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Abstract

Steroid hormones have been implicated in the modulation of TSH
secretion; however, there are few and controversial data regarding the
effect of progesterone (Pg) on TSH secretion. Medroxyprogesterone
acetate (MPA) is a synthetic a-hydroxyprogesterone analog that has
been extensively employed in therapeutics for its Pg-like actions, but that
also has some glucocorticoid and androgen activity. Both hormones have
been shown to interfere with TSH secretion. The objective of the present
study was to investigate the effects of MPA or Pg administration to
ovariectomized (OVX) rats on in vivo and in vitro TSH release and
pituitary TSH content. The treatment of adult OV X rats with MPA (0.25
mg/100 g body weight, sc, daily for 9 days) induced a significant
(P<0.05) increase in the pituitary TSH content, which was not observed
when the same treatment was used with a 10 times higher MPA dose or
with Pg doses similar to those of MPA. Serum TSH was similar for all
groups. MPA administered to OVX rats at the lower dose also had a
stimulatory effect on the in vitro basal and TRH-induced TSH release.
The in vitro basal and TRH-stimulated TSH release was not significantly
affected by Pg treatment. Conversely, MPA had no effect on old OVX
rats. However, in these old rats, ovariectomy alone significantly reduced
(P<0.05) basal and TRH-stimulated TSH release in vitro, as well as
pituitary TSH content. The results suggest that in adult, but not in old
OVX rats, MPA but not Pg has a stimulatory effect on TSH stores and on
the response to TRH in vitro.
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Introduction

Although thyroid hormones and TRH are
the main regulators of serum TSH, steroid
hormones have been shown to modulate TSH
secretion. Previous reports indicated that,
physiologically, estrogen has a stimulatory
effect on TRH-stimulated TSH release (1,2).
Progesterone (Pg) has been reported to have
no effect (3) or to stimulate (4) TSH secre-
tion, although there are very few reports on
this subject. Testosterone seems to be a stimu-

latory factor of TSH secretion in castrated
male rats (5). Many reports suggest that an
excess of glucocorticoids decreases TSH re-
lease (6), although their physiological role in
TSH regulation is still unclear. Medroxypro-
gesterone acetate (MPA) is a synthetic o-
hydroxyprogesterone analog commonly em-
ployed in Pg replacement therapy as well as
in the treatment of precocious puberty and
for contraception (7,8), situations in which
the aim is to suppress gonadotropin secretion
(9). Most MPA eftects are mediated via Pg
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receptors; however, because of its structural
homology with other steroids, MPA exhibits
limited binding to androgen and glucocorti-
coid receptors, and therefore also has andro-
gen- and glucocorticoid-like activities (10-
13), Therefore, since medroxyprogesterone
might activate steroid receptors that have
been implicated in the regulation of TSH
secretion, we investigated whether medroxy-
progesterone modifies the in vivo and in
vitro TSH release from the glands of ovari-
ectomized (OVX) adult rats. We also inves-
tigated if aging interferes with TSH responses
to MPA. Furthermore, since there is little
and controversial information regarding Pg
modulation of TSH secretion, we also evalu-
ated the effects of Pg on TSH release and on
the response to TRH in vitro.

Material and Methods

Female rats were bred in our animal fa-
cilities and housed under controlled condi-
tions of temperature (24 = 1°C) and light (12-
h light starting at 7 a.m.).

Experiment I: Effect of MPA and Pg treatment
of adult OVX rats on serum and pituitary TSH

Adult rats showed a regular 4-5-day es-
trous cycle monitored by vaginal cytology at
least for two weeks before starting the experi-
ments. Groups of rats weighing 160-175 g
were ovariectomized and one group subjected
to surgical stress (sham operated - normal) was
used as control. The OVX groups were in-
jected subcutaneously (sc¢) with 0.25 or 2.5
mg/100 gbody weight of MPA (Depo-Provera,
Rhodia Pharma, S&o Paulo, SP, Brazil), daily
for 9 days. One group of OVX rats received
vehicle (saline) instead of MPA and was used
as control. The normal group was treated with
vehicle (saline). The estrous cycles of sham-
operated rats were monitored by daily morn-
ing vaginal smears. In another set of experi-
ments, OVX rats received 0.25 or 2.5 mg Pg/
100 g body weight, sc, daily for 9 days. In all
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experiments, rats were sacrificed 24 h after the
last injection and three weeks after ovariec-
tomy. After sacrifice by decapitation, blood
was collected from the trunk and serum was
obtained and stored at -20°C until the time for
TSH assay. The anterior pituitaries were dis-
sected out and homogenized in 500 pl of cold
phosphosaline buffer, pH 7.6, and stored at
-20°C for TSH determination.

Experiment II: Effect of MPA and Pg
treatment of adult OVX rats on basal and
TRH-stimulated TSH release in vitro

Rats were treated as described above with
MPA or Pg (Sigma Chemical Co., St. Louis,
MO, USA) administered sc at the dose of
0.25 mg 100 g body weight! day! for 9 days.
On the day of sacrifice the pituitaries were
quickly dissected out, the anterior pituitary
was separated from the posterior pituitary
and transected with a longitudinal midline
cut. Each anterior hemipituitary was imme-
diately transferred to a tube containing 1 ml
of Krebs-Ringer bicarbonate medium, pH
7.4, and incubated at 37°C in an atmosphere
of 95% 0,/5% CO, in a Dubnoff metabolic
shaker. After a 30-min pre-incubation pe-
riod, the medium was removed and the hemi-
pituitaries were resuspended in 1 ml of fresh
medium. At the end of 1-h incubation, an
aliquot was removed for measurement of
basal TSH and TRH (Sigma) was added to a
final concentration of 50 nM in all groups.
The incubation was continued for 30 min to
determine the TSH released in response to
TRH. Data are reported as ATSH, calculated
by the difference in medium TSH after TRH
and basal TSH. Each hemipituitary was ho-
mogenized in phosphate-buffered saline, pH
7.6, for measurement of intrapituitary TSH.

Experiment Ill: Effect of MPA treatment of old
OVX rats on basal and TRH-stimulated TSH

release in vitro

Healthy 23-month-old rats that had lost



Medroxyprogesterone acetate and TSH secretion

estrous cyclicity, as evaluated by vaginal
smears, were OVX or sham operated (normal)
and then treated sc with MPA (0.25 mg 100 g
body weight! day! for 9 days) or saline fol-
lowing the same protocol as described before.
The in vitro experiment was performed fol-
lowing the same procedures as described pre-
viously.

Radioimmunoassay

TSH concentrations in serum, homoge-
nates and incubation medium were deter-
mined by radioimmunoassay using reagents
supplied by the National Institute of Diabe-
tes, Digestive and Kidney Diseases and ex-
pressed in terms of the preparation reference
provided (RP2). Serum Pg was measured
using a commercial kit (Coat-a-Count, Diag-
nostic Products Co., Los Angeles, CA, USA).
For TSH, the within-assay variation was
7.9%, the coefficient of variation between
assays was 6.7% and the minimum assay
sensitivity was 0.52 ng/ml.

Statistical analysis

Data are reported as mean + SEM. One-
way analysis of variance (ANOVA) followed
by the Newman-Keuls multiple comparison
test was applied to the data, with the level of
significance set at P<0.05.

Results

Experiment I: Effect of MPA and Pg treatment
of adult OVX rats on serum and pituitary TSH

As shown in Figure 1, TSH content was
increased approximately 2-fold in pituitaries
of OVX rats treated sc with 0.25 mg MPA
100 g body weight! day"! for 9 days, com-
pared to both OVX control and normal sham-
operated rats. However, the OVX group
treated with a 10 times higher dose of MPA
(2.5 mg/100 g body weight) showed a TSH
content similar to that of the normal and

OVX groups. MPA did not modify serum
TSH at either dose used (Figure 1). Proges-
terone treatment, regardless of the dose em-
ployed, did not change pituitary or serum
TSH (Figure 2). Serum Pg concentration of
the OVX group treated with 0.25 mg Pg was
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Figure 1 - Serum and pituitary
TSH of young adult (3 months
old) sham-operated or ovariecto-
mized (OVX) rats treated with
medroxyprogesterone acetate
(MPA, 0.25 or 2.5 mg/100 g
body weight) or saline, sc, for 9
days before sacrifice. Values are
reported as mean +* SEM.
*P<0.05 compared to all other
groups (ANOVA followed by
Newman-Keuls test). Number of
animals per group: 10-16.

Figure 2 - Serum and pituitary
TSH of young adult (3 months
old) sham-operated or ovariecto-
mized (OVX) rats treated with
progesterone (Pg, 0.25 or 2.5
mg/100 g body weight) or sa-
line, sc, for 9 days before sacri-
fice. Values are reported as
mean = SEM; number of ani-
mals per group: 6-11.
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Figure 3 - In vitro basal (panel A) and TRH-stimulated
(panel B) TSH release from hemipituitaries of young
adult (3 months old) sham-operated or ovariectomized
(OVX) rats treated with medroxyprogesterone acetate
(MPA, 0.25 mg/100 g body weight, sc, for 9 days) or
saline. After incubation, pituitary TSH content was
measured (panel C). Number of hemipituitaries per
group: 6-8; *P<0.05 vs normal and OVX; **P<0.05 vs
normal and OVX + MPA (ANOVA followed by New-
man-Keuls test). ATSH values were calculated as the
difference between medium TSH and basal TSH after
TRH.
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similar to that of normal rats at different
phases of the estrous cycle, while serum
levels were significantly higher than normal
when 2.5 mg Pg was used (proestrus: 10.9 +
1.2, estrus: 9.6 = 1.0, diestrus I: 12.0 + 1.1,
diestrus II: 14.3 £ 2.6, OVX + 0.25 mg Pg:
7.9+2.1,0VX+2.5mgPg: 50.1 + 14.2 ng/
ml).

Experiment I1: Effect of MPA and Pg
treatment of young adult OVX rats on the
basal and TRH-stimulated TSH release in vitro

The data from the in vitro study with
MPA and Pg treatment of young adult rats

04 A
€ 30 1
>
£
I —
&20 _
©
8
@ 10 - /
0_
40 B
E
S 30 -
=
T
-
- 20 -
£
©
& 10 -
5
0_
OVX = + +
Pg 0 0 0.25

Figure 4 - In vitro basal (panel A) and TRH-stimulated
(panel B) TSH release from hemipituitaries of young
adult (3 months old) sham-operated or ovariectomized
(OVX) rats treated with progesterone (Pg, 0.25 mg/100
g body weight, sc, for 9 days) or saline. Number of
hemipituitaries per group: 9-13. ATSH values were cal-
culated as the difference between medium TSH and
basal TSH after TRH.
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are summarized in Figures 3 and 4, respec-
tively. In young adult rats, OVX alone did
not change significantly the basal TSH re-
lease from isolated hemipituitaries. How-
ever, the OVX group receiving MPA (0.25
mg/100 g body weight for 9 days) showed an
increase (P<0.05) in basal TSH release com-
pared to normal and OVX saline-treated
groups (Figure 3, panel A). The TRH-stimu-
lated TSH release from the glands of OVX
saline-injected rats was lower (P<0.05) than
that of the normal group (Figure 3, panel B).
However, the treatment of OVX rats with
MPA induced an increment in the TRH re-
sponse of the OVX group to levels compa-
rable to those of the normal group. The TSH
content of the incubated glands did not differ
significantly among groups (Figure 3, panel
C). Treatment of OVX rats with Pg had no
significant effect on basal or TRH-stimulat-
ed TSH secretion in vitro (Figure 4). How-
ever, as observed in experiment I, treatment
with MPA or Pg did not significantly change
serum TSH (data not shown).

Experiment Ill: Effect of MPA treatment of old
OVX rats on basal and TRH-stimulated TSH
release in vitro

These results are presented in Figure 5.
In old rats, basal and TRH-stimulated TSH
release from glands of saline- or MPA-treated
OVX groups were significantly (P<0.05) re-
duced compared to the sham-operated old
group. Pituitary TSH content (P<0.05) of the
saline-treated OVX old rats was also signif-
icantly lower than that of sham-operated old
rats. Serum TSH did not differ significantly
among the old groups (sham = 0.49 + 0.08,
OVX =0.75+0.07, OVX + MPA = 0.76 +
0.1 ng/ml).

Discussion
In this study we demonstrate that MPA

treatment increased the pituitary TSH con-
tent of adult OVX rats treated sc for 9 days.
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Figure 5 - In vitro basal (panel A) and TRH-stimulated
(panel B) TSH release from hemipituitaries of 23-month-
old sham-operated or ovariectomized (OVX) rats treated
with medroxyprogesterone acetate (MPA, 0.25 mg/
100 g body weight, sc, for 9 days) or saline. After
incubation, pituitary TSH content was measured (panel
C). Number of hemipituitaries per group: 8-9; *P<0.05
vs normal (ANOVA followed by Newman-Keuls test).
ATSH values were calculated as the difference be-
tween medium TSH and basal TSH after TRH.
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This stimulatory effect depended on the dose
used, being observed only at the lower dose
(0.25 mg/100 g body weight). The in vitro
assay also showed a stimulatory effect of
MPA treatment on basal and TRH-induced
TSH release from the pituitaries of adult
OVX rats. We (14) and others (3,15,16) had
shown that the decreased TSH response to
TRH of OVX rats was restored by estrogen
treatment. We also had reported before (5) a
stimulatory effect of testosterone given
chronically to castrated male rats on in vitro
basal and TRH-stimulated TSH release. Here,
we found that a synthetic progestin pro-
moted the same effect.

However, the mechanism by which MPA
exerts its effect on TSH is uncertain. It is
possible that the effect of MPA was not
through the activation of Pg receptors since
there was no effect of the same treatment
with Pg on TSH content or on basal and
TRH-stimulated TSH secretion in vitro (Fig-
ures 2 and 4). Although early reports (3) did
not show any effect of Pg on TSH release in
response to TRH injected into OVX rats,
Tsai et al. (4) recently showed that a 3-day
treatment of rats with Pg led to an increased
TSH and prolactin response to TRH in vitro.
Additionally, these investigators demon-
strated a stimulatory effect of Pg added to the
incubation medium of isolated pituitaries
from OV X rats, which was associated with a
parallel increase in cAMP production. These
results suggest that Pg might act directly on
the pituitary gland, modulating TRH actions
on TSH and prolactin secretion. However, in
the present study, Pg did not change pituitary
TSH content or in vitro TSH secretion. The
disagreement on the results might be related
to the use of different protocols, especially
the duration of treatment.

However, there are other points to be
considered. The half-lives of MPA and Pg
are different. MPA injected into muscle has
a long-acting activity because it stays in the
circulation for months, due to the slow re-
lease from the injection site (17). However,
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in the present study, we used subcutaneous
administration which probably favored rapid
absorption since the clearance of this aque-
ous solution should be rapid (17). Neverthe-
less, the elimination half-life of Pg is very
short (5 min) compared to that of MPA (24
h) (18), and therefore it is possible that the
concentration of Pg achieved in the circula-
tion during the experiment, although much
higher than the physiological values in rats
receiving the higher dose, was not sufficient
to activate Pg receptors at the same intensity
as observed with the lower dose of MPA. In
any case, the effects observed seem not to be
dose dependent, since they were not ob-
served with the higher dose of MPA.

Another important consideration con-
cerns the status of Pg receptors in OVX rats.
Pg receptors exert a dual control of estrogen
and Pg, which act together to regulate the
cellular concentration of Pg receptors. Es-
trogen increases the Pg receptor mRNA lev-
els and protein synthesis (19) in most tis-
sues, although a recent report (20) showed a
depressive effect of estrogen on Pg receptor
content in rat uterine epithelial cells. On the
other hand, Pg induces a decrease in the Pg
receptor protein concentration and mRNA
levels (21) and consequently reduces the
effects of the hormone after prolonged treat-
ment, although this is not true for all tissues,
with the reverse effect also having been re-
ported (22). In the pituitary gland, the regu-
lation of Pg receptors seems to show simi-
larities to as well as differences from that of
the uterus. Recently (23), it was demon-
strated that ovariectomy reduced mRNA lev-
els for both isoforms, A and B, of the Pg
receptor in the pituitary gland, and that estro-
gen treatment increased the levels of these
mRNAs, but Pg had no effect. Therefore, in
our experiments, Pg receptors may have been
reduced at the thyrotrope level in rats receiv-
ing MPA or Pg, although this hypothesis
needs experimental confirmation.

Several studies have provided evidence
that MPA has androgen receptor agonist ac-
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tivity (24,25) and in addition it had been
demonstrated that MPA interacts with cyto-
sol androgen receptors in the rat hypothala-
mus and anterior pituitary (26). The present
report, together with our previous observa-
tion that testosterone can also stimulate ba-
sal and TRH-induced TSH secretion (5),
raises the possibility that the stimulatory
effect of MPA on TSH might be mediated
trough androgen receptors. In any case, the
mechanism underlying the effects of MPA
on TSH secretion needs to be further inves-
tigated.

Since serum TSH was not changed by
MPA treatment we suggest that in vivo coun-
terregulatory mechanisms maintained the ba-
sal TSH secretion in the normal range. How-
ever, the decreased TSH storage might im-
pair the compensatory rise of TSH neces-
sary, for example, to correct primary hypo-
thyroidism.

However, contrary to the effect observed
in young adult rats, the same MPA dose had
no influence on the in vitro basal or TRH-
stimulated TSH release from pituitaries of
old OVX rats or on their pituitary TSH con-
tent. These results suggest that aging is asso-
ciated with alterations in the pituitary re-
sponsiveness to the steroid. There have been
reports of decreased estrogen receptors in
the brain and pituitary of aged female ro-
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