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Abstract. In the human polycystic ovarian syndrome, glucocorticoids have been dem-
onstrated to have beneficial effects in inducing ovulation in a number of cases. These
beneficial effects were assumed to be due to suppression of adrenal overproduction of
androgens. However, the possibility exists that glucocorticoids may directly regulate
gonadotropin secretion and thereby improve menstrual rhythm and ovulatory activity.
Herein, we report that the corticoid, deoxycorticosterone, and the synthetic glucocorti-
coid, triamcinolone acetonide, like progesterone (P4), are able to induce luteinizing
hormone and follicle-stimulating hormane surges and facilitate ovulation in the pregnant
mare serum gonadotropin-primed rat. This effect is not shared by cortisol. Prolactin
release was also stimulated by deoxycorticosterone, cortisol, and progesterone, but not
by triamcinolone acetonide.

Similar to progesterone, triamcinolone acetonide and deoxycorticosterone administra-
tion caused a loss of fiuid retention in the uterus. This effect of triamcinolone acetonide
and deoxycorticosterone may be related to progesterone action as opposed to anti-
inflammatory action since cortisol had no effect on uterine fluid retention. These findings
raise the possibility that the beneficial effects seen with glucocorticoids in inducing
ovulation in polycystic ovarian syndrome may be due in part to their direct effects upon

the release of gonadotropins.

[P.S.E.B.M. 1990, Vol 193]

syndromes of androgen excess, there have been a

number of reports of improvement in menstrual
rhythm and ovulatory activity following glucocorticoid
therapy (1-3). Since androgens have been shown to
inhibit gonadotropin secretion and exert direct effects
on the ovary causing follicular atresia and ovulatory
failure (4, 5), it has been presumed that the beneficial
effects of glucocorticoids were due to their ability to
suppress adrenal overproduction of androgens.

However, the possibility exists that glucocorticoids
may directly regulate gonadotropin secretion and
thereby improve menstrual rhythm and ovulatory ac-
tivity. Direct stimulatory effects on gonadotropin secre-
tion by both cortisol and corticosterone have been
demonstrated in pituitary cell culture studies (6-8). In
vivo studies have reported variable and contradictory
results indicating that the glucocorticoid effect is largely
inhibitory to gonadotropin secretion (9-11). Recent
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studies in our laboratory have shown that in the estro-
gen-primed ovariectomized rat, the effect of synthetic
and natural corticosteroids on gonadotropin secretion
in vivo depends upon the corticosteroid used (12).

The objective of this study was to determine
whether corticosteroid administration results in small
changes in gonadotropin secretion or changes that are
large enough to be biologically relevant such as induc-
tion of ovulation. For this purpose, the immature fe-
male rat administered § IU of pregnant mare serum
gonadotropin (PMSG) was used. When PMSG was
given to 28-day-old rats, it caused a preovulatory go-
nadotropin surge 52 to 56 hr after administration,
resulting in ovulation (13). Progesterone administration
24 hr after PMSG advances the preovulatory gonado-
tropin surge and ovulation by 24 hr (14). The use of
the PMSG-primed immature rat thus provided us the
opportunity to compare the effects of several cortico-
steroids on the preovulatory gonadotropin surge and
resultant ovulation with that induced by progesterone.

Materials and Methods

Animals. Immature virus-free Holtzman (Madi-
son, WI) rats were obtained at 26 days of age. They
were maintained in air-conditioned rooms with a 14-



hr light:10-hr dark cycle (lights on 0500 hr; off at 1900
hr) and were given water and rat chow ad /ibitum. At
28 days of age the rats were injected subcutaneously
with 8 IU of PMSG at 0800 hr. Twenty-four hours
later, the animals received either progesterone, cortisol,
triamcinolone acetonide, or deoxycorticosterone (all
steroids from Steraloids, Wilton, NH) at a dose of 2
mg/rat (sc). The 2 mg/rat dose was chosen based on
previous studies with progesterone demonstrating this
dose to be optimal in facilitating gonadotropin secretion
and ovulation in PMSG-primed immature rats (15).
Control animals received vehicle (50% ethanol-saline).
In the experiments measuring serum gonadotropin and
prolactin levels, the animals were sacrificed 10 hr after
steroid treatment (1800 hr). This time of sacrifice was
chosen based on previous studies demonstrating that
progesterone advances the gonadotropin surge in
PMSG-primed immature rats by 24 hr (16). Trunk
blood was collected and allowed to clot for 12 hr at
4°C, after which the blood was centrifuged at 2500 rpm
for 30 min at 4°C and serum separated and stored at
—20°C for subsequent radioimmunoassay of luteinizing
hormone (LH), follicle-stimulating hormone (FSH),
and prolactin (PRL). In the experiments to determine
facilitation of ovulation, the animals were sacrificed via
decapitation 24 hr after steroid treatment (0800 hr) and
the oviducts were removed, cleaned of fat, mounted
and pressed on a slide, and viewed under a microscope
for the presence of ova (17). Additionally, the uteri were
examined in these animals for the presence or absence
of fluid accumulation.

Radioimmunoassay of LLH, FSH, and PRL. The
concentrations of LH, FSH, and PRL in serum samples
were analyzed by a double-antibody radioimmunoassay
method as described by Rao and Mahesh (18). The
purified hormones and standards and the first anti-
body for LH (NIAMDD-rLH-S-10 [rabbit]), FSH
(NIAMDD-rFSH-S-11 [rabbit]), and PRL (NIAMDD-
rPRL-S-(9 [rabbit]) were obtained from NIDDK (Na-
tional Hormone Pituitary Program). The purified hor-
mone was iodinated with '**I (Amersham, Arlington
Heights, IL) by the chloramine-T method (19). The
second antibody was purchased from Arnell Inc.,
Brooklyn, NY, and used at a 1/250 dilution. A 25%
binding was obtained at 1/46,875 and 1/25,000 dilu-
tions for LH and FSH antisera, respectively, and at {/
2,500 dilution of the PRL antisera. The assay was linear
at 4-128 ng/tube for LH, 32~512 ng/tube for FSH, and
0.05-12.8 ng/tube for PRL. The intra- and interassay
variabilities as determined by analysis of replicate
serum pool samples were 9.6 and 12.4% for LH, 4.1
and 9% for FSH, and 7 and 11% for PRL. Hormone
levels are expressed in terms of NJAMDD-RP-1 stand-
ard for LH and FSH and NIAMDD-RP-3 standard for
PRL.

Statistical Analysis. The results given in the text
are expressed as mean + SE. Significance of difference
was assessed by one-way analysis of variance and com-

parisons between treatment means were made by the
Student-Newman-Keuls multirange test. P < 0.05 was
considered significant.

Results

As shown in Figure 1, the PMSG-treated control
group had basal LH levels. Progesterone, triamcinolone
acetonide, and deoxycorticosterone treatment resulted
in a significant increase in serum LH levels (P < 0.03,
P < 0.01, and P < 0.05, respectively). The magnitude
of the LH surges induced by progesterone, triamcino-
lone acetonide, and deoxycorticosterone were the same
as shown by statistical analysis. Cortisol did not have
any effect on serum LH levels. As shown in Figure 2,
progesterone, triamcinolone acetonide, and deoxycor-
ticosterone treatment also significantly elevated serum
FSH levels (P < 0.01, P < 0.01 and P < 0.05, respec-
tively), whereas cortisol treatment was without signifi-
cant effect. The magnitude of the FSH surge induced
by triamcinolone acetonide was statistically greater than
that induced by progesterone and deoxycorticosterone
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Figure 1. The effect of corticosteroids and progesterone on LH
secretion in PMSG-primed immature rats. Twenty-eight-day-old fe-
male rats were administered PMSG (8 iU) at 0800 hr. Twenty-four
hours later either vehicle (Veh), progesterone (P4), cortisol (F), deox-
ycorticosterone (DOC), or triamcinolone acetonide (TA) was admin-
istered at a dose of 2 mg/rat. Ten hours after steroid treatment (1800
hr), the animals were sacrificed for serum gonadotropin measure-
ments (n = 8). *P < 0.05, **P < 0.01.
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Figure 2. The effect of glucocorticoids and progesterone on FSH
secretion in PMSG-primed immature rats. The model is the same as
described in Figure 1 (n = 8). *P < 0.05, **P < 0.01.
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(P < 0.05 and P < 0.01, respectively). Deoxycorticos-
terone- and progesterone-induced FSH surges were not
statistically different from each other. Progesterone,
cortisol, and deoxycorticosterone treatment caused a
significant increase in serum PRL levels (P < 0.05),
whereas triamcinolone acetonide had no significant
effect on serum PRL levels (Fig. 3). The magnitude of
the PRL surges induced by progesterone, cortisol, and
deoxycorticosterone were not statistically different.

To determine whether the immunoreactive gonad-
otropins released by corticosteroids were biologically
active, the bioactivity of the corticosteroid-induced go-
nadotropin release was assessed using the induction of
ovulation as a biologic end point.

As shown in Figure 4, only 25% of the control rats
ovulated. Treatment with either progesterone or the
synthetic glucocorticoid triamcinolone acetonide re-
sulted in 100% ovulation (P < 0.01). Deoxycorticoster-
one treatment resulted in 88% ovulation (P < 0.01),
whereas cortisol treatment had no significant effect on
ovulation. In the control animals the average number
of ova per rat was 2 + 1.4, whereas in the progesterone-.
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Figure 3. The effect of glucocorticoids and progesterone on PRL
secretion in PMSG-primed immature rats. The model is the same as
described in Figure 1 (n = 8). *P < 0.05.
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triamcinolone acetonide-, and deoxycorticosterone-
treated groups the average number of ova per rat was
significantly increased t0 9.5 £ 1.7 (P<0.01), 10 £ 1.4
(P<0.01), and 8 = 1.6 (P < 0 .03), respectively. The
number of ova per rat in the cortisol-treated group was
not significantly different from the control group.

All of the control animals exhibited distended uteri
on the morning of the ova count (Table I). Cortisol-
treated animals also had distended uteri. However,
progesterone-, deoxycorticosterone-, and triamcinolone
acetonide-treated animals had nondistended uteri (P <
0.01).

Discussion

The findings in this study demonstrate that the
natural corticoid, deoxycorticosterone, and the syn-
thetic glucocorticoid, triamcinolone acetonide, are both
able to facilitate gonadotropin secretion in PMSG-
primed immature rats. These effects are comparable to
those achieved with progesterone. In contrast, cortisol
had no significant effect on gonadotropin secretion in
the PMSG-primed immature rat. Cortisol did not have
any effect on basal gonadotropin levels in intact male
rats but was inhibitory in orchiectomized male rats
(20). It would appear that elevated serum gonadotropin
levels are necessary for the inhibitory effect of cortisol
to be apparent. In support of this we have previously
shown that cortisol inhibits gonadotropin secretion in
the estrogen-primed ovariectomized female rat which
has elevated gonadotropin levels as compared with the
intact PMSG-primed rat used in this study (12). The
divergent effects of deoxycorticosterone and triamcin-
olone acetonide, as compared with cortisol, may be
explained in part on the basis of their ability to interact
with the progesterone receptor. Competitive binding
studies using the synthetic progestin, R5020, have dem-
onstrated that triamcinolone acetonide and deoxycor-
ticosterone can both bind the progesterone receptor
(21, 22). Cortisol was ineffective in competing for the
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Figure 4. The effect of glucocorticoids and progesterone on facilitation of ovulation in PMSG-primed immature rats. The model is similar to
that described in Figure 1, except that all animals were sacrificed 24 hr after steroid treatment (0800 hr) and the oviducts were examined for
the presence of ova. The graph on the left demonstrates the effect of the glucocorticoids and progesterone on the percentage of rats ovulating,
while the graph on the right demonstrates the effect of glucocorticoids and progesterone on the average number of ova per rat (n = 8). *P <

0.05, P < 0.01.
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Table I. Proportion of Rats with Distended Uteri on
the Morning following Steroid Treatment

Treatment No. of rats with distended uteri
Vehicle 12/12
Progesterone 0/12%
Deoxycorticosterone 0/12#
Triamcinolone acetonide 0/12°
Cortisol 10/10

? P < 0.01 versus vehicle controls.

progesterone receptor in these studies (21). It is well
known that progesterone action requires estrogen prim-
ing, presumably for the induction of progesterone re-
ceptors (23). Preliminary work in our laboratory has
demonstrated that triamcinolone acetonide and deox-
ycorticosterone can stimulate gonadotropin secretion
in estrogen-primed ovariectomized immature rats (12).
However, when estrogen priming is omitted these com-
pounds lose their ability to stimulate gonadotropin
secretion (12). Since, to our knowledge, glucocorticoid
action has not been reported to be estrogen dependent,
these findings reaffirm the suggestion that the effects of
triamcinolone acetonide and deoxycorticosterone on
gonadotropin secretion are progestin receptor me-
diated.

At the level of the uterus, triamcinolone acetonide
and deoxycorticosterone were found to cause a loss of
fluid accumulation. Accumulation of fluid in the uterus
is known to be estrogen dependent (24) and progester-
one can antagonize this estrogen action (25). Therefore,
the effect of triamcinolone acetonide and deoxycorti-
costerone on decreasing uterine distention may be re-
lated to progesterone action. In arriving at this hypoth-
esis, one cannot rule out the possibility that these effects
are glucocorticoid receptor mediated. There have been
several reports in the literature of glucocorticoid antag-
onism of estrogen action at the level of the uterus (26,
27). Additionally, the anti-inflammatory effects of glu-
cocorticoids such as inhibition of capillary dilation and
edema formation are well known (28, 29) and could
also explain triamcinolone acetonide and deoxycorti-
costerone effects on uterine distention. However, the
effects of triamcinolone acetonide and deoxycorticos-
terone may be more related to progesterone action as
opposed to anti-inflammatory action of corticosteroids
since cortisol had no effect on uterine fluid accumula-
tion.

With respect to prolactin secretion, deoxycorticos-
terone and cortisol stimulated PRL secretion, as did
progesterone. Interestingly, triamcinolone acetonide
did not share this effect. In the estrogen-primed ovari-
ectomized rat model, we have found that cortisol en-
hances the estrogen-induced PRI release, whereas
triamcinolone acetonide inhibited the release at every
dose tested (12). At present, the precise reason for these
divergent effects 1s unclear.

Recent work has indicated that progesterone plays

a significant role in the normal ovulatory process by
enhancing the estrogen-triggered gonadotropin surge
(18). In the appropriately estrogen-primed rat, proges-
terone by itself can initiate the gonadotropin surge (30).
Therefore, progesterone-like activity of other steroids
may be important for their effects on ovulation. The
PMSG-primed animals treated with progesterone gave
an equivalent complement of ova to those found in
ovulating rats (5). Triamcinolone acetonide and deox-
ycorticosterone at equipotent doses to progesterone in-
duced normal levels of ova found in rats. In view of the
need for estrogen priming and the loss of uterine fluid
similar to progesterone, triamcinolone acetonide and
deoxycorticosterone exhibit progesterone-like activity
in inducing ovulation. Finally, the absence of cortisol
action on gonadotropin secretion was confirmed by the
ovulation studies.

This article demonstrates that the naturally occur-
ring mineralocorticoid, deoxycorticosterone, and the
glucocorticoid, triamcinolone acetonide, are able to
induce gonadotropin surges and facilitate ovulation in
the PMSG-primed rat. This effect is not shared by
cortisol. These findings raise the possibility that the
beneficial effects seen with glucocorticoids in inducing
ovulation in polycystic ovarian syndrome may be due
in part to their direct effects upon the release of gonad-
otropins. In the past, cortisone, and more recently
dexamethasone, has been used in polycystic ovarian
syndrome to induce ovulation. Triamcinolone aceto-
nide might prove to be particularly intriguing as a
candidate for management of polycystic ovarian syn-
drome by virtue of its dual ability as a glucocorticoid
to suppress ACTH secretion and thus reduce adrenal
androgen production and as a progestin to facilitate
gonadotropin secretion and ovulation.
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