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The hypothalamus is in part autonomous
and in part dependent on extra-hypothala-
mic neural afferents in regulating ACTH
secretion. Several laboratories have shown
that the nycthemeral variation in adreno-
cortical secretion is abolished following
complete hypothalamic deafferentation (1-
3). Systemic stressors which act directly on
either the basal hypothalamus or anterior
pituitary stimulate ACTH secretion in rats
with hypothalamic deafferentation, but
stresses which stimulate ACTH secretion
through central nervous system pathways to
the medial basal hypothalamus do not (1-2,
4-9).

In adrenalectomized rats there is an ele-
vation of both basal and stress-induced
secretion of ACTH, presumably due to re-
duced negative feedback by glucocorticoids
(10, 11). The site of the primary control-
ling unit sensitive to negative feedback in-
hibition by glucocorticoids is uncertain.
Present evidence indicates that the pituitary
itself plays a role in this phenomenon since
addition of glucocorticoids to the medium in
which adenohypophysial tissue is incubated
in vitro significantly reduces the secretion of
ACTH induced by materials like hypothala-
mic extracts or vasopressin which directly
stimulate secretion of this hormone by the
pituitary (12-14). Other data, which have
been summarized by Kendall (15), indi-
cate that the hypothalamus or other areas of

1 Supported by grants from the National In-
stitute of Arthritis, Metabolic and Digestive Dis-
eases, NTH.

the central nervous system may be impor-
tant in glucocorticoid feedback effects on
ACTH secretion but the experimental de-
sign of most reports has not permitted an
unambiguous interpretation.

In the present study, we have examined
the effect of hypothalamic deafferentation
on the increase in nonstressed (basal)
ACTH secretion in the adrenalectomized
rat. In addition, to test the functional in-
tegrity of the hypothalamic-pituitary unit
following deafferentation, we measured
plasma ACTH concentration following ad-
ministration of ether, a substance which acts
directly on the basal hypothalamus to
stimulate ACTH secretion (20).

Materials and Methods. Data were ob-
tained on 144 male Sprague-Dawley rats
weighing 200-250 g in three separate ex-
periments, all of which gave similar results.
The animals were maintained under condi-
tions of controlled lighting (12 hr of light
beginning at 0600, 12 hr of dark) and tem-
perature (24 x 1°C). In all experiments
jugular or trunk blood was obtained be-
tween 0900 and 0930 hours. Anterior,
anterolateral, or complete deafferentation of
the medial basal hypothalamus was per-
formed in ether-anesthetized rats with a
modified Halasz knife (4). The anterior cut
was performed by lowering the knife in the
midline to the posterior border of the optic
chiasm and then rotating the knife 90° in
either direction. The antero-lateral cut was
performed in the same manner except that
the cut was extended 1 mm posteriorly on
each side. The complete isolation was a
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dome-shaped lesion extending from the
posterior border of the optic chiasm to the
middle of the mammillary bodies (4). In 2
experiments, 2 days after deafferentation,
half of both the deafferented and nondeaf-
ferented animals were bilaterally adrenalec-
tomized. Two weeks later, half the animals
in each of the groups were anesthetized
with ether vapor for 2.5 min. Two ml of
blood was then withdrawn from the jugular
vein. One week later, trunk blood was ob-
tained by decapitation in all rats within 30
sec after removal from their cage.

In another experiment (Table I), the se-
quence of deafferentation and adrenalec-
tomy, was reversed. Two weeks following
adrenalectomy, a complete, anterolateral or
sham deafferentation was performed. The
sham operation consisted of passing the
knife to the base of the skull and withdraw-
ing it without rotation. Three days later the
animals were subjected to 2.5 min ether
anesthesia and jugular vein blood obtained.
Three days later the animals were sacrificed
by decapitation and trunk blood obtained.

Plasma ACTH was measured by radio-
immunoassay (16) with the following modi-
fications. The Lerner-Upton human ACTH
preparation was used as the reference stand-
ard and for labelling with **°I. The antibody
employed was one developed in this labora-
tory against synthetic «'2* ACTH. This
antibody cross-reacts with «-MSH on a
1:1 molar basis, but does not cross-react
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significantly with 8,-MSH or other known
pituitary hormones. The average sensitivity
of the assays was 30 pg/ml. The extent of
deafferentation and the absence of pituitary
infarction was verified by examination of
serial sections of the brains. The data from
each experimental group were statistically
compared using the Newman-Keuls test
(17).

Results. Complete (P < .01) and antero-
lateral (P < .05) deafferentation prevented
the rise in basal plasma ACTH in the
adrenalectomized rats (Fig. 1). Basal
plasma ACTH in rats with anterior deaffer-
entation was not significantly different from
that of the adrenalectomized controls (P >
.05). Complete deafferentation in the non-
adrenalectomized rats caused a nonsignifi-
cant (P > .05) depression of basal plasma
ACTH. Similar results were obtained if de-
afferentation was performed 2 weeks after
adrenalectomy (Table I).

Plasma ACTH following ether stress was
significantly higher (P < .05) in all de-
afferented adrenalectomized groups than in
the deafferented intact group (Fig. 2) and
was higher, although not always at a sta-
tistically significant level, than in the intact
control groups (Fig. 2, Table I).

Discussion. Our data suggest that the in-
crease in basal ACTH secretion following
bilateral adrenalectomy is dependent on
extrahypothalamic influences which enter
the lateral basal hypothalamus. The site

TABLE 1. Effect of Hypothalamic Deaffercntation Following Adrenalectomy on Basal and
Ether-Stress Plasma ACTH Concentrations (mean + SE).

Basal 2.5 min ether stress
ACTH ACTH
Group n pg/ml n pg/ml
Intact:
Control 5 85 + 22 4 2212 + 551
Adrenalectomized:
Control 6 515 + 189 6 16,599 + 1,317
Sham 7 506 + 136 8 11,767 + 2,373
Deafferented? 6 78 + 23 6 4,586 + 1,376
¢ Mean + SE.

® Data from anterolateral and complete hypothalamic deafferentations were combined since
they were not statistically different (P > .ly. Brain operations were performed 2 weeks after

adrenalectomy (see text for details) .
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Fic. 1. Effect of hypothalamic deafferentation
followed by adrenalectomy on the mean basal
plasma ACTH concentration in resting non-
stressed rats. Complete (P < .01) and antero-
lateral (P < .05) deafferentation prevented the
compensatory increase in ACTH concentration
observed in nondeafferented and anterior deaffer-
ented rats. The vertical line above each bar repre-
sents the standard error and the number below
the number of rats per group.

involved in such regulation is not known.
It has been suggested that the hippocampus
and septal area of the limbic system may be
involved (18, 19). However, in preliminary
experiments with radiofrequency lesions
which destroy the septal area we have been
unable to reproduce the effects herein
reported.

Our data are in apparent conflict with
the report of Halasz et al. (2) that com-
plete hypothalamic deafferentation does not
block the compensatory increase in adrenal
size following unilateral adrenalectomy. We
cannot definitely explain these differences
but there are several possibilities. (1) Their
studies extended over a longer time span
than ours since unilateral adrenalectomy
was performed one month after the brain
operations and the second adrenal weighed
one month later. It is possible some func-
tional reorganization of transected neural
tracts to the basal hypothalamus may have
occurred by the end of their experiment.
(2) Their data are recorded only as abso-
lute, rather than relative, adrenal weight.
Since the male rats they employed are
known to gain considerable weight in 1
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FiG. 2. Effect of hypothalamic deafferentation
on the mean plasma ACTH concentration follow-
ing 2.5 min of ether inhalation in intact and
adrenalectomized rats. Plasma ACTH was signifi-
cantly higher in all adrenalectomized than in the
intact groups (P < .05). Note that the ordinate
scale for ACTH is 20 times as large as in Fig. 1.

mo, the absolute gain in adrenal weight of
approximately 50% seen in both their sham
and operated groups may have been due
primarily to an increase in body size. Rela-
tive adrenal weight may have remained un-
changed. In our experience, compensatory
adrenal hypertrophy has not proved a very
reliable method of assessing ACTH secre-
tion because of marked variation in this
response even in control animals. It is un-
fortunate that the body weights of their rats
at the time of unilateral adrenalectomy were
not given. (3) The direct assay of plasma
ACTH we employed is a different method
of assessing corticotropin secretion and
possibly more valid than theirs.

Although blood was sampled at only one
time period in our studies, many laborato-
ries have shown that hypothalamic deaffer-
entation abolishes the normal nycthemeral
pituitary-adrenal cycle in rats with either in
situ or heterotopic pituitaries (1-4). It thus
seems unlikely that contrary results would
have been obtained if the blood samples had
been obtained at different times.

The lesser (P < .05) secretion of
ACTH in response to ether stress in the
deafferented than in the nondeafferented
groups was possibly due to: (1) traumatic
destruction of some hypothalamic neurons
which produce corticotropin-releasing fac-
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tor (CRF), (2) loss of some positive tonic
input from extrahypothalamic structures,
(3) a longer delay to the peak of the
plasma ACTH response to ether-stress in
deafferented than in normal animals. Never-
theless, in all 3 experiments ether stress
caused a greater rise in all deafferented,
adrenalectomized groups than in the intact
controls, although these differences were not
always statistically significant (Fig. 2, Table
I). This suggests that the supranormal se-
cretion of ACTH in response to stress in
chronically adrenalectomized animals may
be due to decreased glucocorticoid concen-
tration at the pituitary level rather than to
tonically increased basal ACTH secretion.
Summary. Complete or anterolateral, but
not anterior, basal hypothalamic deafferen-
tation prevented the increased basal secre-
tion of ACTH in chronically adrenalecto-
mized rats. ACTH secretion in response to
ether stress was at least as great in the de-
afferented, adrenalectomized rats as in in-
tact controls. The data suggest that extra-
hypothalamic influences which enter the
lateral basal hypothalamus are necessary to
achieve a high basal ACTH secretion when
plasma glucocorticoids are depressed.
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