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Dexamethasone increases follicle-stimulating hormone secretion via
suppression of inhibin in rats
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Abstract

In the present study, the effects of dexamethasone on follicle-stimulating hormone (FSH) secretion in immature female rats were
investigated. Dexamethasone increased the selective secretion of FSH and decreased plasma concentrations of inhibin in immature female
rats. The effects of dexamethasone on FSH secretion were not confirmed in rats treated with ovariectomy or immunoneutralization against
inhibin. In addition to the direct effect of dexamethasone on FSH synthesis in gonadotrophs, the present study has clearly demonstrated
that the increased level of FSH in dexamethasone-treated rats is mediated by suppression of ovarian function, especially by the inhibition

of inhibin secretion. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The ability of stress to interfere with reproductive func-
tions in mammals has been long recognized (Selye, 1939;
Rivier and Rivest, 1991). Stressrelated hormones, for
example, corticotropin-releasing hormone (CRH), pro-
opiomelanocortin (POMC)-derived peptides and adrenal
corticosteroids, can influence reproductive function by act-
ing on the hypothalamic—pituitary—gonadal axis (Rivier
and Rivest, 1991). It has been reported that B-endorphin, a
major product of the maturation process of POMC, and
CRH participate either directly or indirectly in the inhibi-
tion of luteinizing hormone-releasing hormone (LHRH)
neurona activity during stress (Rivier and Rivest, 1991;
Rivest and Rivier, 1995). Glucocorticoids secreted from
adrenal glands have also been known to interrupt normal
gonadotropin secretion. Several reports have shown that
glucocorticoids block the postorchidectomy rise in serum
luteinizing hormone (LH) and inhibit LH release in re-
sponse to LHRH (Baldwin, 1979; Ringstrom and Schwartz,
1984, 1985, 1987). In contrast, glucocorticoid treatment
significantly enhances follicle-stimulating hormone (FSH)
release in vitro (Baldwin et al., 1991) and increases the
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pituitary content of FSH (Ringstrom et al., 1991; McAn-
drews et al., 1995; Kilen et al., 1996) by selectively
increasing FSHB messenger RNA (mRNA). The increases
in FSHB mRNA and protein levels were confirmed in the
presence of an LHRH antagonist (Ringstrom et al., 1992;
McAndrews et a., 1994, 1995), suggesting that glucocorti-
coids directly affect the pituitary rather than the hypothala-
mus.

The secretion of FSH is controlled by, in addition to
LHRH and gonadal steroids, the specific regulatory glyco-
protein inhibin secreted from granulosa cells in females
and from Sertoli cells in males (De Jong, 1988). The
presence of glucocorticoid receptors in the ovary has been
demonstrated (Schreiber et al., 1982), and glucocorticoids
are known to inhibit the FSH-induced differentiation of
granulosa cells (Schoonmaker and Erickson, 1983) and the
secretion of estrogen (Hsueh and Erickson, 1978) and
inhibin (Suzuki et al., 1987) in vitro. In addition to fe-
males, males also show a decrease in testosterone (Doerr
and Pirke, 1976; Bambino and Hsueh, 1981; Tohei et al.,
1997) and inhibin (Tohei et a., 1997) secretion after
administration of glucocorticoids.

It is clear that glucocorticoids inhibit ovarian function
in vitro and selectively increase FSH secretion, but there
are no data showing that FSH secretion in vivo is mediated
by inhibin after administration of glucocorticoidsin female
rats. In the present study, we investigated the effects of
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dexamethasone on FSH secretion in vivo in immature
female rats and whether or not the increased levels of
plasma FSH are always mediated by the levels of inhibin
after dexamethasone administration.

2. Materials and methods
2.1. Animals and treatments

Immature female Wistar—Imamichi strain rats were ob-
tained from the Institute for Animal Reproduction (1baraki,
Japan). Rats were housed under controlled temperature and
lighting conditions and supplied with food and water ad
libitum. Twenty-six-day-old rats were used throughout this
study. This age was chosen because inhibin levels are high
enough and endogenous inhibin plays a physiological role
at this age (Rivier and Vale, 1987). Dexamethasone (9a-
fluoro-16-methylprednisolone, Sigma, St. Louis, MO) was
dissolved in 0.2 ml sesame oil containing 10% dimethyl
sulfoxide and injected s.c. a 0800 h. In a preliminary
study, we confirmed that administration of sesame oail
containing 10% dimethyl sulfoxide does not affect plasma
concentrations of FSH, LH, estradiol and inhibin.

2.2. Antiserum against inhibin

Inhibin antiserum obtained from a castrated goat immu-
nized against [Tyr®] inhibin «(1-30) conjugated to rabbit
serum abumin was provided by Dr. Taya (Laboratory of
Veterinary Physiology, Tokyo University of Agriculture
and Technology). Biological activity testing of the inhibin
antiserum showed that a single i.v. injection of six doses
(6.25-200 wl) of the antiserum at 1100 h on the day of
metestrus and diestrus in adult female rats increased plasma
concentrations of FSH in a dose-related manner within 6 h
after the injection. Human-transforming growth factor B
and activin showed no cross-reaction with inhibin anti-
serum (Kishi et al., 1995; Arai et a., 1996b). The control
serum was obtained from a castrated male goat immunized
against bovine serum albumin.

2.3. Effects of dexamethasone on gonadotropin secretion

To examine the effects of dexamethasone on go-
nadotropin secretion in vivo, five animals of each group
were anesthetized with ether, and blood samples (1.5 ml)
were drawn via the portal vein at 0, 3, 6, 9, 12 and 24 h
after administration of dexamethasone (50 or 500 wg,/0.2
ml sesame ail). Then, animals were killed by decapitation,
and anterior pituitary glands were separated from the
neural lobe and weighed. The pituitary glands were ho-
mogenized in 1 ml 0.05 M phosphate-buffered saline
(PBS) a 4°C. The supernatant and plasma were collected
and stored frozen at —20°C until assay for LH and FSH.

2.4. Effects of dexamethasone on inhibin and estradiol
secretion

To examine the effects of dexamethasone on ovarian
function, blood samples (1.5 ml) were drawn from six
animals of each group under ether anesthesia 6 and 9 h
after injection of dexamethasone (500 wg) or vehicle
(sesame oil containing 10% dimethyl sulfoxide). Then,
animals were killed by decapitation, and ovaries were
removed, weighed and homogenized in 2 ml 0.05 M PBS
at 4°C. The supernatant and plasma were collected and
stored frozen at —20°C until assayed for estradiol and
inhibin.

2.5. Effects of dexamethasone on FSH secretion in ovariec-
tomized rats

To examine the effects of dexamethasone on FSH secre-
tion mediated by ovarian factors, 5 animals of each group
were ovariectomized 3 days before the experiment. Blood
samples (1.5 ml) were drawn from ovariectomized rats
under ether anesthesia 9 h after injection of dexamethasone
(500 wg) or vehicle (sesame oil containing 10% dimethyl
sulfoxide). Blood was centrifuged and the supernatant was
collected and stored frozen at —20°C until assay for FSH.

2.6. Effects of dexamethasone on FSH secretion in inhibin
immunized rats

To examine the effects of dexamethasone on FSH secre-
tion mediated by inhibin, six animals of each group were
given an i.v. injection of 200 wl inhibin antiserum or
normal goat serum 1 h before administration of dexa
methasone (500 g). Blood samples (1.5 ml) were drawn
under ether anesthesia 9 h after injection of dexamethasone
(500 @) or vehicle (sesame oil containing 10% dimethyl
sulfoxide). Blood was centrifuged and the supernatant was
collected and stored frozen at —20°C until assay for FSH.

2.7. Radioimmunoassay (RIA)

Concentrations of LH and FSH were measured using
National Institute of Diabetes and Digestive and Kidney
Disease (NIDDK) rat radioimmunoassay (RIA) kits for rat
LH and FSH. Hormones for iodination were rat LH-1-7
and rat FSH-I-7. The antisera used were anti-rat LH-S-10
and anti-rat FSH-S-11. The results are expressed in terms
of NIDDK rat LH-RP-2 and FSH-RP-2. The intra- and
inter-assay coefficients of variation were 5.5% and 8.9%
for LH and 4.3% and 10.3% for FSH, respectively.

Inhibin (Hamada et al., 1989) and estradiol (Tayaet al.,
1985) were measured by double-antibody RIAs using **°I-
labelled radioligands as described previously. The intra-
and inter-assay coefficients of variation were 3.7% and 6.4
% for inhibin and 6.2% and 7.4 % for estradiol, respec-
tively.
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2.8. Satistical analyses

All results are expressed as the means+ SE.M. and
were anadlyzed using one-way anaysis of variance
(ANOVA) followed by Fisher's protected least significant
difference (PLSD) test; a value of P < 0.05 was consid-
ered significant.

3. Results
3.1. Effects of dexamethasone on gonadotropin secretion

Plasma concentrations of FSH were markedly increased
as aresult of administration of dexamethasone and showed
peak values 9 h after injection of both doses (50 and 500
1g). The increased levels of FSH were restored to control
levels by 24 h after injection of dexamethasone (Fig. 1a).
The pituitary content of FSH was not changed by adminis-
tration of dexamethasone, though it was significantly in-
creased 9 h after injection of 50 g dexamethasone (Fig.
1b). Plasma concentrations of LH were suppressed after
administration of dexamethasone and the values were sig-
nificantly lower at 3 and 9 h in the 500 pg dexametha-
sone-treated groups compared to the control group (Fig.
2a). The pituitary content of LH was not changed at any
time point after administration of dexamethasone (Fig. 2b).
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Fig. 1. Effects of dexamethasone (Dex) on plasma concentration (a) and
pituitary content (b) of FSH in immature female rats. The levels of FSH
were measured 3, 6, 9, 12 and 24 h after asingle s.c. administration of 50
or 500 g dexamethasone. * Indicates P < 0.05 compared with control
and # indicates P < 0.05 compared with 50 g dexamethasone-treated
groups analyzed using one-way ANOVA followed by Fisher's PLSD test.
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Fig. 2. Effects of dexamethasone (Dex) on plasma concentration () and
pituitary content of LH (b) in immature female rats. The levels of LH
were measured 3, 6, 9, 12 and 24 h after a single s.c. administration of 50
or 500 pg dexamethasone. * Indicates P < 0.05 compared with the
control group analyzed using one-way ANOVA followed by Fisher's
PLSD test.

3.2. Effects of dexamethasone on inhibin and estradiol
secretion

Plasma concentrations of inhibin significantly decreased
in dexamethasone-treated groups at both time points (6 and
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Fig. 3. Effects of dexamethasone (Dex) on the levels of inhibin in plasma
(a) and ovary (b) and on the levels of estradiol in plasma (c) and ovary
(d) in immature female rats. The levels of inhibin and estradiol were
measured 6 and 9 h after a single s.c. administration of 500 g
dexamethasone or vehicle. * Indicates P < 0.05 compared with control
analyzed using one-way ANOVA followed by Fisher's PLSD test.
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Fig. 4. Effects of dexamethasone (Dex) on plasma concentrations of FSH
in immature female rats pretreated with normal goat serum (NGS) (a) or
inhibin antiserum (A /INH) (b). Injection of normal goat serum or inhibin
antiserum was carried out 1 h before dexamethasone treatment. The levels
of plasma FSH were measured 9 h after a single s.c. administration of
sesame oil or 500 pg dexamethasone. * Indicates P < 0.05 compared
with respective control analyzed using one-way ANOVA followed by
Fisher's PLSD test.

9 h after dexamethasone treatment) compared to the con-
trol groups (Fig. 3a). The ovarian content of inhibin did
not change at 6 h after injection of dexamethasone (dexa
methasone did not affect ovarian weight), but increased at
9 h after the treatment compared to the control, though not
statistically significant (Fig. 3b). There was no significant
effect of dexamethasone on plasma concentrations of estra-
diol (Fig. 3c). The ovarian content of estradiol was signifi-
cantly suppressed in dexamethasone-treated groups at both
time points compared to the control groups (Fig. 3d).

3.3. Effects of dexamethasone on FSH secretion in ovariec-
tomized rats

Basal concentrations of FSH were markedly increased
in ovariectomized rats (54.7 + 1.83 ng/ml) compared to
those of ovary-intact rats (Fig. 1a; 2.28 + 3.68 ng). The
increased levels of plasma FSH in ovariectomized rats
were not further enhanced as a result of dexamethasone
administration (50.46 + 3.84 ng/ml).

3.4. Effects of dexamethasone on FSH secretion in inhibin
immunized rats

Plasma concentrations of FSH increased as a result of
dexamethasone administration in norma goat serum-pre-
treated immature female rats (Fig. 4a). Injection of inhibin
antiserum to the intact rat increased plasma concentrations
of FSH. However, the increased levels of plasma FSH
induced by passive immunization against inhibin were not
enhanced in the dexamethasone-treated rats pretreated with
inhibin antiserum (Fig. 4b).

4. Discussion

In the present study, administration of dexamethasone
increased FSH secretion in immature female rats. In con-

trast, the secretion of LH decreased as a result of dexa
methasone treatment. Several reports have shown that
cortisol (Suter and Schwartz, 1985) and corticosterone
(Baldwin et al., 1991) enhance FSH release in vitro, and
that corticosterone selectively increases FSHB-subunit
mMRNA in vitro (McAndrews et a., 1994, 1995; Kilen et
al., 1996). These results also support our in vivo results in
the present study.

Plasma concentrations of inhibin significantly decreased
in dexamethasone-treated rats, but in contrast to plasma
concentrations, the ovarian content of inhibin did not
change at 6 h and increased at 9 h after the injection,
though not statistically significantly (Fig. 3). Plasma con-
centrations of estradiol were not changed, but the ovarian
content of estradiol decreased as a result of dexamethasone
injection. These results suggest that dexamethasone in-
hibits ovarian function in terms of inhibin secretion and
estradiol synthesis, and the duration of the effect of dexa
methasone on inhibin secretion is not long compared to
that on estradiol synthesis (Fig. 3). Previous studies of the
effects of dexamethasone on ovarian function have shown
that it inhibits the FSH-induced differentiation of granu-
losa cells (Schoonmaker and Erickson, 1983) and the
secretion of estrogen (Hsueh and Erickson, 1978) and
inhibin (Suzuki et al., 1987) in vitro. The presence of
glucocorticoid receptors in the ovary has aso been demon-
strated (Schreiber et al., 1982). However, few data have
shown the effects of dexamethasone on ovarian function in
vivo. In the present study, it was clearly demonstrated that
ovarian function was inhibited as a result of administration
of dexamethasone. The reason why the plasma concentra-
tions of estradiol did not change after the administration of
dexamethasone is probably that the plasma concentrations
of estradiol in about 25- to 29-day-old female rats are very
low by nature (Dohler and Wuttke, 1975) and that the
decreased levels of ovarian estradiol hardly reflect its
plasma concentrations.

To clarify the effects of dexamethasone on FSH secre-
tion in vivo mediated by inhibin in immature female rats,
ovariectomized and inhibin-immunized rats were used in
the present study. Both ovariectomy and immunoneutral-
ization against inhibin increased plasma concentrations of
FSH, but the effects of dexamethasone on FSH secretion
disappeared in ovariectomized and inhibin-immunized rats.
These results suggest that dexamethasone increases FSH
secretion mediated by inhibition of inhibin secretion. The
secretion of FSH is controlled by the specific regulator
inhibin secreted from granulosa cells in female rats (De
Jong, 1988) and immunoneutraization against inhibin
markedly increases plasma concentrations of FSH in adult
female rats (Sander et al., 1991; Arai et al., 1996a). In
immature rats, plasma concentrations of inhibin are very
low before 5 days of age, and then progressively increase
until day 17, when they show an abrupt rise (Rivier and
Vale, 1987). On days 20 to 30, inhibin values are not
significantly different from those of adult females, and the
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immunoneutralization of endogenous inhibin markedly in-
creases plasma inhibin levels, though its immunoneutral-
ization has no effect on FSH secretion in 10 day old
female rats (Rivier and Vale, 1987). In contrast to inhibin,
the physiological role of estradiol in modulating FSH
secretion is not important during the estrous cycle of rats
(Ara et a., 1996ab). It has been reported that plasma
concentrations of FSH do not increase in adult female rats
treated with immunoneutralization against estradiol at any
stage of the cycle (Arai et al., 1996a). Dexamethasone
treatment did not affect plasma concentrations of estradiol
in the present study, suggesting that endogenous estradiol
in 26-day-old female rats is not important in increasing
plasma concentrations of FSH as a result of dexametha
sone administration.

In summary, the present study has clearly demonstrated
that dexamethasone selectively increases in vivo secretion
of FSH in immature female rats. The increased levels of
FSH in dexamethasone-treated rats are mediated by sup-
pression of ovarian function, especialy by the inhibition of
inhibin secretion, in addition to the direct effect of dexa
methasone on FSH synthesis in gonadotrophs.
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