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Since the pioneering studies of Everett (1)
it has been recognized that the sex steroids
are intimately involved in the ovulatory surge
of the gonadotropins. When administered at
appropriate times during the cycle, either
estrogen or progesterone will advance ovula-
tion and LH release (1-6). Furthermore, the
initiation of the proestrous LH surge can be
prevented in rats by the administration of
antisera to either estrogen (7-8) or pro-
gesterone (7). Such types of studies suggest
that a rise in the sex steroids precedes the
proestrous LH surge. For example, Shaikha
(9) observed that the plasma estrogens peak
at approximately 1000-1200 hr proestrus
and reach nadir prior to the LH surge.
Similar changes have been reported in ovarian
secretion rates of 20-a-hydroxypregn-4-en-3-
one (10, 11). While Barraclough et al. (12)
were unable to demonstrate an increased
ovarian secretion rate of progesterone prior
to the LH surge, significantly elevated periph-
eral plasma concentrations of this steroid were
noted between 1000 and 1400 hr proestrus.
Feder et al. (13) have shown that the adrenal
glands contribute substantially to the periph-
eral progesterone plasma pool. Twenty-five
days following ovariectomy, this steroid was
still measurable in plasma and only after
adrenalectomy of such animals did plasma
progesterone disappear. Seemingly, the adrenal
secretion of progesterone is enhanced on the
morning of proestrus and acting synergisti-
cally with estrogen may play an important
role in the subsequent proestrous LH surge.

The present study evaluated the changes
which occurred throughout the rat estrous
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cycle in peripheral plasma concentration of
progesterone, the adrenal contribution to the
steroid pool and also correlated the observable
changes with the proestrous LH surge.

Materials and Methods. Sprague-Dawley
female rats were purchased and maintained
in a temperature and light controlled room
(14 hr light, 10 hr dark) for two weeks prior
to experimentation. Only those animals which
had demonstrated at least two consecutive
4-day estrous cycles were studied.

Groups of 6-9 animals were Nembutalized
(30 mg/kg body wt.) at appropriate times
throughout the estrous cycle, and the left
ovarian vein was cannulated as described pre-
viously (14). After a 10-min ovarian vein
blood sample was collected, a peripheral
sample was obtained from the abdominal
aorta,

Peripheral and ovarian plasma samples
were extracted twice with 10 volumes of
diethyl ether. A celite column was used for
separation of the progesterone according to
the procedure of Abraham et al. (15) and
the radioimmunoassay technique was utilized
for quantitation of the steroid (16).

Ovariectomy and/or adrenalectomy was
performed under ether anesthesia. Statistical
evaluations were performed by the Student ¢
test.

Results. In initial studies, ovariectomy
and/or adrenalectomy was performed on
diestrous day 2 at 0100 hr, and peripheral
concentrations and/or ovarian secretion rates
of progesterone were measured 24 hr later
(0100 hr proestrus). As shown in Fig. 1,
ovariectomy alone reduced peripheral plasma
progesterone by only 59% in 24 hr, whereas
adrenalectomy resulted in a 75% decrease
in peripheral plasma concentration without
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F1c. 1. Peripheral plasma concentrations and

ovarian secretion rates of progesterone in rats 24
hr after adrenalectomy (adrenalx) and/or ovari-
ectomy (ovaryx). The surgery was done at 0100 hr
diestrous day 2 and the collections made 0100 hr
proestrus. Vertical lines represent standard errors.
P, proestrus; DII, diestrous day 2.

altering ovarian secretion rates. Removal of
both adrenals and ovaries resulted in an al-
most complete disappearance of progesterone
from the peripheral plasma pool.

In Fig. 2 are illustrated the temporal
changes which exist in peripheral plasma
concentrations and ovarian secretion rates of
progesterone during the estrous cycle. Periph-
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eral plasma concentrations of progesterone
increased significantly (p < 0.01) between
1400 hr diestrous day 2 (2.13 =% 0.34 pg/100
ml) and 0300 hr proestrus (3.78 = 0.24),
even though ovarian secretion rates of the
steroid remained wunchanged during that
period. Plasma concentrations of progesterone
then fell to a nadir by 1000 hr. Significantly,
however, by 1300 hr proestrous values were
again elevated (p < 0.05). In our colony
the critical period extends from 1300 to 1500
hr so that the changes observed in plasma
progesterone occurred before LH release.
Ovarian secretion rates during the same in-
terval were not altered.

Associated with the period from 1300 to
1700 hr proestrus we observed a twofold rise
in peripheral plasma levels of progesterone
( < 0.01) while ovarian secretion rates were
enhanced tenfold (p < 0.01). This time
period corresponds to maximum increase in
plasma LH in our animals.

During estrus, peripheral plasma concen-
trations of progesterone remained elevated
between 0100 and 0500 hr and then fell to a
reduced level by 1000 hr (p < 0.025). On
the other hand, ovarian secretion rates
dropped from a high of 113.5 ng/min at
1700 hr proestrus to near basal levels of 20.7
ng/min at 0100 hr estrus.
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Fic. 2. Peripheral plasma concentrations (xg/100 ml) and ovarian secretion rates (ng/min)
of progesterone during the 4-day estrous cycle of rats. At 0100 hr proestrus a comparison is
made of intact, adrenalectomized (adx), and adrenalectomized-ovariectomized (ovx) animals
(solid portion of bar). Bar graphs indicate peripheral plasma concentrations, and ovarian secre-
tion rates are designated by the striped line. Standard errors are represented by vertical lines.

DI, diestrous day 1; DII, diestrous day 2.
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The changes observed in the peripheral
plasma concentration of progesterone during
proestrus and estrus was also present during
the two days of diestrus. Plasma values rose
from a low (2.89 == 0.32 pg/100 ml) at 1000
hr estrus to a peak (3.81 == 0.49 pg/100 ml)
at 0300 hr diestrous day 1 (p < 0.1). The
rhythm was the same the following day
rising from a reduced concentration at 1000
hr diestrous day 1 to an elevated level early
(0300 hr) on diestrous day 2 (p < 0.01)
and then decreasing to minimum by 1400
hr that same day. Although ovarian secretion
rates remained essentially unchanged during
this period, a small increase in the ovarian
secretion rate was observed during the after-
noon of diestrous day 1 (p < 0.01) and dur-
ing the morning of diestrous day 2 (p <
0.05) when compared to the 1000 hr diestrous
day 1 value.

Discussion. In confirmation of earlier ob-
servations by Feder ef al. (13) the adrenal
glands are a significant source of circulating
progesterone and only after removal of both
gonads and adrenal glands was plasma
progesterone reduced to insignificant levels.

From these studies it also is apparent that
a diurnal rhythm exists in the peripheral
plasma concentrations of progesterone during
the 4-day estrous cycle of rats. Plasma levels
of this steroid are at a nadir between 1000
and 1400 hr and then rise to a peak during
the early morning hours (0100-0500) on each
day of the cycle. Only between proestrus
and estrus is this rhythm somewhat masked
by the increased ovarian progesterone secre-
tion rate in response to LH release. Except
for the changes observed on the afternoon
of proestrus, ovarian secretion rates of this
steroid remained near a basal level throughout
the cycle. Therefore, the conclusion is that
the adrenal progesterone contribution was
responsible for this rhythm. Critchlow e al.
(17) demonstrated that a similar diurnal pat-
tern in corticosterone secretion exists in both
male and female rats. However, in their
studies, plasma corticosterone values were
high during the afternoon hours and were re-
duced in the morning. This reciprocal relation-
ship between progesterone and corticosterone
secretion by the adrenal gland may be related
to the use of progesterone as a precursor for
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corticosterone synthesis, More importantly,
it may be a mechanism by which increased
plasma concentrations of progesterone are
made available to synergize with estrogen in
altering thresholds of excitability within the
CNS prior to the proestrous surge of LH.
Resko (18) has demonstrated that adrenal
progesterone secretion is under ACTH con-
trol. Furthermore, stress-induced ACTH re-
lease not only results in increased adrenal
corticosterone but in increased progesterone
secretion as well (19). Since ACTH secretion
also follows a diurnal rhythm which is syn-
chronized by the light-dark cycle (17), a
similar pattern of adrenal progesterone might
be anticipated.

In a recent investigation (7) estrogen but
not progesterone antisera blocked ovulation
in female rats when administered at 1000 hr
diestrous day 2. However, injection of the
same progesterone antisera as late as 1700 hr
that day blocked the expected ovulation in 4
of 5 animals. Our study offers an explanation
for this observation: The 1000 hr diestrous
day 2 treatment may have been too early
to neutralize increasing plasma levels of
progesterone which occur between 0100 and
0500 hr proestrus, whereas later administra-
tion was effective.

Summary. A diurnal rhythm exists in
peripheral plasma progesterone concentrations
during the 4-day estrous cycle of rats. Peak
values in this rhythm were obtained during
the early morning hours (0100-0500), where-
as in the afternoon plasma concentrations of
the steroid were at a nadir. Ovarian proges-
terone secretion rates within this same period
remained unaltered, suggesting that the -
adrenal glands were responsible for these
fluctuations.

We are indebted to Miss Janet DeKeniS for her
excellent technical assistance during these studies.
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