J. steroid Biochem. Vol. 22, No. 2, pp. 227-230, 1985
Printed in Great Britain. All rights reserved

THE EFFECTS OF RU486 ON THE LUTEAL
PHASE OF THE RHESUS MONKEY

RicarDo H. AscH* and FrANCIsCO J. Roias

Department of Obstetrics and Gynecology, The University of Texas Health Science Center at San
Antonio, 7703 Floyd Curl Drive, San Antonio, TX 78284, U.S.A.

(Received 19 July 1984)

Summary—RU486 is a steroid which possesses great affinity for the progesterone (P) receptor, but which
has no P activity. It has been shown to be, as a result, a potent P antagonist. In the present study, we
investigated the effect of this compound on the luteal phase of the rhesus monkey.

The day of ovulation was diagnosed with a +12h accuracy, using serial laparoscopies and serum
estradiol (E,) determinations, in regularly cycling rhesus monkeys. RU486 was administered by gavage
(10 mg daily) in different regimens during the luteal phase: Group 1, days 1-5; Group 2, days 5-9; Group
3, days 9-13; and Groups 4, days 9-13, plus hCG (30, 60, 90, 180 and 360 IU i.m. on days 6-10). RU486
induced vaginal bleeding within 24-72 h after the initial administration in Groups 1-3. Animals of Group
4 presented luteal lengths ranging from 9-12 days. Progesterone concentrations at the onset of vaginal
bleeding were 2.1 +0.3, 4.9+ 0.6, 2.6 + 0.4 and 11.2 + 1.5ng/ml (x + SEM) for animals of Groups 14,
respectively. Serum follicle stimulating hormone (FSH), luteinizing hormone (LH), E, and P levels were
not altered during treatment. The availability of a compound such as RU486, that consistently induces
vaginal bleeding due to its action at the target level (endometrium) without affecting the hormonal events
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of the menstrual cycle, opens a new approach to post-coital and interceptive contraception.

INTRODUCTION

In recent decades, special effort has been dedicated to
the development of methods that will interfere with
normal luteal function, in order to induce a post-
ovulatory form of contraception. Both basic and
clinical research have focused on altering the function
of the corpus luteum by inducing a deficiency of
alleged leuteotropic substances, or by administering
substances having luteolytic activity.

Various approaches directed toward neutralizing
the secretion and/or activity of endogenous
luteinizing hormone (LH) were experimentally devel-
oped and proved to be successful in inducing
luteolysis [1-3]. However, recent information has cast
doubt upon the need for LH in the maintenance of
luteal function in primates and, therefore, on the
above-mentioned approaches to inducing luteal
insufficiency {4, 5).

Other approaches have been based on the adminis-
tration of substances that inhibit luteal steroido-
genesis, thus inducing progesterone (P) deficiencies
and the subsequent early onset of mensus [6-8]. Pros-
taglandins have also been used to induce luteolysis in
several animal species, including human and non-
human primates [9-12]. However, neither of these last
two approaches have proved to be a consistent,
reproducible method of contraception, free of major
side effects [13, 14].

More recently, a new method of luteal con-
traception, based on the interference of P activity at
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the endometrium by utilizing antiprogestogen sub-
stances with competitive binding to the P receptor,
has been theorized [15]. The present study reports our
experiences on the effects of a new synthetic anti-
progestrogen steroid, 17f-hydroxy-11§-{4-dimethyl-
aminophenyl]-17x-[1-propynylJestra-4,9-dien-3-one
(RU486), on the Iluteal phase of the rhesus
monkey [16].

EXPERIMENTAL

Sexually adult female Rhesus monkeys (Macaca
mulatta) experiencing regular menstrual cycles were
selected for this study. The animals were individually
caged and exposed to centrally controlled tem-
perature (23 £+ 1°C), humidity (20%) and light-dark
photoperiod (0600-2000-0600). Details on housing,
feeding and general husbandry practices have been
described elsewhere [4].

Ovulation was detected with an accuracy of +12h,
using daily serum estradiol (E,) levels and serial
laparoscopies, as described previously (Fig. 1).[17].
Both blood drawing and surgical procedures were
performed under sedation induced with ketamine
HCl (5-7mg/kg; Vetalar®, Parke-Davis, Morris
Plains, NJ).

From the day of ovulation, blood (3 ml) was drawn
on a daily basis (0800) from a femoral or saphenous
vein for up to 17 days. Blood was centrifuged and the
serum stored at —20°C until determination of follicle
stimulating hormone (FSH), LH, E, and pro-
gesterone (P) by radioimmunoassays (RIAs) de-
scribed previously [17, 18]. All samples were assayed
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Fig. 1. Experimental design. Regularly cycling rhesus mon-

keys were divided into groups according to when RU486 or

vehicle (controls) was administered. Ovulation was diag-

nosed using daily serum estradiol measurements (@———@)
and serial laparoscopies.

in duplicate and in only one assay for each hormone
to reduce variability in the determinations. Assay
sensitivity was 800 ng/ml, 210 ng/ml, 20 pg/ml and
0.2 ng/ml for FSH, LH, E, and P, respectively. Intra-
assay coefficients of correlation at a 70%, maximum
binding rate were 2.8, 5.3, 8.4 and 3.7 for FSH, LH,
E, and P, respectively.

Animals were divided into four groups
{n = 5/group) according to the schedule of adminis-
tration of RU486, or RU486 plus human chorionic
gonadotropin (hCG). RU486 was administered by
gavage in daily doses of 10mg in the following
schedule (Fig. 1)

Group 1-—From day | to day 5, postovulatory.

Group 2—From day § to day 9, postovulatory.

Group 3—From day 9 to day 13, postovulatory.

Group 4—From day 9 to day 13, postovulatory,
plus increasing doses of hCG (30, 60, 90,
180 and 360 IU i.m. from day 6 to day
10, postovulatory) that mimic the early
secretion of macaque chorionic gonad-
otropin (mCG) in the rhesus monkey
gestation {19, 20].

Each group was compared to a control consisting of
animals (n = 5/group) treated with vehicle (lactose)
instead of RU486 in an experimental protocol identi-
cal to that explained above. Onset and duration of
vaginal bleeding were determined by daily vaginal
swabbings.

Comparison among groups in terms of length of
the luteal phase and of hormone levels was carried
out by Student’s r-test and analysis of variance.
Differences were considered statistically significant
when less than P = 0.05.

RESULTS

Table 1 shows the length of the luteal phase in
animals from Groups 1 to 4 (treated with either
vehicle only, RU486, or RU486 plus hCG). It is clear
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Table 1. Length of the luteal phase (days post-

ovulation until the onset of vaginal bleeding

X + SEM) in animais of Groups 1-4 treated with
either vehicle or RU486

Vehicle RU486 P
Group | 13+2.0 4+12 <0.001
Group 2 14+15 8+0.6  <0.00!
Group 3 15+21 10£11 <0.05
Group 4 17+33 11413 <0.001

that, whereas vehicle appears to have no effect on the
normal length of the luteal phase, the administration
of RU486 significantly induced early onset of menses
in all groups tested. Furthermore, the earlier in the
cycle RU486 was administered, the earlier the onset
of vaginal bleeding.

Figures 24 show the hormone levels in animals of
all groups, comparing the RU486-treated monkeys
with the control animals. No significant changes were
observed for FSH, LH, E, or P. Serum P concen-
trations at the onset of vaginal bleeding induced by
RU486 (X +SEM) were 2.1+03, 49406,
26104 and 11.2 4+ 1.5ng/ml for Groups 1-4, re-
spectively.
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Fig. 2. Serum concentrations of FSH, LH, estradiol (E,)

and progesterone (P) in animals from Group 1 that received

either RU486 or vehicle (controls) from day 1-5 post-

ovulation. Onset of vaginal bleeding is depicted by

in vehicle-treated animals and by B in RU486-treated
animals.
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Fig. 3. Serum concentrations of FSH, LH, estradiol (E,)

and progesterone (P) in animals from Group 2 that received

either RU486 or vehicle (controls) from day 5-9 post-

ovulation. Onset of vaginal bleeding is depicted by

in vehicle-treated animals and by H in RU486-treated
animals.

In addition, Figs 2—4 show the average onset of
vaginal bleeding for each group of animals. Of inter-
est is that animals of Group 1 began to bleed approx
72 h after the initial dose of RU486, and continued
to bleed for approx 2 days. After the cessation of
bleeding, they started experiencing vaginal bleeding
again on approximately day 12 of the postovulatory
period. Animals of Groups 2-4 presented vaginal
bleeding in an average of 72, 24 and 48h, re-
spectively, after the initiation of RU486 adminis-
tration.

Figure 5 shows the serum P level in animals that
received either RU486 or vehicle from day 9 to day
13, postovulation, in addition to increasing doses of
hCG from day 6 to day 10, postovulation. It is clear
that, even in the presence of hCG, RU486 was able
to induce early onset of vaginal bleeding, despite high
serum P levels. In addition, serum P levels did not
differ among groups, suggesting a lack of effect of
RU486 at the luteal level.

No side effects (e.g. loss of hair, vomiting, diarrhea,
hypotension or changes in body weight, appetite or
daily activity) were observed in any of the animals
during drug administration.
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Fig. 4. Serum concentrations of FSH, LH, estradiol (E,)

and progesterone (P) in animals from Group 3 that received

either RU486 or vehicle (controls) from day 9-13 post-

ovulation. Onset of vaginal bleeding is depicted by

in vehicle-treated animals and by B in RUA486-treated
animals.

DISCUSSION

RU486 is an 11f-substituted 19-norsteroid syn-
thesized from 3,3-ethylene-dioxy-estra(10),9(11)-
dien-17-one, that displays potent antiprogesterone
properties devoid of any agonist effects[16]. The
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Fig. 5. Serum progesterone (P) concentrations in animals of

Group 4 that received either RU486 or vehicle (controls)

from day 9-13 postovulation and increasing doses of human

chorionic gonadotropin (hCG) from day 6-10 post-

ovulation. Onset of vaginal bleeding is depicted by

in vehicle-treated animals and by M in RU486-treated
amimals.
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present study reveals that RU486 consistently in-
duced early onset of vaginal bleeding when adminis-
tered during the luteal phase of regularly cycling
adult rhesus monkeys. These experiments confirm
and extend those of Healy et al. in another non-
human species, cynomologus monkeys[21]. These
authors administered RU486 to castrated, estrogen-
and/or P-treated animals and observed consistently-
induced vaginal bleeding within 48 h after drug ad-
ministration.

Similarly, Herrmann and co-workers demonstrated
that, in humans, oral administration of RU486 in-
duced interruption of the luteal phase of the non-
fertile menstrual cycle [15].

Our results conflict with those of Herrmann ez
al[15), since serum concentrations of FSH and LH
were not affected by drug administration, as com-
pared to levels observed in vehicle-treated monkeys.
The findings of this study suggest for the first time
that RU486 exclusively exerts its effects on the luteal
phase by a local action upon the endometrium,
antagonizing the biological role of progesterone at
the receptor level.

More importantly, the resuits of this study show
that the administration of RU486 can induce early
onset of vaginal bleeding in subjects that simulta-
neously receive doses of hCG that mimic early secre-
tion of chorionic gonadotropin in the rhesus monkey.
These findings, which confirm earlier observations of
Hermann et al. in the early pregnancy of women,
encourage the possible use of this antiprogestogen as
a postcoital method of fertility control.

In summary, the present data reveal that the
availability of a compound such as RUA486, that
consistently induces early onset of vaginal bleeding
due to its action at the target level without affecting
the hormonal events of the menstrual cycle or in-
ducing major untoward effects, opens a new ap-
proach to post-coital and interceptive contraception.
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