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THE ANTIPROGESTINS: A RECENT ADVANCE IN 
FERTILITY REGULATION 

A. ULMANN 

lnstitut Roussel Uclaf, Romainville. France 

Summrtry-RU 468 (mifepristone) is the first antiprogestin available for clinical purposes. Its phar- 
macological properties are presented. It possesses antiprogestin and antiglucocorticoid activities. It is 
now in phase II-III clinical studies as a fertility control agent. The drug appears useful per se in four 
circumstances: (1) for early pregnancy (amenorrhea of less than 5 weeks’ duration). Complete 
interruption is obtained in approximately 90% of women with a single dose of 600 mg. For this stage of 
pregnancy, RU 486 appears to be an interesting alternative to vacuum aspiration; (2) for late occasional 
luteal contraception when given as a single dose on the date of the expected period in women at risk of 
pregnancy; (3) for dead fetus expulsion in the 2nd or 3rd trimester of pregnancy, and (4) for cervical 
ripening before obstetrical procedures in pregnant women, such as D and C or vacuum aspiration. The 
antiglucocorticoid activity bf the molecule can be demonstrated in humans by a rise in plasma cortisol, 
ACTH and LPH after RU 486 intake. and bv blockade of some uerioheral effects of cortisol. Results 
obtained in more than 1000 women undergoing short-term treatment \;ith RU 486 (600 or 800 mg once) 
clearly indicate that the antiglucocorticoid activity of the molecule has no clinical relevance at the doses 
used for fertility control purposes. In conclusion, RU 486 appears to be a promising new tool for fertility 
control, but large-scale trials are necessary to confirm its safety and to define its optimal mode of 
utilization for e&h indication. 

INTRODUCTION 

In 1980, Roussel-Uclaf chemists first synthesized 
RU 38486 (mifepristone, RU 486) a 19-norsteroid 
substituted in 11/3 position with potent antiproges- 
terone activity[l]. We review here its biochemical 
and pharmacological properties, and give an update 
of current clinical trials with this compound, the first 
and only compound of this kind presently available 
for clinical use in humans. 

RU 486 BMDlNG TO STEROID RECEPTORS 

The relative aflinity of RU 486 for five types of 
steroid receptors was evaluated [2]: it has a relative 
binding activity 5 times that of progesterone on 
rabbit uterine progestin receptors and 3 times that of 
dexamethasone on rat thymus glucocorticoid recep- 
tors. Its relative affinity for the rat prostate androgen 
receptor is a quarter that of testosterone. Its affinity 
for the mouse uterine estrogen and rat kidney 
mineralocorticoid receptors is negligible. 

As would be expected from these findings, it was 
shown that RU 486, after single oral administration, 
induced a dose-dependent decrease in free cyto- 
plasmic binding sites of both uterine progestin and 
thymus glucocorticoid receptors. Maximal effect 
was produced by 10 mg/kg: this dose did not modify 
free binding sites of kidney mineralocorticoid 
receptors and uterine estrogen receptors. 

PHARMACOLOGICAL EFFECTS OF RU 486 

Such data would lead to the hypothesis that this 
molecule has strong agonist activity. Pharmacolo- 
gical tests showed complete absence of such activity; 
in contrast, a potent antagonist activity was seen. 

The effect of RU 486 on the various biological 
responses mediated by progesterone has been 
examined using models involving both exogenous 
and endogenous progesterone. 

Effect on exogenous progesterone responses 

The effect of RU 486 has been studied on the role 
of progesterone in endometrial transformation dur- 
ing the luteal phase of the menstrual cycle, the 
decidual reaction occurring during ovum implan- 
tation and in the maintainenance of pregnancy. 

Endometrial proliferation in rabbits. A strong 
endometrial proliferation was induced by 0.2 mg 
progesterone/kg in estradiol-primed immature rab- 
bits graded 3.2 MPU on the standard McPhail scale. 
Up to 100mg RU 486/kg was totally devoid of 
progestomimetic activity. In combination, RU 486 
produced a dose-dependent inhibition of proges- 
terone. The inhibitory EDXo was about 3 mg/kg and 
complete inhibition occurred with 20 mg/kg. 

When the two steroids were introduced simul- 
taneously in utero[3], RU 486 exhibited a more 
potent activity. An ED,, was found to be about l/3 of 
the dose of progesterone used ( 10 pglhorn). 

Deciduomata formation in rats. Mechanical 
traumatisation or injection of various chemical 
agents into the uteri of rats can induce 
deciduomata [4]. Progesterone will induce decidu- 
omata of similar appearance when administered to 
pseudopregnant rats, rats ovariectomized during 
estrus or ovariectomized rats pretreated with 
estrogen. 

In our studies 10 mg progesterone/kg induced a 
decidual response in all rats. This effect was totally 
prevented by simultaneous administration of 
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3 mg/kg RU 486, while the compound alone at a 
dose of lOmg/kg was completely devoid of any 
deciduogenic activity. 

Maintenance of pregnancy in rats. Pregnant rats 
were treated for 12 days with 75 mg progesterone/kg 
per day subcutaneously. On day 8 they underwent 
laparotomy, when they were ovariectomised and the 
number of implantation sites were counted. Eighty- 
six percent of the implantation sites were maintained 
at day 12. When RU 486 was administered at a daily 
dose of 5 mg/kg per day p.o. in combination with 
progesterone, no conceptuses were seen at autopsy 
on day 12. Moreover, 75 mg RU 486/kg per day 
alone did not maintain pregnancy. 

In addition, in a test not requiring estrogen prim- 
ing but evaluating the increase in the volume/density 
of mitochondria localized in uterine epitherlial gland 
cells [S], RU 468 completely antagonized the action 
of the natural hormone (ED~,, 3 mg/kg p.0.). As 
expected, the compound alone had no effect [6]. 

All the experiments described so far clearly 
demonstrate an antagonistic effect of RU 486 
against exogenous progesterone in ovariectomized 
or immature animals, that is, in animals practically 
devoid of any sexual hormone. Moreover, these 
results suggest that RU 486 acts directly at the target 
organ level. 

Eflect of RU 486 on endogenous progesterone 

The effect of RU 486 has also been studied on 
endogenous progesterone during pregnancy in rats 
and during the luteal phase of the menstrual cycle of 
monkeys, i.e. under the influence of the pituitary- 
ovarian axis. 

Abortive effect in pregnant rodents. Ten mg RU 
486/kg per day p.o. given on 3 consecutive days to 
gestating rats at any time during pregnancy was 
antinidatory and abortive. A single dose of 10 mg 
RU 486/kg p.o. had a totally abortive action when 
given on any day from the 3rd to the 18th day of 
pregnancy except day 15. A higher dose must be 
used to completely prevent implantation. In preg- 
nant mice, the same spectrum of activity has been 
observed, but at doses 3 times higher [2]. 

Comparative histological studies of uterine tissue 
during abortion showed that a single oral dose of RU 
486 to gestating rats acted more quickly than 
ovariectomy. The first histological sign of abortion is 
retraction of the deciduoma and its detachment from 
the uterine wall. This is seen 8 h after RU 486 
administration, but is not visible 8 h after ovariec- 
tomy in the rat. 

Under the same experimental conditions, proges- 
terone levels are unchanged during the 8 h following 
RU 486 administration. This confirms that RU 486 
does not inhibit progesterone biosynthesis, but 
rather has a direct antagonist effect at the level of the 
progesterone receptors [7]. 

Induction of menses in monkeys. The effect of RU 
486 was also studied in intact monkeys with normal 

menstrual cycles. RU 486 was administered in doses 
ranging from 2.5 to 75 mg (8-25 mg/kg) p.o. Except 
for those receiving the lowest dose, all monkeys 
menstruated within 48 h of their last dose. Men- 
struation occurred before the 24th day of the cycle, 
whatever the treatment, and there was no 
modification of the length of the next cycle. 

Healy et a1.[8] found that RU 486 was active at a 
dose of 0.1 mg/kg intramuscularly in artificially 
cycled castrated monkeys. These differences in the 
active dose may be explained by the fact that RU 486 
taken orally undergoes considerable presystemic 
metabolism[9] and that in the intact animal the 
pituitary-ovarian system may exercise compen- 
satory activity. Moreover, results recently obtained 
by Germain et a1.[10] show that a single in- 
tramuscular injection of 10mg RU 486/kg in oily 
solution regularly induces menstruation in the intact 
monkey. 

All these experiments, utilising various techniques 
and species, confirm the very strong antiproges- 
terone activity of RU 486. 

Other hormonal and antihormonal activity of R CJ 486 

From the results of in vitro tests on the affinity of 
RU 486 on steroid hormone receptors, it can be 
surmised that the compound will display activity at 
the level of glucocorticoid and androgen receptors. 
In the former respect it behaves as a powerful 
antagonist as has been shown in numerous in vitro 
and in viuo tests; in the latter respect, RU 486 
behaves as a moderate but proven antagonist [ 1 l]. 

However, using dosages at which RU 486 
demonstrates an antihormonal activity at proges- 
terone, glucocorticoid and androgen receptor level. 
it is totally lacking in agonist or antagonist effect on 
estrogen and mineralocorticoid receptors. This lack 
of effect is fully in agreement with the results 
achieved in the in vitro binding studies [2]. 

CLINICAL STUDIES WITH RU 486 

Results of the clinical trials with RU 486 under- 
taken since 1982 [12] in more than 1000 women now 
give a good picture of the optimal indications and of 
the safety of the drug. 

Optimal indications of RU 486 

RU 486 has been studied as an interceptive agent, 
for expulsion of dead fetus and for cervical ripening 
prior to obstetrical procedures. 

RU 486 as an interceptive agent. Initially, RU 486 
was used to interrupt pregnancies after 5-8 weeks of 
amenorrhea (WA) with various therapeutic 
schemes [13], involving repeated intakes of 5(& 
200 mg/dav for 3-7 days, yielding success rates of 
50-70%. Later, this success rate was improved 
through (1) administration of large single doses and 
(2) careful selection of eligible patients. To date, the 
optimal dose appears to be 600 mg. but additional 



The antipropestins: a recent advance in fertility regulation 101 I 

Table 1. Administration of RU 38486 (600 mg once) until trials are designed to study the relevance of this 
41 days of amenorrhea: efficacy of treatment finding in pregnant women. 

Complete Incomplete Ongoing 
N success expulsion pregnancyt 

95* 
(92?%, (2.?%, (5.359’;) 

*Initial number: 104, but 9 women excluded because 
amenorrhea 2 42 days. 

tIncluding one ectopic pregnancy. 

data are necessary to confirm that this represents the 
minimal dose yielding the higher success rate. The 
age of pregnancy appears a critical factor, and higher 
success rates are achieved for pregnancies below or 
equal to 5 WA. Tables 1 and 2 illustrate these 
conclusions in a large series of women who received 
a single administration of 600mg RU 486. One- 
hundred-and-four women were included in this trial: 
complete success rate (i.e. pregnancy interruption 
and expulsion without need for any additional sur- 
gical procedure) was 89.4%. However, when ex- 
cluding Y women whose amenorrhea was above 41 
days, success rate was approximately 93%, a per- 
centage comparable to that achieved with vacuum 
aspiration for pregnancies of identical ages [ 141. In 
addition, the number of incomplete pregnancy in- 
terruptions was much lower than for older preg- 
nancies. As shown in Table 2, bleeding lasted for 8 
days or less in 80% of the women, but was sub- 
jectively judged abundant or very abundant in the 
majority of the women. Practically, the possibility of 
persisting pregnancies and of large bleeding implies 
that RU 486 must be used under adequate medical 
supervision and that evidence is obtained of com- 
plete pregnancy termination. Future trials will be 
designed to improve efficacy of RU 486 for preg- 
nancies at a later stage. In this respect, combination 
treatment with oxytocic agents such as prostaglan- 
dins appears very promising [ 151. Data obtained in 
normal non-pregnant women [ 161 indicate that when 
given during the mid-luteal phases at doses above 
3 mg/kg, RU 486 exerts at least partial lutolytic 
action in addition to its endometrial effects. Ongoing 

Table 2. Administration of RU 486 until 41 days of 
amenorrhea (600 mg once): uterine bleeding 

No bleeding 
Date of onset 

2/104 (1.9%) 
2.5 f 1.3 (SD) 

(Days from RU 486 intake) 
~3 davs in 82/104 women (78.8%) 

Length (days) 

Abundance 

7.1 +4.2 (SD) ’ 
4 days in 79/88 women (80.6%) 

(subjective assessment) 
abundant or very abundant in 62/102 women 
(60.8%) 
more or much more abundant than usual periods 
in 68/95 women (71.5%) 

Useof RU 486 fordeadfetusexpulsion. Retention 
of fetus dead in utero constitutes a dangerous con- 
dition for the mother, the treatment of which remains 
difficult. A pilot study [ 171 showed that administra- 
tion of 400 mg/day RU 486 for 2 days resulted in 

expulsion of dead fetuses (pregnancy above 16 WA 
at the time of fetal death) within 72 h in 9 women out 
of 1 1, without need for additional treatment such as 
prescription of an oxytocic agent. In contrast, a 
similar dose of RU 468 resulted in expulsion of only 2 
out of 8 living fetus expulsion when prescribed for 
late therapeutic pregnancy interruption. The use- 
fulness of RU 486 treatment for dead fetus expulsion 
is currently being investigated in a controlled trial vs 
placebo. 

RU 486 for cervical ripening. In several 
instances [ 181, investigators using RU 486 for inter- 
ception have noted some degree of cervical soften- 
ing and dilatation which eases subsequent vacuum 
aspiration in case of drug failure to interrupt preg- 
nancy. Precise evaluation of RU 468 for cervical 
ripening is under progress and it can be anticipated 
that RU 486 will be useful as a preparation for some 
obstetrical procedures requiring instrumental cer- 
vical dilatation such as vacuum aspiration or curet- 
tage. 

Tolerance of RU 486 

Data obtained so far in more than 1000 women 
indicate that RU 486 tolerance is very satisfactory. 
Mild abdominal pain, nausea/vomiting or tiredness 
have sometimes been reported when using RU 486 
as an interceptive agent, but careful analysis of 
available data suggests that these symptoms are 
related more to pregnancy interruption that to RU 
486 itself. Slight rises in liver enzymes have been 
noted in a few women, but here again they cannot be 
attributed with certainty to drug administration. 

Administration of RU 486 during the mid-luteal 
phase in non-pregnant women does not result in 
post-treatment cycle impairment, except, in some 
cases of a slight delay in ovulation. Pregnancies have 
occured in women previously treated with RU 486. 
suggesting that drug administration does not impair 
subsequent fertility. 

Special care has been given to the possible con- 
sequences of the antiglucogenic action of the drug. 
Table 3 summarizes available data. In normal 
volunteers, the antiglucogenic action of RU 486 is 
evidenced by a rise in plasma cortisol, ACTH, LPH, 
and also by a blockade of peripheral effects of 
glucocorticoids [19-2 11. However, reversal of 
Cushing’s syndrome due to ectopic ACTH produc- 
tion requires long-term administration of large 
amounts of the drug [22]. In a pilot study of the 
usefulness of RU 486 therapy in women with ad- 
vanced breast cancer, daily intake of 200 mg RU 486 
for several weeks did not result in clinical or biologi- 
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Table 3. RU 486 use for fertility control: relevance of 
antiglucogenic effects 

(1) 400 mg RU 486 increase plasma cortisol, ACTH, 
LPN 

(2) This increase is reversed by I mg dexamethasone 
(3) Reversal of Cushing’s syndrome requires long-term 

(several weeks) treatment with large doses 
(a 10 mg/kg/da~s) of RU 486 - 

(41 Lone-term administration of 2OOm~/dav RU 486 , 

(5) 

(6) 

doe; not induce clinical or biolog&al functional 
cortisoi blockade 
In approximately 1,000 women, large single dose 
administration has never been associated with clini- 
cal or biological symptoms attributable to functional 
cortisol blockade 
In conclusion: at the doses recommended for fer- 
tility control antiglucogenic effect of RU 486 is 
clinically irrelevant 

cal functional co&sol deficiency. Similarly, none of 
the women given the drug for fertility control pur- 
Roses experienced symptoms attributable to cortisol 
blockade. This fact is probably related to the com- 
pensatory rise in ACTH and cortisol after RU 486 
intake reversing the cortisol blockade. As a matter of 
fact, a study in normal men (Girard et al., unpub- 
lished results) indicated that when giving 1 mg dex- 
amethasone at 2.00a.m.. 2 h after ingestion of 
400 mg RU 486, no rise in plasma cortisol is obser- 
ved, thus showing the reversibility of cortisol 
blockade . 

In summary, clinical trials confirm the efficacy and 
safety of RU 486, the first antiprogestin available, 
which is likely to become soon a new tool for fertility 
control. 
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