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ABSTRACT

Previous work from our laboratory has demonstrated that progesterone can inhibit estrogen-induced
prolactin release in female rats. Since androgens have been reported to mimic progesterone actions in certain
systems, and to antagonize estrogen action in rat uteri, the purpose of this study was to determine whether
androgens, like progestins, can inhibit estrogen-induced prolactin release. The ovariectomized (26 days of
age) immature rat was used as the model for analysis of this question. Dihydrotestosterone (DHT) was
chosen to be used throughout the study since it does not undergo aromatization to estrogens. In response to
estradiol exposure (2 ug/rat), prolactin release reached peak values at 12 h and returned to control levels by
24 h. A second injection of estradiol 13 h after its initial injection stimulated a second increase in serum
prolactin at 25 h. A single injection of DHT (0.8 mgikg BW) 1 h before the second estradiol injection blocked
the increase in serum prolactin. DHT had no effect on basal serum prolactin levels. The DHT inhibition of
estrogen-induced prolactin release required estrogen priming. A dose dependency for the DHT effect was
demonstrated, with low doses effective and high doses ineffective, in inhibiting estrogen action. This effect of
DHT seemed to be androgen receptor-mediated, since flutamide blocked the effect. However, the possibility of
progestin receptor mediation could not be ruled out since RU486 also blocked DHT s effect. Flutamide was
also effective in blocking progesterone’ s inhibition of estrogen-induced action. This is perhaps consistent with
an overlap of activities in androgens and progestins reported by several investigators. These observations
indicate that the role of androgens in a variety of experimental as well as clinically relevant situations needs

to be explored not only in terms of direct action but also as modifying estrogen action.

INTRODUCTION

Previous work from our laboratory has shown that
progesterone administration to estrogen-primed ovariec-
tomized immature rats results in a rapid decrease in
nuclear estradiol binding in the anterior pituitary (Sma-
nik et al.,, 1983). This progesterone-induced decrease
occurs selectively in occupied pituitary nuclear estra-
diol receptors (Fuentes et al., 1988) and is accompanied
by a loss of estrogen action, such as estradiol-induced
progesterone receptor synthesis (Calderon et al., 1987)
and prolactin release (Brann et al., 1988). Since andro-
gens have been reported to bind to progesterone recep-
tors (Janne and Bardin, 1984), mimic progestin actions
in certain systems (Bardin et al., 1984), and also to
decrease nuclear estradiol binding in the anterior pitu-
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itary of ovariectomized female rats (Keefer et al.,
1987), it was of interest to examine whether androgens,
like progesterone, could antagonize estradiol-induced
prolactin release.

Antagonistic actions of androgens upon estrogen ef-
fects have been reported previously in uteri (Tran and
Gibbons, 1983), in rat pituitary tumor (GHj) cells
(Haug, 1979), and in human breast cancer cells (Poulin,
1988). It is well recognized that prolactin is an impor-
tant component in the reproductive process and in the
control of growth and secretions of breasts. Thus andro-
gen inhibition of estradiol-induced prolactin release
may have important implications. Furthermore, andro-
gens are important regulators of gonadotropin secretion
and it was of interest to determine if their effects are
only direct effects or whether they can modify estrogen
action. Dihydrotestosterone (DHT) was chosen to be
used throughout the study since it does not undergo
aromatization to estrogens.
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MATERIALS AND METHODS

Animals

Immature, virus-free, female Holtzman rats (Madi-
son, WI) were obtained at 26 days of age and were
bilaterally ovariectomized on the same day under ether
anesthesia. They were maintained in air-conditioned
rooms with a 14L:10D cycle (lights on at 0500 h; off at
1900 h) and were given water and rat chow ad libitum.
In all experiments, the rats were killed by decapitation
and the trunk blood was collected. After clotting for 12
h at 4°C, the blood was centrifuged at 3000 rpm for 30
min at 4°C, and serum was separated and stored at
—20°C for subsequent radioimmunoassay of prolactin.
The protocols for the various experiments in this study
were as follows.

Protocol A. To determine the effect of DHT on basal
prolactin secretion, animals were ovariectomized at 26
days of age, and 48 h later (0900 h) were administered
a single injection of estradiol (2 pg/rat). Twelve hours
later (2100 h), either vehicle (controls) or DHT was
administered i.p., and all animals were killed 24 h after
estrogen (0900 h) administration for serum prolactin
measurements.

Protocol B. To determine the effect of DHT on
estrogen-induced prolactin secretion in non-estrogen-
primed rats, ovariectomized rats (28 days old) were
administered either vehicle (controls) or DHT at 2100
h, and 1 h later, a 2-ug dose of estradiol was admini-
stered. The animals were killed 12 h later (1000 h) for
serum prolactin measurements.

Protocol C. To determine the effect of DHT on
estradiol-induced prolactin secretion in estrogen-primed
rats, 28-day-old ovariectomized rats were administered
two injections of estradiol (2 pg/rat) 13 h apart (0900 h
and 2200 h). One hour prior to the second estrogen
injection, either vehicle or DHT was administered, and
the animals were killed 12 h after the second estrogen
injection (1000 h) for serum prolactin measurements. In
the flutamide (o-o-o-trifluoro-2-methyl-4’-nitro-m-
propionotoluidide) experiments, flutamide (5 mg/rat)
was administered in a vehicle of propylene glycol i.p. 1
h before DHT or progesterone administration (2 h be-
fore the second estradiol injection). In the RU486 (17B-
hydroxy-11p-[4-dimethylaminophenyl]-17a-[prop-1-
ynyl]-estra-4,9-diene-3-one) experiments, RU486 (200
pg/rat) was administered i.p. in a vehicle of ethylene
glycol 1 h before progesterone or DHT administration
(2 h before the second estradiol injection). The animals
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were killed 12 h after the second estradiol injection by
decapitation, and trunk blood was analyzed for serum
prolactin content.

Radioimmunoassay of Prolactin

The concentration of prolactin in serum samples
were measured by a double-antibody radioimmunoassay
method as described by Rao and Mahesh (1986), using
the first antibody for NIJAMDD-rProlactin S-9 [rabbit]
and purified hormone and standard obtained from
NIAMDD. The purified hormone was iodinated with
1251 by the chloramine-T method (Bolton, 1977). The
second antibody (goat anti-rabbit antiserum) was pur-
chased from Amell Inc., Brooklyn, NY. The assay was
linear at 0.01-10 ng/tube for prolactin. With 50-ul
samples, the intra- and interassay variabilities as deter-
mined by analysis of replicate serum pool samples were
7% and 11%. Prolactin levels are expressed in terms of
NIAMDD-RP-3 standard.

Statistical Analysis

The results given in the text are expressed as mean-
s * SEM. The differences between the experimental
groups were analyzed by one-way analysis of variance,
and p<0.05 was considered significant.

RESULTS

The model used to determine androgen effect upon
estradiol-induced prolactin release was developed previ-
ously by us to examine progesterone modulation of
estradiol-induced prolactin release (Brann et al., 1988).
The model consisted of two i.p. injections of 2 ug of
estradiol to immature ovariectomized rats administered
13 h apart followed by the measurement of serum
prolactin 25 h after the first estradiol injection. The
two-estradiol-injection model also ensures the presence
of an adequate number of androgen receptors in the
anterior pituitary (Handa et al., 1987).

To determine the effect of DHT on estrogen-induced
prolactin release, immature ovariectomized rats were
administered either vehicle or 0.8 mg/kg BW of DHT 1
h before the second injection of 2 pug of estradiol. The
animals were killed 13 h later for measurement of
serum prolactin levels (Protocol C). The results in
Figure 1 show that the administration of DHT 1 h
before the second injection of estradiol significantly
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FIG. 1. Effect of dihydrotestosterone (DHT) on esuogen-mduced pmlacun
(PRL) release when administered 1 h before the second estrogen injection. Two
injections of 2 ug of estradiol were administered to ovariectomized immature
rats at 0 h and 13 h. Controls received vehicle 1 h before the second estradiol
injection, whereas the DHT group received 0.8 mg/kg BW of DHT 1 h before
the second estradiol injection. Serum prolactin levels were measured 12 h after
the second estradiol injection. *p<0.05.

PRL ng/ml serum

DHT

attenuated (p<0.05) the estradiol-induced prolactin re-
lease.

To determine whether DHT could affect basal serum
prolactin levels, DHT was administered 12 h after
estrogen injection and the animals were killed at the 24-
h time period. This was essentially the same experimen-
tal design shown in Figure 1, except that the second
estradiol injection was omitted (Protocol A). As shown
in Figure 2, prolactin levels 24 h after the estradiol
injection were basal and DHT had no significant effect
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FIG. 2. Effect of dihydrotestosterone (DHT) on basal prolactin levels in
estrogen-primed, ovariectomized immature rats. One injection of 2 pug estradiol
in vehicle (E,-Veh) was administered to ovariectomized, immature rats at Time
0. Controls (Veh-Veh) received vehicle at 12 h, whereas the DHT group (E;-
DHT) received 0.8 mg/kg BW DHT. The animals were killed at 24 h, There was
no significant differences in serum PRL levels between the groups. The figure
also shows serum PRL levels in ovariectomized immature rats that received
only vehicle.
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FIG. 3. Effect of dihydrotestosterone (DHT) on estrogen-induced prolactin
(PRL) release in non-estrogen-primed rats. Ovariectomized immature rats were
administered vehicle (controls, VEH) or DHT (0.8 mg/kg BW) 1 h before a2 ug
injection of estradiol (E); animals were killed 12 h afier the estrogen injection.
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on serum prolactin levels.

To determine whether DHT inhibition of estrogen-
induced prolactin release required estrogen priming, an
experiment was performed in which vehicle or DHT
was injected 1 h before 2-ug estradiol was administered
(Protocol B). As shown in Figure 3, DHT had no effect
on the estrogen-induced prolactin release in non-estro-
gen-primed animals, whereas, in estrogen-primed ani-
mals, DHT significantly attenuated estradiol-induced
prolactin release (Fig. 1).

To establish whether DHT inhibition of estrogen-
induced prolactin release was dose dependent, an exper-
iment was carried out using 0.4 mg/kg BW, 0.8 mg/kg
BW, 1.6 mg/kg BW, 3.2 mg/kg BW, and 10 mg/kg BW
doses of DHT. The protocol for this experiment is
outlined in Protocol C. As shown in Figure 4, the 0.4
mg/kg BW, 0.8 mg/kg BW, and the 1.6 mg/kg BW
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FIG. 4. Effect of different doses of dihydrotestosterone (DHT) on estrogen-
induced prolactin (PRL) release. Two injections of 2 g of estradiol (E3) were
administered to ovariectomized immature rats at 0 h and 13 h. Controls received
vehicle 1 h before the second estradiol injection, whereas the DHT groups
received one of the following doses of DHT 1 h before the second estradiol
injection: 0.4 mg/kg BW, 0.8 mg/k BW, 1.6 mg/kg BW, 3.2 mg/kg BW, or 10
mg/kg BW. Serum PRL levels were measured 12 h after the second estradiol
injection. p<0.05.
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FIG. 5. Effect of the antiandrogen flutamide on the ability of dihydrotestos-
terone to (DHT) to inhibit the estrogen-induced prolactin (PRL) release. The
model is the same as in Figure 1, except that two groups of animals received
flutamide (5 mg/rat) 2 h before the second estrogen injection. One hour before
the second estrogen injection, animals received either vehicle (VEH) or (DHT)
(0.8 mg/kg BW). Finally, all animals received 2 pg of estradiol (E3) 1 h later,
and serum PRL levels were measured 12 h after the second estradiol injection.

doses significantly attenuated the estrogen-induced pro-
lactin release, whereas the higher doses of DHT, 3.2
mg/kg BW and 10 mg/kg BW, showed a much greater
variability in effect and were not significantly different
from the controls.

To determine whether the action of DHT in the
attenuation of estrogen-induced prolactin release was an
androgen-receptor-mediated event, the antiandrogen,
flutamide (5 mg/rat), was administered 1 h prior to the
injection of DHT (2 h before the second estradiol
injection) (Protocol C). The injection of flutamide and
vehicle instead of DHT served as a control. Flutamide
by itself appeared to have no effect on estrogen-induced
prolactin release (Fig. 5); however, the administration
of flutamide 1 h before DHT prevented the DHT atten-
uation of estrogen-induced prolactin release.

To determine whether the action of DHT was a
progesterone receptor-mediated event, the antiproges-
tin, RU486 (200 pg/rat), was administered 1 h prior to
the injection of DHT (2 h before the second estradiol
injection) (Protocol C). The injection of RU486 and
vehicle instead of DHT served as a control. RU486, like
flutamide, had no effect on estradiol-induced prolactin
release when administered by itself (Fig. 6); however,
RU486 administered 1 h before DHT completely
blocked the DHT action of inhibiting estrogen-induced
prolactin release (Fig. 6). Since progestins have also
been reported to be able to use androgen receptors for
their actions (Bardin et al.,, 1984), we designed an
experiment where the ability of flutamide or RU486 to
block progesterone’s attenuation of estrogen-induced
prolactin release was tested. The protocol was the same
for the flutamide and RU486 experiments described in
Figures S5 and 6, except progesterone (0.8 mg/kg BW)

FIG. 6. Effect of the antiprogestin RU486 on the ability of dihydrotestoster-
one (DHT) to inhibit the estrogen-induced prolactin (PRL) release. The model is
the same as in Figure 1, except that two groups of animals received RU486 (200
ug/rat) 2 h before the second estrogen injection. One hour before the second
estrogen injection, animals received either vehicle (VEH) or dihydrotestoster-
one (0.8 mg/kg BW). Finally all animals received 2 pg of estradiol (E5) 1 h
later, and serum PRL levels were measured 12 h after the second estradiol
injection.

was used instead of DHT. As shown in Figure 7,
progesterone significantly inhibited the estrogen-in-
duced prolactin release, and both flutamide and RU486
prevented this effect of progesterone.

DISCUSSION

The overall objectives of this study were to deter-
mine whether androgens, like progestins, could alter or
interfere with estrogen action in the pituitary. Estrogen-
induced prolactin secretion was chosen as an indicator
of estrogen action because (1) estrogens are known to
be potent stimulators of prolactin release in the adult as
well as in the immature rat (Chen and Meites, 1970;
Ojeda and McCann, 1974; Andrews and Ojeda, 1977)
and (2) because progestin inhibition of estrogen-in-
duced prolactin release had been demonstrated by our
laboratory previously (Brann et al., 1988).

In agreement with previous reports (Dohler et al.,
1978; Parrot and Hills, 1979; Labrie et al., 1980), we
found that DHT did not alter basal serum prolactin
levels (Fig. 2); however, it did antagonize estrogen-
induced prolactin release (Fig. 1).

DHT was ineffective in inhibiting estrogen-induced
prolactin secretion when estrogen priming was omitted
(Fig. 3). That estrogen priming is required for androgen
action has been reported in chick oviducts (Tokarz et
al., 1979). Estrogen pretreatment in this tissue results in
inducement of androgen receptors and a concomitant
return of androgen action (Tokarz et al., 1979). Similar-
ly, estrogen priming in dog prostate results in induce-
ment of androgen receptors and significant enhance-
ment of androgen action (Moore et al., 1979).
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Androgen receptor levels in the anterior pituitary of
rats are known to decrease post-ovariectomy and to
fluctuate during the cycle (Handa et al., 1986, 1987),
perhaps suggesting a modulatory role by estrogens.
Resko and his group recently demonstrated that estro-
gen administration significantly increases androgen re-
ceptor levels in rat anterior pituitary (Handa et al.,
1987). Thus it is possible that estrogen priming was
necessary in our system to induce adequate levels of
androgen receptors to allow DHT to exert an effect.
Alternatively, DHT could work through progesterone
receptors, which require estrogen priming for their in-
duction.

The effect of DHT on inhibiting estrogen-induced
prolactin release was dependent on the dose used (Fig.
4): low doses (0.4 mg/kg, 0.8 mg/kg, and 1.6 mg/kg)
were inhibitory, whereas higher doses (3.2 mg/kg and
10 mg/kg) were much more variable in effect, and were
not significantly different from the controls. The lack of
effect of the higher doses of DHT is intriguing. High
doses of DHT have been reported to bind estrogen
receptors in vitro (Rochefort et al., 1979), whereas low
or physiological concentrations of DHT seem to bind
preferentially to androgen or progestin receptors (Jinne
and Bardin, 1984). Dose dependency for progesterone’s
effect on gonadotropin release (McPherson and Ma-
hesh, 1979), reduction of occupied nuclear estrogen
receptors in the anterior pituitary (Fuentes et al., 1988),
and on inhibition of estrogen-induced prolactin release
(Brann, Putnam, and Mahesh, unpublished) has also
been observed. The mechanisms involved in dose-de-
pendent effects are unclear at this time.

The effect of DHT in inhibiting estrogen-induced
prolactin release appeared to be mediated via the andro-
gen receptor, since prior treatment with the antiandro-
gen, flutamide, blocked the DHT effect (Fig. 5). A
surprising finding was the fact that flutamide also
blocked progesterone’s ability to inhibit estrogen-in-
duced prolactin release (Fig. 7). Ons possible explana-
tion could be that progesterone’s action is mediated
through the androgen receptor. Progesterone’s ability to
bind to the androgen receptor has been demonstrated by
many investigators (Bullock et al., 1978; Wright et al.,
1979; Jinne and Bardin, 1984; Sponda, 1984). In fact,
progestin binding is now accepted as one of the features
that distinguishes androgen receptor from extracellular
androgen binding proteins such as ABP and TeBG
(J4nne and Bardin, 1984). Additionally, the Sa-reduced
metabolite of progesterone, dihydroprogesterone
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(DHP), is a highly effective competitor for the DHT
receptor in rat ventral prostate (Wright et al., 1979), in
the accessory sex glands of Syrian hamsters (Wright et
al., 1978), and in human skin (Giacomini and Wright,
1980). Interestingly, DHP is a more effective competi-
tor than testosterone for the rat prostate DHT receptor
(Wright et al., 1979). Thus, flutamide’s block of pro-
gesterone’s action in this study could indicate that
progesterone’s action is mediated through the androgen
receptor.

An alternative explanation could be that flutamide is
exhibiting “antiprogestational” activity. In support of
this is the recent report by Chandrasekhar and Arm-
strong (1988) that while flutamide does not bind to the
progesterone receptor, it does significantly suppress
serum progesterone levels and progesterone receptor
levels in rat uteri. This “antiprogestational” action of
flutamide offers an alternative explanation as to why
flutamide blocked progesterone’s action in our system.

RU486, a potent progesterone receptor antagonist,
which competitively inhibits progestin binding (Bailieu,
1987), also blocked progesterone’s ability to inhibit
estrogen-induced prolactin release (Fig. 7). Since
RU486 is a competitive inhibitor of progestin action,
this evidence argues strongly that progesterone’s action
is mediated through its own receptor.

To establish more clearly that the DHT effect is an
androgen receptor-mediated event and not progestin
receptor-mediated, the competitive progesterone recep-
tor antagonist, RU486, was used. As shown in Figure 7,
RUA486 pretreatment effectively blocked DHT’s ability
to attenuate estrogen-induced prolactin release. This
could be interpreted as evidence of progestin receptor
involvement in the mediation of DHT’s action. Howe-
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FIG. 7. Effect of progesterone upon estrogen-induced prolactin (PRL) re-
lease and the effect of the antiandrogen, flutamide, and the antiprogestin,
RU486, upon the ability of progesterone to inhibit estrogen-induced PRL re-
lease. The protocol is the same as in Figure 1, and in Figures S and 6 for the
antagonist groups. *p<0.01.
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ver, a review of the literature revealed that in addition
to exhibiting high affinity for progestin and glucocorti-
coid receptors (Philibert et al., 1982), RU486 also binds
to androgen receptors (with 25% the affinity of testos-
terone) and inhibits testosterone actions in a dose-
dependent manner (Philibert, 1985). It is suggested that
RU486’s block of DHT’s effect in our system could be
via its ability to bind and antagonize the androgen
receptor. Still, possible DHT interaction with progestin
receptors cannot be ruled out. As stated earlier, proges-
terone and its Sa-reduced metabolite, DHP, are effec-
tive competitors for the DHT receptor in several tissues
(Wright et al, 1978, 1979; Giacomini and Wright,
1980). Conversely, testosterone and its So-reduced me-
tabolite, DHT, are effective competitors of progesterone
binding in human, rabbit, and rat uteri (Haubbamaa and
Luukkainen, 1975; Janne and Bardin, 1984). The recip-
rocal affinities of these receptors for both androgens
and progestins seem to indicate that each receptor sys-
tem has a common binding site. Since both flutamide
and RU486 were effective in blocking action by both
DHT and progesterone, it is possible that DHT and
progesterone action may be exerted in areas of receptor
system that are also functionally common. This concept
is in agreement with an observed overlap in biological
effects of naturally occurring and synthetic androgens
and progestational agents (Jinne and Bardin, 1984). Of
particular interest was the finding that estrogen priming
was needed for DHT action. Although estrogen priming
may enhance androgen receptors, it appears to be essen-
tial for inducing progesterone receptors. More work
remains to be done to clarify this possibility.

The precise mechanism by which DHT inhibits es-
trogen-induced prolactin release is not clear. We have
demonstrated previously that progesterone’s mechanism
of inhibiting estrogen-induced prolactin release is via
decreasing nuclear estradiol binding in the anterior pitu-
itary (Calderon et al., 1987; Brann et al., 1988). A
similar mechanism of action could be possible for
DHT. Androgen suppression of estrogen receptor levels
has been reported in immature rat ovaries (Saiduddin
and Zassenhaus, 1978) and in rat pituitary and human
breast cancer cells (Haug, 1979; Poulin, 1988). DHT
has been reported to significantly decrease estradiol
uptake and binding by lactotropes in ovariectomized
rats (Keefer et al., 1987). Thus, DHT’s effect, like
progesterone’s, could be due to suppression of estradiol
binding in the anterior pituitary. An effect of DHT on
opioid or dopaminergic systems, which are known to be
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important in regulating prolactin release, cannot be
ruled out. These systems were not investigated in our
study. It should be noted, though, that DHT has been
reported to be unable to inhibit ether-induced prolactin
release (Celotti et al., 1982), possibly indicating a spe-
cificity of its effects for estrogen-induced prolactin
secretion.

The physiological significance of DHT inhibition of
estrogen-induced prolactin release remains to be deter-
mined. However, several in vivo situations suggest a
possible physiological role for Sa-DHT regulation of
estrogen-induced prolactin release. First, at a time when
50-DHT formation and levels are the highest in a
female rat’s life (Day 10-15) (Denef, 1983), prolactin
serum levels are very low, even though estrogen levels
are high (Dohler and Wuttke, 1974). Conversely, aging
constant-estrous rats that display low androgen serum
levels but normal estrogen serum levels, as compared to
young cycling female rats, have significantly elevated
basal prolactin serum levels (Lu et al., 1979). Lu et al.
(1979) suggested that the elevated prolactin levels in
constant-estrous rats are due to unopposed estrogen
action in these animals.

Second, prolactin is an important component of the
reproductive process. Some of its actions in vivo are
regulation of growth and secretion of breasts (Meites
and Shelesnyak, 1957), induction of luteinizing hor-
mone receptors in ovaries (Richards and Williams,
1976), and maintenance of the corpus luteum during
pregnancy in rats (Gibori et al., 1979). Most recently,
prolactin has been shown to modulate immune response
through newly discovered prolactin receptors on T lym-
phocytes (Russell et al., 1984). Thus, DHT antagonism
of estrogen-induced prolactin release may be an impor-
tant mechanism to regulate function of both the repro-
ductive and the immune system in vivo.

Lastly, testosterone and So-DHT are regulators of
gonadotropin secretion in males (Kalra and Kalra,
1983). In women, a hyperandrogenic state accompanied
by alterations in gonadotropin secretion is well docu-
mented and described under the syndrome complex of
polycystic ovaries (Mahesh, 1983; Mahesh et al., 1987).
It has been presumed that the action of androgens in
altering gonadotropin secretion is either direct or
through their conversion to estrogens. The findings in
this study indicate that the possibility of androgen
interference with estrogen action also needs to be con-
sidered.



ANTAGONISM OF ESTROGEN ACTION BY DHT

REFERENCES

Andrews WW, Ojeda SR, 1977. On the feedback actions of estrogens on gonad-
otropin and prolactin release in infantile female rats. Endocrinology 101:
1517-23

Bailieu E, 1987. Antihormone-steroid hormonal activity, heat-shock protein
hsp 90 and receptors. Horm Res 28:181-95

Bardin C, Brown T, Isomaa V, Jinne O, 1984. Progestins can mimic, inhibit and
potentiate the actions of androgens. Pharmac Ther Vol 23:443-59

Bolton AE, 1977. Experimental protocols for the radioiodination of proteins
and other compounds. In: Bolton AE (ed.), Radioiodination Techniques.
Review 18. Arlington Heights: Amersham/Searle Corp., p. 45

Brann DW, Rao IM, Mahesh VB, 1988. Antagonism of estrogen-induced pro-
lactin release by progesterone. Biol Reprod 39:1067-73

Bullock L, Bardin C, Sherman M, 1978. Androgenic, antiandrogenic, and sy-
nandrogenic actions of progestins. Role of steric and allosteric interac-
tions with androgen receptors. Endocrinology 103:1768-82

Calderon J, Muldoon TG, Mahesh VB, 1987. Receptor-mediated interrelation-
ships between progesterone and estradiol action on the anterior pituitary-
hypothalamic axis of the ovariectomized immature rat. Endocrinology
120:2428-35

Celotti F, Avogadri N, Negri-Cesi P, Martini L, 1982. Effect of Sa-androstan-
17B-0l-3-one (DHT) and Sa-androstan-3a-178-diol (3a-diol) on ether-
induced prolactin secretion. Experientia 38:862

Chandrasekhar Y, Armstrong DT, 1988. The antiandrogen, hydroxyflutamide
reduces progesterone receptor numbers in the rat uterus. Endocrinology
(Suppl.) 122:708 (Abstr.)

Chen CL, Meites J, 1970. Effect of estrogen and progesterone on serum and
pituitary prolactin levels in ovariectomized rats. Endocrinology 86:
503-10

Denef C, 1983. Sa-Dihydrotestosterone formation and its functional signifi-
cance in rat anterior pituitary, subpopulations of gonadotrophs and cell
culture. J Steroid Biochem 19:235-39

Dohler KD, Wong CC, Miihlen A, 1978. Comparative effects of gonadal hor-
mones on prolactin release in male and female rats. Acta Endocrinol
(Suppl. 215) 87:5-8

Dohler K, Wuttke W, 1974. Serum LH, FSH, prolactin and progesterone from
birth to puberty in female and male rats. Endocrinology 94:1003-07

Fuentes M, Muldoon T, Mahesh VB, 1988. The action of progesterone on occu-
pied and total estrogen receptors in the adult ovariectomized rat primed
with estradiol. Endocrinology (Suppl.) 122:716 (Abstr.)

Giacomini M, Wright F, 1980. The effects of progesterone and pregnanedione
on the reductive metabolism of dihydrotestosterone in human skin. J Ste-
roid Biochem 13:645-51

Gibori G, Richards JS, Keyes PY, 1979. Synergistic effect of prolactin and
estradiol in the luteotropic process in the pregnant rat: regulation of estra-
diol receptor by prolactin. Biol Reprod 21:419

Handa R, Reid D, Resko J, 1986. Androgen receptors in brain and pituitary of
female rats: cyclic changes and comparisons with the male. Biol Reprod
34:293-303

Handa R, Stadelman H, Resko J, 1987. Effect of estrogen on androgen receptor
dynamics in female rat pituitary. Endocrinology 121:84-89

Haubbamaa M, Luukkainen T, 1975. Progesterone-binding properties of mi-
crosomes from pregnant rat uterus. J Steroid Biochem 6:1311-17

Haug E, 1979. Progesterone suppression of estrogen-stimulated prolactin secre-
tion and estrogen receptor levels in rat pituitary cells. Endocrinology 104:
429-37

Jénne O, Bardin C, 1984. Steroid receptors and hormone action: physiological
and synthetic androgens and progestins can mediate inappropriate biolog-
ical effects. Pharmacol Rev 36:358-42S

Kaira SP, Kalra PS, 1983. Neural regulation of luteinizing hormone secretion in
the rat. Endocr Rev 4:311-51

Keefer D, Dordai N, Mallonga R, Zicgler K, Shughme P, Ramirez P, 1987.
Dihydrotestosterone induces a sexual dimorphism in estrogen uptake by
specific anterior pituitary cell types in vivo. Cell Tissue Res 249:477-79

Labrie F, Ferland L, Denizeaw F, Beaulicu M, 1980. Sex steroids interact with
dopamine at the hypothalamic and pituitary levels to modulate prolactin

1207

secretion. J Steroid Biochem 12:323-30

Lu K, Hopper B, Vargo T, Yen S, 1979. Chronological changes in sex steroid,
gonadotropin and prolactin secretion in aging female rats displaying dif-
ferent reproductive states. Biol Reprod 21:193-203

Mahesh VB, 1983. Various concepts of pathogenesis of polycystic ovarian dis-
case. In: Mahesh VB, Greenblatt RB (eds.), Hirsutism and Virilism. Bos-
ton: John Wright PSG Inc., pp. 247-76

Mahesh VB, Mills TM, Bagnell CA, Conway BA, 1987. Animal models for
study of polycystic ovaries and ovarian atresia. In: Mahesh VB, Dhindsa
DS, Anderson E, Kalra SP (eds.), Regulation of Ovarian and Testicular
Function. New York: Plenum Press, pp. 237-58

McPherson JC, Mahesh VB, 1979. Dose-related effect of a single injection of
progesterone on gonadotropin secretion and pituitary sensitivity to LHRH
in estrogen primed castrated female rat. Biol Reprod 20:763-72

Meites J, Shelesnyak M, 1957. Effects of prolactin on duration of pregnancy,
viability of young and lactation in rats. Proc Exp Biol. NY, 94:746-49

Moore R, Gazab J, Wilson J, 1979. Regulation of cytoplasmic dihydrotestoster-
one binding in dog prostate by 17B-estradiol. J Clin Invest 63:351-57

Ojeda SR, McCann SM, 1974. Development of dopaminergic and estrogenic
control of prolactin release in the female rat. Endocrinology 95:
1499-1505

Parrott R, Hills F, 1979. Serum prolactin levels in castrated rams at various
times of the year and during treatment with androgens or oestrogen. J
Endocrinol 83:27-30

Philibert D, 1985. RU38486: an original multifaceted antihormone in vivo. In:
Agarwal MK (ed.), Adrenocorticoid Antagonists. Berlin: Walter de Gruy-
ter, pp. 1-25

Philibert D, Deraedt R, Teutsch G, Tournemine C, Sabiz E, 1982. Endocrine
Society, 64th Annual Meeting, San Francisco: Abstr. # 668

Poulin R, 1988. Androgens suppress immunologically detectable estrogen and
progesterone receptors in ZR-75-1 human breast cancer cells. Endocri-
nology (Suppl.) 122:1308 (Abstr.)

Rao IM, Mahesh VB, 1986. Role of progesterone in the modulation of the
preovulatory surge of gonadotropins and ovulation in the pregnant mare's
serum gonadotropin-primed immature rat and the adult rat. Biol Reprod
35:1154-61

Richards JS, Williams JJ, 1976. Luteal cell receptor content for prolactin (PRL)
and luteinizing hormone (LH): regulation by LH and PRL. Endocrinology
99:1571-81

Rochefort H, Capony F, Garcia M, 1979. Mechanism of action of antiestrogens
and androgens on the estrogen receptor. J Steroid Biochem 11:1635-38

Russell D, Matrisian L, Kibler R, Larson D, Poulos B, Magun B, 1984. Prolactin
receptors on human lymphocytes and their modulation by cyclosporine.
Biochem Biophys Res Commun 121:8399-906

Saiduddin S, Zasscnhaus H, 1978. Effect of testosterone and progesterone on
the estradiol receptor in the immature rat ovary. Endocrinology 102:
1069-72

Sheridan P, 1983. Androgen receptors in the brain: what are we measuring?
Endocr Rev 4:171-78

Smanik E, Young K, Muldoon TG, Mahesh VB, 1983. Analysis of the effect of
progesterone in vivo on estrogen receptor distribution in the rat anterior
pituitary and hypothalamus. Endocrinology 113:15-22

Sponda J, 1984. Androgenic action of progestins and possible synandrogenic
properties of antiandrogens used in oral contraceptives. Gynecol Obstet
Invest 17:66-72

Tokarz R, Harrison R, Seaver S, 1979. The mechanism of androgen and estro-
gen synergism in the chick oviduct. J Biol Chem 254:9178-84

Tran T, Gibbons W, 1983. Evaluation of androgen antagonism of estrogen ef-
fect by dihydrotesto-tcrone. J Steroid Biochem 19:1513-20

Wright F, Kirchhoffer M, Giacomini M, 1978. La progesterone antiandrogene
natural. 142 Reunion des andocrinologistes de langue francaise. Brest Mai
2:28

Wright F, Kirchhoffer M, Mauvais-Jarvie P, 1979. Antagonist action of dihy-
droprogesterone on the formation of the specific dihydrotestosterone-
°"‘°"'§'f'£i° receptor complex in rat ventral prostate. J Steroid Biochem
10:41





