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Previous studies have demonstrated that
estradiol affects various components of the
pituitary-adrenocortical axis in rats (1). The
net outcome of these actions is enhance-
ment of adrenocortical secretion. Ovariec-
tomy produces a fall in corticosterone secre-
tion, an effect reversed by estradiol replace-
‘ment. The decline in corticosterone output
after castration is greater than can be ex-
plained by changes in plasma ACTH levels
alone (2-4). The apparent discrepancy be-
tween ACTH and corticosterone output
after gonadectomy is attributable to changes
in the intra-adrenal metabolism or cortico-
steroids by castrates (4, 5). In the absence
of the gonads, adrenal 5a-reductase activity
increases, resulting in the intra-adrenal con-
version of corticosterone (B) to Sa-dihydro-
corticosterone (DHB) and 38,5a-tetrahy-
drocorticosterone (THB). Secretion of
these compounds accounts in part for the
decline in corticosterone. Administration of
estradiol to castrates lowers reductase activ-
ity and restores corticosterone secretion to
control levels (4).

Labrie et al. (6) have proposed that the
actions of estradiol on corticosterone secre-
tion in rats are mediated by the thyroid
gland. These investigators have shown that
estradiol stimulates pituitary TSH secretion
in rats, thereby increasing thyroid activity,
which might in turn increase adrenal secre-
tion. Previous studies had demonstrated an
increase in adrenal steroid output after thy-
roid hormone administration. In addition,
the effects of estradiol on adrenal function
were found to be diminished in thyroidecto-
mized male rats. However, indirect methods
for the evaluation of adrenal secretion were
employed and a physiologic role for estra-
diol in male animals seems unlikely. Fur-
thermore, since estradiol acts on several
components of the pituitary-adrenal regula-
tory system (1), it remains to be established
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whether its effects on adrenal secretion are
tully or only in part mediated by the thyroid
gland. For these reasons, further studies
were conducted to determine the relation of
the thyroid gland to estrogenic effects on
adrenocortical secretion.

Materials and Methods. Female rats of the
Sherman strain, obtained from Camm Re-
search Institute, Wayne, New Jersey, were
used in all experiments. Animals were main-
tained under standardized conditions of
light (0600-1800) and temperature (22.0 =
0.5°C) on diet consisting of Purina Labora-
tory Chow and water ad /ib. Thyroidecto-
mies, when indicated, were performed by
the breeder on animals 25-30 days old.
Ovariectomies were performed 1 week later
with no further manipulation for 4 weeks.
At that time a single subcutaneous injection
of estradiol cyclopentyl-propionate (Estra-
diol Cypionate, Upjohn) 50 ug/100 g bw
was administered. Four weeks later, adrenal
vein blood was collected from each rat (7)
following induction of anesthesia with so-
dium pentobarbital (4.5 mg/100 g body wt).
Plasma was separated immediately and fro-
zen for subsequent analysis. Corticosterone
1,2-*H (~ 1072 uCi, SA 40 Ci/mmole) was
added to each sample for subsequent recov-
ery calculations. Chloroform extracts were
chromatographed on a Bush B1 system (8)
and the zones corresponding to those of
authentic corticosterone, Sa-dihydrocorti-
costerone (DHB) and 38,5 a-tetrahydrocor-
ticosterone (THB) were eluted with metha-
nol. Identification and homogeneity of these
products has been established previously (4)
by paper and thin-layer chromatography, in-
frared spectroscopy, and mass spectrome-
try. All three steroids were quantitated us-
ing a competitive protein binding technique
(4, 9) with the appropriate standards. Ref-
erence steroids were obtained from Ika-
pharm, Ramat-Gan, Israel. The sensitivity
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of the assay as employed was 0.5 ng for B, 5
ng for DHB, and 10 ng for THB. The differ-
ences in sensitivity reflect the relative affini-
ties of each compound for canine plasma
binding protein. Aliquot sizes were adjusted
to accommodate the various standard
curves. A portion of each corticosterone
eluate was counted for ®H content on a
Packard Tri-Carb liquid scintillation spec-
trometer to determine steroid recoveries.
The recoveries of corticosterone, DHB and
THB in each sample were essentially identi-
cal and averaged about 70%. Adrenal Sa-
reductase activity and corticosterone pro-
duction by adrenal homogenates were as-
sayed as previously described (5). Corticos-
terone was determined fluorometrically
(10).

Results. As previously noted, estradiol
administration to ovariectomized rats in-
creased adrenal weight (Table 1), presum-
ably as a result of its effects on ACTH secre-
tion (2). Removal of the thyroid gland
markedly reduced adrenal weight and pre-
vented the stimulatory response to estra-
diol. Corticosterone production by adrenal
homogenates in vitro was increased equally
by estradiol administration to castrated rats
in vivo in the presence or absence of the
thyroid gland. Similarly, the inhibitory ef-
fect of estradiol on adrenal Sa-reductase
activity did not require the presence of the

thyroid gland. Since we had previously dem-
onstrated (4) that the effects of castration
and gonadal hormone replacement on corti-
costerone secretion were mediated in part
by changes in adrenal reductase activity,
these observations suggested that the thy-
roid was not required for estrogenic stimula-
tion of corticosterone output. Direct confir-
mation was obtained by evaluation of corti-
costerone and its Sa-reduced metabolites in
adrenal venous blood.

Estradiol administration to ovariecto-
mized rats increased in vivo corticosterone
secretion either in the presence or absence
of the thyroid gland (Table I). However, the
increment was substantially smaller (P <
0.01) in thyroidectomized animals. In cas-
trates with intact thyroids, the increase in
corticosterone secretion produced by estra-
diol exceeded the decline in Sa-dihydrocor-
ticosterone (DHB) and 38,5a-tetrahydro-
corticosterone (THB) output. As a result,
total (corticosterone + DHB + THB) ste-
roid secretion was significantly increased by
estradiol.

In thyroidectomized castrates, on the
other hand, the decline in DHB and THB
secretion after estradiol treatment corre-
sponded in magnitude to the increase in
corticosterone. Thus, total (corticosterone
+ DHB + THB) steroid secretion, like ad-
renal weight, was unaffected by estradiol in

TABLE 1. EFrects OF ESTRADIOL ADMINISTRATION ON ADRENAL REDUCTASE ACTIVITY AND STEROID
SECRETION IN OVARIECTOMIZED AND THYROIDECTOMIZED FEMALE RATS.”

Ovariectomized +

Ovariectomized
+ thyroidecto-
mized + estra-

Ovariectomized
+ thyroidecto-

Group Ovariectomized estradiol mized diol
Body weight (g) 285 = 11 258 = 7 193 + 13° 174 £ 9
Adrenal weight (mg) 722 £ 3.6 81.7 = 3.0 41.6 = 4.8 36.3 = 3.6
Corticosterone production In 12.6 £ 2.0 20.8 = 2.6° 10.8 + 1.2 21.8 2.9
Vitro (ug/100 mg/30 min)
Reductase activity (ug B re- 7.7+2.0 0.4 = 0.2 87x1.6 0.5 =0.2
duced/10 mg/hr)
Steroid secretion in vivo (ug/
kg/hr)
Corticosterone (B) 72.3 + 8.9 148.7 = 12.9* 549 6.3 86.3 = 7.2¢
DHB* 31.8 £ 3.6 12322 201 £ 3.9 49+ 1.1°
THB* 214 =29 8919 129 + 2.9 22+0.7
Total (B + DHB + THB) 125.6 = 12.8 169.9 = 13.8 87.9 = 8.9 934 = 8.8
? Values expressed as mean = SE; 8-10 rats per group.

® P < 0.05 (vs ovariectomized group).

¢ P < 0.05 (vs ovariectomized + thyroidectomized group).

¢ Sa-dihydrocorticosterone.
¢ 38, Sa-tetrahydrocorticosterone.
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thyroidectomized castrates, indicating little
or no change in ACTH secretion.
Discussion. Labrie, Fortier, and co-work-
ers (6) have proposed that estradiol pro-
motes adrenal steroid output in rats by in-
creasing thyroid hormone secretion, which
in turn increases corticosteroid binding
globulin activity in plasma, thereby dimin-
ishing plasma ““free’ corticosteroid levels
and stimulating ACTH secretion. Our stud-
ies support, only in part, the conclusions of
Labrie et al. (6). When given to ovariecto-
mized rats with intact thyroid glands, estra-
diol increases corticosterone secretion both
by increasing tropic hormone (ACTH) stim-
ulation of the adrenal cortex (2) and by
decreasing the intra-adrenal conversion of
corticosterone to Sa-dihydrocorticosterone
(DHB) and 38,5a-tetrahydrocorticosterone
(THB) (4). The increase in plasma ACTH
levels previously shown to be produced by
estradiol administration to castrates (2).
was manifested in the present studies as in-
creases in adrenal size and in total secretion
of corticosterone plus its principal adrenal
metabolites (DHB + THB). Since neither
of these changes was seen after estradiol
administration to rats that were thyroidecto-
mized as well as ovariectomized, the effects
of estradiol (on adrenal secretion) resulting
from changes in ACTH secretion do appear
to be thyroid-mediated. However, estradiol,
like testosterone (13) exerts direct effects
on intra-adrenal steroid metabolism. Inhibi-
tion of adrenal Sa-reductase activity by es-
tradiol is independent of the thyroid gland.
Estradiol administration to thyroidecto-
mized-castrated rats decreases the produc-
tion and secretion of DHB and THB,
thereby preserving corticosterone without
affecting total steroidogenesis. Conse-
quently, estradiol increases adrenal corti-
costerone secretion in ovariectomized rats
even in the absence of the thyroid gland by
altering the composition rather than quan-
tity of steroid secreted. Thus, studies con-
cerned with gonadal hormone effects on pi-
tuitary-adrenocortical function must take
into account the multiple sites of action of
estrogen and androgen. In addition, the
data further emphasize the importance of
hormonal interactions in the overall regula-
tion of adrenal steroid secretion.
Summary. The relation of the thyroid
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gland to estrogenic effects on adrenal corti-
costerone secretion was examined in ovari-
ectomized rats. Estradiol administration to
castrates increased corticosterone output by
increasing ACTH secretion and by decreas-
ing adrenal 5a-reductase activity, diminish-
ing the intra-adrenal conversion of corticos-
terone to Sa-reduced metabolites. When
given to rats that were thyroidectomized as
well as castrated, estradiol produced a far
smaller increase in corticosterone secretion.
The increment in corticosterone obtained in
thyroidectomized rats was fully accounted
for by the effects of estradiol on adrenal 5a-
reductase activity. The results indicate that
effects of estradiol on adrenal secretion re-
sulting secondarily from changes in ACTH
secretion are thyroid-dependent, whereas
direct effects on intraadrenal steroid reduc-
tive pathways are not.
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