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Female rats respond to stress or to ACTH 
injection with higher peripheral plasma levels 
of corticosterone (Cpd. B) than do male 
rats ( 1 ) . Additionally, a higher concentra- 
tion of steroid obtains in adrenal vein blood 
of female rats, as well as a shorter biological 
half-life of Cpd. B in viva and more rapid 
hepatic metabolism of the steroid in vitro 
when compared to'male animals. The pres- 
ent study was undertaken to determine the 
effects of stilbestrol on pituitary and adrenal 
function in adult rats and to explore the pos- 
sibility of a sex difference following its ad- 
ministration. 

Materials and methods. Adult male and 
female rats of the Sherman strain were main- 
tained in a constant temperature room on a 
diet of Purina Laboratory Chow and water 
ad libitum. Stilbestrol was administered by 
subcutaneous implantation of a 5 mg pellet. 
Control animals were either untreated or 
given a comparable pellet of cholesterol. Pre- 
liminary experiments revealed no effects at- 
tributable to control pellet implantation. All 
experiments were conducted 14 days later im- 
mediately following sacrifice by decapitation. 
Pituitary ACTH content was determined by 
an in vitro technic described previously ( 2 ) . 
Pituitary and adrenal RNA and DNA con- 
tents were determined by the methods of 
Webb(3) and Webb and Levy(4) respec- 
tively. Adrenal secretory capacity in vitro 
was evaluated by preparation of pools of 
adrenal slices as used in the ACTH bioassay 
( 2 ) .  All other methods have been described 
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Results. 

weights are summarized in Table I. Body 
weight losses and increased pituitary and 
adrenal weights were demonstrated in both 
sexes. The mean adrenal weight in the fe- 
male controls significantly exceeded that in 
their male counterparts (P< .01) . All these 
findings are consistent with many published 
reports. 

Pituitary changes. Although pituitary 
weight was increased markedly by stilbestrol 
administration in male rats, no change was 
observed in pituitary ACTH content. Mul- 
tiple assays were performed on pooled 
glands; the control pool served as the stand- 
ard with an assigned potency of 100%. In 
contrast, ACTH content increased 2.4-fold in 
stilbestrol-treated female rats and was asso- 
ciated with a proportionately lesser increment 
in pituitary weight. Here, also, multiple as- 
says were performed with an arbitrary as- 
signment of potency of 100% to the control 
standard pool. No significant difference in 
pituitary ACTH content was observed be- 
tween female and male controls. 

The increases in pituitary weight produced 
by stilbestrol were evaluated in greater detail 
by measurement of changes in RNA and 
DNA content as indices of cytoplasmic vol- 
ume and nuclear mass respectively. Despite 
the significant increment in pituitary weight 
in the male animals given stilbestrol, no 
changes were found in RNA or DNA con- 
tent. The effects of stilbestrol must be at- 
tributed, therefore, to an unmeasured factor, 
such as an increase in intra- or extra-cellular 
water or, perhaps, an increase in vasculariza- 
tion. In contrast in female rats, stilbestrol 
produced an increased pituitary RNA con- 
tent without change in DNA, i.e., hyper- 
trophy without hyperplasia. The sex differ- 
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ence in the pituitary RNA response to stil- 
bestrol may be related to the changes ob- 
served in ACTH content. 

Adrenal changes. The increased adrenal 
weight in stilbestrol-treated male rats was 
associated with increased RNA without 
change in DNA, or hypertrophy. In female 
animals, an increase in RNA also occurred 
but a significant fall in adrenal DNA was 
observed as well. These changes suggest 
that stilbestrol administration resulted in loss 
of cells, or hypoplasia, associated with hy- 
pertrophy of the remaining tissue with a net 
increase in adrenal weight. 

Taken together, the changes described sug- 
gest several hypotheses concerning the effects 
of stilbestrol on pituitary and adrenal func- 
tion. In male animals, the adrenal weight 
and nucleic acid changes suggest that ACTH 
secretion was stimulated by stilbestrol. 
Bransome and Reddy( 5 )  have reported that 
ACTH administration in the dog increases 
adrenal RNA without change in DNA. Con- 
firmatory findings have also been obtained in 
rats given ACTH (unpublished data).  The 

unchanged pituitary ACTH content is not 
incompatible with this hypothesis in that 
both increased ACTH synthesis and release 
might occur without a net change in ACTH 
storage. 

The increases in adrenal weight and RNA 
observed after stilbestrol in female rats like- 
wise suggest an increase in ACTH secretion 
but with greater synthesis than release lead- 
ing to a net increase in ACTH content. A 
complicating factor is indicated by the fall 
in adrenal DNA in the female animals sug- 
gesting the additional possibility of a toxic 
or inhibitory effect of stilbestrol on the female 
adrenal. These hypotheses were explored 
further in the following experiments. 

Plasma corticosterone concentrations. The 
effects of stilbestrol on plasma Cpd. B were 
measured a t  rest and 30 minutes after the 
stress of ether anesthesia or after ACTH in- 
jection (Table 11). A 30 minute interval was 
selected for study since it was found previ- 
ously to be associated with peak plasma ste- 
roid levels in untreated animals of both sexes 
( 1) .  In conformity with previous findings, 
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the female controls demonstrated consistent- 
ly higher plasma Cpd. B levels than did the 
male controls. No apparent changes were 
seen after stilbestrol in the male rats, whereas 
substantial decrements in plasma steroid 
levels were found after stress or ACTH in 
female animals so treated. 

These data are consistent with those of the 
preceding experiment in that the inhibitory 
effect of stilbestrol on adrenal DNA in fe- 
male rats may be correlated with a marked 
diminution in plasma Cpd. B concentrations. 

Pewipheral metabolism of corticosterone. 
Plasma Cpd. B levels represent a balance be- 
tween adrenal secretion and clearance of 
steroid from the circulation. The latter fac- 
tor was assessed by measurement of both 
biological half-life in vivo and hepatic re- 
duction of ring A of Cpd. B in vitro (Table 
111). The sex differences observed in the 
control animals have been reported( 1). 
Stilbestrol administration produced opposite 
effects in the two sexes. The peripheral me- 
tabolism of Cpd. B, as measured by both 
technics, was signifipntly enhanced in male 
rats and diminished in females. The data 
suggest that stilbestrol administration in male 
rats resulted in increased secretion of both 
ACTH by the pituitary and Cpd. B by the 
adrenals with more rapid peripheral clear- 
ance of steroid and, thus, no significant incre- 
ment in plasma steroid levels. In female rats 
the impairment of peripheral metabolism of 
steroid would be expected to have produced 
elevated plasma Cpd. B concentrations. The 
combination of both decreased plasma steroid 
levels and decreased clearance indicate even 
greater inhibition of adrenal secretion than 
do the plasma values taken alone. 

The multiple Adrena2 secretion in vitro. 

factors inherent in the preceding experiments 
were controlled by examining the effects of 
stilbestrol upon steroid secretion by adrenal 
slices in vitro. Under such conditions neither 
endogenous ACTH secretion nor peripheral 
metabolism of steroid serve as complicating 
variables. Studies on male adrenal glands 
(Fig. 1 )  revealed that, with a range of ACTH 
concentrations added in vitro, there was ac- 
tually a significant diminution in adrenal se- 
cretory capacity when the results were cal- 
culated per unit adrenal weight. Increased 
secretory capacity was demonstrated when 
steroid output was calculated per gland ow- 
ing to the marked increase in adrenal weight 
produced by stilbestrol. Secretory capacity 
in female adrenal slices (Fig. 2 )  was reduced 
as measured by either parameter in complete 
accord with the preceding experiments. The 
data in the male animals suggest that the 
inhibitory effects of stilbestrol observed in the 
female may also apply, but to a significantly 
lesser degree, and that they were overcome by 
increased ACTH stimulation with a resultant 
increase in adrenal secretory mass. 

Massive stilbestrol administration in male 
animals. Demonstration of sex differences in 
the effects of stilbestrol suggested the possi- 
bility that the greater inhibitory effects ob- 
served in female rats might be a dose-depen- 
dent phenomenon, i.e., exogenous stilbestrol 
superimposed upon endogenous estrogen in 
the female produced a more striking effect 
than in the male where endogenous estrogen 
is comparatively negligible. This hypothesis 
was tested by subcutaneous administration of 
a water-soluble, readily absorbed preparation 
of stilbestrol phosphate (Stilphostrol, Ames) 
to male animals a t  a dose of 1 mg per day for 
3 days. Control animals received comparable 
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injections of the vehicle alone. On the morn- 
ing of the fourth day, plasma Cpd. B levels 
a t  rest and after stress or ACTH were meas- 
ured and hepatic metabolism of steroid de- 
termined as described above (Table I V ) .  
Marked impairments of both adrenal secre- 
tion and hepatic metabolism observed were 

consistent with those previously obtained in 
female animals. 

Discussion. Administration of stilbestrol 
to rats produced both similar and dissimilar 
effects in the two sexes. Female rats showed 
impairment of peripheral metabolism of Cpd. 
B and a decrease in adrenal steroid secretion 
whereas ACTH secretion was apparently en- 
hanced. Male animals revealed increased 
peripheral clearance of Cpd. B with a seem- 
ingly greater total adrenal secretory capacity. 
However, this increase appeared related to 
adrenal hypertrophy, and diminished secre- 
tory capacity was actually demonstrated per 
unit of gland weight. An overall increase in 
ACTH secretion was suggested in the male 
animals without the increment in ACTH stor- 
age noted in the treated females. 

The most definite sex difference produced 
by stilbestrol was its effects upon peripheral 
clearance and hepatic metabolism of Cpd. B. 
The changes noted in male animals are con- 
sistent with those observed by Yates et aZ. 
(6)  following estradiol injection in both in- 
tact and castrated male rats. No previous 
studies concerning administration of estro- 
genic substances to intact female rats are 
available. Both male and female animals 
given stilbestrol showed decrements in body 
weight. Herbst et aZ.(7) have shown that 
diminished food intake in rats is associated 
with impairment of hepatic metabolism of 
Cpd. B. This observation may explain the 
stilbestrol-induced reduction in steroid clear- 
ance in female animals but seems wholly in- 
applicable to the enhanced clearance pro- 
duced in males with a greater proportionate 
loss of body weight. 

Although stilbestrol administration in- 
creased pituitary and adrenal weights in both 
sexes, different interpretations were made 

TABLE IV. Effects of Stilbestrol Phosphate (Stilphostrol) on Plasma Cpd. B Concentrations 
aiid Hepatic Metabolism of Ring 9 in vitro in Male Rats. 

Hepatic ring A 
reduction in vitro Plasma Cpd. B (pg/lOO nil) 

Treat meii t Rcst Stress ACTH (pg reduced) 

Con t r ol 10.2 & 2.1 62.0 I+ 3.4 69.6 & 7.2 32.2 & 6.4 
Stilbestrol 18.8 2 2.7" 29.8 & 2.8" 35.0 & 2.7* 11.4 & 5.0" 

Entries represent means t standard error of mean. 
Number of animals studied : 5/group. 
* P < .01 
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possible by determination of tissue RNA and 
DNA contents. Such measurements may 
help to clarify conflicting experimental find- 
ings based on changes in gland weight alone 
(e.g., 8,9,10). 

The impairment of adrenal steroid secre- 
tion produced by stilbestrol demonstrated 
above is consistent with that previously re- 
ported by Vogt (1 1) and Holzbauer (12) with 
the closely related compound, hexestrol. 
McKerns and Bell(13) have shown that stil- 
bestrol inhibits adrenal glucose-6-phosphate 
dehydrogenase activity, an enzyme thought to 
be essential in steroid biosynthesis. 

The pattern of changes induced by stilbes- 
trol is consistent with the conclusion that it 
produces adrenal inhibition with a resultant 
impairment of normal feed-back and a sec- 
ondary increase in pituitary ACTH secretion. 
On the other hand, stilbestrol may also affect 
ACTH release directly without adrenal inter- 
mediation. In any event, a unitary hypothe- 
sis based on a single site of action of stilbes- 
trol does not seem possible in view of its ap- 
parently separate actions upon hepatic me- 
tabolism of Cpd. B. A sex difference in re- 
sponse to dose and duration of administration 
may explain the differing effects of stilbestrol 
in male and female rats. The difference may 
be due to the presence of endogenous estro- 
gen in the female. Finally, it should be em- 
phasized that stilbestrol is a synthetic estro- 
gen and that its actions with respect to pitui- 
tary and adrenal function may not be identi- 
cal to those of the natural estrogens. 

Summary. Stilbestrol administration pro- 
duced apparently similar increases in pitui- 
tary and adrenal weights and losses in 
body weight upon comparison of male and 
female rats. Pituitary ACTH content was 
more than doubled in females and un- 
changed in male animals. Pituitary RNA 

and DNA were both unchanged in males, 
whereas RNA (but not DNA) was in- 
creased in females. Adrenal RNA was in- 
creased in both sexes while DNA was un- 
changed in males and decreased in females. 
Plasma Cpd. B levels after stress or ACTH 
were unaffected in males .and markedly re- 
duced in females. Biological half-life of Cpd. 
B was shortened and hepatic metabolism of 
the steroid enhanced in treated males. Op- 
posite changes were observed in female rats. 
Adrenal steroidogenesis in vitro was inhibited 
in female rats. An increment in steroidogene- 
sis was demonstrated in males per total gland 
whereas a decrease obtained per unit gland 
weight. Male responses became similar to 
those in the female by administration of a 
more potent dose of stilbestrol. 
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