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Abstract. Rats treated on Day 5 of life with testosterone propionate (TP) were tested
for their ovulatory response to pregnant mare’s serum gonadotropin (PMSG) on the
30th day of life with and without cardiac puncture under ketamine/xylazine anesthesia.
TP without cardiac puncture in doses of 0.625, 1.25, or 2.5 pg did not inhibit ovulation,
but 5.0 pg of TP inhibited ovulation in 15 of 16 rats. When cardiac puncture was
performed at 1900 hr in rats not given TP, seven of eight ovulated on Day 33. However,
none of the rats that received either 1.25 or 2.5 pg of TP ovulated after cardiac punc-
ture at 1900 hr, and only one of seven given the 0.625-ng dose ovulated. Thus, the
stress of bleeding greatly enhanced the inhibitory effect of otherwise ineffective
doses of TP. The preovulatory luteinizing hormone (LH) surge was delayed and di-
minished by neonatal TP in a dose-related manner in animals from which blood was
drawn from a previously inserted catheter. When blood drawn from similarly TP-
treated animals by cardiac puncture, serum levels of LH were further reduced. Pro-
gesterone, given at 1100 hr on Day 32, was capable of partially overcoming the inhib-
itory effects of the combined treatments on both ovulation and serum LH levels at all
but the highest dose of TP tested (5.0 pg). We conclude that neonatal exposure to
androgen sensitizes rats to ovulation-inhibiting factors, such as bleeding, in a manner
which appears to delay as well as inhibit the preovulatory release of LH. Such early
exposure to androgen, therefore, may determine the susceptibility of individuals to

reproductive failure in adult life.

[P.S.E.B.M. 1996, Vol 213]

igh-dose neonatal androgenization of the fe-
male rat results in an inability of the hypothal-
amus to respond to estrogen with an increase
in luteinizing hormone (LH) secretion in adulthood (1,
2). Estrogen administration fails to stimulate an in-
crease in norepinephrine (NE) turnover in the medial
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preoptic area (MPOA) or median eminence (ME) of
the androgen sterilized rat (ASR) as occurs in normal
animals (3). This is not due to a decrease in estrogen
receptor numbers or binding affinities in the preoptico-
hypothalamic region (4), and induction of progester-
one receptors by estradiol is normal in ASR (5). How-
ever, if NE is infused in the third ventricle in the pres-
ence of estradiol, a normal luteinizing hormone (LH)
response is observed. Thus, it appears that neonatal
androgen treatment of the female rat results in a defect
in the NE response to increasing estradiol titers.

Although progesterone does not increase the mag-
nitude of the LH response to either estradiol (3) or
electrical stimulation (6) in normal female rats, it in-
creases the LH response in ASR rats to that of the
normal control animals. However, in normal rats pro-
gesterone does advance the time of the LH surge by
1-2 hr (7).

The ability of the pituitary to respond to LH-
releasing hormone (LHRH) is apparently not affected
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in ASR, although the LH requirement in ASR for
ovulation is increased 5- to 10-fold over that of normal
rats (8).

Stress may also result in suppression of gonado-
tropin secretion in female rats. Footshock (9) and im-
mobilization but not several other stressors (10) result
in suppression of LH secretion in male or ovariecto-
mized female rats. Biggio ef al. (11) have reviewed the
function of GABA receptors in the brain and conclude
that these receptors play a major role in the patho-
physiology of stress and anxiety. Since antagonism of
either GABA-A or GABA-B receptors has been shown
to greatly amplify the LH response to NE, these in-
hibitory systems may represent a point of convergence
of the suppression of LH by both neonatal androgen
treatment and by stressors in adult life.

In order to test the hypothesis of an interaction
between stress and neonatal androgen, we exposed
rats to doses of androgen below the range that results
in the delayed anovulatory syndrome (DAS). DAS is
induced by treatment of the neonate with testosterone
propionate (TP) in doses between 5 and 10 pg. An-
ovulation occurs after an initial period of cyclicity and
fertility (12, 13). Loss of the positive feedback re-
sponse of the H-P axis to ovarian steroids eventually
leads to a loss of the preovulatory LH surge and ovu-
lation (1, 14). We therefore exposed rats to TP at doses
of 5.0 pg and less. Animals were given pregnant
mare’s serum gonadotropin (PMSG) on Day 30 of life,
to induce follicular development and ovulation, and
were bled at 1900 hr by cardiac puncture on Day 32
before checking for ovulation on the morning of Day
33. To assess the effects of a stressor we initially chose
to immobilize the animals. However, the bleeding un-
der ketamine/xylazine anesthesia proved to be a suffi-
cient stressor in itself. We also administered proges-
terone early on Day 32 to compare the effect on ovu-
lation with that previously described in unstressed,
neonatally androgenized rats.

Materials and Methods

Animals and Environment. Pregnant Sprague-
Dawley rats were purchased at 16-18 days of gestation
and maintained in air-conditioned quarters with a com-
mercial standard diet and water available ad libitum.
The lighting schedule was 14:10 hr light:dark, with
lights on between 0600 and 2000 hr. The day of birth
was defined as Day 1 if delivery was observed to occur
before 1700 hr.

Experimental Design. On Day 5 of life, all fe-
males of a litter received a single sc injection of either
0.0, 0.625, 1.25, 2.5, or 5.0 pg of TP in 0.1 ml of ses-
ame oil. All oil- or androgen-treated rats were weaned
at 21 days and were given 12 IU of PMSG sc in 0.1 ml
of isotonic saline on Day 30 between 0900 and 1000 hr.

We first investigated the dose dependency of the
effect of neonatal TP on ovulation. Rats were sacri-
ficed on the morning (10001100 hr) of the 3rd day
after PMSG administration (Day 33). Certain rats also
received 0.5 mg of progesterone in 0.1 ml of sesame oil
sc at 1100 hr on Day 32. In each group given a partic-
ular dose of TP some rats were bled (0.5 ml) at 1900 hr
of Day 32 by cardiac puncture within 10 min after an
injection of ketamine and xylazine (87 mgkg + 13
mg/kg body wt). Ovulation was ascertained by count-
ing ova in the oviducts on the morning of Day 33 (15).

Additional neonatally androgenized and normal
rats received cardiac catheters on Day 29. These cath-
eters were inserted into the jugular vein, exteriorized
through the skin at the back of the neck, and extended
outside the animal’s cages. The catheters were filled
with a solution of heparin (5 units/ml) and physiologi-
cal saline, and were sealed until blood samples were
drawn on Day 32.

All procedures involving animals were approved
by the Animal Care and Use Committee of Northwest-
ern University.

Hormone Assays. Serum was separated from
blood by centrifugation and was stored in sealed vials
at —20°C prior to assay. Serum LH was measured by
a double-antibody radioimmunoassay technique. Ma-
terials and the procedure were provided by the Na-
tional Hormone and Pituitary Program of the NIDDK,
NIH, at the University of Maryland. The reference
for the LH assay was NIH-rLLH-S25. The intra- and
interassay coefficients of variation were 12% and 14%,
respectively; the sensitivity of the assay was 0.02
ng/ml.

Statistical Analyses. Data are presented as
means + SEM. Differences between the numbers of
animals ovulating in the several groups were evaluated
by Fisher’s exact test. Differences in ova counts were
assessed by analysis of variance and Sheffe’s post hoc
test. Significance was considered to be reached at P <
0.05. There were 12 rats in the control group and 5 to
8 rats in each of the other groups.

Results

Effect of Neonatal Exposure to TP on Ovula-
tion. The effect of neonatal exposure to TP on ovula-
tion is presented in Table 1. All rats given neonatal TP
in the range of 0.625-2.5 ng ovulated following PMSG
treatment. The average number of ova shed in the
combined TP-treated groups did not differ from that of
the controls that received the sesame oil vehicle. How-
ever, with the higher dose of 5 pg TP, ovulation oc-
curred in only 1 of 16 rats, and that 1 released only five
ova.

Combined Effects of Bleeding and Neonatal TP
on Ovulation. Among rats that did not receive TP
neonatally, 87% ovulated with 20 + 2 ova per ovulat-
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Table I. Suppression of Ovulation by Cardiac
Puncture in Neonatally TP-Treated Rats and Its
Reversal by Progesterone

i Ova per
Dose Cardiac Number 4
of TP puncture Progesterone ovulating OVU:::'nQ
0.0 No - 12/12 22 +3
0.0 1900 hr + 7/8 20 + 2
0625 No - 5/5 232
0.625 1900 hr - 1/7 6
0.625 1900 hr + 6/6 14 + 2
1.25 No — 9/9 23+ 2
1.25 1900 hr — 0/9 0
1.25 1900 hr + 6/6 132
25 No - 5/5 17 + 2
25 1900 hr - 0/10 0
2.5 1900 hr + 5/5 9+04
5.0 No - 1/16 5
5.0 No + 5/5 12+2
5.0 1900 hr - 0/8 0
5.0 1900 hr + 1/5 11
120 [——1 Control
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Figure 1. Serum LH on Day 32 after PMSG (12 IU) on Day 30 in
rats treated neonatally with different doses of TP. Blood was
drawn from cardiac catheters that had been implanted on Day
29. *P < 0.01 and **P < 0.001 relative to control at 1900 hr; *P
< 0.01 relative to control at 2100 hr. The number of rats in the
control, 0.625, 1.25, and 2.50 ng TP groups was five, seven, and
seven, respectively. Vertical lines show one SEM.

ing rat after having been bled at 1900 hr on Day 32
(Table I). Among rats that received TP, only one rat
that had been given the lowest dose of TP (0.625 ng)
ovulated, and that one released only six ova. None of
the rats that received doses of 1.25 pg of TP or greater
and were bled under anesthesia at 1900 hr of Day 32
ovulated on Day 33.

Effect of Progesterone on Ovulation. After ad-
ministration of 0.5 mg of progesterone on the morning
(1100 hr) of Day 32, all rats given 5 ug of TP neonatally
ovulated after the standard PMSG treatment, but with
significantly fewer ova than animals not given TP.
However, progesterone treatment was not capable of
restoring ovulation in rats that had received 5 pg of TP
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Figure 2. Serum levels of LH at 2100 hr in rats that were bled by
cardiac puncture under anesthesia at 1900 hr or bled without
anesthesia through an indwelling cardiac catheter at the same
hour on Day 32 of age after receiving PMSG on Day 30. *P < 0.01
between groups with cardiac puncture versus those bled
through a catheter. There were between five and seven rats per

group.
and were bled under anesthesia at 1900 hr of day 32.
Only one of five such rats ovulated.

With lower doses of TP, however, progesterone
was effective in rescuing ovulation in all rats that were
bled at 1900 hr, albeit with a significantly lower num-
ber of ova than in control animals.

Luteinizing Hormone Levels in Neonatally An-
drogenized Rats. Plasma LH levels in unanesthe-
tized cardiac-catheterized rats on the afternoon and
evening of Day 32 after PMSG treatment are shown in
Figure 1. In control rats, the peak of the LH surge
occurred at 1900 hr. Doses of TP of 0.625 and 1.25 pg
resulted in significantly lower LH levels at 1900 hr and
with some increase at 2100 hr. The 2.50-pg dose,
which resulted in release of fewer than the normal
number of ova but did not inhibit ovulation in any such
treated rats, did not exhibit an increase in LH within
the time frame of the study.

Figure 2 shows a comparison of the serum LH
levels at 2100 hr in animals that received cardiac punc-
ture under ketamine/xylazine anesthesia at 1900 hr. All
animals received PMSG treatment on Day 30. It is
clear that there is an additional suppression in levels of
LH at this time point which is attributable to the stress
of the cardiac puncture procedure.

The effect of progesterone administration on se-
rum LH, when administered on the morning of Day 32
at 1100 hr, in rats that had received PMSG on Day 30
is shown in Figure 3. Progesterone produced signifi-
cant increases in serum LH concentrations which
were inversely related to the dose of TP that the ani-
mals had received.

Discussion

The normal pattern of central nervous system de-
velopment is affected by the presence of specific go-
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Figure 3. Serum LH measured at 1900 hr in rats bled by cardiac
puncture on Day 32 after receiving PMSG on Day 30. Progester-
one (0.5 mg) or vehicle was administered at 1100 hr on Day 32.
*P < 0.01 between groups with and without progesterone. There
were between five and eight rats per group.

nadal steroids during critical periods. Testicular tes-
tosterone secretion causes the brain to differentiate
along male lines (16-18). Neonatal exposure of female
rats to lower levels of TP, between 5 and 10 pg, results
in a condition described as the delayed anovulatory
syndrome, or DAS (12, 13).

In the present study, doses of TP less than 5.0 pg
had no effect on the percentage of animals ovulating or
on the number of ova released by immature rats in
response to PMSG. The effect of bleeding under keta-
mine/xylazine at 1900 hr alone was minimal as would
be expected, since this is well after the well-estab-
lished critical period for LH release (1400 hr) 2 days
after PMSG treatment (19, 20). Thus, in the present
study the combination of an ineffective neonatal dose
of TP and a bleeding procedure that was too late in the
day to effect LH release (7, 19-21) resulted in almost
complete inhibition of ovulation. Measurements of se-
rum LH on the evening of Day 32 revealed that neo-
natal TP treatment had an effect on the time and mag-
nitude of LH released in response to the PMSG treat-
ment. Doses that were more than 10-fold lower than
those used in previous studies still produced signifi-
cant suppression of the LH surge.

The inhibition of ovulation by bleeding under ke-
tamine/xylazine anesthesia in rats neonatally exposed
to a low dose of androgen was an unexpected finding
in this study. We were prepared to immobilize the an-
imals to study the interaction of neonatal TP and
stress, but the effect of bleeding at 1900 hr on the
evening before ovulation itself inhibited ovulation, and
so an additional stressor was not required. Neonatal
TP treatment resulted in sufficient delay in the LH
surge that the bleeding procedure, which was per-
formed at 1900 hr, was actually performed before the
LH surge. This permitted the two factors to act to-
gether to suppress the LH surge.

It is interesting to speculate about how neonatal
TP treatment could act to increase the susceptibility of
the animal to the effects of a stressor which was ad-
ministered shortly before the release of the preovula-
tory LH. High-dose neonatal TP treatment is known to
block the ability of estrogen to evoke increases in NE
in the hypothalamus (3). Low-dose TP may partially
inhibit this process such that the amount of NE re-
leased is limiting or nearly limiting. Any factor that
also impinges on the availability of NE would reduce
the amount of NE to a point that it is no longer suffi-
cient to stimulate LHRH release. A stressor such as
bleeding under anesthesia may act to decrease NE di-
rectly or to increase the turnover of GABA, an inhib-
itory neurotransmitter that is produced in the brain in
response to stress (11).

Progesterone restored ovulation in all TP-treated
rats even at the highest dose of TP. However, the
numbers of ova were decreased, even with the lowest
dose of TP, when the stress of bleeding was added to
TP treatment. Since serum LH levels were restored to
values that were not different from the group receiving
0.625 g of TP without cardiac puncture, the low num-
ber of ova in this progesterone-treated group cannot be
explained at this time.

To conclude, even though relatively low doses of
TP (0.625-2.5 p.g) do not affect PMSG-induced ovula-
tion, they result in a delay of the proestrus LH surge
by at least 4 hr. Because of the delayed LH surge,
cardiac puncture under anesthesia at 1900 hr of pro-
estrus was able to exert its effects before initiation of
the LH surge. The combination of low-dose neonatal
TP treatment and exposure to a mild stressor shortly
before LH release, neither of which inhibit ovulation
itself, inhibited PMSG-induced ovulation. Exogenous
progesterone counteracted the effect of neonatal ex-
posure to TP on ovulation but was less effective in
inhibiting the superimposed effect of bleeding under
anesthesia.
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