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The effect of androstenedione on luteal progesterone production was studied during luteolysis
preceding parturition as well as that induced by the antiprogestin RU486 in late pregnant rats. Luteal
cells from animals on days 19, 20 or 21 of pregnancy and incubated with 10 uM androstenedione
increased progesterone production by 99, 136, and 277%, respectively. The animals receiving
androstenedione (10 mg/rat s.c.) on day 19 of pregnancy showed an increase in serum progesterone
levels, a decline in luteal 3f-hydroxysteroid dehydrogenase (38-HSD) activity and an increase in
corpus luteum weight without modifying 20a-hydroxysteroid dehydrogenase (202-HSD) activity on
day 21 of pregnancy. Androstenedione and testosterone but not dihydrotestosterone were able to
prevent the decrease in serum progesterone concentration and corpus luteum weight observed 58 h
after treatment with RU486 (2 mg/kg) on day 18 of pregnancy. However, the three androgens studied
inhibited the luteal 38-HSD activity but 20a-HSD activity was not affected, when compared with
animals receiving RU486 alone. The co-administration of androstenedione with the aromatase
inhibitor 4-hydroxyandrostenedione or with the specific antioestrogen ICI 164,384 did not modify the
effects induced by androstenedione in RU486-treated rats, indicating that the action of androstene-
dione on progesterone production and secretion at the time of luteolysis seems to occur through an
androgenic mechanism and is not mediated by previous conversion of the androgens to oestrogens.
In all experiments the high luteal 20u-HSD activity, that characterizes a luteolytic process, was not
modified by androgens. Androstenedione administered to adrenalectomized rats was also able to
prevent the decrease in serum progesterone concentration observed in spontaneous or RU486-in-
duced luteolysis. The administration of androstenedione to RU486-treated rats induced a decrease
in luteal progesterone content concomitant with an increase in serum progesterone levels. These
studies demonstrate that androgens during luteolysis, are able to stimulate luteal progesterone
secretion, prevent the loss in corpora lutea weight and enhance the decrease in 3-HSD activity,
without affecting the increase in 20ae-HSD activity.
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INTRODUCTION steroids have a marked synergistic effect on the stimu-
lation of progestin production by gonadotrophin in rat
granulosa cells [3-5, 9] via a receptor-mediated mech-
anism [10-13] involving the suppression of cAMP
catabolism [14]. This effect does not seem to be medi-
ated by oestrogen formation from the androgens [15].
*Correspondence to R. P. Deis. Conversely, there is less information concerning the
Received 28 Apr. 1995; accepted 17 Aug. 1995. effect of androgens on luteal progesterone production.
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Androgens play an important role in follicular develop-
ment [1,2] and steroidogenesis [2-9]. Androgenic
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Androstenedione and testosterone, produced by pla-
cental or ovarian tissues, stimulate progesterone pro-
duction by a mechanism involving the previous
intraluteal aromatization to oestradiol, that potentiates
luteal steroidogenesis acting by an intracrine mechan-
ism through its nuclear receptor [reviewed in ref. 16].
It was recently demonstrated that androgens such as
androstenedione, testosterone or dihydrotestosterone
may stimulate progesterone production from rat corpus
luteum through a direct androgenic rapid effect, not
mediated by previous conversion to oestradiol [17]. It
was also demonstrated that the capacity of androstene-
dione to stimulate progesterone production from luteal
cells is enhanced when basal progesterone production
is low [17]. On the basis of these results, the present
work was designed to evaluate the effect of androstene-
dione on luteal progesterone production and secretion:
at the time of the physiological luteolytic process that
precedes parturition and during the luteolysis induced
by the antiprogesterone RU486 in late-pregnant rats
[18, 19].

EXPERIMENTAL
Animals

Pregnant rats bred in our laboratory (originally Wis-
tar strain; day 0 = sperm positive), with free access to
standard rat chow (Nutric, Cordoba, Argentina) and
water, kept under controlled conditions of light (lights
on from 06.00 to 20.00 h) and temperature (22-24°C)
were used throughout.

Materials

RU486 (178 -hydroxy-118-[4-dimethyl-amino-
phenyl]-17a-[1-propynyl}-estra-4,9-diene-3-one;
mifepristone) was a gift from Roussell-Uclaf
(Romainville, France). ICI 164,384 was provided by
ICI Pharmaceuticals (Macclesfield, Cheshire, Eng-
land). The following drugs were purchased from Sigma
Chemical Co. (St Louis, U.S.A.): androstenedione,
4-hydroxyandrostenedione, dihydrotestosterone,
HEPES, medium 199, bovine serum albumin fraction
V (BSA), EDTA, collagenase type IV (570 U/mg).
[1,2,6,7-*H]Progesterone ~ was  purchased from
Amersham Life Science (U.K.). Luteal cells were
incubated in 24-well plastic tissue culture dishes
(Corning Laboratory Sciences Co., U.S.A)).

Cell culture

Ovaries from rats decapitated on days 19, 20 or 21 of
pregnancy were collected and placed in phosphate-
buffered saline (PBS, pH 7.4). The corpora lutea were
dissected and luteal cells were dispersed and incubated
as described previously {17, 20]. Androstenedione was
dissolved in absolute ethanol and added to the medium
in a volume of 10 ul.

Carlos M. Telleria et al.

Surgical and hormonal treatments

In the experiments using animals at the time of the
spontaneous luteolytic process, rats on days 17, 18 or
19 of pregnancy were injected subcutaneously dorsally
at the back of the neck at 11.00h with 10 mg an-
drostenedione/rat dissolved in sunflower seed oil. The
rats were Kkilled at 11.00h on days 19, 20 or 21,
respectively. Rats injected with oil were used as con-
trols.

An additional group of rats was adrenalectomized
immediately before injecting androstenedione on day
19 of pregnancy and a group of sham-operated rats was
included as control. These two groups of animals were
sacrificed at 11.00 h on day 21 of pregnancy.

A group of rats on day 18 of pregnancy was treated
with the progesterone antagonist RU486 (2 mg/kg)
dissolved in sunflower seed oil and injected s.c. at
10.00 h. Groups of RU486-treated rats were injected
s.c. with a dose of 10 mg of the androgens androstene-
dione, testosterone or dihydrotestosterone at 20.00 h on
day 19 of pregnancy. This amount of androgens was
administered considering that a great amount of the
steroid in an oily solution would not be absorbed from
the injection site. Two additional groups of animals
receiving RU486 and androstenedione were bilaterally
implanted intrabursally with 10 ug of the aromatase
inhibitor 4-hydroxyandrostenedione or 8 ug of the
specific antioestrogen ICI 164,384 at 20.00 h on day 19
of pregnancy. The drugs administered intrabursally
were vehiculized in 30 ul of methyl cellulose gel (3%
in saline) to minimize leakage from the ovarian bursa.
Control RU486-treated rats were injected with vehicle.
A group of RU486-treated rats was adrenalectomized
immediately before injecting androstenedione (day 19
at 20.00 h) and a group of RU486-sham-operated rats
was included as control. The rats were killed at 20.00 h
on day 20 of pregnancy (58h after treatment with
RU486).

All rats were killed by decapitation; troncal blood
was collected to determine serum progesterone concen-
trations and corpora lutea were dissected from adhering
ovarian follicles and interstitial tissues, weighed, and
stored at — 75°C until processed for enzyme activities
and progesterone content.

Enzyme activities

Luteal 3B-HSD and 20a-HSD activities were as-
sayed spectrophotometrically as described previously
[18, 19].

Progesterone assay

Progesterone was measured using a radioimmuno-
assay (RIA) developed in our laboratory with an anti-
serum raised against progesterone-11-bovine serum
albumin conjugate in rabbit. The sensitivity, variability
and cross-reaction of this RIA, have been previously
reported [20, 21].
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In the experiments performed in collagenase-dis-
persed luteal cells, medium controls were run in tripli-
cate for each treatment and these background levels
were subtracted for each sample. The ethanol used for
dissolving steroids added to the culture media (10 ul)
does not affect progesterone production. Progesterone
values measured in the absence of hormonal addition
varied considerably between incubations. However,
fold-effects of hormone additions were consistent.

The progesterone content of corpora lutea was
measured with prior extraction according to the meth-
odology described by Sanchez-Criado et al. [22] with
a slight modification. The corpora lutea were thawed
and homogenized in 1 ml 100% ethanol, centrifuged
for 10min at 2500 g and the pellet extracted twice
with 500 ul acetone. The combined supernatants were
evaporated to dryness and redissolved in 1 ml phos-
phate-buffered saline (0.01 mol/l, pH 7.0) containing
0.15% (w/v) gelatin. Thereafter, the progesterone
concentration was measured by RIA,

Statistical analysis

Student’s z-test was used to assay differences be-
tween means of two groups. One-way or two-way
analysis of variance (ANOVA), followed, respectively,
by the Duncan’s multiple-range test or the Tau test,
were used for multiple comparisons [23]. A level of
P < 0.05 was accepted as statistically significant.

RESULTS

Effect of androstenedione on progesterone production by
cultured luteal cells obtained from rats on days 19, 20 or
21 of pregnancy

To evaluate the luteotrophic effect of androstene-
dione at the end of pregnancy, luteal cells from rats on
days 19, 20 or 21 of gestation were incubated for 4 h in
the presence of the androgen at a dose of 10uM
(Fig. 1).

A progressive decrease in basal accumulations of
progesterone was observed in controls from days 19 to
21 of pregnancy. However, androstenedione stimulated
progesterone release from luteal cells in all days studied
when compared with basal secretion. A progressive
increase in the percentage of stimulation of androstene-
dione on progesterone production was observed on
days 19, 20 and 21 of pregnancy (99, 136 and 277%,,
respectively). The production rate of progesterone was
not different between the three androstenedione-
treated groups.

Serum progesterone levels, luteal 38-HSD and 20u-
HSD activities, and corpus luteum weight in rats on days
19, 20 or 21 of pregnancy measured 48h after s.c.
administration of androstenedione (Fig. 2)

Serum progesterone concentration was not modified
by androstenedione on days 19 or 20 of pregnancy
when compared with controls. However, on day 21 of
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pregnancy, the circulating concentrations of progester-
one were significantly higher in the androstenedione-
treated group than in the control group, and not
different from the levels obtained in the previous days
[Fig. 2(a)l.

A progressive significant decrease in corpus luteum
weight was observed in control animals between days
19 and 21 of pregnancy. On day 19 corpus luteum
weight was similar in control and androstenedione-
treated groups. However, androstenedione prevented
the progressive decrease in corpus luteum weight de-
scribed in control rats on days 20 and 21 of pregnancy
[Fig. 2(b)].

There was no difference in 3-HSD activity on day
19 of pregnancy between control and androstenedione-
treated groups. However, on days 20 and 21 of preg-
nancy 38-HSD activity was slightly lower in
androstenedione-treated groups when compared with
their respective controls. In control animals a decline in
luteal 3f-HSD activity was observed on day 21 of
gestation when compared with values on day 20
[Fig. 2(c)].

There was no detectable activity of 20x-HSD in
control and androstenedione-treated animals on day
19 of pregnancy. Detectable and similar 20x-HSD
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Fig. 1. Effect of androstenedione (&, 10 uM) or vehicle (1) on
progesterone production by luteal cells obtained from rats on
days 19, 20 or 21 of pregnancy. Cells were incubated in the
presence or absence of androstenedione at 37°C under an
atmosphere of 95% air: 5% O, for 4h. Values are the
mean + SEM of quadruplicate determinations of 3 different
experiments. Columns with the same letter differ signifi-
cantly (a, P <0.01; b, ¢, d, e, P <0.001; two-way ANOVA
followed by the Tau test).
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Fig. 2. Effect of androstenedione () or vehicle ([]) on serum progesterone concentration (a), corpus luteum

weight (b), luteal 38-HSD activity (c), and luteal 20a-HSD activity (d), 48 h after administration (10 mg/rat

s.c. at 11.00 h on days 17, 18 or 19 of pregnancy). Values are mean + SEM of groups of 6-9 animals. Columns

with the same letter differ significantly (a, P <0.02; b, P <0 01; ¢, d, P < 0.001; two-way ANOVA followed by
the Tau test). ND indicates not detectable enzyme activity.
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activities were observed on day 20 but a great in-
crease of the enzyme activity in both control and
androstenedione-treated rats occurred on day 21
[Fig. 2(d)].

Effect of tn vivo administration of androgens (androstene -
dione, testosterone and dihydrotestosterone) and the co-
administration of androstenedione with the aromatase
inhibitor 4-hydroxyandrostenedione or with the an-
tioestrogen ICI 164,384, on serum progesterone levels,
corpus luteum weight and luteal 3p-HSD and 200-HSD
activities in RU486-treated rats (Fig. 3)

In these experiments we determined the effect of
the in vivo administration of androstenedione on cor-
pus luteum function when a luteolytic process was
induced by the administration of the antiprogesterone
RU486 on day 18 of pregnancy [18]. Taking into
account that androstenedione is an aromatizable an-
drogen, the possibility that androstenedione could be
converted to oestradiol in vivo, was also evaluated.
Pregnant rats treated with RU486 received the aroma-
tizable androgens testosterone or androstenedione, the
non-aromatizable dihydrotestosterone, the aromatase
inhibitor 4-hydroxyandrostenedione plus androstene-
dione or the specific antioestrogen ICI 164,384 plus
androstenedione.

Androstenedione, testosterone, 4-hydroxyan-
drostenedione + androstenedione, ICI 164,384 +
androstenedione but not dihydrotestosterone, ad-
ministered at 20.00h on day 19 of pregnancy, pre-
vented the decreases in serum progesterone levels
and corpus luteum weight observed 58 h after treat-
ment with the antiprogesterone RU486 (2 mg/kg,
day 18, 10.00h) [Fig. 3(a,b)]. 38-HSD activity
was significantly lower in the groups treated with
RU486 plus androstenedione, testosterone, dihy-
drotestosterone, androstenedione with 4-hydroxyan-
drostenedione or androstenedione with ICI 164,384
when compared with the group treated with RU486
alone [Fig. 3(c)]. In contrast the 20a-HSD activity
was not affected by the same treatments [Fig. 3(d)].

Source of androstenedione-stimulated progesterone
production in rats at the time of luteolysis

It is well known that, in the rat, the corpus luteum
is the primary source of progesterone throughout preg-
nancy [24], but it has been also suggested that the
adrenals and the feto—placental units contribute to the
progesterone pool during pregnancy in rats [25].
Therefore, to assess the target tissue of androstene-
dione for stimulating progesterone production in rats
at the time of luteolysis, we studied the effect of the
androgen in rats without placentae and/or adrenal
glands. We used the two experimental models of
luteolysis previously described.

Physiological luteolysis. The physiological decrease in
serum progesterone concentrations observed on day 21
of pregnancy at 11.00h (17.2 +3.9ng/ml; n =7) was
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not modified by adrenalectomy performed on day 19 at
11.00h (15.4 + 1.4 ng/ml; n = 6). However, treatment
with androstenedione on day 19 of pregnancy at 11.00 h
to adrenalectomized rats, prevented the physiological
decrease in serum progesterone levels, and indeed
caused an increase in the circulating values of the
steroid to 35.9+3.5ng/ml (n =7; P <0.01).

Luteolysis induced by the antiprogesterone RU486.
Rats treated with RU486 on day 18 of pregnancy
showing premature delivery the day after [18], were
adrenalectomized after abortion (day 19, 20.00 h). This
experimental model was used to determine the effect of
androstenedione on progesterone production in ani-
mals without placental and adrenal tissues. It was noted
that adrenalectomy did not modify the decrease in
serum progesterone levels observed 58h after an-
tiprogesterone treatment. Interestingly, androstene-
dione treatment prevented the decrease in circulating
progesterone induced by RU486 administration in
adrenalectomized rats (Fig. 4).

Effect of androstenedione administration on corpus luteum
progesterone content and serum progesterone concentration
in pregnant rats treated with RU486 (Table 1)

The administration of androstenedione on day 19 at
20.00h, a few hours after the abortion induced by
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Fig. 4. Serum progesterone levels in RU486-sham operated
rats (RU-SHAM; n = 8), RU486-adrenalectomized rats (RU-
ADX; n = 6), and RU486-adrenalectomized rats treated with
androstenedione (10 mg/rat s.c. at 20.00 h on day 19 of preg-
nancy; RU-ADX-A; n = 5). RU486 (2 mg/kg s.c.) was adminis-
tered at 10.00h on day 18 of pregnancy, and ADX were
performed immediately before injecting androstenedione.
Results are means + SEM. Columns with the same letter
differ significantly (a, b, P <0.01; ANOVA followed by
Duncan’s multiple range test).
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Table 1. Effect of androstenedione (A, 10mgfrat s.c. at
20.00h on day 19 of pregnancy) on corpus luteum progester-
one content and serum progesterome comcentration measured
58k after treatment with RU486 (2mg |kg s.c. at 10.00 h on day
18 of pregnancy)

Corpus luteum

Serum progesterone

progesterone content concentration
Treatment (ng/mg tissue) (ng/ml)
RU486 4.53+0.14(4) 11.13 4+ 0.85(6)
RU486 + A 3.30 £ 0.20(5)* 34.10 £ 5.78 (5)*

*P <0.01 compared with RU486 group according to Student’s
t-test. Results are mean + SEM, number of rats in parentheses.
Corpus luteum progesterone content is the mean of 7 corpora
lutea per rat.

RU486 treatment, provoked a significant decrease in
luteal progesterone content with a simultaneous in-
crease in serum progesterone concentration when com-
pared with values obtained in rats treated only with the
antiprogesterone.

DISCUSSION

It has recently been demonstrated that androstene-
dione, testosterone and dihydrotestosterone stimulate
progesterone production, by a direct luteotrophic ac-
tion, in incubated rat luteal cells obtained in different
days of pregnancy [17]. It appears from these results
that, on the days of pregnancy when basal progesterone
production is low, androstenedione is more effective in
stimulating progesterone secretion in luteal cells [17].
Our present results are consistent with these studies
since the maximal steroidogenic response to an-
drostenedione was obtained in corpora lutea from day
21 of pregnancy, when the physiological luteolytic
process takes place. This pattern of androgen-
stimulated luteal progesterone production was also
observed in animals in which the luteolytic process
was induced by treatment with the antiprogesterone
RU486. Androstenedione administered to rats treated
with RU486 was capable of preventing the decrease in
serum progesterone induced by the antiprogesterone.
We may consider that the ovarian response to andro-
gens could be conditioned by the intraovarian pro-
gesterone content since it is evident that, when the
intraovarian progesterone concentration is low during
luteolysis at the end of pregnancy, luteal cells are
more responsive to androgens.

A study performed in primates showed that the
developing and functional corpora lutea contain recep-
tors for both androgen and progestin, but, at the onset
of luteolysis, progestin receptors diminish whereas
those of androgens are maintained [26}. Furthermore,
the presence of androgen receptors in rat corpora lutea
has been demonstrated [27]. We may suggest from our
results that androgens, acting at the receptor level, may
regulate the luteolytic process.

In the present study there are some conflicting
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results on the effect of androgens on progesterone
biosynthesis and serum progesterone concentration.
The increase in serum progesterone levels in response
to androstenedione was not correlated with an increase
in the progesterone-synthesizing capability of the luteal
cells. On the contrary, androgens inhibited luteal 38-
HSD activity. It has been shown that this enzyme
catalyzes the last step in progesterone biosynthesis, is
hormonally modulated [28-30] and its mRNA declines
in corpora lutea together with a decrease in serum
progesterone concentration during the initial stage of
luteolysis [31]. Our results may indicate a dissociation
between progesterone biosynthesis and progesterone
secretion, suggesting that the availability of progester-
one 1o be released from corpora lutea may be indepen-
dent of the corpora lutea capacity to synthesize the
steroid. The inhibition of luteal 3§-HSD activity con-
comitant with the decrease in corpus luteum progester-
one content and the increase in serum progesterone
concentration observed in the groups of rats treated
with RU486 plus androstenedione, support this hy-
pothesis. The dissociation between progesterone bio-
synthesis and secretion may also be explained by
the existence of progesterone-binding sites, recently
demonstrated in the cytoplasm of luteal cells in some
mammalian species [32-34]. These binding sites could
be involved in the sequestration of newly-synthesized
progesterone to be released by the luteal cells when
progesterone synthesis is impaired. On the other hand,
recent evidences obtained in primates and bovines
suggest an autonomous pulsatile luteal progesterone
secretion, indicating the existence of a local control
by the presence of an intraluteal oscillator or pulse
generator for progesterone secretion [35, 36].

The decrease in luteal 3§-HSD activities after an-
drogen treatments suggests that androgens may inhibit
progesterone synthesis in the corpus luteum. Our re-
sults are in accordance with Polan et al. [37] who
observed that testosterone and dihydrotestosterone
antagonized gonadotrophin-stimulated progesterone
production and LH-receptor expression in human
luteinized granulosa cells. Moreover, it was noted that
the non-aromatizable androgen dihydrotestosterone
rises in non-luteal tissue of rat ovaries between days 18
and 22 of pregnancy [38] and may be involved in the
lysis of the corpora lutea before parturition. Veldhuis
et al. [39] found an inhibition of progesterone pro-
duction when cells were incubated with dihydrotestos-
terone or oestradiol and suggested that it may be
due to a blockade of the conversion of endogenous
pregnenolone to progesterone by the enzyme 38-HSD.

We showed that the decrease in corpus luteum
weight observed in control rats on days 20-21 of
pregnancy was prevented by androstenedione. How-
ever, it is interesting to mention that this androgen did
not modify the high luteal activity of 20a-HSD, an
enzyme that transforms progesterone into a metabolite
which is known to be devoid of progestational action
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and is also considered a good marker of luteolysis
[21, 40]. Preliminary results show that some morpho-
logical changes that characterize luteolysis are pre-
vented by androstenedione treatment (data not shown).
These results could indicate that androgens may pre-
vent the morphological changes that characterize
structural luteolysis [41] without modifying the bio-
chemical changes occurring during the functional
luteolytic process.

In animals receiving the aromatase inhibitor 4-hy-
droxyandrostenedione to prevent conversion of andro-
gens to oestrogens or the specific antioestrogen acting
at the receptor level ICI 164,384, androstenedione also
stimulated progesterone production. This response in-
dicates that the effect of androgens on progesterone
secretion is not due to its conversion to oestrogens, at
least when the luteolytic process is induced by RU486.

The results obtained by using the non-aromatizable
androgen dihydrotestosterone are not clear. Dihy-
drotestosterone administration showed an effect similar
to that of androstenedione or testosterone only in terms
of luteal 38-HSD activity, but it did not prevent the
decrease in serum progesterone levels nor in corpora
lutea weight as did the treatment with the other andro-
gens. The partial effects of dihydrotestosterone affect-
ing only luteal 38-HSD activity may be explained by
its rapid metabolism [42] and/or the low effectiveness
on luteal progesterone production when compared with
the effect of androstenedione and testosterone [17].

Under our experimental conditions, it is clear that
the high serum progesterone levels obtained in re-
sponse to treatment with androgens, are provided by
the corpora lutea. The lack of participation of the
adrenal glands and the feto—placental units as a source
of progesterone after androstenedione treatment, was
clearly demonstrated in the adrenalectomized rats and
in the rats having abortion after RU486 administration.
These results also confirm that the corpora lutea are the
principal and essential source of progesterone main-
taining pregnancy in rats as indicated by Csapo [24].

In conclusion, our results demonstrate that andro-
gens are able to stimulate luteal progesterone secretion,
prevent the loss in corpora lutea weight and enhance
the decrease in 38-HSD activity without affecting the
increase in 20a-HSD activity during luteolysis. These
androgenic effects suggest that serum progesterone
levels may reflect only a component of androgen-
supported steroidogenesis.

Acknowledgements—This work was supported by Grants 33952/92
and 075900/85 from CONICET (Consejo Nacional de Investiga-
ciones Cientificas y Técnicas, Argentina). The authors thank
Roussel-Uclaf (Romainville, France) for providing RU-38486, Dr
A. E. Wakeling (ICI Pharmaceuticals, Macclesfield, Cheshire,
England) for the gift of ICI 164,384, A. Koninckx for his technical
assistance and Dr G. A. Jahn for her critical revision of the
manuscript C.M.T. and C.0.S. are fellows, L.1.A. and R.P.D. are
established researchers, and A.O.S. is an established professional
from CONICET. AM.R. and D.G.C. are Professors at the
Universidad Nacional de San Luis.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Carlos M. Telleria ez al.

REFERENCES

. Hisaw F. L.: Development of the Graafian follicle and ovulation.

Physiol. Rev. 27 (1947) 95-119.

. Hillier 8. G: Intrafollicular paracrine function of ovarian

androgen ¥. Steroid Biochem. 27 (1987) 351-357.

. Nimrod A. and Lindner H. R.: A synergistic effect of androgen

on the stimulation of progesterone secretion by FSH in cultured
rat granulosa cells. Molec. Cell. Endocr. 5 (1976) 315-320.

. Nimrod A.: Studies on the synergistic effect of androgen on the

stimulation of progestin secretion by FSH in cultured rat gran-
ulosa cells: progesterone metabolism and the effect of androgens.
Molec. Cell. Endocr. 8 (1977) 189-199.

. Nimrod A.: Studies on the synergistic effect of androgen on the

stimulation of progestin secretion by FSH in cultured rat gran-
ulosa cells: a search for the mechanism of action. Molec. Cell.
Endocr. 8 (1977) 201-211.

. Leung P. C. K., Goff A. K. and Armstrong D. T.: Stimulatory

action of androgen administration in vivo on ovarian responsive-
ness to gonadotropins. Endocrinology 104 (1979) 1119-1123.

. Goff A. K., Leung P. C. K. and Armstrong D. T.: Stimulatory

action of follicle-stimulating hormone and androgens on the
responsiveness of rat granulosa cells to gonadotropins i vitro.
Endocrinology 104 (1979) 1124-1129,

. Daniel S. A. J. and Armstrong D. T.: Enhancement of follicle-

stimulating hormone-induced aromatase activity by androgens in
cultured rat granulosa cells. Endocrinology 107 (1980) 1027-1033.

. Armstrong D. T. and Dorrington J. H.: Androgens augment

FSH-induced progesterone secretion by cultured rat granulosa
cells. Endocrinology 99 (1976) 1411-1414.

Schreiber J. R., Reid R. and Ross G. T.. A receptor-like
testosterone-binding protein in ovaries from estrogen-stimulated
hypophysectomized immature female rats. Endocrinology 98
(1976) 1206-1213.

Schreiber J. R. and Ross G. T.: Further characterization of a
rat ovarian testosterone receptor with evidence for nuclear
translocation. Endocrinology 99 (1976) 590-596.

Zeleznik A. J., Hillier S. G. and Ross G. T.: Follicle stimulating
hormone-induced follicular development: an examination of the
role of androgens. Biol. Reprod. 21 (1979) 673-681.

Hillier S. G. and DeZwart F. A.: Evidence that granulosa cell
aromatase induction/activation by follicle-stimulating hormone
is an androgen receptor-regulated process in-vitro. Endocrinology
109 (1981) 1303-1305.

Hillier S. G. and DeZwart F. A.: Androgen/antiandrogen modu-
lation of cyclic AMP-induced steroidogenesis during granulosa
cell differentiation in tissue culture. Molec. Cell. Endocr. 28
(1982) 347-361.

Nimrod A., Rosenfield R. L. and Otto P.: Relationship of
androgen action to androgen metabolism in isolated rat granulosa
cells. ¥. Steroid Biochem. 13 (1980) 1015-1019.

Gibori G., Khan I., Warshaw M. L., McLean M. P., Puryear
T. K., Nelson S., Durkee T. J., Azhar S., Steinschneider A. and
Rao M. C.: Placental-derived regulators and the complex control
of luteal cell function. Recent Prog. Horm. Res. 44 (1988)
377-429.

Carrizo D. G., Rastrilla A. M., Telleria C. M. and Aguado
L. I.: Androstenedione stimulates progesterone production in
corpora lutea of pregnant rats: an effect not mediated by
oestrogen. J. Steroid Biochem. Molec. Biol. 51 (1994) 191-197.
Telleria C. M., Stocco C. O. and Deis R. P.: Luteolytic action
of RU486: modulation of luteal 38-hydroxysteroid dehydrogen-
ase and 20a-hydroxysteroid dehydrogenase activities in late
pregnant rats. J. Steroid Biochem. Molec. Biol. 52 (1995)
567-573.

Telleria C. M. and Deis R. P.: Effect of RU486 on ovarian
progesterone production at prooestrus and during pregnancy: a
possible dual regulation of the biosynthesis of progesterone. ¥.
Reprod. Fertil. 102 (1994) 379-384.

Telleria C. M., Carrizo D. G. and Deis R. P.: Levonorgestrel
inhibits luteinizing hormone-stimulated progesterone pro-
duction in rat luteal cells. . Steroid Biochem. Molec. Biol. 50
(1994) 161-166.

Bussmann L. E. and Deis R. P.: Studies concerning the hor-
monal induction of lactogenesis by prostaglandin F,, in pregnant
rat. §. Steroid Biochem. 11 (1979) 1485-1489.

Sinchez-Criado J. E., Uilenbroek J. Th. J. and Karels B.:



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Androstenedione on Progesterone Production During Luteolysis

Different effects of the antiprogesterone RU486 on progesterone
secretion by the corpus luteum of rats with 4- and 5-day oestrous
cycles. ¥. Endocr. 132 (1992) 115-122.

Snedecor G. W. and Cochran W. G.: Statistical Methods. Ames:
Iowa State Universily Press (1967).

Csapo A. I. and Wiest W. G.: An examination of the quantitative
relationship between progesterone and the maintenance of preg-
nancy. Endocrinology 85 (1969) 735-746.

Macdonald G. J. and Matt D. W.: Adrenal and placental steroid
secretion during pregnancy in the rat. Endocrinology 114 (1984)
2068-2073.

Hild-Petito S., West N. B., Brenner R. M. and Stouffer R. L.:
Localization of androgen receptor in the follicle and corpus
luteum of the primate ovary during the menstrual cycle. Biol.
Reprod. 44 (1991) 561-568.

Takeda H., Chodak G., Mutchnik S., Nakamoto T. and Chang
C.: Immunohistochemical localization of androgen receptors
with mono- and polyclonal antibodies to androgen receptor. .
Endocr. 126 (1990) 17-25.

Couét J., Martel C,, Dupont E., The V. L., Sirard M.-A.,
Zhao H.-F., Pelletier G. and Labrie F.: Changes in 38-hydroxy-
steroid dehydrogenase/AS-A* isomerase messenger ribonucleic
acid, activity and protein levels during the estrous cycle in the
bovine ovary. Endocrinology 127 (1990) 2141-2148.

Chedrese P. J., The V. L., Labrie F., Juoric A. V. and Murphy
B. D.: Evidence for the regulation of 3f-hydroxysteroid dehy-
drogenase messenger RNA by human chorionic gonadotropin in
luteinized porcine granulosa cells. Endocrinology 126 (1990)
2228-2230.

Hawkins D. E., Belfiore C. J., Kile J. P. and Niswender G. D.:
Regulation of messenger ribonucleic acid encoding 38-hydroxy-
steroid dehydrogenase/A-A* isomerase in the ovine corpus lu-
teum. Biol. Reprod. 48 (1993) 1185-1190.

Tian X. C., Bernsdtson A. K. and Fortune J. E.: Changes in
levels of messenger ribonucleic acid for cytochrome P450 side-
chain cleavage and 3f-hydroxysteroid dehydrogenase during
prostaglandin-F,, induced luteolysis in cattle. Biol. Reprod. 50
(1994) 349-356.

Bramley T. A. and Menzies G. S.: Subcellular fractionation of

33.

34,

35.

36.

37.

38.

39.

41.

42.

393

the porcine corpus luteum: sequestration of progesterone in a
unique particulate fraction. ¥. Endocr. 117 (1988) 341-354.
Bramley T. A. and Menzies G. S.: Particulate binding sites for
steroid hormones in subcellular fractions of the ovine corpus
luteum: properties and hormone specificity. Molec. Cell. Endocr.
103 (1994) 39-48.

Menzies G. S. and Bramley T. A.: Specific binding sites for
progesterone in subcellular fractions of the porcine corpus
luteum. ¥. Endocr. 142 (1994) 101-110.

Khan-Dawood F. S., Gargiulo A. R. and Dawood M. Y.
Baboon corpus luteum: autonomous pulsatile progesterone se-
cretion and evidence for an intraluteal oscillator demonstrated by
in vitro microretrodialysis. . Clin. Endocr. Metab. 79 (1994)
1790-1796.

Rossmanith W. G., Schick M., Benz R. and Lauritzen C.:
Autonomous progesterone secretion from the bovine corpus
luteum in vitro. Acta Endocr. (Copenh) 124 (1991) 179-187.
Polan M. L., Seu D. and Tarlatzis B.: Human chorionic
gonadotropin stimulation of estradiol production and androgen
antagonism of gonadotropin-stimulated responses in cultured
human granulosa-luteal cells. ¥. Clin. Endocr. Metab. 62 (1986)
628-635.

Sridaran R. and Gibori G.: Induction of luteolysis by dihy-
drotestosterone in the pregnant rat. Am. ¥. Physiol. 4 (1981)
E444-E448.

Veldhuis J. D, Klase P. A., Sandow B. A. and Kolp L. A.:
Progesterone secretion by highly differentiated human granulosa
cells isolated from preovulatory graafian follicles induced by
exogenous gonadotropins and human chorionic gonadotropin. ¥.
Clin. Endocr. Metab. 57 (1983) 87-93.

. Gibori G.: The corpus luteum of pregnancy: In The Ovary

(Edited by E. Y. Adashi and P. C. K. Leung) Raven Press,
New York (1993) pp. 261-317.

Rothchild I.: The regulation of the mammalian corpus luteum.
Recent Prog. Horm. Res. 37 (1981) 183-298.

Gay V. L.: Ineffectiveness of DHT treatment in producing
increased serum DHT in orchidectomized rats: evidence for
rapid in vivo metabolism of DHT to androstenediol (Abstract).
Fedn. Proc. 34 (1975) 303.



