent (standard er- 
ror). This "compensatory hypertrophy" 
presumably results from the increased 
ACTH secretion attendant upon a de- 
crease in corticoid titer of the blood. 

Thirty-two other rats received, at the 
time of unilateral adrenalectomy, im- 
plants of small quantities (about 0.2 
mg) of crystalline hydrocortisone ace- 
tate or cholesterol. These substances 
were introduced into the brain by 20- 
gauge stainless steel tubing implanted 
with a stereotaxic instrument and fixed 
to the rats' skulls with dental cement. 
As all implants were made either into 
the base of the hypothalamus or into 
the pituitary, it was possible to verify 
their locations by direct visualization 
of the base of the brain at autopsy, 
when a clearly recognizable white spot 
of material could be seen. 

Nineteen rats received hydrocortisone 
implants in the hypothalamus. In 11 of 
these rats (Fig. 1, group A) compensa- 
tory adrenal hypertrophy was absent. 
In each case the left adrenal was signifi- 
cantly smaller than the right one, a 
situation very seldom encountered in 
unoperated normal rats. The hormone 
in all of these animals was deposited 
in the sagittal plane of the brain, in 
nine cases in the median eminence, and 
in two cases in the mammillary body. 
The mean difference in adrenal weight 
was -19.6 - 2.1 percent (range -7.4 
to -28.0 percent). Histologically, these 
adrenals showed shrinkage of the in- 
ner layers of the cortex and an ap- 

parent hypertrophy of the zona glomer- 
ulosa similar to that noted in hypo- 
physectomized rats (5). 

In another group of eight rats (Fig. 
1, group B) no adrenocortical atrophy 
resulted from hydrocortisone implanta- 
tion, but partial inhibition of compensa- 
tory hypertrophy apparently occurred. 
The mean difference in adrenal weight 
was +28.2 ? 3.2 percent. In one of 
these animals the implant was located 
at the lateral limit of, and just outside, 
the hypothalamus, and the weight dif- 
ference was +44.8 percent. In three, 
implants were in the lateral hypothala- 
mus, in three, in the mammillary body, 
and in one there was an implant uni- 
laterally impinging on the median 
eminence. The adrenal weight differ- 
ences in these seven rats ranged from 
+15 to +35.4 percent. 

In contrast to these, the implantation 
of hydrocortisone directly into the 
pituitary glands of five rats did not 
yield any noticeable effect on the 
weight or histology of the adrenals. The 
mean difference in adrenal weight in 
these animals was +64.2 ? 8.2 percent. 

To test the possibility that the in- 
hibitory effect of hypothalamic im- 
plants might be due to a lesion pro- 
duced mechanically by the insertion of 
the hormone, cholesterol was similarly 
implanted into the median eminence re- 
gion in eight rats. In these animals the 
response to unilateral adrenalectomy 
was completely normal, the mean dif- 
ference in adrenal weight being +58.3 
+ 6.3 percent. 

Although the quantities of hydro- 
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Fig. 1. Effects of intracranial implantation 
of hydrocortisone acetate and cholesterol 
on adrenal compensatory hypertrophy. 
Abbreviations: CORT, hydrocortisone 
acetate; HYP, hypothalamus; CHOL, cho- 
lesterol; PIT, pituitary. In group A, im- 
plants were in the midline, and in group 
B they were placed laterally or in the 
mammillary region. Small bars above and 
below means are standard errors of the 
mean. 
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cortisone implanted varied somewhat 
from animal to animal, unabsorbed 
material was invariably observed at 
autopsy, and there was no correlation 
between the degree of inhibition fol- 
lowing intrahypothalamic implanta- 
tion and the quantity of hydrocortisone 
introduced. In most rats bearing pitui- 
tary implants more hydrocortisone was 
used than for animals that were im- 
planted with hydrocortisone in the 
hypothalamus, and in the case of intra- 
hypothalamic cholesterol implants, even 
larger amounts of this substance were 
utilized. 

While this study was in progress, 
Endroczi et at. (6) reported that in- 
tracerebral injections of cortisone ace- 
tate in cats and rats inhibited acute 
stress-induced increases in adrenal 
venous corticoids when these injections 
were made into the ventral hypothala- 
mus, or to a lesser extent into the mid- 
brain. Since the hormone they injected 
spread over a considerable area, they 
concluded that the cortisone in the 
case of the hypothalamic injections had 
diffused to the pituitary and acted 
there. Our investigation, however, shows 
that hydrocortisone, when implanted 
directly into the pituitary, does not 
interfere with compensatory hyper- 
trophy of the adrenal cortex after 
unilateral adrenalectomy, while similar 
implants into the hypothalamus result 
in adrenal atrophy. The fact that choles- 
terol implantation in the median emi- 
nence was ineffective suggests that our 
results indicate a specific inhibitory ef- 
fect of hydrocortisone on an ACTH- 
regulating "center" in the hypothalamus 
(7). 
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Higher Nervous Activity in 
Cats with Midpontine 
Pretrigeminal Transections 

Abstract. In cats with midpontine pre- 
trigeminal transections, orientation reflexes 
to visual stimuli consist only of vertical 
eye movements, pupillary dilation, and 
electroencephalographic arousal. Extinction 
of the orientation reflex by repetition of 
the photic stimulus is easily obtained; the 
reflex partially recovers after a few minutes 
of rest. By using as reinforcement stimula- 
tion of hypothalamus producing pupillary 
dilation and EEG arousal, conditioned re- 
sponses to a visual stimulus may be ob- 
tained. The cat with midpontine pretri- 
geminal transection can be used as con- 
venient preparation for the study of the 
orientation and conditioned reflexes. 

Recent experiments (1) have shown 
that pontine transections in the cat, 
rostral to the entrance of the trigeminal 
nerve, are followed by low-voltage fast 
activity in the electroencephalogram 
(EEG). In the pretrigeminal transected 
animals, eye movements and pupillary 
dilation in response to visual stimuli 
were also observed. In the experiments 
reported here, orientation reflexes and 
conditioning were studied in the same 
preparation. 

Only cats which breathed spon- 
taneously and demonstrated good 
phasic reflexes and extensor rigidity 
were selected. Some animals showed 
permanent EEG sleep patterns, indicat- 
ing that the level of the transection was 
too high. These animals were rejected. 
After undergoing surgery, the cat, still 
in the stereotaxic instrument, was placed 
in a small chamber. The background 
illumination was continuous. Pupils 
were constricted to a transverse diame- 
ter of about 1 mm. Two visual stimuli 
were used: a train of flashes and a ro- 
tating object. The strong background 
illumination produced fissurated miosis, 
so that no photic reflex to the train of 
flashes could be detected. Both stimuli 
lasted 2 seconds. The train of flashes 
was the conditioned stimulus. The con- 
ditioned stimulus was reinforced by 
electrical stimulation of the central hy- 
pothalamus, producing strong pupillary 
dilation and EEG arousal (2). 

Each experimental session consisted 
of 10 to 20 trials, with intertrial in- 
tervals of 1 to 2 minutes. The interval 
between the onset of the train of flashes 
and hypothalamic stimulation was about 
0.5 second at the beginning, and was 
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ways introduced. In some cats which 
remained in good condition for 3 or 
4 days a number of sessions were con- 
ducted. 

When the rotating object was pre- 
sented for the first time, it usually pro- 
duced a strong reaction, consisting of 
pupillary dilation (Fig. 1) and eye 
movement towards the stimulus. If the 
stimulus was given during EEG syn- 
chronization a desynchronization was 
also observed. The train of flashes pro- 
duced a similar reaction, but it was al- 
ways much weaker and sometimes 
absent. When the visual stimulus was 
applied repeatedly with short intervals 
(1 to 2 minutes) the reaction rapidly 
disappeared. The reaction reappeared 
spontaneously, however, after a period 
of rest of 5 to 10 minutes. This type 
of reaction, with rapid habituation and 
spontaneous recovery, suggests that we 
are concerned here with the ocular 
components of the orientation reflex. 
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Fig. 1. Pupillary responses to rotor (A) and 
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Fig. 2. Elaboration of conditioned my- 
driasis to the trains of flashes. Strong 
pupillary dilation to the train of flashes in 
the first trial of the 11th experimental 
session. 

SCIENCE, VOL. 137 

Fig. 2. Elaboration of conditioned my- 
driasis to the trains of flashes. Strong 
pupillary dilation to the train of flashes in 
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