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WEINSTEIN, M. A., E. T. PLEIM AND R. J. BARFIELD. Effects of neonatal exposure to the antiprogestin mifepristone, RU
486, on the sexual development of the rat. PHARMACOL BIOCHEM BEHAV 41(1) 69-74, 1992. —RU 38486 (RU 486, mife-
pristone) is a potent progesterone receptor antagonist that has been used in humans in the pharmacologic induction of abortion.
The effects of exposure to RU 486 during the neonatal period of the rat has not been previously reported. We examined the
consequences of such exposure in the context of sexual development. Long-Evans rat pups were subcutaneously injected with
either 100 ng RU 486, 300 pg RU 486, 500 pg progesterone (P), or 50 wg testosterone propionate (TP) in 0.05 ml sesame oil,
or oil vehicle alone within 8 hours of birth, and 24 and 48 hours later. Treatment with either dose of RU 486 significantly
advanced the onset of vaginal opening in females and attenuated defeminization of the lordosis response measured in males cas-
trated as adults. As expected, TP-treated subjects were masculinized and defeminized, with females displaying fused vaginas and
neither males nor females demonstrating lordosis behavior. Treatment with P caused no significant alterations in either the timing
of vaginal opening or sexual behavior. These results indicate that RU 486 has clear developmental effects in the rat. Since this
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may well be a result of progesterone receptor blockade, further research is needed to clarify the processes involved.
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THE development of the antiprogestin RU 38486 (RU 486,
mifepristone) has provided the unique opportunity to study the
effects of reversible progesterone blockade on a variety of phys-
iological and pharmacological processes (39). The use of RU
486 followed by prostaglandin treatment in the pharmacologic
induction of abortion has been highly successful and well docu-
mented (2). Recently, there has been some concern over the
possible teratogenicity of RU 486 in failed abortion attempts
(6,25). Evidence supporting this position is limited to a study
which examined the effects of subabortive doses of RU 486 on
the fetal development of rabbits (31). In this report a small
number of fetuses were observed with morphologic anomalies
ranging from small size to necrotic destruction of part of the
brain and the absence of vertebral canal closure. However, there
has been no evidence of a teratogenic or fetotoxic effect of RU
486 in humans (2). Recently, a report cited three women who
gave birth to morphologically normal infants after treatment with
RU 486 but not subsequent administration of prostaglandin (33).
The use of RU 486 with oxytocin in the induction of parturition
(54) also warrants concern about possible adverse effects of this
substance on the neonate. To date, there has been no data on
the effects of perinatal exposure to RU 486 on the development
of behavior.

RU 486 also provides the opportunity to study the effects of
progesterone receptor blockade on the development of sexual

behaviors in rats. Progestin receptors have been isolated from
the brain and hypophysis of the rat during the perinatal period
sensitive for sexual organization (37). Thus it is possible that
progesterone may exert an influence on feminine sexual devel-
opment through its receptor.

The effects of androgens and estrogens in rodent sexual dif-
ferentiation have been studied extensively (13, 18, 24, 30), but
much less attention has been directed to a possible role for pro-
gesterone in this scheme. Early studies determined that proges-
terone can prevent androgenization in rat pups treated with
exogenous testosterone (5), and that it can block sterility induced
in female rats by exogenous testosterone and in male rats by es-
trogen (32). The latter authors suggested that endogenous pro-
gesterone may protect the fetus from the deleterious effects of
androgens, and that low progesterone levels during pregnancy
might be the cause of hypogonadal syndromes produced by an-
drogenic and estrogenic alterations of the hypothalamic- hy-
pophysial-gonadal axis. A similar study demonstrating the
antiestrogenic properties of maternal progesterone concurs with
these results (11). Other studies have shown that perinatal ad-
ministration of progesterone or R5020, a synthetic progestin ag-
onist, can impair ejaculatory frequency in male rats (8), attenuate
the defeminizing effect of androgens (36), increase feminine
sexual behavior in prenatally exposed females (16), impair mas-
culine sexual behavior in male rats (28) and reduce typical male
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aggressive behavior (29).

The role of ovarian secretions in the development of femi-
nine behavioral potential has been elucidated by studies in which
both male and female rats received ovarian grafts neonatally
(12,15). Furthermore, the results of Shapiro et al. (47) suggested
that the serum progesterone found in three-day-old female rats
may not only serve to protect the female from the normally high
levels of serum androgens and estrogens, but may exert a direct
influence on feminine sexual development. However, this work
has not been confirmed by others (10, 45, 52). Roh, Batten,
Friedman and Kim (46) employed the use of RU 486 in the
study of progesterone-dependent aspects of development. They
found that RU 486 antagonism of progesterone had no effect on
the maturation, cleavage, and fertilization of oocytes. In addi-
tion, RU 486 has been shown to cross the placenta in humans
(14), and it may alter fetal aldosterone levels (26). However, no
previous study has examined the consequences of neonatal ex-
posure of rats to RU 486. An experiment of this nature might
be useful in determining the role of progesterone in sexual dif-
ferentiation and whether progesterone is required for normal de-
velopment. The objective of this study was to investigate the
developmental consequences of neonatal exposure to RU 486.

METHOD
Hormones

Testosterone propionate (TP) was obtained from Schering
Corporation (Kenilworth, NJ), and 4-pregnen-3,20-dione (pro-
gesterone) was obtained from Steraloids, Inc. (Wilton, NH). RU
38486 was generously provided by Dr. D. Philibert of Roussel-
Uclaf (Romainville, France).

General Methods

Long-Evans rats were obtained from Blue Spruce Farms, Inc.
(Altamont, NY) in order to breed the subjects for this study. One
week before the expected date of parturition, each mother was
moved to a 25X 44 X 25 c¢m plastic tub with wood chip bedding
where she was left undisturbed until birth.

Within eight hours after birth (day of birth=day 1) each lit-
ter was reduced to four females and four males, and the pups
received experimental injections. Injection volumes were 0.05
ml, and all litter-mates received the same treatment. Injection
holes were sealed with Flexible Collodion (Fisher Scientific
Company, Fair Lawn, NJ) and the pups were coated in sesame
oil before being returned to their mother. Each pup was given
two additional injections twenty-four and forty-eight hours later.

Weaning took place on day 22, and ano-genital distance was
measured at this time with calipers. The pups were housed in
cages of two or three by treatment and sex, and Purina labora-
tory chow and water were provided ad lib. All pups were
weighed once every other week until day 56 in Experiment 1,
and only on day 22 and 30 in Experiment 2. Beginning on day
28 all females were examined daily for the presence of vaginal
opening.

Bilateral ovariectomies were performed during the tenth week
of life under Metofane anesthesia (Pitman-Moore Inc., Washing-
ton Crossing, NJ). Female sexual behavior tests commenced two
weeks later. These involved injecting the ovariectomized females
with 8 pg estradiol benzoate (EB) two days before testing and
200 pg progesterone (P) 4 h prior to each test. The animals were
then placed in a testing chamber (a 50 X 26 X 30 ¢cm glass aquar-
ium) with an experienced male, and, in a ten mount test, lordo-
sis quotient (percent of lordoses per mount by the male) and
lordosis score (lordosis rating from 0-3) (22,23) were recorded
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as well as the presence or absence of proceptive behaviors. Once
a week for the next two weeks the animals received the same hor-
mone treatments but were observed only during the second
week.

One week following the second behavioral test each female
was implanted with Silastic tubing (30 mm, 1.47 mm i.d., 1.96
mm o.d.; Dow Corning, Midland, MI) containing crystalline
testosterone propionate. The Silastics were implanted subcutane-
ously in the back of the neck during Metofane anesthesia. Two
weeks later, the females were tested for male sexual behavior.
The experimental female was placed in a testing arena (50 X
26 X 30 cm glass aquarium) and allowed five minutes to adapt
before the introduction of an estrous female. The following be-
haviors were observed and recorded on a four channel event re-
corder during a 30-minute test: mount latency (time to the first
mount), intromission latency (time to the first intromission),
ejaculation latency (time from the first intromission to ejacula-
tion), vocalization latency (time from ejaculation to vocalization
at 22 kHz), vocalization duration, and postejaculatory intromis-
sion latency (time from ejaculation to next intromission). Ultra-
sonic postejaculatory vocalizations were recorded with a bat
detector tuned to 22 kHz (Model S200, QMC Instruments, Ltd.,
London, England). Each animal was tested once a week for two
weeks.

At approximately 90 days of age the gonadally intact males
were tested for male copulatory behavior. Each animal was
placed in a 50x26x30 cm glass aquarium and allowed five
minutes to adapt. An estrous female was introduced into the
arena and mount latency, intromission latency, ejaculation la-
tency, vocalization latency, vocalization duration, and postejac-
ulatory intromission latency were recorded as described above.
Tests were terminated after the first intromission following ejac-
ulation, after 30 minutes if no intromission occurred, or if 20
minutes expired since the most recent intromission. Each subject
was tested once a week for four weeks.

At the conclusion of the masculine behavior tests each male
was castrated under Metofane anesthesia and two weeks later
tested for feminine behavior. For the first week of feminine test-
ing each male was injected with 8 pwg EB 48 h and 500 pg P 4
h prior to behavioral observation. The subject was placed in a
testing arena with an experienced male, and lordosis quotient
(LQ) and lordosis score (LS) were determined in a 10 mount
test as detailed above. Since the dose of EB employed resulted
in too few males displaying lordosis, the dose was increased to
30 pg for the following tests. The subjects were tested once a
week for three weeks.

Experiment 1

The purpose of this study was to determine if neonatal treat-
ment of rats with RU 486 would affect sexual differentiation.
Pups were divided into three treatment groups and injected with
either 100 pg RU 486, 50 g testosterone propionate (TP), or
oil control. TP was employed as a positive control in order to
provide a group of masculinized animals for comparative study.

Experiment 2

After the completion of the behavioral testing in Experiment
1, it was determined that a higher dose of RU 486 might have
been more effective. RU 486 does not dissolve easily in oil, and
100 g per 0.05 ml was the best that could be obtained. Since
an injection bolus of greater than 0.05 ml was undesirable, it
was decided that a suspension of 300 pug RU 486 in 0.05 ml
sesame oil would be used. This concentration provided a well
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FIG. 1. Advancement of vaginal openings by RU 486. Female subjects
were treated on postnatal days 1, 2, and 3 with either 100 pg RU 486
or control (oil).

distributed suspension and was mixed thoroughly before injec-
tion into the pups.

Recent work by our group (41) and others (7, 19, 20, 27)
has demonstrated that RU 486 possesses not only antagonist ac-
tivity, but progestin agonist activity. Thus it was difficult to in-
terpret results of Experiment 1 as due to the antiprogesterone
action of RU 486. It was certainly possible that any results ob-
tained were due to progestimimetic activity. Therefore, in this
experiment, progesterone was used to demonstrate the effects of
a clear progestin agonist on parameters of sexual differentiation.

Neonatal pups were injected with either 300 g RU 486, 500
ug P, or oil control.

Statistics

Statistical analyses were performed through the use of com-
puter programs for the Macintosh SE. The statistical tests were
carried out with Statview 512+ (BrainPower Inc., Calabasas,
CA) and Statworks 1.2 (Cricket Software Inc., Philadelphia,
PA). Where appropriate, nonparametric statistics were used (48).

RESULTS

Mortality

In Experiment 1, all treated pups survived at least until go-
nadectomy. In Experiment 2, the P-treated animals suffered 44
percent mortality with only 18 of 32 pups surviving the treat-
ment by the time of weaning. In neither experiment did RU 486
result in mortality.

Effects of Treatment on Vaginal Introitus

Treatment with 100 pg RU 486 in Experiment 1 clearly ad-
vanced the time to vaginal opening in female rats (Mann-Whit-
ney, U=130.5, p<<0.002). The mean time to vaginal introitus for
RU 486 subjects was 33 days as compared to 36 days in oil-
treated controls (Fig. 1, Table 1). All females treated with TP
displayed permanently fused vaginas and were therefore left out
of the statistical analysis.
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TABLE 1

FREQUENCY AND CUMULATIVE DISTRIBUTIONS OF THE
DAY OF VAGINAL OPENING IN FEMALE SUBJECTS EXPOSED
TO NEONATAL RU 486, PROGESTERONE, OR CONTROL

Age (days) at Vaginal Opening
Treatment n Distribution 31 32 33 34 35 36 37 38 39 40 41

RU 486 Frequency 1 4 5 5§ 2

100 pg* 17 Cumulative 1 5 10 15 17

Control Frequency 21 71 3 1 0 2 1
Exp. 1 18 Cumulative 2 10 11 14 15 15 17 18
RU 486 Frequency 4 7 5

300 pgt 16 Cumulative 4 11 16

Control Frequency 2 0 3 4 0 2

Exp. 2 11 Cumulative 2 2 5 9 911

Prog. Frequency 32 2 1

500 pg 9 Cumulative 4 6 8 9

Females treated with 50 pg testosterone propionate developed perma-
nently fused vaginas. All animals received the specified treatment on
each of the first three days of life.

*Differed significantly from experiment 1 oil control (p<<0.002).

tDiffered significantly from experiment 2 oil control (p<<0.02).

In Experiment 2, treatment with 300 pg RU 486 also accel-
erated time to vaginal introitus compared to controls (Mann-
Whitney, U=35.5, p<0.02) and there was an overall effect of
treatment on day of vaginal opening (Kruskal-Wallis, H’s=
7.708, p=0.021). The mean age of RU 486-treated subjects at
the time of vaginal opening was 34 days compared to 36 days
for oil-treated controls (Table 1). The average age for the
P-treated group was 35 days which was not significantly differ-
ent than the control. By day 35, 100 percent of both RU 486
treatment groups had displayed vaginal openings as compared to
67 percent of the P-treated subjects and 50 percent of oil-treated
controls (Table 1).

Feminine Sexual Behavior

The ability of castrated males to display feminine behavior
after sequential injections of estrogen and progesterone was sig-
nificantly affected by the treatments of Experiment 1. Neonatal
treatment with 100 pg RU 486 increased the lordosis response
of adult males. One-way ANOVA revealed significant effects of
treatment each week on lordosis quotient [week 1: F(2,43)=
4.86, p=0.013; week 2: F(2,43)=4.39, p=0.018; week 3:
F(2,43)=3.84, p=0.029] and lordosis score [week 1: F(2,43)=
4.76, p=0.014; week 2: F(2,43)=4.44, p=0.018; week 3:
F(2,43)=4.63, p=0.015]. Since the mean LQ scores for the

TABLE 2

MEAN (SEM) LORDOSIS SCORE RATINGS OF
EXPERIMENT 1 RESPONDING MALES ONLY

Treatment n Week 1 n Week 2 n Week 3
RU 486 5 6.4 (1.9 5 8.2(1.2) 5 12.8 (1.1)
0Oil 0 0 3 3.3 (0.9)* 2 5 @
TP 0 0 1 2% 3 2.7 (0.9)*

*Significantly less than 100 pg RU 486 scores (Fischer PLSD p<0.05).
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FIG. 2. Feminine behavior induced in males (Experiment 1). The data
includes only those animals that responded to sequential estrogen and
progesterone administration following castration. The number of re-
sponding animals appears in each bar. The animals were tested three
times as outlined in the text.

subjects were quite low, due to relatively few responders in each
group, it was decided that all nonresponders would be discarded
from the post hoc statistical analysis. Fischer PLSD post hoc
tests were performed between groups and the results are summa-
rized in Fig. 2 and Table 2. Additionally, only the RU 486
treatment group demonstrated perfect LQ scores of 100.

In Experiment 2, males treated during the first three days of
life with 300 pg RU 486 had significantly larger LQ scores than
the P-treated group or controls during all three tests [Fig. 3;
one-way ANOVA; week 1: F(2,35)=11.45, p=0.0001; week 2:
F(2,35)=17.73, p=0.0001; week 3: F(2,33)=18.41, p=0.0001].
The same trend was observed with LS scores. The proportion of
animals responding (LQ>0) to estradiol and progesterone by the
final test were 13 of 15 RU 486 subjects, 6 of 9 in the P §roup,
and 2 of 12 control animals responding by the final test, x“(2) =
13.78, p<0.01. (At the time of the last test one animal from the
oil group had died and one from the RU 486 group was sickly;
these were not tested during week 3.)

The treatment of neonatal female rats with TP in the dose
used on Experiment 1 virtually abolished the ability of female
adults to display feminine sexual behavior after ovariectomy and
hormone replacement. Neither treatment with RU 486 in Experi-
ment 1 or RU 486 or P in Experiment 2 resulted in any signifi-
cant alterations in feminine behavior in the females when com-
pared to controls.

Masculine Sexual Behavior

The neonatal treatment of male rat pups with RU 486 in Ex-
periment 1 and 2 resulted in no significant alterations in normal
male sexual behavior.

As in the masculine behavioral tests of males, similar tests
with the females revealed no significant differences between RU
486 and controls, and no differences in Experiment 2. Not sur-
prisingly, the only animals to have displayed ejaculatory motor
patterns and 22 kHz vocalizations were the females treated at
birth with TP. An equal number of animals in each group
showed the ability to mount and intromit.
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FIG. 3. Feminine behavior induced in males (Experiment 2). The data
includes all animals (responders and nonresponders). The animals were
tested three times as outlined in the text.

Effects of Treatment on Anogenital Distance and Body Weight

In Experiment 1 and Experiment 2 no significant effect of
neonatal treatment with RU 486 was found on the ano-genital
distance of the 22-day-old male or female rats. There was also
no significant effect of RU 486 on the body weight of the de-
veloping animals.

DISCUSSION

We report here that neonatal exposure to RU 486 in rats ac-
celerates time to vaginal opening and induces alterations in dif-
ferentiation of sexual behavior. However, in both males and
females, neonatal treatment with 100 g RU 486 had no signifi-
cant effect on the anogenital distance of 22-day-old rat pups.
Similarly, the results of Experiment 2 show that early postnatal
treatment with progesterone plays little role in the regulation of
anogenital distance.

Perhaps most surprising and significant was the effect of the
neonatal treatments on the day of vaginal introitus. It is difficult
to explain the advancement of vaginal opening in the RU 486-
treated females since it has been shown that TP exposure on day
4 or 5 caused advancement of vaginal opening in rats (24, 32,
35, 51), but when administered on day 1, it resulted in delayed
vaginal opening (36). Exogenous estrogen during early develop-
ment (day 5) has also been shown to induce advancement of
vaginal introitus (42). Therefore, pubertal advancement, dis-
played through vaginal opening, seems to be a concomitant of
defeminization in this group.

It is possible that in this study RU 486 has blocked an active
role of progesterone in the regulation of pubertal timing by in-
terrupting a progestin-mediated mechanism that postpones vagi-
nal opening in normal females. It is also of interest that neonatal
P administration did not alter the timing of puberty when com-
pared with oil controls. Although treatment with 300 pg RU 486
differed insignificantly from the P subjects, treatment with 100
wng RU 486 significantly advanced vaginal opening compared to
P subjects. The progesterone already present in the pup may be
at a sufficient level for delaying vaginal opening, therefore any
increase in progesterone would have little effect on the timing
of vaginal opening. This supports the interpretation that RU 486
interrupts a progesterone mediated process.
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RU 486 may exert this effect by altering the timing of the
maturation of ovarian hormone feedback on gonadotropin re-
lease. The prevailing view of timing of puberty is that shortly
before the onset of puberty an estrogen-positive hypothalamic
feedback mechanism matures (1). In addition, an increase in the
responsiveness of the ovaries to gonadotropins occurs which re-
sults in elevated estrogen levels (38). This is followed by a LH
surge which results in the onset of puberty (17,34). By blocking
progesterone at birth, RU 486 may significantly alter the sensi-
tivity of the hypothalamic and hypophyseal tissues to steroids by
interrupting a progesterone-dependent developmental process. It
has been shown that neonatal androgens can affect this sensitiv-
ity in a way that produces a premature LH surge, and thus, ad-
vancement of puberty (51). It has also been shown that neonatal
intracerebral implantation of testosterone was more effective in
advancing vaginal opening than subcutaneous injections suggest-
ing a neural site for regulation of vaginal introitus (51).

RU 486 has been reported to bind to androgen receptors and
also to behave as a weak androgen antagonist (40). Therefore,
the acceleration of vaginal opening by RU 486 is probably not
due to an androgenic defeminizing action. Recent evidence has
revealed that RU 486, in the presence of P, also acts as a pro-
gestin-like antiestrogen (53). Since the female neonate does not
provide a progestin-free environment, the antiestrogenic property
of RU 486 may be significant. However, in light of earlier stud-
ies which showed that estrogen advances vaginal introitus, this
property of RU 486 is probably not relevant here. In addition,
antiprogesterone serum has been shown to delay the onset of
vaginal opening when given to female rats on the day of birth
(50). It is difficult to compare this experiment to the present
study, but it demonstrates that absence of progesterone and
blockade of progesterone by RU 486 have different conse-
quences which suggests progesterone agonist properties of RU
486 in this setting. It is certainly possible that this may interrupt
the development of a progesterone dependent mechanism of pu-
bertal timing.

An interesting finding of this study was the complete lack of
toxicity of both doses of RU 486 in the rat pups. Despite the
ability of RU 486 to act as a potent antiglucocorticoid (4), no
adverse side effects were observed in any treated animal. The
extreme toxicity of progesterone observed in this study is con-
sistent with other reports. Diamond and Wong (9) observed 40
to 90 percent mortality within 50 days when they exposed
3-day-old rat pups to 1.25 mg or 5.0 mg progesterone. They
later suggested that this was due to anesthetic properties of the
particular doses of progesterone during neonatal life (8). The
pups in this study most likely suffered the same fate. There also
were no differences in the sex of those pups treated with P that
died as fifty percent of the mortality was seen in each sex.

The increase of feminine behavior in males by neonatal treat-
ment with RU 486 may be due to antidefeminization. There ex-
ist two possible explanations for this effect. First, RU 486 may
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act at the androgen receptor which would result in the attenua-
tion of androgenic defeminization and lead to the elevated lor-
dosis quotients observed in this study. This would be consistent
with the view that progesterone acts as an antiandrogen in the
developing rat and demonstrates progestimimietic activity of RU
486. This is certainly plausible in light of the work in our labo-
ratory (41) and others (7, 19, 27, 49) that has demonstrated
progestin agonist properties of RU 486. Therefore, RU 486 may
act as a weak progestin by attenuating the defemininizing ac-
tions of testoterone and influence feminine development in this
manner.

Second, Gerall, Dunlap, and Hendricks (15) have demon-
strated that ovarian secretions, which include progesterone, in-
fluence the expression of feminine behavioral potential in male
and female rats. Male and female rats that were gonadectomized
at birth were implanted with ovarian grafts or sham operated or
use as controls. Both sexes displayed an increase in feminine
behavior as adults when challenged with sequential injections of
EB and P after the grafts were removed. Although the control
males responded to female hormone therapy, those with ovarian
grafts during development demonstrated enhanced female recep-
tivity (12). Thus ovarian secretions including progesterone may
actively promote the development of maximum female potential,
a process that might ts termed feminization. Again, in our
males, RU 486 may have behaved as a progestin agonist.

To our knowledge this is the first report to describe the con-
sequences to rats of neonatal exposure to RU 486. Morphologic
abnormalities were observed in a small proportion of rabbit fe-
tuses from mothers treated with RU 486 during mid to late ges-
tation when abortion did not occur (31). Although infrequent,
fatlure of RU 486 to induce abortion in humans does occur and
one study has identified risk factors for failure (21). There has
been a recent report of three women treated with RU 486 for
early pregnancy termination who decided not to receive pros-
taglandin, given as an adjunct to RU 486 to promote abortion,
and did not subsequently abort the fetus (33). All three offspring
have shown no abnormalities in development at least to 15
months. However, since RU 486 crosses the placenta (14,26),
since it has been implicated as an adjunct to oxytocin in late
gestation to induce parturition (3,54), and since it has been
shown that in utero exposure of human fetuses to synthetic
progestins can result in subtle behavioral changes (43,44), simi-
lar effects in humans as reported here in rodents should be con-
sidered. Futher investigation on the mechanisms of RU 486 in
producing the effects cited in this study is needed.
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