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A B S T R A C T To delineate the role of estradiol in the
augmented pituitary gonadotropin responsiveness to
synthetic luteinizing hormone releasing factor (LRF)
seen during high-estrogen phases of the ovulatory cycles
(late follicular and midluteal phases), the anti-estro-
genic effect of clomiphene citrate (Clomid) on pituitary
response to LRF was evaluated during different phases
of the ovulatory cycle. Clomid administration (100 mg/
day X 5 days) completely negates the augmented gonado-
tropin responses to LRF (150 Ag) during late follicular
and midluteal phases observed during the control studies.
Thus, a quantitatively and qualitatively similar pituitary
sensitivity to LRF during three distinct phases of the
menstrual cycle was induced by Clomid treatment that
resembles the LRF responsiveness of the male pituitary.
The present study demonstrates the pituitary component
of the estrogen-induced changes in the sensitivity to
LRF. From this and previous data, we conclude that the
increases of estradiol secretion associated with the fol-
licular maturation and corpus luteum formation repre-
sent a major component of the feedback signal in the
modulation of cyclic gonadotropin release occasioned in
a large measure by the augmented pituitary sensitivity
to LRF.

INTRODUCTION
Although it has been suggested that ovarian estradiol
may be responsible for the initiation of midcycle gonado-
trpin surge, the mechanism(s) involved remain unclear
(1). Circumstantial evidence suggest that gonadal ster-
oids exert a profound influence on the pituitary response
to luteinizing hormone-releasing factor (LRF)'; an en-

Dr. Wang is a Research Fellow in Reproductive Endo-
crinology.

Received for publication 25 July 1974 and in revised form
13 September 1974.

'Abbreviation used in this paper: LRF, luteinizing hor-
mone releasing factor.

hanced pituitary responsiveness to LRF was found dur-
ing the high-estrogen phase of the menstrual cycle (2, 3)
and in subjects without ovarian function (4). On the
other hand, estrogen administration to levels equivalent
to those found at midcycle reduces the pituitary re-
sponsiveness to LRF in humans (5, 6) as well as in
monkeys (7). However, our recent studies have sug-
gested that estradiol exhibits both augmentation and in-
hibition on the pituitary responsiveness to LRF, which
is a time- and dose-related event (8-10). To delineate
further the role of estrogen in the feedback modulation
of gonadotropin secretion, the effect of an anti-estrogen,
clomiphene citrate (Clomid, Merrell-National Labora-
tories, Division of Richardson-Merrell, Inc., Cincinnati,
Ohio), on the pituitary responsiveness to synthetic LRF
during different phases of the menstrual cycle was
evaluated.

METHODS

Five regularly menstruating women with a usual cycle
length of 27-31 days volunteered for this study. The gonado-
tropin response to an i.v. bolus of synthetic LRF (150 dug)
were evaluated serially during the early follicular (day 3-
6), late follicular (day 10-13), and midluteal phases (day
20-24) of separate ovulatory cycles. This was followed by
Clomid, (100 mg daily dose) administered for 5 days dur-
ing these three phases of the cycle, and the gonadotropin
responses to the same dose of synthetic LRF were tested
on the last day of Clomid treatment. Ovulatory cycles were
determined by the presence of LH surge at midcycle and
by an elevation of progesterone level of greater than 5
ng/ml during the midluteal phase. During each LRF stim-
ulation, samples were obtained at 15-min intervals for 30
min before and 3 h after the injection of LRF.

Serum follicle-stimulating hormone (FSH) and luteiniz-
ing hormone (LH) concentrations were measured by spe-
cific radioimmunoassay and expressed as mIU/ml serum,
with the 2nd IRP-HMG as standard (11, 12). Comparison
of relative potency of 2nd IRP-HMG and pituitary standard
LER 907 in the radioimmunoassay system revealed 38 mIU/
,ug for FSH and 210 mIU/Ag for LH. All samples from
a serial study were measured in a single assay. The two-
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FIGURE 1 Serum LH and FSH concentrations (mean
+SE) 30 min before and 3 h after LRF (150 jug, i.v.) for
controls and for Clomid treatment during three different
phases of the menstrual cycle.

tailed Student t test and the analysis of variance were used
for the statistical analyses.

RESULTS
When compared with control, Clomid induced a con-
sistent elevation of basal gonadotropin levels in all ex-
periments (Fig. 1). With Student's t test, a statistical
significance was found during the late follicular and the
midluteal phases for LH (P < 0.05) and FSH (P <
0.02) but not during the early follicular phase. However,
by analysis of variance, basal FSH and LH levels in all
phases of Clomid-treated cycles were significantly ele-
vated (P < 0.025). This finding is consistent with our
previous study of the effect of Clomid during the nor-
mal menstrual cycle (13).

In control cycles, LRF (150 lg) induced a prompt
increase in circulating LH and FSH levels during all
three phases of the cycle studied (Fig. 1). A qualitative
and quantitative difference in the maximal rise was ob-
served that was greater for LH than for FSH; there
was more LH release in response to LRF during the
late follicular and midluteal phases than during the
early follicular phase; a delayed and more sustained peak
(90 min vs. 30 min for LH, 3 h vs. 45 min for FSH)
was seen uniquely during the late follicular phase of the
cycle. These findings confirm our previous data (1, 2).
With Clomid treatment, these differences were abolished
and an almost identical LRF responsiveness for both

LH and FSH during all three phases of the cycles was
observed.

Because of the elevated basal FSH and LH levels
after Clomid treatment in comparison with control
studies, further analyses of percent increment (A) from
basal values at zero time in response to LRF revealed a
more distinct progressive increase in ALH between
early, late follicular, and midluteal phases (Fig. 2). In
clear contrast, Clomid treatment induced a reduction of
both ALH and AFSH in response to LRF during all
three phases of the cycle. These effects were propor-
tionately greater during the late follicular and the mid-
luteal phases, and thus abolished the variation and quali-
tative differences in response to LRF seen during con-
trol studies.

DISCUSSION
The effect of anti-estrogen action of Clomid on the
pituitary responsiveness to LRF during the course of
ovulatory menstrual cycle has not previously been evalu-
ated. Wehave speculated that the increase in pituitary
gonadotropin responsiveness during the late follicular
phase and during the midluteal phase as compared to
the early follicular phase of the cycle is temporally re-
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FIGURE 2 The percent increase (mean+SE) above basal
levels of serum LH and FSH during the 3 h after a bolus
of LRF (150 pg, i.v.) for control and for Clomid treatment
during three different phases of the menstrual cycle.
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lated to a direct feedback action of increasing levels of
estradiol (1, 2). This interpretation is supported by
our observations that estrogen administration promotes
pituitary LH release in response to LRF with a de-
layed and sustained time course, similar to that seen dur-
ing the late follicular phase of the cycle (9, 10). Since
Clomid exerts an anti-estrogen action by competition of
estradiol receptor at the hypothalamic-pituitary sites
(14-16), administration of Clomid during different
phases of the ovulatory cycle should provide a direct
evidence of the role of estradiol in the feedback modula-
tion of pituitary sensitivity to LRF. The present study
clearly demonstrate that the variation of gonadotropin
responsiveness to LRF during the course of the ovula-
tory cycle can be completely negated by the administra-
tion of Clomid (Figs. 1 and 2). The reduction of pitui-
tary responses to LRF effected by Clomid is propor-
tionately greater during high-estrogen phases of the
cycle (late follicular and midluteal phases). In this
manner, a quantitatively and qualitatively similar pitui-
tary gonadotropin sensitivity to LRF during three dis-
tinct phases of the menstrual cycle was induced that
resembles the LRF responsiveness seen in normal male
subjects (8).

The precise mechanism (s) involved in the decrease
of pituitary sensitivity after Clomid treatment is not
entirely clear. Consistent with our present finding is the
interpretation that estrogen exerts a direct stimulatory
action on the pituitary gonadotrophs and thereby in-
creases sensitivity to LRF, and that Clomid may negate
this estrogen effect on the pituitary gonadotropin-pro-
ducing cells, resulting in a reduced LRF responsiveness.
Experimental evidence in rats both in vivo and in vitro
(17-20), as well as in humans (9), is rapidly accumu-
lating to support the stimulatory action of a direct estro-
gen-pituitary feedback. Our recent experiments in hu-
mans have afforded a more decisive demonstration in
which augmentation of pituitary sensitivity by estrogen
can be readily reproduced by the administration in ap-
propriate amounts and duration of estrogen and much
smaller doses of LRF in both normal and hypogonadal
women (21).

Although our data heightened the relationship of a
direct action of estrogen on pituitary gonadotrophs, a
concomitant change in endogenous LRF release may
have occurred. Although estrogen has shown to inhibit
LRF release, preliminary data suggest that rapid in-
crease in estrogen levels may promote LRF secretion
(22-24). Thus, the likelihood that the anti-estrogen ac-

tion of Clomid may reduce the hypothalamic release of
endogenous LRF and hence cause a decrease in pituitary
gonadotropin sensitivity and/or synthesis cannot be
overlooked, but remains to be elucidated. Available evi-
dence suggests that the competition of estradiol recep-

tors by clomiphene is greater at the level of pituitary than
at the hypothalamus (14, 25), and the specific estradiol-
binding capacity of the hypothalamus is only one tenth of
that found in the anterior pituitary (26). Therefore,
the possible contribution of this altered endogenous LRF
release may be small. Regardless of this potential con-
tribution of the altered endogenous LRF, possibly ef-
fected by Clomid, our present study demonstrates the
pituitary component of the estrogen feedback modula-
tion. In the physiological context, it is concluded that
the increased secretion of estradiol associated with fol-
licular maturation and corpus luteum formation repre-
sents a major component of the feedback signal in the
modulation of cyclic gonadotropin output, occasioned in
a large measure by the increased pituitary sensitivity to
LRF.
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