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Summary-The purpose of this study was to determine if the similarity of effect of 
progesterone and androgens on antagonism of estrogen-induced prolactin release also applied 
to the regulation of LH and FSH release. An additional objective was to examine the effect 
of the antiandrogen, flutamide, upon the ability of progesterone to induce gonadotropin 
secretion. Using the ovariectomized estrogen-primed immature rat, testosterone propionate 
suppressed LH and FSH secretion, whereas dihydrotestosterone only suppressed serum LH 
levels. In contrast, progesterone significantly elevated both serum LH and FSH levels. Thus, 
with respect to regulation of gonadotropin secretion, the effects of androgens and progesterone 
were dissimilar. In the estrogen-primed ovariectomized immature rat, flutamide was found to 
suppress LH, FSH and PRL secretion. Progesterone (0.8 mg/kg body wt) was incapable of 
overcoming this suppressive effect of flutamide. The effect of flutamide on gonadotropin 
secretion required estrogen priming. The effect of flutamide in suppressing LH, FSH and PRL 
release was not through suppression of an adrenal steroid as shown by adrenalectomy or the 
use of RU486. In the PMSG primed immature rat, flutamide had no effect on basal 
gonadotropin levels or ovulation. However, flutamide antagonized progesterone and triam- 
cinolone acetonide-induced gonadotropin surges and blocked their ability to facilitate 
ovulation. These studies demonstrate that in the ovariectomized estrogen-primed immature rat 
flutamide has potent neuroendocrine regulatory ability leading to suppression of LH, FSH and 
PRL release. Flutamide also blocked progesterone and triamcinolone acetonide induced 
gonadotropin surges and ovulation in PMSG-primed immature female rats. 

INTRODUCTlON 

Estradiol is recognized to be the primary trigger for 

the preovulatory gonadotropin surge [ 1,2]. Recently, 
progesterone has also been demonstrated to be an 
important regulator of preovulatory gonadotropin 
secretion [3,4]. Whereas the role of estradiol and 
progesterone in the regulation of gonadotropin secre- 
tion in the female is well documented, the role of 
androgens is not as well understood. In the female rat 
the increase in serum androgen levels occurs at the 
same time as the increase in estrogen levels, and it has 
been suggested that androgens may be important 
regulators of gonadotropin secretion, either directly 
or through aromatization to estrogens [5-71. In a 
previous study, we demonstrated that dihydrotestos- 
terone and progesterone were able to antagonize 
estrogen-induced prolactin release [8,9]. Therefore, in 
addition to their direct effects, another mechanism of 
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action of androgens in regulating gonadotropin secre- 
tion could be through modulation of the effect of 
estrogen. The purpose of this study was to use an 
ovariectomized estrogen-primed immature rat model 
to compare the effect of progesterone to that of 
an aromatizable androgen, testosterone, and a 
non-aromatizable androgen, dihydrotestosterone, on 
gonadotropin secretion. Furthermore, during our 
study of the effect of progesterone and dihydrotestos- 
terone on estrogen-induced prolactin release, it was 
found that the antiandrogen, flutamide, blocked the 
action of progesterone in addition to blocking the 
effect of dihydrotestosterone [8]. Since flutamide is 
frequently used as an antiandrogen to study the role 
of androgens in female reproduction, the finding of 
antiprogestin-like activity warranted further investi- 
gation. Therefore an additional objective was to 
examine the effect of flutamide upon the ability 
‘of progesterone to induce gonadotropin secretion. 
These studies revealed some unexpected properties of 
flutamide. 
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EXPERIMENTAL 

E,strogen -primed owriectomi;erf rut modei 

Immature female Holtzman (virus-free) rdt.7 

I Madison. Wis.) were obtained at 25 days of age and 
bi!aterally ovariectomized on the next day under 
cthcr anesthesia. In studies in which adrenalec- 
tomizcd animals were utilized, adrenalectomy was 
performed at the same time as ovariectomy. The 
animals were maintained in air-conditioned rooms 
with a 14 h light: 10 h dark cycie (lights on at 0500 h; 
off at 1900 h EST) and were given water and rat chow 
rtlf lihitum. Adrenalectomized rats received 0.9% 
NaCl drinking water. In the estrogen-primed experi- 
ments, all animals were injected subcutaneously with 
;l 2 /I g dose of estradiol (Steraloids) in 0.2 ml of 20% 
ethanol -saline vehicle at 1700 h at 27 and 28 days of 
age. On the third day (29 days of age). the animals 
received either vehicle (50% ethanol-saline) or 
steroids (s.c.) at 0900 h. This regimen of estrogen 
priming has been shown to induce progesterone 
rcccptors and progesterone sensitivity but by itself 
dots not induce a gonadotropin surge[lO]. In the 
experiments utilizing ~utamide (~-nitro-3’-fluoro” 
iliethyljsobutyranilide), the antiandrogen was admin- 
istered intraperitoneally (i.p.) in propylene glycol at 
0800 on day 29. In experiments utilizing RU486 (I 7fl- 
hydroxy - I I /I - [4- dimethylaminophenyl] - 17~ - [prop - 
I-ynyl]-estra-4,9-diene-3-one), the antiprogestin 
(200 ilg:‘rat) was adminsitered i.p. in 0.1 ml ethylene 
glycol 1 h prior to flutamide administration. All 
animals were killed by decapitation at 1.500 h on day 
29 and trunk blood was collected. 

I’MSG -primed immature rut model 

Pregnant mare’s serum gonadotropins (PMSG) 
(8 IU) was adnlinistered S.C. in saline vehicle to 28 day 
old immature female rats at 0800 h. 24 h later, the 
animals received progesterone (Steraloids) (2 mg/rat), 
triamcinolone acetonide (Sigma) (2 mg/rat) or vehicle 
(5036 ethanol-saline) S.C. at 0800 h. Flutamide 
(S mg/ratf was administered i.p. 1 h prior to proges- 
terone or triamcinolone acetonide administration. 
For serum gonadotropin measurements the animals 
were sacrificed 10 h after steroid treatment (1800 h). 
Trunk blood was collected and allowed to clot for 
12 h at 4-C, after which the blood was centrifuged at 
2500 rpm for 30 min at 4°C and serum separated and 
stored at -2O’C for subsequent radioimmunoassay 
of LH and FSH. In the experiments to determine 
facilitation of ovulation, groups of animals were 
sacrificed by decapitation 24 h after steroid treatment 
(0800 h) and the oviducts were removed, cleaned of 
fat, mounted and pressed on a slide and viewed under 
;I microscope for the presence of ova. 

Radioimmunoassay of LH. FSN and prolactin 

The concentrations of LH, FSH and PRL in serum 
samples were analyzed by a double-antibody RIA 
method as described by Rao and Mahesh[4]. The 

purified hormones and standards and the first 
antibody for LH [NIAMDD-rLH-S-IO (rabbit)], 
FSH [NIAMDD-rFSH-SI 1 (rabbit)], and PRL 
[NIAMDD-r-PRL-S-9 (rabbit)] were obtained from 
NIDDK (National Hormone and Pituitary Pro- 
gram). The purified hormone was iodinated with ‘?‘;I 
(Amersham, Arlington Heights, Ill.) by the chlo- 
ramine-T method [l 11. The second antibody was pur- 
chased from Arnell Inc.. Brooklyn, N.Y. A 25% 
binding was obtained at 1: 46,825 and 1: 25,000 dilu- 
tions for LH and FSH antisera, respectively: and at 
1: 2,500 dilution of the PRL antisera. The assay was 
linear at 4-128 ngjtube for LH, X-512 ng/tube for 
FSH and 0.05-12.8 ng/tube for PRL. The intra- and 
interassay variabilities as determined by analysis 
of replicate serum pool samples were 9.6 and 12.4% 
for LH, 4.1 and 9% for FSH, and 7 and 11% for 
PRL. Hormone levels are expressed in terms of 
NIAMDD-RP-1 standard for LH and FSH and 
NIAMDD-RP-3 standard for PRL. 

Progesterone radioimmunoassa~ 

Progesterone was measured with a specific RIA 
procedure using D, antibody, which was well charac- 
terized and gave approximately 50% binding at 
I : 25,000 dilution [4]. The procedure involves ether 
extraction of serum. The dried ether extract was 
dissolved in phosphate buffer with gelatin and 
assayed for progesterone. The unbound hormone 
was removed by the dextran-coated charcoal absorp- 
tion method, and the bound steroid was counted in a 
Beckman Scintillation spectrometer (Beckman In- 
struments, Palo Alto. Calif.). The assay was linear 
between IO-200 pg/tube. To avoid interassay vari- 
ation all samples were saved and assayed together 
in one assay. The intraassay variation was 6%. 
Hormone levels are expressed as ng/ml serum. 

Statistical analysis 

The results given in the text are expressed as 
mean + SEM. Significance of difference was assessed 
by one way analysis of variance and compari- 
sons between treatment means were made by the 
Student-Newman-Keuls multirangc test. P < 0.05 
was considered significant. 

RESULTS 

Efects ~~ progesterone and ~~dr~gens upon LH and 
FSH in ovariectomized estrogen -primed immature rats 

The administration of testosterone propionate at 
0900 h on day 29 to ovariectomized immature rats 
primed with two consecutive daily injections of estra- 
diol (2 pg/day) resulted in suppression of both serum 
LH and FSH levels (Fig. 1). Doses of 0.8, 1.6 and 
10 mg/kg body wt of testosterone propionate signifi- 
cantly inhibited LH levels (P < O.Ol), whereas the 
0.4 mg/kg dose was ineffective. Doses of 1.6 and 
lOmg/kg body wt of testosterone propionate were 
not more effective than the 0.8 mg/kg body wt dose 
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Fig. 1. Effect of testosterone propionate on LH and FSH secretion in estrogen-primed ovariectomized rats. 
Ovariectomized immature rats were administered estradiol (2 pg) on day 27 and day 28 (1700 h). On day 
29 (0900 h) the animals received either vehicle (Veh), or testosterone propionate (TP). n = at least 6 

animals per group, **P < 0.01. 

for LH suppression. Serum FSH levels were signifi- 
cantly suppressed by all four doses of testosterone 
propionate (P < 0.01) (Fig. 1) with no difference in 
the degree of suppression among them. The non- 
aromatizable androgen, dihydrotestosterone (DHT), 
significantly suppressed serum LH levels at doses 
of 0.4, 0.8, 1.6, 10 and 20mg/kg body wt 
(P < 0.05-P < 0.01) (Fig. 2). There was no difference 
in the degree of suppression of serum LH with the 
different doses of DHT. DHT had no significant 
effect on serum FSH levels (Fig. 2). In contrast to the 
inhibitory effects of testosterone propionate and 
dihydrotestosterone, progesterone (0.8 mg/kg body 
wt) was found to significantly elevate both serum LH 
and FSH levels in estrogen-primed ovariectomized 
immature rats (P < 0.01) (Fig. 3). 

Effects of Jutamide on the progesterone-induced 
surges of LH, FSH and upon PRL serum levels in 
ovariectomized estrogen-primed rats 

Progesterone administration, as described above, 
resulted in LH and FSH surges 6 h after administra- 
tion in ovariectomized estrogen-primed immature 
rats (Fig. 3). Progesterone had no effect on serum 
PRL levels. The administration of the antiandrogen, 
flutamide, (5 mg/rat) 1 h prior to progesterone treat- 

ment completely blocked the progesterone-induced 
surges of LH and FSH (P < 0.01) (Fig. 3). PRL levels 
in the flutamide-progesterone treated group were also 
significantly reduced (P -C 0.01) (Fig. 3). Moreover, 
flutamide, by itself, in the absence of progesterone 
administration, was found to significantly suppress 
LH, FSH and PRL serum levels in ovariectomized 
estrogen-primed rats (P < 0.01) (Fig. 3). 

Effect ofjutamide on the ability of progesterone and 
the glucocorticoid, triamcinolone acetonide, to facili- 
tate gonadotropin secretion and ovulation in PMSG- 
primed immature rats 

The administration of pregnant mare serum 
gonadotropin (PMSG) to immature female rats 
will cause a gonadotropin surge at 54-56 h after 
administration and ovulation 72 h after treatment 
[ 121. However, progesterone administration 24 h after 
PMSG administration advances the gonadotropin 
surge and ovulation by 24 h [13]. We have recently 
demonstrated a similar effect by the glucocorticoid, 
triamcinolone acetonide [14]. As shown in Table 1, 
control animals, which received only PMSG, had an 
ovulation rate of 17%, an average of 1.2 ova/rat, and 
basal LH and FSH levels. Flutamide (5 mg/rat) had 
no significant effect on ovulation or gonadotropin 
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Fig. 2. Effect of dihydrotestosterone (DHT) on LH and FSH secretion in estrogen-primed ovariectomized 
rats. Ovariectomized immature rats were administered estradiol(2 pg) on day 27 and day 28 (1700 h). On 
day 29 (0900 h) the animals received either vehicle (Veh), or dihydrotestosterone (DHT). n = at least 5 

animals per group, *P < 0.05, **P < 0.01. 
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Fig. 3. Effect of flutamide on progesterone-induced gonadotropin secretion and prolactin release 
in estrogen-primed ovariectomized rats. The model is as described in Fig. 1. Flutamide’s dose was 
5 mg/rat, whereas progesterone’s (P4) dose was 0.8 mg/kg body wt. Flutamide was administered 1 h 
prior to progesterone. a = P < 0.01 vs controls; b = P < 0.01 vs controls: c = P < 0.01 vs progesterone- 

treated group. 

levels. Both progesterone and triamcinolone ace- 
tonide increased % ovulation to approximately 95%, 
the number of ova to 6.9 f. 0.7 and 7.9 + 0.9 re- 
spectively (P < 0.01) and both significantly increased 

serum LH and FSH levels over controls (P < 0.01). 
However, the administration of flutamide 1 h prior to 
progesterone treatment significantly decreased the % 
ovulation to 34% (P < O.Ol), the number of ova/rat 
to 1.0 + 0.3 (P < 0.01) and serum LH and FSH 
levels (P < 0.01). With respect to triamcinolone 
acetonide-induced ovulation and gonadotropin 
surges, flutamide pretreatment significantly decreased 
the % ovulation to 43% (P < 0.01) the number of 
ova/rat to 2.4 f 1.4 (P < 0.01) and significantly 
inhibited triamcinolone acetonide-induced surges of 
LH and FSH (P <O.Ol). 

Effects of,flutamide on serum LH, FSH and PRL 

in estrogen -primed vs non -estrogen -primed ovari- 
ectomized immature rats and dose dependency in 
estrogen -primed rats 

As shown in Table 2, flutamide (5 mg/rat) had 
no effect on serum LH, FSH or PRL levels in 
non -estrogen-primed ovariectomized immature rats. 

In contrast. flutamide effectively suppressed all 
three hormones, using the 5 mg/rat dose, in 
estrogen-primed ovariectomized immature rats. A 
dose-response in estrogen-primed ovariectomized 
immature rats revealed that the lowest dose of 
flutamide (0.5 mg/rat) had no effect on serum LH or 

FSH levels, but significantly inhibited PRL serum 
levels (P < 0.01). The intermediate dose of flutamide, 

2.0 mg/rat, effectively suppressed serum FSH and 
PRL levels in estrogen-primed ovariectomized rats 
(P < 0.01). Serum LH levels appeared to be lowered 

by the 2 mg/kg body wt dose of flutamide but the 
effect was not statistically significant. The 5 mg/kg 
body wt dose of flutamide effectively suppressed 
serum LH, FSH and PRL levels (P < 0.05, 
P < 0.01, P < 0.01, respectively) in estrogen-primed 
ovariectomized immature rats (Table 2). 

Effect of @amide on serum progesterone levels in 
ovariectomized rats and upon gonadotropin and pro- 
lactin release in adrenalectomized-ovariectomized rats 

To determine if flutamide was suppressing LH, 
FSH and PRL serum levels via inhibiting adrenal 
function or some product secreted by the adrenal 
(i.e. adrenal corticoids or progestins), the following 
series of experiments were carried out. 

In the first experiment, the effect of flutamide upon 
serum progesterone levels in ovariectomized rats was 
examined. Three groups of ovariectomized animals 
were utilized in this study: Group 1 received vehicle 
only; Group 2 received estradiol priming for two 
days; Group 3 received estradiol priming for two days 
and flutamide (5 mg/rat) on the third day. All animals 
were killed at 1500 h on the third day. As shown in 
Fig. 4, the estrogen-primed rats had significantly 
higher serum progesterone levels vs vehicle controls 
(P < 0.05). Flutamide treatment of the estrogen- 
primed rats resulted in a significant suppression of 
serum progesterone levels (P < 0.01 vs estrogen- 

primed controls), such that progesterone serum levels 

Table I. Effect of flutamide on the ability of progesterone (P,) and triamcinolone 
acetonide (TA) to facilitate gonadotropin secretion and ovulation in PMSG-primed 

immature rat 

Treatment Rats Average Serum Serum 
group ovulating ova/rat LH (w/ml) FSH (ng/ml) 

Control 17% I.2 * 0.5 92 i 5 I88 k 25 
Flutamide 16% I .o + 0.4 105*9 155 & 23 

P, 94% 6.9 f 0.7’ 596 + 76’ 872 f 94’ 
TA 95% 7.9 f 0.9’ 497 * 95’ II01 * 95’ 

Flutamide-P, 34%” 1.0 t 0.3” 229 f 64” 242 f 69** 
Flutamide-TA 43%** 2.4 + I .4” 71 +_ 8** 72 f 22** 

The doses used were: Rutamide (5 mg/rat), progesterone (PJ and triamcinolone ace- 
tonide (TA) (2 mgirat), PMSG (8 NJ/rat). Steroids were administered 24 h after 
PMSG. Flutamide was administered 23 h after PMSG. n = at least 6 animals per 
group. *Significant elevation vs controls (P < 0.01); **significant suppression as 
compared to P4 or TA-treated groups (P < 0.01). 
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Table 2. Effect of flutamide on serum LH, FSH and PRL levels in estrogen-primed vs 
non-estrogen-primed ovariectomized immature rats 

Treatment groups 

Veh-Veh-Veh 
Veh-Veh-Flutamide (5 mg) 
E2-E2-Veh 
EZ-E2-Flutamide (0.5 mg) 
E2-EZ-Flutamide (2.0 mg) 
EZ-EZ-Flutamide (5 ma) 

LH 
(nglml) 

192 k42 
177 f 20 
220 * 43 
280 f 43 

98 + 27 
44 + 8, 

FSH 
@g/ml) 

2442 * 157 
2273 k 174 
1985 + 205 
2056 f 136 
1048 + 136” 
1309 f 93** 

PRL 
@g/ml) 

27 + 3 
24 + 3 

18Ok40 
87 f 12** 
86 f 16** 
34 f 6** 

The model is the same as described in Figs I and 3. Non-estrogen-primed animals received 
vehicle instead of estradiol. n = at least 6 animals per group. *P < 0.05; **P < 0.01. 

in these estrogen-primed rats were no longer different 
from the vehicle controls. 

To conclusively rule out that flutamide’s inhibition 
of LH, FSH and PRL serum levels was due to 
suppression of adrenal function or through inhibition 
of some adrenal product, rats were ovariectomized 
and adrenalectomized, primed with estradiol, and the 
ability of flutamide to inhibit LH, FSH and PRL 
levels in these animals was assessed. 

As shown in Fig. 5, the removal of the adrenal did 
not alter flutamide’s ability to inhibit LH, FSH or 
PRL serum levels (P < 0.01). 

Efect of the antiprogestin, RU486, on jutamide 
inhibition of LH, FSH and PRL release 

The requirement of estrogen priming for flutamide’s 
effect could possibly indicate progesterone receptor 
mediation since progestin receptor concentrations are 
strongly dependent on estrogen for induction. Even 
though in the preceding experiment, the role of 
flutamide in inhibiting adrenal steroids was ruled out 
by adrenalectomy, further confirmation was sought 
by using the progesterone and corticosteroid antago- 
nist RU486. The administration of RU486 did not 
bring about any change in serum LH, FSH and PRL 
levels as compared to vehicle-treated controls, indi- 
cating that adrenal steroids that could be antagonized 
by RU486 did not play any role in the basal levels of 
LH, FSH and PRL in estrogen-primed vehicle treated 
immature ovariectomized rats (Fig. 6). RU486 

I veh-vth-veh 
q EtE2Jeh 

a q EtEYJlatamide 

Fig. 4. EtTect of tlutamide on progesterone serum levels in 
ovariectomized immature rats. The model is the same as 
described in Figs 1 and 3. Non-estrogen-primed ovariec- 
tomized rats (Veh-Veh-Veh) which received only vehicle are 
included for comparison to estrogen treated animals. Flu- 
tamide was used at a dose of 5 mg/rat. n = at least 6 animals 
per group. a = P < 0.05 vs Veh only (Veh-Veh-Veh) group; 

b = P -z 0.05 vs E,-E,-Veh group. 

(200 pg/rat) administered 1 h prior to flutamide ad- 
ministration in the estrogen-primed ovariectomized 
rat was also ineffective in blocking flutamide’s action 
of suppressing LH, FSH and PRL serum levels 
(Fig. 6). 

DISCUSSION 

Previous work from our laboratory has demon- 
strated that progesterone causes a rapid depletion of 
occupied nuclear estradiol receptors in the anterior 
pituitary [15, 161. During this period of progesterone 
effect on pituitary estradiol receptors, the ability 
of estradiol to induce pituitary progesterone recep- 
tors and prolactin release was found to be im- 
paired [9, 17. Subsequent studies have demonstrated 
that corticosteroids and androgens behave similarly 
to progesterone in antagonizing estrogen-induced 
prolactin release [8, lo]. Hence, the purpose of this 
study was to determine if the similarity of effect of 
progesterone and androgens applied only to antago- 
nism of estrogen-induced prolactin secretion or also 
to the regulation of LH and FSH release. Such a 
study was made possible by the use of the estrogen- 
primed ovariectomized immature rat model charac- 
terized previously, in which estrogen priming is 
sufficient to induce progesterone sensitivity [ 171 but 
not estrogen-induced gonadotropin surges [lo]. 

Using this model, the aromatizable androgen, 
testosterone propionate, was found to significantly 
inhibit both serum LH and FSH levels (Fig. 1). 
Dihydrotestosterone suppressed serum LH levels but 
had no significant effect on FSH levels (Fig. 2). 
Dihydrotestosterone was more potent in suppressing 
serum LH levels since the 0.4mg/kg body wt of 
dihydrotestosterone was effective while the same dose 
of testosterone propionate was ineffective (Fig. 1 vs 
Fig. 2). Other investigators have also reported dihy- 
drotestosterone to be more potent than testosterone 
in inhibiting LH secretion [7, 181. The lack of a 
significant effect on serum FSH levels by dihydro- 
testosterone, whereas testosterone propionate signi- 
ficantly suppresses serum FSH levels, may suggest 
that FSH suppression by androgens is through arom- 
atization to estrogens. In support of this, estrogens 
have been shown to be potent inhibitors of 
FSH secretion in many situations [l]. In contrast to 
the inhibitory effects of testosterone propionate 
and dihydrotestosterone, progesterone significantly 
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Fig. 5. Effect of flutamide upon serum LH, FSH and PRL levels in estrogen-primed ovariectomized and 
adrenalectomized immature rats. The model is the same as described in Figs 1 and 2 except adrenalectomy 
was also perfomed at the time of ovariectomy. The dose of flutamide was 5 mg/rat. n = at least 6 animals 

per group, **p <O.OI. 

elevated both serum LH and FSH levels (Fig. 3). 
Thus, using our model, the effects of progesterone 
and androgens on gonadotropin secretion were found 
to be dissimilar. This is in agreement with the major- 
ity of reports in the literature [3, 6, 7, 18, 191. 

In a previous study we reported that the anti- 

androgen, flutamide, blocked progesterone’s effect 
of inhibiting estrogen-induced prolactin release [8]. 
Flutamide’s active metabolite, hydroxyflutamide, 
has also been reported to block the proestrous 
surge of LH and ovulation in PMSG-primed 

immature rats [20], an effect which could be over- 
come by progesterone but not testosterone [21]. 
Therefore a second objective of this study was to 
examine flutamide’s effect on progesterone-induced 

gonadotropin secretion. 
In the estrogen-primed ovariectomized immature 

rat, flutamide (5 mg/rat) was found to suppress LH, 
FSH and PRL secretion directly in the absence of 
progesterone administration (Fig. 3). Progesterone 
(0.8 mg/kg body wt) was incapable of overcoming the 
suppression of serum LH, FSH and PRL levels by 
flutamide (Fig. 3). Flutamide significantly suppressed 
progesterone secretion in estrogen-primed ovariec- 
tomized rats (Fig. 4). However, the effect of flutamide 
in suppressing gonadotropin and prolactin release 
was not through suppression of adrenal secretion or 

inhibition of adrenal products such as progesterone 
or corticoids. as evidenced by its activity in adrenalec- 
tomized-ovariectomized rats and in RU486-treated 
rats (Figs 5 and 6). These findings suggest that the 
inhibitory effect of flutamide is mediated directly at 

the hypothalamic-pituitary level without adrenal or 
ovarian involvement. The ability of flutamide to 

suppress the release of LH, FSH and PRL release is 
not due to a “toxic” effect of flutamide. If this were 
the case, flutamide should also have suppressed LH, 
FSH and PRL release in the non-estrogen-primed 
ovariectomized rat; it did not (Table 2). The dose of 
flutamide used in our studies, 5 mg/rat, is a common 
dose used in a majority of the reports in the literature 
for antagonizing androgen action [20-221. A dose- 
response for flutamide revealed that PRL secretion 

was effectively suppressed by a IO-fold lower dose 
of flutamide (0.5 mg/rat); serum FSH levels were 
suppressed by a 2.5-fold lower dose of flutamide 
(2 mg/rat), whereas serum LH levels were only signifi- 

cantly suppressed by the 5 mg/rat dose of flutamide 
(Table 2). The suppressive effect of flutamide on 
gonadotropin secretion appears to require elevated 
levels of gonadotropins. When gonadotropin levels 
are basal as found in the PMSG-primed rat, 
flutamide was found not to reduce serum LH and 

FSH levels even though estrogens are present as 
evidenced by sensitivity to progesterone (Table 1). 
However, flutamide did significantly antagonize 

progesterone and triamcinolone acetonide-induced 
gonadotropin surges and blocked their ability to 
facilitate ovulation in the PMSG-primed rat. It is 
unclear whether this is an antiprogestational effect of 
flutamide or a direct effect inhibiting the systems 
responsible for the release of gonadotropins. On the 
other hand, flutamide can suppress gonadotropin 
secretion in the absence of progesterone when 

LH FSH PIU 

Fig. 6. Effect of the antiprogestin, RU486, upon the ability of flutamide to suppress LH, FSH and PRL 
release in estrogen-primed ovariectomized immature rats. The model is the same as described in Figs 1 
and 3. RU486 (200 pgkat) was injected 1 h prior to flutamide (5 mg/rat), n = at least 6 animals per group 

**p < 0.01. 
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gonadotropin levels are high. In our estrogen-primed 
ovariectomized rat model, serum gonadotropins in 
the non-estrogen primed rats are elevated in the 
morning hours as compared to estrogen-primed 
rats [lo]. By the time of sacrifice at 1500 h, the 
levels in both groups are similarly elevated because 
the last estrogen injection was given 22 h earlier 
(Table 2). In estrogen primed animals, flutamide 
reduced serum LH and FSH levels while it was 
unable to do so in the absence of estrogen priming 
(Table 2). Thus a gonadotropin suppressive effect 
of flutamide is demonstrated in the absence of 
progesterone and in the presence of estrogen priming 
and high gonadotrpin levels. This indicates a 
direct effect on gonadotropin secretion under these 
conditions. 

The mechanism of action of flutamide in suppress- 
ing LH, FSH and PRL release remain unclear. 
The requirement of estrogen priming could possibly 
suggest progesterone receptor involvement. However, 
progesterone receptor mediation of flutamide’s effects 
in our study seems unlikely as evidenced by the failure 
of the potent progesterone receptor antagonist, 
RU486, to block flutamide’s effects (Fig. 6). Addi- 
tionally, Chandrasekhar and Armstrong recently re- 
ported that hydroxyflutamide does not bind to the 
progesterone receptor in the rat uterus [23]. 

An alternative explanation for the requirement 
of estrogen priming for flutamide’s effect is that 
flutamide is acting through pituitary androgen 
receptors, which have recently been reported to be 
upregulated by estrogen [24]. It is intriguing that 
dihydrotestosterone, and especially testosterone pro- 
pionate, exhibited suppressive effects on serum LH 
and FSH levels similar to flutamide (cf. Figs 1, 2 
and 3). Also intriguing is the previous report that 
dihydrotestosterone and 5cr-androstane-3&,17/I-diol 
are capable of suppressing progesterone-induced LH 
and FSH surges in the estrogen-primed immature 
female rat [25]. These similarities between the effects 
of androgens and flutamide would seem to suggest 
androgen receptor mediation of flutamide’s effects in 
our study. Further studies are required to answer this 
question. 

In summary, this study demonstrates that in the 
ovariectomized estrogen-primed immature rat 
flutamide has potent neuroendocrine regulatory abil- 
ity leading to suppression of LH, FSH and PRL 
release. In the PMSG-primed intact immature rat 
flutamide blocked progesterone and triamcinolone 
acetonide induced gonadotropin surges and ovula- 
tion. In light of these findings, caution may be 
advisable in the use and interpretation of flutamide 
results in the female rat. 

Acknowledgements-This investigation was supported by 
Research Grant HD16688, NICHHD, NIH, U.S. Public 
Health Service. 

The authors wish to thank J. Mark Gresham for 
assistance with the progesterone radioimmunoassay. We 
are grateful to the Schering Corp., Bloomfield, N.J. for 

the donation of flutamide and to Roussel-Uclaf for the 
donation of RU38486. 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

REFERENCES 

Mahesh V. B.: The dynamic interaction between 
steroids and gonadotropins in the mammalian 
ovulatory cycle. Neurosci. Biobehau. Rev. 9 (1985) 
245-260. 
Mann D. and Barraclough C. A.: Role of estrogen and 
progesterone in facilitating LH release in 4-day cyclic 
rats. Endocrinology 93 (1973) 694699. 
McPherson J. C. and Mahesh V. B.: Dose-related effect 
of a single injection of progesterone on gonadotropin 
secretion and pituitary sensitivity to LHRH in estrogen- 
primed castrated female rats. Biol. Reprod. 20 (1979) 
763-112. 
Rao I. M. and Mahesh V. B.: Role of progesterone 
in the modulation of the preovulatory surge of 
gonadotropins and ovulation in the PMSG-primed 
immature rat and the adult rat. Biol. Reprod. 35 
(1986) 11541161. 
Dupon C. and Kim M. H.: Peripheral plasma levels of 
testosterone androstenedione and oestradiol during the 
rat oestrous cycle. J. Endocr. 59 (1973) 653-654. 
Martini L.: The Sa-reduction of testosterone in the 
neuroendocrine structures. Biochemical and physiologi- 
cal implications. Endocr. Rev. 3 (1982) l-25. 
Bever C.. Jaffe R. B. and Gav V. L.: Testosterone . 
metabolism in target tissues: Effects of testosterone 
and dihydrotestosterone injection and hypothalamic 
implantation on serum LH in ovariectomized rats. 
Endocrinology 91 (1972) 1372-1375. 
Brann D. W., Putnam C. D. and Mahesh V. B.: 
Antagonism of estrogen-induced prolactin release 
by dihydrotestosterone. Biol. Reprod. 40 (1989) 
1201-1207. 
Brann D. W., Rao I. M. and Mahesh V. B.: Anagonism 
of estrogen-induced prolactin release by progesterone. 
Biol. Reprod. 39 (1988) 1067-1073. 
Brann D. W., Putnam C. D. and Mahesh V. B.: 
Corticosteroid regulation of gonadotropin and pro- 
lactin section in the rat. Endocrinology 126 (1990) 
159-166. 
Bolton A. E.: Experimental protocols for the radio- 
iodination of proteins and other compounds. In 
Radioiodination Techniques (Edited by A. E. Bohon). 
Amersham/Searle. Arlington Heights, III. Review 18, 
p. 45. 
Parker C., Costoff A., Muldoon T. G. and Mahesh 
V. B.: Actions of pregnant mare serum gonadotropin 
in the immature female rat: correlative changes in 
blood steroids, gonadotropins and cytoplasmic estradiol 
receptors of the anterior pituitary and hypothalamus. 
Endocrinology 98 ( 1976) 129-l 38. 
Gallo R. V. and Zarrow M. X.: Effect of progesterone 
and other steroids on PMSG-induced ovulation in the 
immature rat. Endocrinology 86 (1970) 296-300. 
Brann D. W., Putnam C. D. and Mahcsh V. B: 
Corticosteroid regulation of gonadotropin secretion and 
induction of ovulation in the rat. Proc. Sot. Exp. Biol. 
Med. 193 (1990) 176-180. 
Smanik E., Young K., Muldoon T. G. and Mahesb 
V. B.: Analysis of the effect of progesterone in vit’, 
on estrogen receptor distribution in the rat anterior 
pituitary and hypothalamus. Endocrinolog), 113 (1983) 
15-22. 
Fuentes M., Muldoon T. G. and Mahesh V. B.: 
The action of progesterone on occupied and total 
estrogen receptors in the adult ovariectomized 
primed with estradiol. Endocrinology 122 (Suppl.) 
(1988) 716. 



294 DARRELL W. BRANN et al. 

17. Calderon J., Muldoon T. G. and Mahesh V. 9.: 21. 
Receptor-mediated interrelationships between proges- 
terone and estradiol action on the anterior pituitary- 
hypothalamic axis of the ovariectomized immature rat 
EndocrinoloPv 120 (1987) 2428-2435. 

18. Drouin J. and Labrie F.: Selective effect of androgens 22. 
on LH and FSH release in anterior pituitary cells in 
culture. Endocrinology 98 (1976) 1528-I 534. 

19. Zanisi M., Motta M. and Martini L.: Feedback activity 23. 
of testosterone and of its See-reduced metabolites. In The 
Endocrine Function of the Human Testis (Edited by V. 
James and L. Martini). Academic Press, New York, 
Vol. 1 (1973) pp. 431450. 24. 

20. Opavsky M. A., Chandrasekhar Y., Roe M. and 
Armstrong D. T.: Interference with the preovulatory 
luteinizing hormone surge and blockade of ovulation in 25. 
immature pregnant mare’s serum gonadotropin-primed 
rats with the anti-androgen drug, hydroxyflutamide. 
Biol. Reprod. 36 (1987) 636-642. 

Chandrasekhar Y. and Armstrong D. T.: Ability of 
progesterone to reverse anti-androgen (hydroxyflu- 
tamide)-induced interference with the preovulatory LH 
surge and ovulation in PMSG-primed immature rat. 
J. Reorod. Ferr. 85 (1989) 309-316. 
Peluso J. J., Stude‘ D. and Steger R. W.: Role of 
androgens in hCG-induced ovulation in PMSG-primed 
immature rats. Acta Endocr. 93 (1980) 505-512. 
Chandrasekhar Y. and Armstrong D. T.: The anti- 
androgen, hydroxyflutamide reduces progesterone 
receptor numbers in the rat uterus. Endo&-inologl 
122 (Suuol.) (1988) 197. 
Handa ‘R.,’ Stadeiman H. and Resko J.: Effect of 
estrogen on androgen receptor dynamics in female rat 
pituitary. Endocrinology 121 (1987) 84-89. 
Kraulis I., Naish S. J., Gravenor D. and Ruf K. 9.: 
5a-androstane-3a,l7fi-diol: inhibitor of sexual 
maturation in the female rat. Biol. Reprod. 24 (1981) 
445453. 


