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Abstract. We investigated the role of the adrenal glands in the maintenance of serum
testosterone concentrations during the 4-day estrous cycle in the rat. Animals were un-
treated, adrenalectomized (ADX), or sham-ADX. The operations did not alter with the
length of the estrous cycle. Three to five estrous cycles after surgery, we decapitated rats for
the collection of trunk blood and measured the FSH, LH, and testosterone in the serum by
radioimmunoassays. Serum FSH and LH concentrations were similar in the three groups of
rats during the estrous cycle except at 1000 hr of estrus when serum FSH levels were lower
in the untreated rats than in the other two groups. In untreated rats, serum testosterone
concentrations were lowest during estrus and highest after the onset of the preovulatory
surges of FSH and LH in serum during the afternoon of proestrus. No significant differences
in serum testosterone concentrations were observed between groups except that levels in
the ADX rats were lower than levels in the untreated rats at 1000 and 1800 hr of diestrous
day 1, and levels in the ADX rats were lower than levels in the sham-ADX rats at 0600 hr of
estrus. Serum testosterone levels were undetectable in rats ovariectomized and adre-
nalectomized for 2 weeks. The results indicate that the adrenal glands contribute little to the
maintenance of serum testosterone levels during the rat 4-day estrous cycle and that the rise
in serum testosterone concentration from estrus to the afternoon of proestrus is likely the

result of ovarian secretions.

Steroids play a major role in the control
of anterior pituitary gland luteinizing hor-
mone (LH) and follicle-stimulating hor-
mone (FSH) secretion. Whereas various
studies have investigated the effects of es-
trogen and progesterone on gonadotropin
secretion in the cyclic female rat (1-3), few
studies have examined the effects of tes-
tosterone on cyclic gonadotropin release.
Testosterone has been implicated as play-
ing a role in FSH release during estrus (4).

There are a few studies in which serum
testosterone levels have been measured in
cyclic female rats (4—7). These studies in-
dicate that serum testosterone concentra-
tions are higher on proestrus than on other
days of the estrous cycle. Although serum
testosterone levels were measured at multi-
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ple times during the estrous cycle in a mix-
ture of 4- and 5-day cyclic rats (4), a critical
evaluation of serum testosterone concen-
trations during the periovulatory period in
the 4-day cyclic rat is lacking. Moreover,
the site of testosterone secretion which re-
sults in the cyclic variations in serum tes-
tosterone levels is not known. There is evi-
dence that both the ovaries and, to a lesser
extent, the adrenal glands may contribute
significantly to the total testosterone pro-
duction (6).

The purposes of this study were to
characterize serum testosterone concen-
trations during the rat 4-day estrous cycle
and to determine to what extent these tes-
tosterone levels represent adrenal gland se-
cretions.

Materials and Methods. Female Sprague
Dawley rats (Simonsen Laboratories, Inc.,
Gilroy, Calif.) were housed in a tempera-
ture-controlled (24—26°) room with the
lights on from 0500 to 1900 hr daily and
provided free access to Wayne Laboratory
rat chow and water. Starting 2 weeks after
the rats were first housed in our vivarium,
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we prepared vaginal smears daily by saline
lavage. Rats which exhibited two consecu-
tive 4-day estrous cycle were used (body
weight range was 201 to 316 g).

We bilaterally adrenalectomized (ADX)
rats between 0900 and 1300 hr on the day of
estrus under brief anesthesia according to
the method of Zarrow et al. (8) using a
single, dorsal midline skin incision. Con-
trols consisted of untreated rats and sham-
operated animals (Sham). The sham opera-
tion consisted of exposing but not touching
the adrenals. The ADX rats received 0.9%
saline to drink. Vaginal smears were pre-
pared daily to monitor the stages of the es-
trous cycle. The Sham and ADX rats which
continued displaying consecutive 4-day es-
trous cycles were decapitated during the
third to fifth estrous cycle after surgery.
Untreated controls which also demon-
strated a total of five to seven consecutive
4-day estrous cycles were decapitated at
the same times as were the Sham and ADX
rats. Trunk blood was collected and the
sera was stored at —20° for subsequent
measurement of FSH, LH, corticosterone,
and testosterone. After decapitation, a
search was made for remnants of adrenal
tissue in the ADX rats.

All samples were assayed for FSH and
LH in duplicate by the radioimmunoassay
method of Niswender et al. (9) as described
previously (10). Serum corticosterone con-
centrations were measured as described
previously (11). Corticosterone was deter-
mined in the serum of all 30 sham rats and
of 34 of the 39 ADX rats killed between
1400 hr of proestrus and 1000 hr of estrus
(serum samples from one rat killed at 1400
hr of proestrus, two rats killed at 0200 hr of
estrus, and two rats killed at 1000 hr estrus
were not measured).

Serum testosterone concentrations were
determined in 178 of the 189 samples by
radioimmunoassay methods described by
Abraham et al. (12) using an antiserum (No.
250) supplied by Dr. Gordon D. Niswender,
Colorado State University. In all cases, we
extracted the testosterone from 0.5 ml of
serum twice with 2.0 ml of freshly opened
diethyl ether. Serum testosterone (‘‘total
androgen’’) concentrations were measured
without chromatography. The anti-testos-
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terone sera used has been shown to ex-
hibit a 69% cross-reaction with Sa-dihy-
drotestosterone and a low cross-reactivity
with a large number of other steroids (13).
Serum testosterone concentration in pooled
blood collected from three rats which were
ovariectomized and adrenalectomized for a
total of 2 weeks was 7 pg/ml. This serum
blank was not different from our water
blank of 6 pg/ml. Values were determined
by subtracting the average value of water
blanks (6 pg/ml) and by correcting for
recovery (all recoveries were = 72%). All
samples were measured in a single testos-
terone assay. The within-assay coefficient
of variation was 9%.

Statistical comparisons of the data were
performed by two-way analysis of variance.
One-way analysis of variance was used
when the treatment caused a significant
difference among the three groups at any
time interval. Post hoc Newman—Keuls
tests were performed and P values < 0.05
were considered statistically significant.

Results. Neither operation had a signifi-
cant effect on the occurrence of consecu-
tive 4-day estrous cycles. Over 81% of un-
treated control, 8% of Sham, and 83% of
ADX rats displayed consecutive 4-day es-
trous cycles throughout the duration of the
experiment. The remainder of the rats had
one or more 5-day estrous cycles and were
not used.

We considered our rats to be completely
adrenalectomized for two reasons. First,
we were unable to detect remnants of adre-
nal tissue. Second, the ADX rats had low
serum corticosterone levels (<8 ng/100 ml).
These low levels are comparable to the
nonspecific fluorescence reported by others
(14). Sham rats had serum corticosterone
levels >40 ng/100 ml.

Serum FSH (Fig. 1) and LH (Fig. 2) con-
centrations during the estrous cycle were
similar to those reported in previous studies
(15, 16). In brief, serum FSH concentra-
tions rose (P < 0.01) in all groups of rats
between 1400 and 1800 hr of proestrus and
remained significantly elevated (P < 0.05)
through 1000 hr of estrus when compared to
the presurge FSH levels observed at 1400
hr of proestrus. No differences were ob-
served between groups except at 1000 h of
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Time During Estrous Cycle
FiG. 1. Serum FSH concentrations (mean + SE) in untreated (Control), sham adrenalectomized
(Sham ADX), and adrenalectomized (ADX) rats are plotted during the 4-day estrous cycle. The Sham
ADX and ADX rats were decapitated 2—3 weeks after surgery. The numbers within the bars indicate
the number of rats in each group. D1= diestrous day 1; D11 = diestrous day 2; P = proestrus; E =
estrus. The times encompass the interval from 1000 hr (10) of D1 to 1800 hr (18) of E. %% = P < 0.01.

estrus when serum FSH concentrations
were higher (P < 0.01) in the Sham and
ADX groups than in the untreated controls.
Serum LH concentrations increased (P <
0.01) dramatically from 1400 to 1800 hr of
proestrus in all groups. They then fell to
approach presurge LH levels by 2200 hr of
proestrus. No differences in LH concen-
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trations were observed between groups at
any of the time periods.

In untreated controls, serum testosterone
concentrations rose from low values on the
day of estrus to peak values on the after-
noon of proestrus (Fig. 3). A two-fold rise
(P < 0.05) in serum testosterone levels oc-
curred between 1800 hr of estrus and 1000

Time During Estrous Cycle
FiG. 2. Serum LH concentrations (mean + SE) in untreated (Control), sham adrenalectomized
(Sham ADX), and adrenalectomized (ADX) rats are plotted during the 4-day estrous cycle. See Fig. 1
for number of rats per group and see legend to Fig. 1 for details.
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Time During Estrous Cycle
F1G. 3. Serum testosterone concentrations (mean = SE) in untreated (Control), sham
adrenalectomized (Sham ADX), and adrenalectomized (ADX) rats are plotted during the 4-day estrous
cycle. % = P < 0.05. See legend to Fig. 1 for details.

hr of diestrous day 1. The serum testoster-
one concentration rose (P < 0.05) further
between 1000 and 1400 hr of proestrus and
reached peak values at 1800 hr of proestrus.
The levels then decreased (P < 0.01) by
2200 h of proestrus and from 2200 h of
proestrus to 0200 hr of estrus (P < 0.01).
Serum testosterone concentrations were
lower (P < 0.05) in ADX rats than in un-
treated controls at 1000 and 1800 hr of
diestrous day 1. However, testosterone
levels in the Sham rats at these two times
were not different from those observed in
the ADX or untreated rats. Serum testos-
terone levels in Sham rats were higher (P <
0.05) than those of ADX rats at 0600 hr of
estrus. No other statistically significant
differences were observed between any of
the groups throughout the estrous cycle.
Discussion. To our knowledge, this is
the first study to report serum testosterone
concentrations at several time periods dur-
ing the 4-day estrous cycle in unanesthe-
tized rats. Serum testosterone levels were
observed to increase gradually from low
levels on the day of estrus to peak levels
on the afternoon of proestrus. In general,
these results are similar to those of pre-
vious reports on serum testosterone levels
at various times during the 4- and/or 5-
day estrous cycle. In 4-day cyclic rats in

which blood samples were collected during
exposure to ether, plasma testosterone
concentrations were not different at 1000 hr
of estrus, diestrous day 1, and diestrous day
2 nor were they different at 1600 hr of dies-
trous day 2, 1000 hr of proestrus and 1600
hr of proestrus, but they did rise signifi-
cantly from 1000 hr of diestrous day 2 to
1600 hr of proestrus (7). In 5-day cyclic rats
in which blood samples were collected
during exposure to ether, plasma testoster-
one concentrations were low on the day of
estrus and on the day of diestrus and a sig-
nificant rise was observed between the day
of diestrus and the day of proestrus (6). In a
mixture of 4- and 5-day cyclic rats killed by
decapitation, serum testosterone concen-
tration rose gradually from low levels on
the day of estrus to peak levels at 1800 hr on
the day of proestrus (4). We observed
statistically significant rises in serum tes-
tosterone levels in untreated controls be-
tween 1800 hr of estrus and 1000 hr of dies-
trous day 1 and between 1000 and 1400 hr of
proestrus (Fig. 3). The rise which occurred
on proestrus preceded the onset of the LH
surge and the associated increase in serum
FSH concentration.

There are similarities between serum
testosterone and estrogen levels during the
4-day estrous cycle ((17—-19) and present
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study). The concentration of both hor-
mones is lowest on the day of estrus and
highest on the day of proestrus. The adrenal
glands secrete substantial amounts of es-
trogen and may play a major role in the
maintenance of serum estrogen levels dur-
ing the rat estrous cycle (19). Also,
estradiol-178 concentrations in the adrenal
venous and peripheral plasma appear to
parallel each other during the estrous cycle
(19). However, adrenal gland testosterone
secretion can not be considered to be
primarily responsible for the changes in
serum testosterone levels observed during
the estrous cycle.

Despite the fact that the adrenal glands
do secrete androgens (20), it appears clear
that they contribute little to the mainte-
nance of the levels of testosterone observed
in serum during the 4-day estrous cycle and
that they are not responsible for the in-
crease in serum testosterone levels ob-
served during proestrus. Although the ad-
renal glands do appear to play a role in in-
creasing serum testosterone levels from
1800 hr of estrus to 1000 hr of diestrous day
1 when one compares levels in ADX and in
untreated controls, this adrenal contribu-
tion was not observed when levels in ADX
rats were compared with levels in Sham
controls. In any event, any such adrenal
contribution to serum testosterone levels
appears to disappear at other times during
the estrous cycle.

The absence of testosterone or any other
secretion by the adrenal glands did not
interfere appreciably with the periovulatory
increases in LH and FSH concentrations.
This is in agreement with previous reports
(11, 21). As serum testosterone levels were
undetectable in ovariectomized— ADX rats
and not appreciably affected by adre-
nalectomy alone, it appears that any effect
of serum testosterone levels on pituitary
gland gonadotropin secretions during the
rat estrous cycle must be mediated by
changes in ovarian testosterone secretion.
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