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PREFACE

Advances in basic biological research have proceeded rapidly in recent
years. The fields of molecular genetics and immunology have experienced
dramatic breakthroughs, capturing the imagination of both the scientific
community and the general public. With less public notice, receptor biology
has brought a cascade of new discoveries and insights. The entire science
of pharmacology has been virtually rewritten in terms of receptor
phenomenology. In particular, the discovery of specific receptors for
steroid and protein hormones has been of seminal importance. With this new
information, we have advanced our understanding of the mechanism and
specifity of hormone action. We can now explain how hormones interact
selectively with specific target cells and how hormones alter biochemical
events within the target cells.

These facts have already impacted on applied problems of clinical
medicine, particularly in diagnosis and treatment of cancer and some
metabolic diseases. Now, a new and important application of basic receptor
biology and chemistry looms ahead. Within a few short years since the
discovery of the progesterone receptor, chemists have synthesized molecules
with a greater affinity for the receptor than progesterome itself and which,
while occupying the receptor, fail to trigger the events which transform a
target cell from the unstimulated to the stimulated state. This is the
basis of the competitive inhibitory action of the anti-progestational agent,
synthesized by the chemists at Roussel Uclaf, Paris, and designated RU 486.

In October, 1984 scientists working on the chemistry, pharmacology, and
clinical applications of this interesting compound came together to review
their results at the Rockefeller Foundation's Conference and Study Center in
Bellagio, Italy. As co-chairmen, we issued invitations to colleagues from
seven countries after reviewing comprehensively both published research and
on—going research projects world wide. Roussel Uclaf kindly provided
financial support for the RU-486 conference and for the publication of this
volume, which represents the proceedings of the Bellagio conference. We
gratefully acknowledge this financial support, as well as the interest and
encouragement of Dr. Edouard Sakiz and his associate, Ms. Catherine
Euvrard. As scientific editors, we reviewed all manuscripts for scientific
content. The general editor, who had the responsibility for copy and style
editing as well as page—-formatting, is Amy R. Segal. We are grateful to her
for her talented efforts and diligence. The process of preparing this
volume for publication was facilitated by the cooperation of Evelyn Majidi
and Carol Mensah, at the Rockefeller Foundation, and the staff of Plenum
Press, particularly Linda Piccinino and John Matzka. We acknowledge, as
well, the cooperation of all chapter authors in bringing this volume to
print with a minimum of delay.

Sheldon J. Segal
Etienne Baulieu
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RU 486: AN ANTIPROGESTIN STEROID WITH

CONTRAGESTIVE ACTIVITY IN WOMEN

Etienne~Emile Baulieu

Université de Paris Sud
Lab Hormone INSERM U33
94270 Bicetre, France

ABSTRACT

We summarize the basic principles and the main experimental data that
have led to the clinical use of RU 486's antiprogestin activity in human
fertility control ("contragestion'"). The structural features of the
receptor binding properties of this steroidal antihormone are reported, as
well as experiments at molecular, cellular and physiological levels in
rodents and primates. RU 486 (17R-hydroxy-11B8-(4-dimethylaminophenyl-1)-
17a(prop-1-ynyl)-estra-4, 9-dien-3-one) is the first potent
antiprogestin. Its preferential target cells are those of the endometrium
or decidua; it also acts on the gonadotropic cells of the pituitary. Acting
reversibly at the molecular level of receptor binding, RU 486 irreversibly
interrupts target cell integrity if these cells are dependent on the
continuity of progesterone action. In the case of the uterus, increased
myometrium contractility and effects on the uterine cervix facilitate
evacuation of the products of conception. In women, luteolysis appears to
be secondary to the decrease of LH production (pituitary effect) or of hCG
production, which is consequent to alteration or detachment of the
trophoblast. Available clinical results indicate that RU 486 can be an
efficient and safe contragestive agent, especially for the medical
termination of early pregnancy, and has significant potential as a
post—coital menses inducer or menstrual regulator. No significant systemic
side effect has been recorded, including those events that seemed possible
because of the compound's antiglucocorticosteroid capacity. Cases of
incomplete uterine evacuation after using RU 486 alone may be avoided when
efficient forms of administration and/or adjunct therapy with uterotonic
agents are utilized. Preliminary results obtained with the addition of a
small amount of prostaglandin (which by itself would be inactive) at the end
of a course of RU 486 treatment are highly satisfactory. This additive
treatment may decrease the potential risk of excessive bleeding. As a drug
with a twofold basis of action, physiological and molecular, the
antiprogesterone RU 486 is prototypic of the second generation of methods to
achieve effective control of human fertility.

INTRODUCTION

Progesterone (pro gestare) is named after its supporting effect in
pregnancy, and is believed to be essential in mammals, including women



(Csapo, 1979). In the fifties, Gregory Pincus, undisputed pioneer of the
use of hormonal derivatives in human fertility control, championed hormonal
contraception, essentially based on the inhibition of ovulation (Pincus,
1965). We describe here RU 486, a compound designed to achieve
"contragestion' in women through its antiprogestin activity (Herrmann et
al., 1982; Sakiz et al., 1984). The term contragestion (for contra-
gestation) is proposed to cover all aspects of fertility control interfering
with the establishment or continuation of an early pregnancy. It applies as
soon as sperm and egg have fused, and it pertains to effects on tubal
transport of fertilized ova, blastocyst formation, preparation for nidation,
or disruption of the nidation process itself. Similarly, S. Segal and C.
Tietze (1971) and S. Segal and L. Atkinson (1973) have suggested a
"contraprogestational pill" or '"contragestational agents' as possible means
of fertility control in women.

C. Djerassi in "Birth control after 1984" (1970) defined, "as an
important example of future contraceptive methodology in the female, a
"once—a~month" pill with luteolytic or abortifacient properties, or both...
since such an agent has at least four advantages over agents now being
used. 1) Administration of one pill a month is clearly more convenient than
daily administration of pills. This is true both for major fertility
control programs in developing countries and for highly motivated
individuals in advanced countries. 2) Periodic short—term administration of
a drug may be expected to give rise to fewer long-term side effects,
primarily because the agent is intended to act more specifically on a
well-defined biological process. 3) Since the agent will be effective in
incapacitating the corpus luteum regardless of whether fertilization has or
has not occurred, it does not matter whether the woman is pregnant or not.
4) Ideally, the agent might be active any time during the first 8 weeks
after fertilization, so that it could also act as an abortifacient."

Such a compound "may well turn out to be a steroid," Djerassi said.
However, while he praised the properties of prostaglandins (Bergstrom et
al., 1972; Wilks, 1983), the concept of antiprogestin was not mentioned.
Indeed, at that time, the key biological component had not yet been
revealed. Not until 1970 did we present the actual definitive description
of the progesterone receptor in the uterus (Milgrom et al., 1970). This was
based on work in the guinea pig, where it is easier to demonstrate the
receptor than in the rat, where the progesterone receptor can be obscured by
the presence of high doses of transcortin (Milgrom and Baulieu, 1968).

While it is probably impossible to depend on specific suppression of
progesterone biosynthesis1 or on a practical method interrupting
progesterone transport and delivery to target organs,2 antagonization of
progesterone action at the receptor level seemed a more obtainable objective.

Contrary to other steroid hormone receptors, the progesterone receptor
is confined to a few specific organs. It is found in relatively high
concentrations after estrogen exposure and in early pregnancy in the
relevant target cells (Milgrom et al., 1970; Levy et al., 1980 (Fig. 1)). A
high receptor concentration make them more likely to selectively respond to
hormones or antihormones. During the menstrual cycle, there is an increase
of progesterone receptor in the endometrium before ovulation. It decreases
during the luteal phase, while a larger proportion appears in the '"nuclear
fraction" of the homogenate. In the decidua (obtained on the occasion of
voluntary pregnancy interruption), there is more receptor, almost totally
occupied by progesterone, activated and found in the nuclear fraction
(Fig. 1).

The progesterone receptor is essential for progesterone action, and it

is the molecular target for antiprogestin. It has been used for in vitro
binding tests of many compounds, since the most easily conceived
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Fig. 1. Progesterone Receptor in Endometrium (Decidua) During
the Menstrual Cycle and Early Pregnancy in Women.
Progesterone receptor is the main physiological-
molecular target of progesterone, progestine
derivatives. B2 receptor in cytosol. K receptor
in nuclear fraction. Patients during hormonal
cycles: 5th-9th days; 10th-14th days; 15th-19th
days; 20th-28th days.

antiprogesterone drugs would exclude progesterone and progestins from
binding sites (Fig. 2). However, hormone binding assays cannot establish by
themselves whether a given binding steroid is a progestin agonist or
antagonist; they only indicate whether the compound has the potential to be
active one way or another. Only a biological test can reveal the agonistic
or antagonistic activities of the compound. Since there was no

convenient in vitro biological test, the work was tedious and expensive,
necessitating relatively large amounts of compounds for in vivo testing of
progestin or antiprogestin activities.

Indeed, it took years before a progesterone antagonist was found.
Certainly not all available scientific resources were used; the trend in
most pharmaceutical companies was not toward contraceptive research at that
time. In the 1970s, bio-pharmaceutical priorities did not favor steroids,
even at Roussel-Uclaf, where some of the best steroid chemists in the world
worked (and are still working). E. Sakiz, as president, and I, serving as a
consultant, persisted in maintaining that potential... and on using it. At
Roussel-Uclaf, as at other companies, there was little confidence in the
commercial future of a novel method of fertility control. In addition, some
colleagues were negatively influenced on this issue by their religious and
social backgrounds.

Scientifically, the progesterone binding site of the receptor, naturally
designed for the flat and rather "simple" progesterone steroid, was found to
loosely bind a number of steroids of different structures (Milgrom et al.,
1970; Smith et al., 1974). 1In most cases, these compounds did not have any
assayable progesterone-like or antiprogesterone activity. For many years, 1
found intriguing the fact that the triphenylethylene antiestrogens bind to
the estradiol receptor, and sometimes with very high affinity. This is
true, even of the most potent pure antagonist, devoid of agonistic property
(Binart et al., 1979). The estrogen receptor is very "strict" in that it
has very narrow binding specificity for estrogens. The estradiol molecule
also is flat and simple. These antiestrogens, with their extra-cycle



Fig. 2.

Fig. 3.

{7 target cel

H :
-
- d
" -~
\t
o
<h Y
\ |
> effect
.II
-
108
& S
~
~
N

Hormone and antihormone at the receptor level. Steroidal
hormone (H) and antihormone (AH) penetrate into the target
cell and reach their corresponding receptor originally
present in the nucleus (Gasc et al., 1983). Hormone
(agonist) provokes the "transformation-activation" of the
receptor under the intracellular conditions; this includes
transconformation of the receptor protein that acquires
higher affinity for DNA and triggers the transcriptional
response of specific genes. Alternately, when antihormone
binds to the receptor, there is a "transformation," but the
antihormone-receptor complexes are not active, have less
affinity for DNA than the hormone-receptor complexes
(Bourgeois et al., 1984), and there is no biological
response. Competition between hormone and antihormone for
the binding site of the receptor is the basic physical
mechanism for explaining reversible antihormonal activity of
antihormone.
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Progestins and antiprogestin RU 486. Estrogens and
antiestrogen tamoxifen. Norethindrone, a 19-nortestosterone,
is a synthetic progestin. Note the main structural
difference of RU 486: the presence of 11B-extra cycle and
that the 3rd cycle of tamoxifen is situated at a position
corresponding to the B-side of the steroid overall plane,
just off the C 11 carbon. "RU 486" is short for RU 38486,
the number used internally by Roussel-Uclaf people.
Diethylstilbestrol is a synthetic analog of estradiol.



pointing out of the overall plane of the estrogen-like stilbene ring system
(Hospital et al., 1972), compete well with estrogens for the receptor (Fig.
3). The physico-chemical characteristics of steroid receptors also
suggested that they all belong to the same class of proteins and might have
similar features in common (Joab et al., 1984), including those in the
binding site region. It seemed reasonable, therefore, that the progesterone
receptor could accomodate an extra cycle placed off the polycyclic ring
system of a progestagen steroid, close to the region of carbons Cl2-Cll-
C9-C10-C1 (Fig. 3), with the possible consequence that the conformation of
the corresponding receptor complexes would differ from that of
agonist-receptor complexes (Rochefort and Borgna, 1981; Geynet et al., 1983)
and be inactive biologically.

A Roussel-Uclaf program was undertaken at my request with the declared
aim of finding an antiglucocorticosteroid drug that could have more
potential for general medical applications than would an anti-sex steroid
derivative. However, all steroids, even those possessing distinct
biological activities, have so much in common that I knew that screening
should be performed with all receptor systems, including sex steroids
(Baulieu and Raynaud, 1970). The synthesis of new analogs by Teutsch (see
chapter 2) permitted the verification of both the initial intuitive concept
and the research strategy. RU 486 is 17R~hydroxy-11R-(4~
dimethylaminophenyl-1)-17aprop-1-ynyl)-estra-4, 9-dien-3-one (Fig. 3). It
can be regarded as a norethindrone derivative, that is an "historical"
synthetic progestagen, bearing an additional side-chain at Cl7alpha that may
be related to increased affinity to receptor, and an extra cycle at Cl1R
which, in analogy with antiestrogens as described above,” is probably
responsible for inducing or stabilizing a biologically inmert receptor
conformation.

Binding to Steroid Receptors (Table I)

RU 486 binds to the rabbit uterus progesterone receptor with an affinity
superior to that of progesterone (mostly due to its slower rate of
dissociation) (Philibert et al., 1982). 1Its affinity for the human
progesterone receptor is approximately identical to that of progesterone
itself (see details in Gravanis et al., 1984); and, curiously, it does not
bind to the chick progesterone receptor (M. Renoir, unpublished). Among
steroid receptors, progesterone receptors are those for which relative
affinities of different ligands vary the most among species (Baulieu, 1983).

RU 486 also binds to other steroid receptors (Moguilewsky and Philibert,
1984). Because of a slow dissociation rate, it binds very strongly to the
glucocorticosteroid receptor, even more so than dexamethasone and
triamcinolone acetonide, which are the strongest synthetic agonists
(Moguilewsky and Philibert, this volume; Jung-Testas and Baulieu, 1983;
Bourgeois et al., 1984). It also binds strongly to the chick
glucocorticosteroid receptor (Groyer et al., 1982). RU 486 binds to the
androgen receptor but with lower affinity than testosterone (Moguilewsky and
Philibert, this volume; Jung-Testas and Baulieu, 1984). RU 486 does not
bind either to the mineralocorticosteroid receptor or to the estrogeﬂ_w—
receptor (Moguilewsky and Philibert, this volume). It binds to both native
(""8s") and activated ('transformed") forms of progesterone receptor and
glucocorticosteroid receptor (as do other steroid antagonists to their
corresponding receptors). Available evidence also indicates that RU 486
"transforms" the receptor to which it binds, so that the complexes are found
in the nuclear fraction of homogenates, even if '"activation'" is
quantitatively inferior to what is observed with the corresponding agonist
(for the glucocorticosteroid receptor see: Jung-Testas and Baulieu, 1983;
Bourgeois et al., 1984; Moguilewsky and Philibert, 1984; S. Chasserot-Golaz
and G. Beck, personal communication. For the rabbit progesterone receptor




Table I. Binding of RU 486 to Steroid
Receptors and Plasma Proteins

rat/rabbit human/monkey chick
Progesterone +++(>>P)D ++(wP) -
receptor
rat/mice
Glucocorticosteroid +++(>>dex) +++(>>dex) +++(>>dex)
receptor
Androgen +(»1/3T)
receptor
Mineralocorticosteroid -
receptor
mice
Estrogen -
receptor
Sex steroid binding - -
plasma protein SBP
Transcortin - -
Oocyte membrane Xenopus laevis
receptor +(<p)2

Binding affinities are indicated by crosses (Kp 10710
M +++, 1079 M ++, 1078 M +, - no affinity).

Experiments have been performed in the indicated species.
Between parentheses is a comparison with the affinity of
the corresponding agonists, progesterone (P), dexamethasone

(dex) and testosterone (T). 2The binding to the oocyte
membrane receptor, completely different from intracellular
steroid receptors (Blondeau and Baulieu, 1984), is slightly
inferior to that of progesterone; the + indicates Kp =
1075-1076M). RU 486 is an agonist in this system
(Schorderet-Slatkine, 1982, personal communication; Sadler
et al., 1983).

see M. Rauch et al., 1985, who observe a small difference between progestin-—
and RU 486-induced activation. These results may be related to the parallel
decrease in binding of antagonist-receptor complexes (as compared to
agonist-receptor complexes) to both non-specific and so called high affinity
DNAs (the latter is necessary to the hormonal regulation of transcription
observed in the mouse mammary tumor virus (MMIV) system (Bourgeois et al.,
1984).

No binding of RU 486 to transcortin (corticosteroid binding globulin
(CBG), sex steroid binding plasma protein (SBP), or testosterone estradiol
binding globulin (TEBG)) has been found (unpublished results). A high
affinity binding system of yet unknown significance has been observed
specifically in human plasma (Philibert et al., this volume).

Metabolism

Preliminary experiments have indicated clearly that RU 486, active after
oral administration in all animal species tested (rat, mice, rabbit, dog,

6



Table II. Antiprogesterone Activity of RU 486

RU 486: Antiprogesterone

Endometrium: estradiol-pretreated rabbit (uteroglobin)
implanted castrated cynomolgus monkey

Progesterone-induced giant mitochondria in endometrium:
castrated rat

Deciduoma: castrated rat

Progesterone—induced increase of LH: castrate rat,
in vivo and in vitro

Pseudo-pregnancy: rat
Progesterone-supported pregnancy: rat

Progesterone—facilitated sex behavior:
estradiol-pretreated guinea pig

RU 486: Contragestive

rat - mice - guinea pig - monkey

The Table enumerates the various experimental systems that have
been studied. References are found in the text.

cynomolgus monkey) and in man, is however extensively metabolized. Even
though no complete study is yet available, both the antiprogestin and the
antiglucocorticosteroid activities are very much inferior after oral
administration than after intramuscular or subcutaneous injections. In man,
the plasma half life of disappearance is of the order of 10-25 hours, and
the apparent initial volume of distribution is small (approx. 10.1) (Deraedt
et al., this volume a). These results are possibly due to the binding
system described above. 1In the rat, eight metabolites have been found in
the bile, essentially formed by demethylatic= of the dimethylamine group
and/or hydroxylation of the l17a-propynyl chain (Fig. 4, see details in
Deraedt et al., this volume b). Four of them also have been identified in
human beings, and all those that were tested (thanks to enough synthetic
material) were weak analogs of RU 486 in terms of biological activity.

Current experiments in monkeys (Germain et al., this volume) and human
beings (Gaillard et al., in preparation) will soon determine the appropriate
plasma level of RU 486-like immunoreactive material necessary and sufficient
to permit antihormonal activities in vivo under specific circumstances.

BIOLOGICAL AND PHARMACOLOGICAL EFFECTS IN ANIMAL SYSTEMS

RU 486 is a Strong Antiprogestin

RU 486 is a pure progesterone antagonist in all rodent systems as so far
reported. It has no agonist activity but has the capacity to fully
antagonize progesterone action (Table II). This is the case for: 1)
estrogen-treated immature rabbit endometrium (Philibert et al., this
volume); 2) the progesterone-induced increase in uteroglobin mRNA (Rauch et
al., 1985; Chen et al., 1984); progesterone-induced giant mitochondria in
rat endometrium (Secchi and Lecaque, 1984); 4) progesterone-supported
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deciduoma and pregnancy in castrated rats; 5) pseudo—pregnancy in the rat;
6) estrogen-primed rats after progesterone—induced LH increase; 7) cultured
pituitary cells of estrogen—pretreated rats where LH, after treatment by
GnRH and progesterone, is decreased in vitro by RU 486 (Philibert et al.,
this volume); and 8) progesterone—facilitated sex behavior of estradiol
pretreated guinea pig is concerned (Brown and Blaustein, 1984). Active
doses in these different systems depend on the experimental model, but all
results confirm the great activity of the drug. The in situ experiment of
Philibert et al. (this volume), introducing a few ug of RU 486 within the
lumen of rat uterus horns, is remarkable in this respect, since it is
compatible with the high affinity of the compound for the receptor, and als
supports the concept that the antihormonal effect is exerted directly on the
presumed target endometrial cells.

In cynomolgus monkeys, RU 486 causes uterine bleeding in estrogen—
progesterone implanted castrated animals (artificial cycles) and as little
as 1 mg or even 0.1 mg/kg are active after subcutaneous administration
(Healy et al., 1983 a,b). It also decreases estrogen—progestin induced
hyperprolactinemia (Healy et al., 1983 b).

There is no reason to believe that endometrial bleeding observed after
administration of RU 486 during the luteal phase in cynomolgus and rhesus
monkeys is not due to antiprogesterone activity (Kreitmann—-Gimbal et al.,
1983; Nadler et al., this volume; B. Shortle, I. Dyrenfurth and M. Ferin,
personal communication; Rojas et al., this volume). An effect at the
hypothalamo-pituitary level is probably responsible for the increased lengtl
of the next cycle after a single high-dose injection (12 mg/kg i.m.) during
the luteal phase (B. Shortle, I. Dyrenfurth and M. Ferin, personal
communication). It seems probable that the spillover effect on the next
cycle is related to drug persistence after the menses, and this may result



either from too large a dose or too slow release of the ethanol-injected
compound. Preliminary results of Germain et al. (this volume) suggest that
injection of RU 486 in 0il makes it possible to obtain shorter and
reproducible availability of injected RU 486 in cynomolgus monkeys.

Evidence obtained in vivo (Philibert et al., this volume) and from rat
and cynomolgus monkey ovarian cells in vitro (D. Gospodorowitz, personal
communication; Kreitmann-Gimbal et al,, 1983) indicates that RU 486 does not
inhibit progesterone biosynthesis (Schreiber et al., 1983). In rhesus
monkeys, RU 486 given orally interrupted luteal phase extended by
administration of hCG at doses that increased progesterone level (Rojas et

al., this volume).

It is also likely that the antiprogesterone activity is responsible for
pregnancy interruption in intact rats, mice and monkeys (Germain et al.,
this volume; G. Hodgen, personal communication). In rats, parturition can
be readily synchronized (Bosc et al., this volume). In all studies where
pregnancy was not interrupted, no fetal abnormality has ever been reported.

It has been verified that effects of RU 486 on deciduoma and pregnancy
in rats occur even when animals are supplemented with dexamethasone, given
in order to eliminate the possible interference of antiglucocorticosteroid
activity with the effects ascribed to antiprogesterone action (Philibert et
al., this volume). We report later in the text on antiglucocorticosteroid
action of RU 486, that conversely is easily obliterated by concomittant
administration of active glucocorticosteroid. To sum up, at this point,
antihormonal activity appears to be mediated by the receptor of the
corresponding endogenous agonist.

Does RU 486 Display Some Progesterone-Like Effects?

In human mammary cancer cells, RU 486 does not induce synthesis of
specifically progesterone-inducible proteins, and actually strongly
antagonizes progesterone action (Rochefort and Chalbos, this volume).

Bardon et al. (1985) and Horwitz et al., (1985) have found an antigrowth
effect of RU 486 on human breast cancer cells in culture, that is mediated
by progesterone receptor and is abolished by progesterone (H. Rochefort,
personal communication). This is reminiscent of the effect of tamoxifen and
analogs on MCF7 mammary cancer cells (Lippman et al., 1976) and mouse
fibroblasts L cells (Jung-Testas and Baulieu, 1984). 1In this case, the
antiestrogen decreases growth even in the absence of an estrogen agonist.
Estrogen can overcome the suppressive effect. This interesting effect of RU
486, which apparently is not ascribable to the suppression of progesterone
activity, may be of therapeutical importance.

In cynomolgus monkey endometrium, G. Hodgen and B. Kreitman (personal
communication) have confirmed the observations of Gravanis et al. (1984) in
estrogen—treated post menopausal women, showing that in absence of
progesterone, RU 486 alone may provoke progesterone-like effects. The
further decrease by RU 486 of gonadotropins already reduced by estrogens,
was also observed in these post—menopausal women (who do not have
circulating progesterone) (Gravanis et al., 1985). To date, these
apparently paradoxical results have been observed only in primate systems.

RU 486 is Also a Potent Antiglucocorticosteroid

A very large number of biological results demonstrate the strong
antiglucocorticosteroid activity of RU 486 and the absence of agonistic
effects (Table III). Besides the results of DNA binding experiments



Table III. RU 486: Antiglucocorticosteroid

Molecular
MMTV specific and non-specific DNA binding
of glucocorticoid receptor

Cellular
growth: fibroblasts
cytolysis: lymphoid cells
liver enzymes (TAT)
ACTH~induced decrease by glucocorticosteroid: pituitary cells

In Vivo
Anti~administered glucocorticosteroid
tyrosine aminotransferase, tryptophan oxygenase
thymus weight
cotton granuloma
ACTH-induced decrease by glucocorticosteroid
Intact animals
brain/pituitary/adrenal system: activated
very high doses: signs of hypocorticism

The Table enumerates the various experimental systems
that have been studied. References are found in the text.

(mentioned above) that demonstrate differences between agonist and
antagonist steroids at the molecular level (Bourgeois et al., 1984), RU 486
opposes active glucocorticosteroids in many cellular systems: 1) decreased
growth of fibroblasts (Jung-Testas and Baulieu, 1983); 2) cytolysis of
lymphoid cells (Bourgeois et al., 1984); 3) induction of enzymes such as
tyrosine aminotransferase in liver cells (S. Chasserot-Golaz and G. Beck,
personal communication; Gagne et al., 1984); 4) immunosuppression of in
vitro antibody response in mice and autologous mixed lymphocyte reaction in
human cells (Emilie et al., 1984); and 5) decrease of ACTH in cultured
pituitary cells (Proulx-Ferland et al., 1982).

In vivo, pharmacological experiments in the rat (Philibert et al., 1981)
have clearly indicated the antiglucocorticosteroid effect of RU 486 on
glycogen accumulation induced by administered corticosterone and on tyrosine
aminotransferase and tryptophan oxygenase increase in liver, on thymus
weight decrease, and on cotton pellet induced granuloma. To obtain in vivo
antiglucocorticosteroid activity in intact animals has always been difficult
for pharmacologists in the absence of very active compounds, since the
physiological system is auto-regulated with negative feedback of
glucocorticosteroids negatively regulating the production of ACTH (and other
hormones of the pro-opiomelanocortin system, including lipotropin and
B-endorphin). The increase of ACTH and of corticosterone (in rats Philibert
et al., 1981) or of cortisol (in primates Healy et al., 1983 b) appears to
compensate for the antiglucocorticosteroid action of RU 486, and is more
easily observed and quantified than antiglucocorticosteroid effects on
liver, thymus or granuloma, or on glucose or water metabolism. It is only
if enough (and in fact much) of an active antiglucocorticosteroid is given
that the endogenous glucocorticosteroid-increase reaction can be overcome,
and therefore that signs of hypocorticoidism may appear. This was the case,
for instance, in cynomolgus monkeys that have been treated for tolerance and
toxicity studies. The animals received for one month daily 100 mg/kg
(Squires et al., 1982). This extraordinarily high dose led to an increase
of adrenals concomittant with elevated cortisol levels, high ACTH levels,
and of symptoms of hypocorticism (weakness, hypotension).
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Among other changes related to the antiglucocorticosteroid activity, an
interesting increase of arginine-vasopressin seems related to
hypoglucocorticism (G. P. Chrousos, H. M. Schulte, P. W. Gold, G. D. Hodgen
and D. L. Healy, personal communication). The secondary increase of
aldosterone and plasma volume observed in some 'responder'" dogs treated for
several days (and in whom water load test does not demonstrate peripheral
hypo—glucgcorticosteroid state), is not understood mechanistically (Wade et
al., 1984).

RU 486 is a Weak Antiandrogen

Moderate but indisputable antiandrogen effects of RU 486 have been
observed in vivo (Philibert et al., this volume) and in vitro (Jung-Testas
and Baulieu, 1984).

RU 486 is not an Agonist of Steroid Hormones

With the exception of so-called progesterone-like effects indicated
above, RU 486 demonstrates essentially no steroid agonistic action.” In
particular, no estrogenic, androgenic or mineralocorticosteroid effects have
been observed. (Large doses of RU 486 increase uterine weight and prolonged
administration provokes estrus in the rat (Philibert et al., this volume).)
The compound shows no anti-mineralocorticosteroid or anti-estrogenic
activities (Philibert et al., this volume).

Species Differences and Dose-Related Effects

Dosage amounts are not transferable from one species to another;
abortion of rat pregnancy is obtained only after more than 3 mg/kg, while in
many cases 1l mg/kg is enough in the woman. The mouse is even less
responsive than the rat. This is possibly due to differences among species
in RU 486 metabolism. However, subcutaneous or intramuscular injections are
more effective than oral administration for all species (antifertility in
the rat, Chang et al,, this volume). This is especially true in monkeys,
for both antiprogesterone and antiglucocorticosteroid activities (Germain et
al.,, 1984; Healy et al., 1983, Nadler et al., 1984). It also was observed
that in the human, the antiprogesterone effect on the uterus is easier to
obtain than that on LH release by the pituitary.

Finally, when comparing the two main antihormonal activities in humans
and monkeys, the antiglucocorticosteroid effect (assessed by ACTH blood
level) and the antiprogesterone property (provoking endometrium bleeding),
it is clear that the latter is obtained with much less RU 486 than the
former (Herrmann et al., 1982; Gaillard et al., 1984; Healy and Hodgen, this

volume).

In conclusion, the difference among species, the mode of administration,
the nature of the target organ and the type of antihormonal activity have to
be considered before conclusions can be drawn in terms of active doses.

More than receptor binding affinity, one should consider the concentration
of steroid receptors and the distribution/metabolism status of hormones and
RU 486 in each case.

CLINICAL APPLICATIONS

As indicated in various chapters of this volume, no side effects have
been recorded in animal studies that could preclude the well-defined
clinical use of the compound based on its endocrinological activities. The
appropriate toxicological data (Squires et al., 1982; Deraedt et al. b, this
volume) were submitted to the relevant authorities before clinical trials.
We shall review some preliminary but important results obtained in humans.

1



Table IV. RU 486 in Non-Pregnant Women

Endometrial Luteolysis LH+
bleeding P+v BBTY
luteal phase
early: d. 18-21 a) + + +
b) + (+) - +
late: d. 22-25 + + +
preovulatory phase
d. 10-13 0 delayed ovulation

This Table is constructed essentially after the data of Herrmann
et al. (1982 and this volume) and Schaison et al. (this
volume). For the sake of simplicity, doses are not indicated
(there is a dose-dependency in the 100 mg/day~25 mg/day range).
Luteolysis stands for the decrease of both BBT and plasma
progesterone. There were 2 approximately equal groups of
patients who received RU 486 early during the luteal phase
(they all bled and showed decreased of plasma LH). a) Those
that underwent luteolysis and terminated prematurely their
cycle. b) Those who did not undergo luteolysis and bled again
at the expected time of normal menses. This second bleeding is
indicated by the second cross in parentheses.

During the Menstrual Cycle

During the luteal phase in young women with normal cycles, the compound
was first given for four days, 50 mg/day, starting on day 22 (Herrmann
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Fig. 5. Menstrual Cycle Interrupted on the 22nd Day by
Administration of 50 mg RU 486 During 4 Days (4).
Horizontal line (arrows) = days of bleeding. Square,
plasma progesterone; star, Ej; circle, FSH; triangle,
LH (original figure in Herrmann et al., 1982).
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et al., 1982; Table IV). The cycle was interrupted, endometrium bleeding
beginning on the second to third day of administration and simulating menses
in its quantity (Fig. 5). There was irreversible luteolysis with rapid
decrease of progesterone and estradiol in the plasma, and also decrease of
LH and FSH. These results were interpreted in terms of antiprogesterone
activity: 1) at the endometrium level, resulting in hemorragia and 2) at
the hypothalamus and/or pituitary level, the decrease of LH causing
luteolysis. With the subsequent decrease in progesterone production, the
shortening of the endometrial cycle is reinforced (Fig. 6a). Formal
demonstration of this sequence of events was not possible. However, there
was and still is no indication that RU 486 may inhibit progesterone
synthesis in the corpus luteum and/or that is is directly luteolytic, while
there is much evidence, to be presented below, that RU 486 can intervene at
the hypothalamus/pituitary level. It is known that the corpus luteum in the
mid and late periods of the luteal phase is dependent on LH, as confirmed by
recent observations with GnRH agonists and antagonists (Vale et al., 1972;
Schally, 1983; and S. C. C. Yen, personal communication). Finally, RU 486
induced menses in women whose luteal phase was extended by hCG
administration at doses that simulate the hormonal profile of early
pregnancy (Croxatto et al., 1984).

RU 486 was then given earlier in the cycle, for four days, beginning
four days after the BBT shift, at three doses (100, 50 and 25 mg/day),

CYCLE PREGNANCY
Pit Pit
Lno\ LH‘\
\ \
\ \
A BN A B\
\ \
RU 486 \Corgus RU 486 \Corgus
luteum luteum
i /p; b )
/ /
’ 7/
Cr A c/ /
/ /
¥ / B
endom endom/ ,/
bleed. decidua hCG¢
prostat bleed./
embryo det.
prostat
a b

Fig. 6. Schemes of RU 486 "First Step" Effects in Non-Pregnant
and Pregnant Women. These '"first step" effects involve mostly
hormones and endometrium/deciduoma (see text). a) RU 486 acts
on endometrium or decidua, directly provoking bleeding. It
also reaches the LH-making system at the level of the
hypothalamus and pituitary cells. Endometrium or decidua
alteration and bleeding, and LH decrease are primary
responses. b) As a consequence of LH decrease, there is a
secondary effect (though not always, see text) on the corpus
luteum. This may decrease progesterone output. In pregnancy
there is another secondary effect — the alteration/detachment
of .the trophoblast that reduces hCG and in turn affects the
corpus luteum and decreases progesterone output. The decrease
of progesterone, a tertiary effect in both cases, also may be
deleterious to the endometrium/decidua.
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(Schaison et al., 1984 and this volume). It induced effects that confirmed
previous conclusions and extended our knowledge of hormonal controls during
the cycle (Table IV). Endometrium bleeding also occurred on day two or
three of administration, constantly after 100 mg and in most cases after 50
or 25 mg, suggesting dose—dependent activity. However luteolysis, as
indicated by the drop of body temperature and by decrease in progesterone
and estradiol blood levels, did not occur regularly. On the contrary, only
about 50% of treated cases experienced luteolysis in a dose-dependent manner
(Table IV). It is of interest to note that endometrium bleeding occurred ir
many cases in absence of luteolysis or decrease of progesterone blood level,
confirming the concept of direct endometrial antiprogesterone effect. There
was also a dose-dependent decrease of LH output and a shortened period of
its oscillations in plasma. Surprisingly, decrease in LH did not
automatically lead to luteolysis. Perhaps the corpus luteum, during the
early luteal phase, does not react to LH diminution because it is still
under the influence of the mid-cycle LH surge. In cases where there was no
luteolysis, a second bleeding occurred, approximately at the time of
normally expected menses (Schaison et al.; Herrmann et al., this volume).

In all cases, after either premature or normally occurring luteolysis, the
next ovulation took place, sometimes delayed by a few days. (See also
Nieman et al., b, this volume.)

Fewer treatments have been done during the follicular phase of normal
cycles. As expected, endometrium bleeding did not occur (Herrmann et al.,
this volume). Essentially, Herrmann observed reduction and delay of the
preovulatory estradiol increase, and delay of the LH peak, which was often
higher than normal. The role of estrogen in the effect of RU 486 was
investigated by giving ethynylestradiol; ovulation was still delayed. Tests
with GnRH indicated that, besides the slowing effect on follicle maturation,
RU 486 causes a decrease of the pituitary response to the hypothalamic
releasing factor. Preliminary experiments in monkeys (Collins et al., 1984
confirmed Herrmann's data, which themselves are compatible with the
postulated action of progesterone in facilitating both follicular growth anc
positive feed-back exerted by estradiol at the pituitary level (Odell and
Swerdloff, 1968).

These results suggest the possibility of using RU 486 as a once—a-month
fertility—-control agent, but indicate that much work is still necessary to
achieve this goal. Effects on oocyte maturation should be studied, as well
as the detailed hormonal pattern in women treated at various stages of the
cycle. One also should consider whether RU 486 administered during one
cycle will influence the next cycle. As already observed in monkeys, this
may occur if the compound is administered persistently for a prolonged
period. Further studies on this issue are required.

RU 486 already seems to be a very good candidate as a "late"
post-coital® antifertility agent (Haspels, this volume), or 'menses
inducer," if given a few days before the expected date of menstruation in
case of sexual exposure at mid-cycle. Trials are currently being conducted
(for example, administration of 100 mg/day for 2~4 days, starting on the
24th day of a 28-day cycle). The compound may also be used as a "medical
menstrual regulator' (an expression suggested by S. Segal); instead of
undergoing a mechanical extraction, women with delayed menses and fearing
pregnancy would immediately take RU 486. In all these cases, if the woman
is not pregnant, this is a period of corpus luteum sensitivity, and the RU
486-induced decrease of LH will precipitate luteolysis. If there is very
early pregnancy, this also is logically a good period to alter the decidua.
Perhaps the decrease of LH may facilitate luteolysis. The occasional use of
RU 486, either as a post-coital agent or as a menstrual regulator, seems
imminent, even if further studies of different modes of administration,
changing numbers of days of use and doses, are still necessary.
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It is also possible that the use of another hormonal substance, such as
an anti~-GnRH or an estrogen in addition to RU 486, may help to develop an
effective once—a-month fertility regulatory agent.

Other Antiprogesterone Uses in Non-Pregnant Women

We already have alluded to administration of RU 486 in post-menopausal
women. The surprising results (Gravanis et al., 1985) were that RU 486
showed progesterone-like effects of its own in the endometrium of
estrogen—-treated women, while counteracting simultaneously the action of
administered progesterone. We have also alluded to the LH decrease caused
by RU 486 under these circumstances.

Based on the antiproliferative effect of RU 486 in mammary cancer cells
in vitro (Bardon et al., 1985; Horwitz et al., 1985), we intend (with H.

Rochefort) to use the compound in pilot trials in advanced breast cancers.

Moreover, since there is evidence of progesterone receptor in
meningiomas (often with low estrogen receptor) and of an influence of
progesterone on their evolution in women (Poisson et al., 1980; Blankenstein
et al., 1983), the use of RU 486 in these (and perhaps other) brain tumors
may be envisaged.

Medical Interruption of Pregnancy

RU 486 has been given under well defined conditions to more than 130
women asking for medical interruption of 4~ to 10-week—-old pregnancies. In
most cases RU 486 was taken during four days at doses of 50, 100 or 200
mg/day (in one or two doses per day). The results may be divided
schematically between pregnancies of 4-7 weeks and pregnancies of 8-10
weeks. The results were far better in cases of early pregnancy (seven weeks
and less, that is up to 49 days after the beginning of the last menses, or
about five weeks after fertilizationm, or about four weeks after
implantation). For cases in this category of early pregnancy, the rates
were: complete abortion, ca. 70%; incomplete abortion, ca. 20%; no clinical
effect, ca. 10%4. For 8-10-week pregnancies (between 50th and 70th days
after last menses), the rates were: ca. 50%, ca. 35%, and ca. 15%,
respectively (Herrmann et al., 1982; Elia, this volume; Haspels, this
volume; Herrmann et al., this volume; Birgerson et al., this volume; Kovacs
et al., 1984; Kovacs, this volume; Swahn et al., this volume).
Interestingly, there was no dose-dependency in the percentages of successes
and failures in the dose range of 50-200 mg/d for four days.

Whatever the outcome of pregnancy interruption, essentially no systemic
side effects were recorded in the numerous clinical and laboratory tests
performed. The pituitary—adrenal reaction measured by blood ACTH and
increased cortisol levels, was observed mainly with the higher dosages used,
and no clinical or biological sign of hyper— or hypo-corticosteroidism was
registered. Pregnancy interruption itself included bleeding, usually
starting not before the second day of drug treatment, expulsion occurring by
day four or five but sometimes later. There was some tendency toward
prolonged bleeding, and even the risk of heavy bleeding. ’

How should one interpret these results? It seems to me that the primary

conclusion is that RU 486 has always worked exactly as an antiprogestin
should, even though the insufficient overall results were not medically
acceptable.

This statement, that RU 486 has always worked, is based on the fact that
all cases receiving 50-200 mg/day of RU 486 for four days demonstrated one
or more of these following signs: 1) Bleeding (which occurred in more than

156



80% of cases); 2) diminution or cessation of the normal hCG daily increase
that is seen at this period of pregnancy (see Fig. 7, however, statistics
are not yet available); 3) effect on the cervix (in practically 100% of
cases) facilitating secondary trans—cervical procedures, if necessary.
Other effects of RU 486 were recorded also, such as prostaglandin increase,
increase of myometrial contractility and, of course, signs of luteolysis
(Herrmann et al., Swahn et al., this volume).

Figures 6b and 8 display diagramatically my views on these primary
effects of antiprogestin RU 486 in early pregnancy and their immediate
consequences. There is first an alteration of the uterine mucosa. The
electron microscopy studies of Schindler et al. (1984) confirm that the
drug's target is not the placenta, but elements of the decidua, in
particular endothelial cells of capillaries. Three recognizable
consequences result from interacting processes at the decidua-chorion
level: 1) bleeding, which may vary in abundance; 2) increase of
prostaglandin release, as observed in the rat (Philibert et al., this
volume), in women (Herrmann et al., this volume), or in human endometrial
cells in vitro (Kelly et al., this volume); 3) separation or alteration of
the conceptus, initially the trophoblast, giving an explanation for the
cessation of hCG increase and its eventual decrease. Finally, the effect or
the uterine cervix is another primary effect of RU 486 consistent with
current knowledge regarding progesterone action on this organ.

We propose to call the primary effects of antiprogestin RU 486 and their
above-mentioned consequences "first step' reactions. Even though one or
several of these always take place, this does not lead to 100% complete
abortion, as stated before. We are therefore contemplating the two
following possibilities, not exclusive of one another, to explain failures.

The first proposes that RU 486 is not present at the target level in the
proper amount and/or for a long enough period of time to effectively
counteract progesterone. Supporting this possibility is the fact that the
results are better with the earliest pregnancies and/or when hormone levels
are low (low estrogen and hCG values are more predictive of the abortive
action of RU 486 than is the progesterone level); in addition after about
the 49th day, the chorion (placenta) cells locally produce high quantities
of progesterone, which may be hard to antagonize. At this point in
pregnancy, implantation is certainly more difficult to disrupt than it is
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Fig. 7. Seven-Week Pregnancy. Administration of 4x 200 mg of
RU 486(4). The horizontal line indicates length of
bleeding, and the double vertical line signals the
abortion itself. Square, progesterone; star, E,
(estradiol); triangle, cortisol; and B-hCG in the
plasma (original figure in Herrmann et al., 1982).
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Fig. 8. A Representation of the Effects of RU 486 in Early
Pregnancy. This Figure indicates the direct action on the
cervix, in addition to the "first step" effects listed in Fig.
6b. The "second step" consequences on myometrium contactility
(4) are necessary for complete evacuation of uterus.

earlier. We realize that the lack of a dose~dependent effect above 50
mg/day of orally administered RU 486 may indicate that we already have
obtained the best possible results with the antiprogestin alone.
Conversely, the result of Germain et al. (this volume) suggests that oral
administration may not be satisfactory. Therefore other ways of
administration will be tested (subcutaneous or intramuscular injectionms,
vaginal route), before an approximately 70% success limit with an efficient
antiprogestin can be accepted. There is a precedent in the case of
"spontaneous abortion'" of chromosomal origin where complementary curettage
is often necessary also.

The second possible explanation for failure is that the "second step" in
RU 486 action does not work. As indicated in Figure 8, evacuation of the
uterus, even when facilitated by the softening of the cervix, necessitates
myometrial contractions. The mere decrease of progesterone action by RU 486
brings about greater contractility (Swahn et al., this volume), probably
because there are both suppression of the "calming" effect of progesterone
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and the increased release of excitatory prostaglandins. Insufficient
endogenous protaglandin production or availability may be the cause of no
evacuation or incomplete evacuation of the uterus and of prolonged or
excessive bleeding. Luteolysis, with the lowering of progesterone and
estrogen output, is also related to the rather marked decrease of hCG and
then is dependent on the alteration or expulsion of the trophoblast.7

We believe that the first hypothesis explains most so-called total
failures, essentially characterized by no visible bleeding. This negative
result is unacceptable on theoretical grounds, since it would mean that one
of ten endometrium/decidua does not depend on progesterone during early
pregnancy. The approximately 20% of so—called incomplete abortions,
displaying bleeding but only partial evacuation of the uterus, are probably
due to deficiency in the second-step reactions, either because the first
step itself was already deficient, or because the prostaglandin—myometrium
system itself did not work properly. It follows that considering the
myotropism of prostaglandins, the results already obtained with them in
abortion (see Bygdeman et al., 1983), and the tendency to long bleeding and
even risk of heavy bleeding with RU 486 alone, the pharmacological use of
prostaglandin appears very well suited for complementing anti-progesterone
action. The aim is to reduce the rate of failure and possibly the extent of
bleeding. It seems logical to give prostaglandin at the end of RU 486
administration. This is particularly acceptable in view of the change of
the cervix obtained with RU 486 alone. The paper of Swahn et al. (this
volume) is illuminating in this respect. It indicates that the amount of
prostaglandin that is efficient after RU 486 administration does not
interrupt pregnancy by itself, and also that it does not provoke the pain
and gastro-intestinal disorders observed when the regular efficient dose of
prostaglandin alone is given to interrupt pregnancy medically. The
forthcoming trials will define doses, number of administrations of RU 486,
nature of the prostaglandin used, as well as timing, dose and route of this
complementary treatment.

Table V schematically summarizes the advantages and, pending problems of
the use of RU 486, prostaglandin and aspiration in early pregnancy; and
includes the results of Swahn et al. (this volume) obtained with 50 mg/day
for 4 or 6 days, or 100 mg/day for 4 days of RU 486 given orally, plus one
intramuscular injection of 0.25 mg of 16-phenoxy-tetranor-PGE,,
methylsulfonylamide on the last day.

Other adjuncts than prostaglandin may be envisaged, such as oxytocin (E.
Sakiz, personal communication) or anti—GnRH, on the basis of physiological
and/or pharmacological considerations. One should avoid excessive
potentiation with RU 486, and the aim will be to obtain the best
self~administerable combination for complete, swift and safe effectiveness.

Other Aspects of the Clinical Use of RU 486

We already have mentioned the remarkable change of the uterine cervix
obtained with RU 486. It may therefore be useful as an adjunct medication

in late abortion and in parturition.

RU 486 has also been tested in extra—uterine pregnancies. As far as we
know, there are at least two declared failures (Herrmann et al., this
volume; Swahn et al., 1984). There is no indication of any real improvement
of the prognosis of ectopic pregnancies by the use of RU 486 (Paris et al.,
1984). Failure may be due to the difficulty of access by RU 486 to the
fallopian—-tube mucosa that, nonetheless contains progesterone receptor
(Robertson et al., 1975). However, there is still the intriguing
possibility that extra—-uterine implantation of the blastocyst is not
progesterone—dependent, contrary to uterine implantation. The hormonal
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Table V. Methods for Early Abortion (Before 49th Day): a Comparison

success rate (%) med/ trauma pain bleed duration
compl incomp fail surg

RU 486 70 20 10 med - - + +
PROSTAGLANDIN 90 med  + ++ + +
VACUUM
ASPIRATION > 95 surg + + - -
RU 486
+ PROSTAGLANDIN 100! 0 0 med - - + -

The two medical methods, RU 486 and prostaglandin derivatives
(med) are qualitatively compared to vacuum aspiration (surg).
compl = complete, incomp = incomplete, and fail = failure.
trauma = physical and psychological trauma. pain = uterine
pain, nausea, vomiting and diarrhea. bleed = amount and length
of bleeding. duration = duration of symptoms. ISee the text
of Swahn et al. (this volume) for further details and the

afterward for a June 1985 update.

determinants in pregnancies implanted in the peritoneum or even under the
kidney capsule have never been studied. Clearly, the potential use of
RU 486 in ectopic pregnancies requires more study.

No clinical, metabolic or biochemical consequence of antiglucocor-—
ticosteroid activity has been recorded when using RU 486 in the context of
its antiprogesterone activity (Herrmann et al., 1982; Bertagna et al.,
1983), with the well understood exception of reset of the brain-pituitary-
adrenal system. It remains that if any sign of hypocorticosteroidism should
unfortunately appear, the remarkable reversal effect of dexamethasone (or of
another active glucocorticosteroid) could be easily used (Gaillard et al.,
1984; Bertagna et al., 1984). On the other hand, the use of RU 486 in a
provocative test for the exploration of the brain-pituitary-adrenal system
may be of great interest to analyze some aspects of the neuroendocrine
functioning, as the part played by the adrenals in depression and other
pathological states, for example hirsutism, hypertension, and various
metabolic disorders. The compound has already been used sucessfully to
counteract hypercortisolism in a Cushing syndrome of tumor origin, thus
making surgical intervention possible (Nieman et al., a, this volume; see
discussion in Gaillard et al., this volume). The tolerance of this patient
to huge doses of RU 486 was remarkable (Nieman et al., a, this volume). The
use of RU 486 as an antiglucocorticosteroid (Gaillard et al., 1984; Bertagna
et al., 1984) is beyond the scope of this volume. It would be convenient to
have an RU 486 analog devoid of antiprogesterone activity, making such an
antiglucocorticosteroid more conveniently usable in women of fertile age.

It is, however, remarkable that conversely, in practical terms, the
antiglucocorticosteroid activity of RU 486 given in the 50-200 mg/day range,
has not up to now been a drawback in the use of its antiprogestin properties
for contragestion. Since the original position paper (Herrmann et al.,
1982), well-publicized trials have been conducted. Public attention could
be expected because of the extreme importance of the matter. All results
have confirmed the original data and the principles and predictions set
forth at that time have been substantial. There is increasing hope that
appropriate forms of administration will soon be available to ensure wide
use of RU 486 as a contragestive.
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NOTES

IThe specific suppression of progesterone biosynthesis in ovaries does not
seem an appropriate goal, since progesterone is also synthesized in adrenal:
as a corticosteroid precursor, which should not be suppressed. In addition,
the Km of the related biosynthetic enzymes are relatively high, and the Ki
of inhibitors also would probably necessitate large doses of drugs.

2Experimenta11y, antibodies to progesterone are very good contragestive
agents (Wright et al., 1982). Their safe and convenient use in humans has
not yet been perfected.

3Currently obtained data (unpublished) indicate that the agonist-
receptor and the antagonist-receptor complexes soon will be distinguishable
physicochemically,

4Teutsch and colleagues have synthesized estradiol derivatives with
11B-substituants similar to that of RU 486. They behave as antiestrogenic
tamoxifen derivatives (unpublished).

5We have described earlier specific hormonal conditions in the chick
responsible for partial agonistic activity of antiestrogen (Catelli et al.,
1980). The binding of any ligand to the receptor may, under appropriate
conditions, induce/stabilize the receptor conformation able to trigger an
agonistic response, and/or alternatively, specific conditions related to the
state of differentiation, metabolic balance or functioning of target cells
may modify receptor of chromatin (by alkylation, for example) in such a way
that there will be an agonistic response.

6"post-coital contraception" is almost always '"contragestion." I prefer
the latter terminology.

"The decrease of progesterone and estrogen subsequent to luteolysis may in
turn influence myometrium contractility.
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ANALOGUES OF RU 486 FOR THE MAPPING

OF THE PROGESTIN RECEPTOR: SYNTHETIC AND STRUCTURAL ASPECTS

Georges Teutsch

Centre de Recherche Roussel Uclaf
93230 Romainville, France

The synthesis of 1lB-substituted 19-norsteroids, including RU 486 and
analogues, is briefly discussed. Relative binding affinities for the rabbit
progestin receptor of a series of these compounds, varying either by the
11R-substituent or D-ring substitution, are reported, leading to preliminary
structure—-affinity relationships. It was found that rather large
substituents, both in position 11-B and 17-alpha of the steroid nucleus, can
be accomodated by the receptor, suggesting the existence of two unusually
large hydrophobic pockets in the receptor protein in addition to the main
hydrophobic site that binds the steroid framework. A computer~drawn mapping
of these hydrophobic pockets has been attempted, based on crystal structures
and calculated molecular conformations. The results obtained so far suggest
that anti-hormones of the RU 486 type interfere with the activation of the
steroid-receptor complex.

INTRODUCTION

The discovery of the fascinating anti-hormonal activities of RU 486 and
its analogues is rightly considered a major breakthrough in steroid
endocrinology, especially in view of its expected impact on human fertility
control. However, beyond the short-term use of these compounds as
contragestive agents and their potential long-term use as medications for
glucocorticoid related diseases, they constitute unique tools, at present,
for the investigation of hormone action. This review, which also will
include some up to now unpublished results, will discuss our chemical and
biochemical itinerary through the 11-B-substituted 19-norsteroid series and
will draw preliminary conclusions on the shape and function of the
progesterone receptor site. Although our original interest in this
particular chemical series was not motivated by an oriented search for
antiprogestins but rather by a more general structure-affinity study, it
rapidly appeared that 11R-substitution could lead to compounds with
unexpected biochemical profiles (Teutsch et al., 1978; Belanger et al.,
1981). The first evidence of antihormonal activity by some of these
steroids was provided by the in vitro antiglucocorticoid activity of RU 25
055 on TAT induction in HTC cells (Giesen et al., 1981; Giesen and Beck,
1982), a result that encouraged us to seek even more potent compounds by
trying to further increase the relative binding affinity (RBA) for the
glucocorticoid receptor. It turned out that this approach was correct in
spite of its evident disagreement with existing theories. Indeed, RU 486
and most of its analogues show interaction kinetics with the receptors that
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had been suggested to be characteristic of agonists rather than of
antagonists (Raynaud et al., 1980); this applies for both the glucocorticoid
receptor (GR) and the progestin receptor (PR) (D. Philibert, this volume).

Nevertheless, it is now well known that these compounds behave as pure
antagonists. We had succeeded in materializing the dream of many a
researcher in reproductive biology, summarized quite accurately only a few
years ago by Laumas: "A good antagonist would be a compound which would
bind with high affinity to the uterine progesterone receptors to exclude
progesterone from occupying binding sites and which would have such a
structure that its interaction with the receptor molecule does not lead to
any hormonal agonistic effect" (Verma and Laumas, 1981). In fact, early
attempts to achieve this goal by introducing bulky substituents at positions
l-alpha, 7-alpha and 17-alpha of active progestins failed (Beyer et al.,
1976; Beyer et al., 1980). It was concluded that the progesterone receptor
does not possess hydrophobic sites large enough to accomodate these
substituents. These results were in partial agreement with independent QSAR
studies that pointed to the existence of small hydrophobic pockets with the
maximum size of a methyl group only in the vicinity of positions 6alpha and
118. Somewhat larger pockets would exist in the 16-alpha, 17-alpha region
(Lee et al., 1977).

Our results therefore came as a double surprise - the existence of a
much larger pocket than expected above C-11 of the bound steroid and the
fact that its occupancy led to an antagonistic response, rather than an
agonistic one. This point is of particular importance for understanding the
mechanism of action and will be discussed in more detail in the last section
of this review. The other sections will include a brief summary of the
chemistry involved, a discussion of the structural features of
11R~substituted 19-norsteroids, and selected examples of structure—affinity
and structure—activity relationships that allowed us to gain additional
information on progesterone receptor topography and the mechanism of
anti-hormonal action.

CHEMISTRY

Chemistry has unquestionably played a determining role in the
development of the novel anti-progestins. Prior to the 1975 discovery of
our original synthetic scheme, general access to 11B-substituted
19-norsteroids was not available, Existing methods proved cumbersome,
generally ineffective and limited to primary and secondary alkyl
substituents (for a review see Teutsch, 1984). The finding that unsaturated
epoxides of type 1 (Nedelec, 1970) react with organocuprates or
copper-catalyzed Grignard reagents to produce high yields of the
11R8-substituted steroids 2 via conjugate addition opened the road to
practically limitless variations (Teutsch and Belanger, 1979). Thus, almost
any type of organic group can be introduced, provided that the corresponding
organometallic reagent (Grignard reagent, lithium derivative or copper
reagent) is accessible. Substituents as diverse as alkyl, alkenyl, aryl and
heteroaromatic groups have been introduced without difficulty. Though
steric hindrance is generally not a problem as evidenced by the quantitative
introduction of a tertiary-butyl group, the strong buttressing effect presen
in 2,6-disubstituted aromatics does not let the reaction proceed (Fig. 1).

The adopted methodology thus far has remained unchallenged, and no
comparable results could be obtained by changing either the organometallic
reagent or the catalyst. The use of aluminum derivatives predictably led to
10B-substitution, whereas lithium dimethylaurate gave a poor yield of the

118-substituted compound. This result could not be extended to alkyl groups
other than methyl (Teutsch, 1982). Among a variety of catalysts that were
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Fig. 1. Synthesis of llR~substituted 19-norsteroids via
conjugate epoxide opening.

tried, only cobaltous chloride in the presence of phenylmagnesium bromide
gave a remarkable result: it led to the steroid dimer 4 (G. Teutsch,
unpublished results), the structure of which has been confirmed by

X ray diffraction studies (J. P, Mornon, personal communication).

The intermediates of general structure 5, when submitted to hydrolytic
ketal cleavage, undergo simultaneous dehydration to the dienones 6, which
can be further aromatized to 7 (Fig. 2).

This scheme was applied to our initial synthesis of a selection of
11B~substituted 19-norsteroids, in order to explore their biological
potential (Belanger et al, 1981) and ultimately led to the design of RU 486
(Teutsch, 1984). Consistent with the nature of D-ring substitution, there
is an adequate degree of flexibility in the synthetic scheme; the main
reagent (Grignard reagent in the presence of cuprous salt) is compatible
with a number of functional groups such as cyano, unconjugated ketones,
esters or hydroxyls (in which case one has to use a twofold excess).

Figure 3 exemplifies two routes of access to RU 486, while Figure 4
illustrates the usefulness of the particular 17B8-cyano, 17-alpha
trimethylsilyloxy substitution pattern (Gasc and Nedelec, 1971) as a
precursor to various D-ring substituents (Belanger et al, 1981; Teutsch et
al., 1982a). This convenient chemical flexibility has been exploited in the
preparation of the two hundred odd compounds designed to assess the

() Hgo*
(i) 1) AcBr,Ac20  2) OH~

Fig. 2. Synthesis of llR-substituted~4,9-estradien-3-ones and
1,3,5(10)-estratrienes.
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. _ MeO (ii) HoO2
(i) CH3—C=C—MV Nsc)z(::O
OH

Fig. 3. Two synthetic pathways to RU 486.

i =OH~
ii =(CH3)3CuLi2
iii = NaBH 4 /EtOH
iv = H—CEC—Li,(CHzNHz)z
/(CHoNH) 5
v =CHgMgl /THF

Fig. 4. Chemical modifications of the O-trimethylsilyl-cyanohydrin moiety.
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influence of 11B-substitution, as well as D-ring substitution on relative
binding affinity (RBA) for the steroid hormone receptors and/or biological
activity.

Of course the 11B-~substituted dienones themselves can be subjected to
various transformations such as reduction to the enones (Neef et al., 1983;
Teutsch, 1984), alkylation at C-2 (Teutsch et al., 1983) or epoxidation of
the delta-9 double bond as shown in Figure 5 (Teutsch et al., 1982b). It
should be noted, however, that the transformation 21 to 22 (Fig. 5) has not
been achieved when R represents an aromatic ring. The hydroxyketal
precursors, on the other hand, can be useful in the functionalization of the
118-substituent such as the hydroboration of a vinyl group (Fig. 6)
(Teutsch, unpublished results) or in backbone modifications such as the
photochemical C-13 epimerization described in Figure 7 (Neef et al., 1984).
These few examples illustrate the remarkable versatility of the synthetic
scheme, opening access to literally hundreds of thousands of potentially
active steroids. Thus one can make a reasonable prediction that this single
class of compounds can yield all types of sexual and adrenal hormone
agonists and antagonists. As a conclusion to this section it should be
pointed out that the strict regio- and stereo—selectivity of this scheme
provide some clues about the mechanism of the epoxide opening reaction
(Teutsch, 1982).

STRUCTURAL FEATURES

The assignment of beta versus alpha configuration of the C-11
substituents based on lH-NMR data has been discussed in a previous review
(Teutsch, 1984) and will not be developed any further in this chapter.
However, complementary information is provided by X ray crystallographic

>
2 25 26

Fig. 6. Hydroboration of an 1l18-vinyl group.

O

O 4 A 1) BoHg,MeoS 0.
H B ———y
</0 OH 2) Hy0, </
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Fig. 7. Photochemical epimerisation of the C-13 methyl group.

analysis of a few selected compounds, represented in Figures 8-12 J. P.
Mornon, personal communication). These can be compared to the computer
graphic representations (Figs. 13-17) generated by the conformational energy
minimizing SCRIPT program (Cohen et al., 1981).

The represented compounds are all 4,9-estradien-3-ones substituted in
the 118 position respectively by: vinyl (Figs. 8 and 13), p~MeO-CgHy
(Figs. 9 and 14), o-MeO-CgH, (Figs. 10 and 15), 2-thienyl (Figs. 11 and
16) and t-butyl (Figs. 12 and 17). All of them possess a
178-hydroxy-17alpha-ethynyl substitution except for the 11B-t-butyl
derivative, which contains the 17alpha-propynyl side chain (Figs. 12 and
17). The X ray structure (Fig. 12) of this compound is drawn only with the
carbon atoms, as is the vinyl derivative (Fig. 8). All other compounds are
shown with the hydrogen as well as carbon atoms. Though the two sets of
compounds are not shown from identical perspectives, it is evident that, for
any one compound, the overall conformation calculated by SCRIPT is
consistent with the X-ray structures if one excludes the 11B8-0-MeO-Cgly
derivative (Fig. 10 vs. Fig. 15) and, to a lesser extent, the 11R-t
butyl-derivative (Fig. 12 vs. Fig. 17). 1In these cases there is a
discrepancy in the general curvature of the steroid framework, resulting
from different A-ring conformations. On the other hand, the distortion of
the C-ring, apparent in Figure 12, agrees with our NMR data in solution that
show an unusual doublet for the ll-alpha-proton, suggesting a flattening of
the CgCgC11C12 dihedral angle.

Also of interest is the observation that the plame of 118-
unsaturated substituents (vinyl, p-MeO~CgH, and thienyl) closely

Fig. 8. Crystal structure of 17B-hydroxy—1lB-(h-methoxy—pheynl)-
19-nor-17alpha~pregna-4, 9-dien-20-yn-3-one.
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Fig. 9. Crystal structure of 178-hydroxy-11B8-(4-methoxy~phenyl)-19
nor-l7alpha~pregna—4,9-dien-20-yn—-3-one.

eclipses the Cg-Cy; single bond, both in the crystal structures and in

the calculated conformers. However, in the vinyl substituted compound,
SCRIPT generated a second rotamer with equal energy in which the vinyl group
is in staggered position (not shown).

Our overall conclusion from this comparison is that the molecular energy
minimization program SCRIPT can predict quite accurately the conformation of
11B-substituted 19-norsteroids, especially when the substituent is of the
p-X-CgHy type. Thus it is useful for our attempt at receptor mapping.

Fig. 10. Crystal structure of 178-hydroxy-118-(2-methoxy-phenyl)-
19-nor-17alpha-pregna—4,9-dien~20~yn-3-one.
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Fig. 11. Crystal structure of 17R-hydroxy-11BR-(2-thienyl)-19-
nor-17alpha-pregna—4,9-dien-20-yn-3-one.

STRUCTURE-ACTIVITY RELATIONSHIPS

As Teutsch points out (1984), most 11B-substituted 19-norsteroids of the
4,9-dien-3-one series bind both to the progestin and the glucocorticoid
cytosolic receptors. A prerequisite for good antihormonal activity is, in
most instances, a high affinity for the relevant receptor (i.e. the PR for
anti-progestagenic activity). Our strategy, therefore, was to design
compounds with as high an affinity as possible for the PR and subsequently
to check by in vivo experiments (McPhail test in rabbits, abortive test in
rats) whether the compounds were agonists or antagonists.

Fig. 12. Crystal structure of 11B-(2,2-dimethyl-ethyl)-178-
hydroxy-17alpha-(prop~l-ynyl)-estra—4,9-dien-3-one.
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Fig. 13. SCRIPT-determined conformation of 17B8~hydroxy-11B-
vinyl-19-nor-17alpha-pregna—4,9-dien-20-yn-3-one.

This section will deal with some of the parameters that affect PR
binding, starting with the nature of the 17-substituent. The importance of
this factor for the progestational activity of steroids was suspected quite
early by a number of investigators. Their patent literature claims good
activities for a variety of 17-hydroxy-17alpha-substituted compounds, both
in the androstene and in the estrene series. Only a few of these examples
have appeared in the form of scientific papers and have dealt mainly with
substituted ethynyl and vinyl side chains, including propynyl, butynyl,
pentynyl, decynyl (Barton et al., 1959), chloroethynyl (Fried et al., 1961;
Burgess et al., 1962), trifluoropropynyl, trifluorovinyl, trifluoropropenyl,
etc. (Fried et al., 1961), as well as such exotic stick-like substituents as

Fig. 14. SCRIPT~determined conformation of 178-hydroxy-118-(4-methoxy-
phenyl)-19-nor-17alpha-pregna-4,9-dien-20-yn-3-one.
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Fig. 15. SCRIPT-determined conformation of 178~hydroxy-118-(2-methoxy-
phenyl)-19—nor—17a1pha-pregna—4,9—dien—20—yn—3—one.

butadiynyl (Burgess et al., 1965). Though some of the chloroethynyl
derivatives showed improved progestational activities (Fried et al., 1961),
as compared to their well-known and clinically used ethynyl analogues, only
the propynyl bearing dimethisterone was developed for transient
commercialization (for a review see Petrow, 1970). It was also found that
hydrophilic 17alpha-substituents lacked progestational activity, as in the
case of the 3'-hydroxy-propynyl ethisterone analogue synthesized by Petrow's
group (Barton et al., 1957) and the well-known l7alpha-hydroxy progesterone
(Pfiffner and North, 1941). Although these results did not make much sense
at that time, we may nowadays interpret them in terms of steroid-receptor

Fig. 16. SCRIPT-determined conformation of 17B-hydroxy-118-(2-~
thienyl)-19-nor-17alpha-pregna—4,9-dien-20-yn—3-one.

36



Fig, 17. SCRIPT-determined conformation of 118-(2,2-dimethyl-ethyl)-
178~hydroxy-17alpha—-(prop-1-ynyl)-estra—4,9-dien-3-one.

interaction, that is to say that steroids with a hydrophilic 17alpha-
substituent have a poor affinity for the progestin receptor. This view is
confirmed by a number of PR binding data (see for example Kontula et al.,
1975 and Raynaud et al., 1979) and has led to the proposal that a
hydrophobic pocket exists in the receptor protein, in the close vicinity of
the 17alpha-substituent (Lee et al., 1977; Zeelen, 1983).

In our particular chemical series, the same principles apply as can be
inferred from the results shown in Table I. Hydrophilic
17alpha~substituents or no substituent (entries b through d and o) are
clearly detrimental to binding, whereas hydrophobic groups tend to increase
considerably the RBA values. Of course, excessive steric hindrance will set
a limit to the achievable hydrophobicity, as illustrated by the extremely
lipophilic but very bulky trimethylsilylethynyl substituent (entry j). The
propynyl substituent of RU 486 (entry f) and the chloroethynyl group (entry
g) appear to provide a good compromise between steric hindrance and
hydrophobicity, suggesting a potential interest in other substituents such
as bromoethynyl or iodoethynyl, studied by Petrow's group (Burgess et al.,
1967). In view of their incipient reactivity, however, these latter
substituents do not seem to be well suited to compounds designed for human
use. They could nevertheless be tested as possible affinity labels.

The variety of the 17alpha-side chains we synthesized thus gives us
quite a good idea about the size of the hydrophobic pocket that exists in
the vicinity of the D-ring of the bound steroid. This idea will be
developed further in the section dealing with receptor mapping. But what
about biological activity? For obvious reason, it is too early to draw a
complete structure-activity relationship, but it may be of significance to
notice that the compounds that elicit an in vivo antiprogestational activity
superior to that of RU 486 all possess hydrophobic 17alpha-substituents.

Two of them are represented in Table I (entries i and 1). Much more
important than the D-ring substitution, however, is the nature of C-ring
substitution for binding to the PR. In fact, it has been observed earlier
that in the 19-nor series, introduction of a 11R-methyl (Baran et al., 1970)
or a 1l18-chloro substituent (Gilbert et al., 1974) considerably increased
progestational activity. A subsequent RBA determination of 11B8-chloro-
17alpha~ethynyl-178~hydroxy-4~estren—3-one confirmed the high affinity of
this compound for the progestin receptor (Kontula et al., 1975). However,
the belief remained that the size of a hydrophobic pocket around the 118
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Table I. Relative Binding Affinities of 11B8-R-17alpha-X-178-Y~4,9-
estradien~3-ones* for the Rabbit Progestin Receptor¥¥

Entry R X Y RBA-PR (24hrs)
a m-OMeC6H4 CEC-CH3 OH 14
b " CSC-CHZN(CH3)2 OH 0.8
c " OH COCH3 0.6
d p-NMeZC6H4 OH C=C-H 4.3
e " C=C-H OH 350
f " C—ZC—CH3 OH 530
[¢] ! c=zC-C1 OH 460
h " CEC-C6H5 OH 250
i " CEC-(CHZ)ZCH3 OH 420
J " C=C-Si Me3 OH 40
k " -CH=CH2 OH 290
1 " -CH2-CH3 OH 260
m " -CHZ-CN OH 100
n " -CGHS OH 160
0 " -H OH 35

* General formula 6 in Fig. 2

** Rabbit uterus, 0°C, 24 hrs (Progesterone = 100)

Table II. Relative Binding Affinities (RBA) of 11B8-R-17B-hydroxy-—
17alpha-(prop-l-ynyl)-4,9-estradien-2-ones for the PR and

the GR
R PR* GR**
a H 16 2
b Methyl 234 62
c Ethyl 22 60
d Vinyl 390 340
e Cyclopentyl 3.6 150
f 2-Thienyl 438 300
g 2-Furyl 170 280

* Rabbit uterus progestin receptor, 0°C, 24hrs (Progesterone = 100)

** Rat thymus glucocorticoid receptor, 0°C, 24hrs (Dexamethasone = 100)



Table III. RBA of 118-(p-X-CgHs)-178-hydroxy-17alpha~(prop-1-ynyl)-
4,9-estradien—3-ones for the Rabbit Progestin Receptor

X RBA* q *x Jnn
a H 90 0 0
b CH, 295 0.56 - 0.17
¢ F 85 0.14 0.06
d CFy 55 0.88 0.54
e OMe 500 - 0.02 - 0.27
f SMe 600 0.61 0
g NMe,, 530 0.18 - 0.83
h OH 60 - 0.67 - 0.37
i CH,NMe,, 50 - 0.15 0.01
j Ph 280 1.96 - 0.01

*.Rabbit uterus, 0°C, 24 hrs (Progesterone = 100)

** Values taken from Hansch et al., 1973

region would not exceed the dimensions of a methyl substituent (Lee et al.,
1977). Zeelen's group had found a marked drop in progestational activity
when changing from 11B-methyl to 1l1lR-ethyl and even more so for propyl or
butyl., Their tentative explanation was, ''groups that stick out too far at
the l18~position interfere with receptor binding" (v. d. Broek et al.,
1977). Our results in the l7alpha—ethynyl substituted estradiene series
confirmed this finding, but we showed that it was true for saturated alkyl
substituents, not for vinylic or aromatic substituents demonstrating the
existence of a deep cleft-like lipophilic pocket. The binding seemed to
involve a very specific interaction between the unsaturated 118-substituent
and the receptor protein. For para-substituted aromatic rings in
particular, we noticed a direct relation between the electrodonating power
of the para substituent and the RBA for thc progestin receptor (Belanger et
al., 1981). These results have been confirmed for a larger set of
substituents in the 17alpha-propynyl estradiene series, including RU 486.
Some of them are summarized in Tables II and III. If we take the Hammet o
(sigma) constant as a measure of electron donation, it can be easily seen
that for compounds which have similar lipophilicites (Hansch 7 values) and
different sigmas (entry a vs. entry e and entry c vs. entry g), the one with
the most negative ¢ value has the highest RBA (Table III). Conversely, of
two compounds that bear para—substituents with similar ¢ values, the one
with the higher lipophilicity will show the higher RBA (entries f and i).
Unfortunately, our experience in this series has shown that, although high
affinity for the progestin receptor is needed for in vivo
anti-progestational activity, it is not a sufficient condition; and animal
experiments cannot be circumvented. One interesting case concerns RU 39 973
(compound 30 in Fig. 18), which is somewhat superior to RU 486 as an
antiprogestational and interceptive agent in animals despite its low
lipophilicity (the compound is water soluble) and consequently its low
affinity (ca 8%) for the rabbit progestin receptor. It is not yet known if
the good activity is mediated by in vivo reduction of the N-oxide or simply
by a more favorable tissue distribution.
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Table. IV. RBAs of the Compounds Used for the Mapping
of the Progestin Receptor in the 11B-Region

Rl R? RBA*
32
a Me Me 234
b p-tBquH4 Me 48
c p—NMe2C6H4 Et 430
p-(4—Methy1-piperaziny1)—C6H4) Me 25
33 270%%

* Rabbit uterus progestin receptor, 0°C, 24 hrs (Progesterone = 100)
** From Pitt et al., 1979; the original value (136 for the racemic

compound) has been corrected

Based on the necessity of the 3-keto—4—ene system for receptor binding
(see for example Duax et al., 1982), we also confirmed our earlier
observation that the presence of an 118-vinyl or aryl group on 1,3,5(10)-
estratrienes conferred to these compounds a remarkable affinity for the
progestin receptor (Belanger et al., 1981). For instance the aromatic
(compound 31 in Fig. 18) exhibited a strong affinity for both the
glucocorticoid and the progestin receptors (2 times dexamethasone and 1.3
times progesterone respectively), while being only poorly bound to the
estrogen receptor. This result suggests that the strong favorable
hydrophobic interaction of the 11R-substituent with the receptor can
compensate for loss of part of the hydrogen bond interaction involving the
3-ketone, roughly estimated at 3 kcal/mole (Kontula et al., 1975). New
opportunities for the design of further hormone agonists and antagonists are
thus created.

TOWARDS THE MAPPING OF THE PROGESTIN RECEPTOR

In addition to the immediate and foreseeable benefits resulting from the
discovery of potent anti-progestins, there is a more fundamental aspect that
deserves further development. It concerns our increased information about
the progestin receptor. Using the well known technique of receptor mapping
(Raynaud et al.,, 198la; Raynaud and Ojasoo, 1983), we have used the
11B-substituted 19-norsteroids to elaborate a crude picture of the
hydrophobic steroid binding site in the GR and the PR. Our objective was to
design compounds that would bind selectively to one or the other receptor
(Teutsch, 1984).

30 (RU 39973) 31

Fig. 18.
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Fig. 19. Compounds used for the mapping of the
progestin receptor in the "11B-region.”

It was found that there appears to exist, in both receptors, a large
hydrophobic pocket able to accept 1lB-substituents up to 12 angstroms (1.2
nm) in length; the general shape is different from one receptor to the
other. Using the same technique, that is, determining the Van der Waals
envelope of a selection of substituents accepted by the PR, we tried to
improve this first outline. As previously, conformations were determined by
the energy minimizing SCRIPT program (Cohen et al., 1981). For the mapping
of the "1lB-region" of the PR, we used the phenylpiperazine substituent in
addition to the methyl and p-terbutylphenyl groups exploited earlier (entry
d in Table IV and Fig. 19). The two possible conformations of the
piperazinyl cycle were taken into account, creating an envelope with axial
symmetry. We expected from our previous work that the angular methyl group
(C-18) would fit into the hydrophobic pocket, and the good RBA found for the
118-13B8-propano-bridged compounds (Pitt et al., 1979) is good evidence for
it. It is included in the drawing, as is the 13~ethyl analogue 32¢c of RU
486 (Fig. 9). To the contrary, hydrophilic substituents at the C-13
position in the pregnene series have been shown to be devoid of
progestational or antiprogestational activity (Auel et al., 1978). Similar
results have been obtained recently in the estrene series (Pillai et al.,
1984).

We mapped the 17alpha-region using 11B-(4-dimethylaminophenyl)
substituted compounds varying only by 17alpha-substitution (entries h, j and
n in Table I).

The result is shown in Figures 20 and 21, which represent respectively
the front side (A ring to the left) and rear side (A ring to the right)
views of the substituted steroid models. The white Van der Waals spheres
represent the steroid framework, whereas the others represent the
superimposition of the acceptable substituents. Though the figures do now
show a continuity between the llB~pocket and the l7alpha-pocket, it is very
likely that it does exist. In this case, the steroid binding site in the PR
would appear to be formed by two hydrophobic clefts: a smaller one
containing the steroid backbone, about 11 angstroms in length, limited at
either end by a hydrogen bonding zone (with 0-3 and 0~17 or 0-20), and a
larger one, at least 20 angstroms in length, extending above and below the
plane of the steroid. The planes of the two grooves are roughly
perpendicular, forming an X-shaped hydrophobic site that can tightly lock
the steroid in place. It is this tight locking that might be responsible
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Fig. 20. Computer-drawn mapping of the progestin receptor
showing the lipophilic pockets above and below the
plane of the steroid. Front view (A ring to the left).

Fig. 21. Computer-drawn mapping of the progestin
receptor. Rear view (A ring to the right).



Table V. Qualitative Evaluation of Agonistic Versus Antagonistic
Progestational Activities of Selected
11B-substituted—-19-norsteroids*

Entry RU code RBA** Agonisfk Antagonisf*k
34 RU 25 253 178 - 530 ++ -
35 RU 42 764 140 - 390 ++ -
36 RU 25 055 70 - 85 + nd
RU(38)486 78 - 530 - ++
37 RU 39 009 5- 11 nd +

* The structures of the compounds appeared in Fig. 22
** Rabbit uterus progestin receptor, 0°C, 2hrs and 24hrs (Progesterone=100)
+'Progestationa1 activity as determined by the McPhail test :
+ = potency < Progesterone; + = potency > Progesterone
it Antiprogestational activity against progesterone (0.2 mg/Kg, s.c) on the
endometrial proliferation in rabbit uterus : + = active at 10 mg/Kg

orally; ++ = active at 3 mg/Kg orally; nd = not determined

for the anti-hormonal activities of 1lB-substituted 19-norsteroids. We have
shown that it is possible to design compounds in this series that are either
pure agonists or pure antagonists with all the intermediated stages
(Teutsch, 1984).

One example, RU 25 253 (compound 34 in Fig. 22), an 11R~-vinyl
derivative, proved to be a powerful progestin (Teutsch et al., 1982a).
Another, the l7alpha-propynyl analogue 35, differs from RU 486 only by the
118-vinyl group, whereas RU 25 055 (36) an ll-thienyl derivative had only
modest progestational activity (Raynaud et al., 1981 b). From the results
shown in Table V, it appears that agonistic and antagonistic activities are
independent of both affinity and affinity-time courses.

1
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Fig. 23. Schematic representation of the postulated mechanism
of action of progesterone agonists and antagonists.

A method based on this latter criterion has been suggested to
distinguish between agonists and antagonists (Raunaud et al., 1980). It
clearly does not apply in our series, where antagonism seems to be brought
about by substituents that protrude deep enough into the 11B-pocket. This
realization led to the hypothesis that large llR-substituents could
interfere with the activation step of the hormone receptor complex (Teutsch,
1984). During this process, a deep conformational change of the receptor
protein is thought to occur, and the large, generally unoccupied hydrophobic
pocket just might provide the protein with the degree of freedom it needs to
undergo conformational change. I1f, however, the steroid is locked in the
totality of the X-shaped site, this process would be compromised; and the
expected biological response will not occur. A simplified representation of
this concept is shown in Figure 23.

CONCLUSION

The development of a convenient route of access to l1lB-substituted-
19-norsteroids and the study of their structure—activity relationship has
culminated in the discovery of the first true anti-progestins. A large
hydrophobic pocket has been localized in the progestin receptor above the
C-ring of the bound steroid. This pocket is likely to be involved in the
mechanisms of hormone action. The occupation of the lower part by a small
lipophilic substituent like chloro, methyl or vinyl leads to potent
agonists, whereas occupation of the upper part by larger substituents leads
to powerful antagonists. These results suggest that the anti-progestational
properties of RU 486 and its analogues could be the consequence of impeded
activation of the hormone-receptor complex. We hope they will provide
further impetus for the quest of even better and more dissociated
antihormones and that the hypotheses evolved from this work will help to
solve the riddle of hormone action at the molecular level.
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PHARMACOLOGICAL PROFILE OF RU 486 IN ANIMALS

D. Philibert, M. Moguilewsky, I. Mary, D. Lecaque,
C. Tournemine, J. Secchi and R. Deraedt

Centre de Recherches Roussel Uclaf
93230 Romainville, France

SUMMARY

RU 486 is an original multifaceted antihormone. It appears to be a
potent progestin and glucocorticoid antagonist while exhibiting no agonistic
effect, even at very high doses. Thus, according to the bioassay used, RU
486 administered orally at doses between 3 and 20 mg/kg completely inhibits
the effect of exogenous progesterone on the endometrial proliferation in
rabbits, on the volume density of uterine gland cell mitochondria, on the
deciduomata formation and on the maintenance of pregnancy in ovariectomized
rats. Furthermore, it proves to be antinidatory and abortive in rats and
mice. In cycling monkeys it induces menstruation when administered during
the mid-luteal phase.

Acting as an antiglucocorticoid component, RU 486 effectively
antagonizes, at 10M™®, dexamethasone's effect on uridine incorporation
into rat thymocytes RNA and on ACTH secretion from rat pituitary cells. In
vivo (at a dose of 10 mg/kg to adrenalectomized rats) it fully prevents the
thymolytic effect of corticosterone and dexamethasone; it also completely
blocks urinary volume increase and potassium excretion induced by
dexamethasone. 1In this latter test, its antiglucocorticoid activity is
rapidly and fully reversed by increasing doses of dexamethasone. Using a
perifusion technique, we observe that RU 486 does not inhibit corticosterone
biosynthesis in rat adrenal cells stimulated by ACTH. The compound also
possesses a moderate antiandrogenic activity on seminal vesicles and
prostate weights, about 20 times weaker than its two other antagonist
properties (evaluated in rats). In various species (rats, rabbits and mice)
it exhibits a slight uterotrophic activity, approximately 10,000 times
weaker than that of estradiol; but, unlike estrogens, it fails to induce
estrus in ovariectomized rats given up to 300 mg/kg. When RU 486 is
administered chronically for 15 days in adult female rats, it displays no
antiovulatory activity; on the contrary, it provokes dose-dependent
increases in serum LH and progesterone levels and ovarian weight.

INTRODUCTION

RU 486 displays much higher relative binding affinities for both
progestin and glucocorticoid receptors than those of the corresponding
natural hormones. It also possesses a moderate affinity for the androgen
receptor (Moguilewsky and Philibert, this volume). These biochemical data
led us to study in detail the pharmacological properties of RU 486 in vitro
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and in vivo, using animal models specific for these three hormonal
activities. The aim of this paper is to present the results of these
intensive investigations and thus to establish the endocrinological profile
of RU 486 as completely as possible.

RESULTS

Unless otherwise stated, Sprague-Dawley rats, Swiss mice, New Zealand
rabbits and cynomolgus monkeys (Macaca fascicularis) were used. In all
experiments RU 486 was administered orally, suspended in aqueous solution
containing 0.25% carboxymethyl-cellulose and 0.2% Polysorbate 80 (CMCP).
Estradiol, progesterone, R 5020 and testosterone propionate were injected by
subcutaneous route in sesame o0il containing 5% benzyl alcohol. All results
are presented as the mean + SEM. Statistical comparisons between groups
were made using Dunnett's test (1955); the significance of the values is
indicated by means of an asterisk *p < 0.05; *¥*p < 0.01.

Antiprogestin Activity of RU 486

The effect of RU 486 has been studied on various biological responses

mediated by progesterone. The bioassays employed took into account the role
of progesterone in various physiological processes such as: endometrial
transformation during the luteal phase of the menstrual cycle, the decidual
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Fig. 1. Effect of RU 486 on progesterone-induced endometrial
proliferation in rabbits. a) Groups of immature rabbits
weighing about 1 kg received s.c. injections of 5 ug/kg
estradiol from day 1 to 5 . As shown on the abcissa, the
animals were treated daily with progesterone (s.c.) and RU 486
(p.o.) from day 7 to day 10 and were killed on day 11. b) On
day 1, the animals received a deposit of 25 pg estradiol,
dissolved in ethanol, on the dorsal skin. On day 4, the test
compounds dissolved in sesame oil- 5% benzyl alcohol were
introduced in utero within 2 ligatures. The rabbits were
killed on day 6. The uteri were removed, fixed in Bouin fluid,
and their transformations were graded histologically according
to McPhail's scale (MPU = McPhail's unit).
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Table I - Effect of RU 486 on Deciduomata Formation
Induced by Progesterone in Rats

RU 486 PROGE STERONE RATS WITH
p. o. s. c. DECIDUOMATA
mg/kg mg/kg %

3 0 0

10 0 0

0 10 100

0.3 10 75

1 10 20

3 10 0

10 10 0

Groups of 5 adult female rats were ovariectomized in estrus (day 1)
and treated from day 1 to 10 by oral route with RU 486 alone or in
combination with progesterone injected subcutaneously, a thread being
passed through one uterine horn on day 5. The animals were sacrificed
on day 11, the traumatized horn was removed and fixed in Bouin
solution for evaluation of decidual response by histological analysis.

reaction occurring during ovum implantation, and the maintenance of
pregnancy in ovariectomized animals.

Endometrial proliferation in rabbits. As illustrated in Figure la, 0.2
mg/kg of progesterone induces, in estradiol primed immature rabbits, a
strong endometrial transformation graded 3.2 MPU, according to the standard
scale of McPhail (1934). RU 486 alone (up to 100 mg/kg) is completely
devoid of progestogen-mimetic activity. When administered in combination
with progesterone, however, it inhibits the action of the natural hormone in
a dose-dependent manner. The ED50 of this inhibitory effect is about 3
mg/kg, and at 20 mg/kg the inhibition is complete. When the two steroids
are introduced in utero (McGinty et al., 1939), RU 486 exhibits a more
potent antagonist activity (Fig. 1b), the ED50 being about 1/3 the dose of
progesterone used (10 pg/horn). This result is in agreement with the
relative binding affinities of these two compounds for the rabbit uterine
progestin receptor (Moguilewsky and Philibert, this volume).

Deciduomata formation in rats. In pseudopregnant animals and in animals
ovariectomized during estrus or ovariectomized and pretreated with estrogen,
progesterone induces the apparition of deciduomata in uteri traumatized
mechanically or by injection in situ of various chemical agents (Chambon,
1952; Tachi and Tachi, 1974). Thus, in rats (Table I) progesterone at a
dose of 10 mg/kg provoked a decidual response in all animals. This effect
was completely prevented by simultaneous administration of 3 mg/kg RU 486,
whereas this compound alone at a dose of 10 mg/kg was not accompanied by
deciduogenic activity.
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Table II - Antiprogestin Activity of RU 486 on
the Maintenance of Pregnancy in Rats

RU 486 PROGESTERONE FETUS ON
p. o. s. c. DAY 12/DAY 8
mg/kg mg/kg %

75 0 0

0 75 86

1 75 81

5 75 0

20 75 0

RU 486 RU 5020 %
0 2.5 75

1 2,5 75

5 2.5 0

Groups of 5 pregnant rats were ovariectomized, and the number of
implantations was determined after laparatomy on day 8. Treatment was
initiated immediately after operation and continued to day 11. The
animals received RU 486 daily by oral route either alone or in
combination with progesterone or R 5020 injected subcutaneously. The
animals were killed on day 12, and the number of implantations was
evaluated. Results were expressed as the ratio of the number of
implantations on day 12/number of implantations on day 8.

Maintenance of pregnancy in rats. As shown in Table II, progesterone at
a dose of 75 mg/kg maintained, until day twelve, 86% of the implantation
sites determined in pregnant rats ovariectomized on day eight. Under the
same experimental conditions, R 5020, a potent progestin (Raynaud, 1977),
exhibits similar effects on 75% of implantation sites at a dose of 2.5 mg/kg
When 5 mg/kg of RU 486 were administered in combination with these
progestational compounds, no conceptuses were seen at autopsy (day twelve).
Given alone, at the high dose of 75 mg/kg, it did not maintain pregnancy.

Volume density of uterine gland cells mitochondria. It has been shown
by Ljunkvist (1971), Nilsson (1975), and Secchi and Lecaque (1984) that, in
ovariectomized rats, progesterone provokes an increase in the volume densit)
of mitochondria localized in uterine epithelial-gland cells. This response
is particularly interesting because, unlike many of progesterone's other
biological effects, it does not necessitate estrogen priming. As
illustrated in Figure 2, progesterone at 20 mg/kg induces a three times
increase in the volume density of mitochondria compared to the contol,
whereas RU 486 alone up to 30 mg/kg has no effect. When 10 mg/kg RU 486 is
administered simultaneously with progesterone, it completely antagonizes the
action of the natural hormone, the ED50 being about 3 mg/kg.
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Fig. 2. Effect of RU 486 on the volume density of uterine gland-cell
mitochondria in ovariectomized rats. A group of 5 3-week ovx
rats (250 g) were treated for 3 days with progesterone (s.c.)
and RU 486 (orally). The animals were killed on day 4, the
uterus removed and ultrathin sections from each uterus were
examined at a magnification of 30,000. The volume density of
glandular cell mitochondria (vv) was determined as described
by Secchi and Lecaque (1984). (*¥)Compared to control
group. **Compared to progesterone—treated group.

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

In the following tests, we have studied the efficacy of this compound
against endogenous progesterone in intact animals under the influence of the
pituitary-ovarian axis. Rats were studied during pregnancy and monkeys
during the luteal phase of the menstrual cycle.

Effect of RU 486 in pregnant rodents. Figure 3 shows the effect of
single oral administrations, in increasing doses, of RU 486 to rats in any
stage of pregnancy from day one to eighteen inclusive. We observed that, at
2 mg/kg, the product exhibits only a partial activity during days eight to
twelve. At 10 mg/kg it is not antinidatory and exercises total abortive
activity from days three to eighteen with the exception of day fifteen. At
30 mg/kg, RU 486 totally prevents implantation but was still inactive on day
15. At 100 mg/kg, only a partial abortion is noticed.

It therefore appears that (with the exception of day fifteen) the
preimplantation period is less sensitive to the product than mid-pregnancy.
The same observation has been made by Kendle (1982), using inhibitors of
progesterone biosynthesis. As far as the relative lack of activity of RU
486 on day fifteen is concerned, experiments are under progress to confirm
the results reported here.
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Fig. 3. Antinidatory and abortive activities of RU 486 in rats.
Following the determination of the first day of pregnancy
in mated female rats by detection of spermatozoa in the
vaginal smears, RU 486 was administered orally either in
a single dose on any day between days 1 and 18 inclusive
or for 3 consecutive days during the same period. The
animals were sacrificed from 48 hours to 7 days after

the treatment, and the number of implantations was
determined.

Using pregnant mice under the same experimental conditions (results not
shown), we have obtained the same spectrum of activity at doses at least
three times higher. We have not observed the day-fifteen insensitivity to
the treatment in mice.

Figure 3 also shows the effect of oral administration of RU 486 for 3
consecutive days (days 1, 2, 3; days 4, 5, 6; etc.). We noticed that at 10
mg/kg it displays both antinidatory and abortive activities in all animals.

Effect of RU 486 in cycling monkeys. Ten cynomolgus monkeys received RU
486 by oral route during the mid-luteal phase, as indicated in Figure 4. No
more than three administrations/animal were performed with a dose range from
25 to 75 mg (from about 8 mg/kg to 25 mg/kg). We observed that RU 486 was
inactive only in the animal receiving the lowest dose of 25 mg. All other
monkeys menstruated within 48 hours after the last administration.
Menstruation appeared before the 24th day of the cycle, and no significant
modification on the length of the following cycle was seen. These results
differ from those obtained by Healy et al. (1983), who found that RU 486 was
active at a dose of 0.1 mg/kg (compared to about 16 mg/kg in our
experiments) injected by i.m. route in artificially cycled ovx monkeys. The
possibility exists that these divergences can be explained by the fact that
RU 486 administered orally undergoes a high presystemic effect (Deraedt et
al., this volume) and that, in intact animals, the pituitary-ovarian axis
might exert a compensatory activity.
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Fig. 4. Effect of RU 486 on the menstrual cycle in monkeys. Adult
female monkeys (Macaca fascicularis) weighing between 3

and 4 kg were treated orally during the mid luteal phase
with different doses of RU 486. The arrows indicate days

of administration and the solid bars days of menstruation.

Antiglucocorticoid Activity of RU 486 in Rats

It is well known that glucocorticoids trigger biological responses in
many target tissues (see Baxter and Rousseau, 1979). Therefore, the
properties of RU 486 have been studied in vitro as well as in vivo, using
various classical tests in rats such as uridine incorporation into RNA in
thymocytes, ACTH secretion from pituitary cells, thymus weight, and diuresis
(Philibert et al., 1981).

Thymocytes. In rat thymocytes, 5.1078M of dexamethasone provoked a
nearly maximum inhibition of 38% (relative to the control) of uridine
incorporation into RNA. This value arbitrarily was made to equal 100% (Fig.
5). When RU 486 was incubated with 5.1078M of dexamethasone, it
antagonized, in a concentration-dependent manner, the effect of the
synthetic glucocorticoid. Its inhibitory effect was total at 5.10"
whereas its EC50 was similar to the concentration of dexamethasone used.
These results agree with the relative binding affinities of these two
compounds for the thymus glucocorticoid receptors (Moguilewsky and
Philibert, this volume). RU 486 alone was devoid of any glucocorticoid
activity in concentrations of up to 107°M .

Pituitary cells. As shown in Figure 6, dexamethasone at 10_8M totall%
inhibited the secretion of ACTH from rat pituitary cells stimulated by Br
cAMP. This effect was reversed in a concentration-dependent manner by RU
486, which at 106 displayed a full antiglucocorticoid effect. It was
also observed that up to 1076M of RU 486 alone was devoid of any agonist
activity. These two compounds incubated separately did not modify the
release of ACTH in non-BR8cAMP-stimulated cells (results not shown).
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Antiglucocorticoid activity of RU 486 on uridine incorporation in
rat thymocytes. Thymocytes were prepared by mincing pooled thymi
of adx rats in Hank's buffer (Dausse et al., 1977)._ They were
washed and suspended at a final concentration of 107 cells/ml in
MEM (GIBCO). Aliquots of 300 ul were incubated under 0 95% -

CO2 5% for 3 h at 37°C with the RU 486 alone 0-—--0 or with

5x10~ of dexa in the presence of increasing concentrations of
RU 486 0 0. 1 uCi of H-uridine was added, and incubation

was continued for 1 h. Radioactivity incorporated into
trichloroacetic precipitable material was determined.
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Effect of RU 486 on BR8cAMP-induced ACTH release from rat
pituitary cells. The anterior pituitary was removed from 2-week
adrenalectomized 200g male rats and dispersed by trypsinization
(Rotsztejn et al., 1981). Cell concentration was adjusted at
2x10° cells/ml in 0.2% glucose Krebs-Ringer bicarbonate buffer,
0.1% BSA and 0.1% lima bean trypsin_ inhibitor. It was incubated
under 09 95% - €Oy 5% _for 4 h at 37°C (test compounds indicated
on the abscissa). BR°cAMP was added to each tube and incubation
continued for 1 h. Nutrient medium ACTH was evaluated, after
acidification with HCl, by radioimmunoassay. (**) - relative to
control (Br®cAMP). ** ~ relative to dexa treated cells.
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administration of the compounds daily for 4 days, as indicated on
the abcissa (B = corticosterone). 24 h after the last
administration, the animals were killed, and the thymus was removed
and weighed.
3 .y -
S 40 L2 3
s * % 8
g % * 3k §"
E 30 I * * 115 3
P *x 8
£ * E
2
E 204 11.0 S
£ &
> 10 1 Los
Ru 486 -————— 0 ———— » - - ———— 10 — — ——»
mg/kg
Dexa [0] 0.05 0.25 0.05 025 125
Fig. 8. Reversibility of the antiglucocorticoid activity of RU 486 by

dexamethasone on diuresis in rats. Adx male rats (160-180g) were
divided into 2 groups. One received a single oral dose of RU 486
and the other the vehicle. One h later the animals received a
single s.c. injection of (0-1.25 mg/kg) dexamethasone in normal
saline containing 1% ethanol and simultaneously a surcharge of 5
ml/100g of body weight of normal saline intraperitoneally. The
animals were immediately placed in diuresis cages. Urine was
collected for 4 hours. The volume was measured (white bars) and
the urinary potassium (black) was determined by flame photometry (6
rats/groups) .
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Similar antiglucocorticoid properties have been described on gamma-glutamyl-
transferase and tyrosine amino-transferase in HIC cells (Chobert et al.,
1983; Gagne et al.; Chasserot-Golaz and Beck), on the viability of murine
T-lymphoid cells line W7TB (Bourgeois et al., 1984), on L-929 mouse
fibroblasts proliferation (Jung-Testas and Baulieu, 1984), on uridine
incorporation in mouse thymocytes (Duval et al., 1984), and on ACTH release
from rat perifused pituitary gland (Sakly et al., 1984).

Anti-thymolytic activity in rats. Thymic involution is one of the
biological responses most used to detect glucocorticoid compounds in vivo.
Thus, in normal rats (Fig. 7), dexamethasone and corticosterone (B) given
orally for four consecutive days at doses of 0.05 and 50 mg/kg respectively,
induce the same significant decrease of thymus weight. When RU 486 is
administered in combination with these glucocorticoids, it exhibits a full
antagonistic effect at a dose of 10 mg/kg (ED50 about 4 mg/kg).
Administered alone, however (up to 25 mg/kg), it does not modify the thymus
weight. Using the same bioassay, we have obtained similar data in
adrenalectomized animals (not shown). RU 486 also has been proved fully
effective in adx rats on hepatic tyrosine aminotransferase and tryptophan
pyrrolase (Philibert, 1984) and on liver glycogen (Chrousos et al.).

Diuresis. It was also important to know if the antiglucocorticoid
effect of RU 486 could be reversed by dexamethasone. We used a modified
version of the test described previously by Johnson-Bia et al. (1982),
showing that acute administration of a glucocorticoid increases the urinary
excretion of potassium in adrenalectomized rats. In our experimental
conditions, a single subcutaneous injection of dexamethasone in increasing
doses (0-0.25 mg/kg) significantly enhanced both urinary volume and
potassium excretion in adx male rats (Fig. 8). When animals were pretreatec
with a single oral dose of 10 mg/kg RU 486 one hour before the injection of
dexamethasone, we noticed that RU 486 completely blocked the effect at 0.05
mg/kg of dexamethasone. This inhibitory effect was reversed by higher dose:
of dexamethasone. 1In these cases, 1.25 mg/kg of dexamethasone produced the
same effect as 0.05 mg/kg of dexamethasone injected alone. Thus, 25 times
more glucocorticoid was needed to induce the same response in rats
pretreated with RU 486 as compared to non-pretreated animals.

Under the same experimental conditions (results not shown), aldosterone
was injected at a dose of 1 ug/kg in place of dexamethasone (Kagawa
1960). We observed a classical mineralocorticoid effect characterized by a
significant decrease in urinary sodium excretion and a slight increase of
potassium excretion. Up to 30 mg/kg of RU 486 administered orally one hour
before aldosterone did not display any antimineralocorticoid activity.
Given alone, at 30 mg/kg, it exhibited no mineralocorticoid or
glucocorticoid activities on the urinary ionic balance.

Effect of RU 486 on corticosterone biosynthesis in rat adrenal cells.
All bioassays used so far show that RU 486 exerts an antiglucocorticoid
effect at the target-tissue level. We wanted to determine whether this
compound possesses another type of antagonism by inhibiting the
corticosterone biosynthesis. As shown in Figure 9, using a perifusion
system, ACTH introduced in the nutrient medium for fifteen minutes
stimulated, in a dose-related manner, the secretion of corticosterone from
adrenal cells. When RU 486 was added to the medium at 107°M, it did not
modify the stimulatory effect of 3 ng of ACTH. However, lO—sM of
trislostane, a well-known inhibitor of glucocorticoid biosynthesis (Potts et
al., 1978), totally prevented the corticosterone biosynthesis.
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Fig. 9. Study of the effect of RU 486 in ACTH-induced
corticosterone biosynthesis from rat adrenal cells using a
perifusion system. In each experiment, 6 adult male rats
(200-250g) were killed, and the adrenal glands were
removed, dissected free of fat and minced. Isolated cells
were prepared by trypsinization (Lowry et al., 1973). The
cells were suspended in MEMS (Flow Laboratories) buffer
supplemented with 10% fetal calf serum and whole egg
ultrafiltrate and introduced into a small glass column
(0.9 x 15 cm) containing Biogel Py (Biorad) (Leboulanger
et al., 1978). The perifusion medium, gassed with O,
95%-C05 5% and containing ACTH * test compounds, was
pumped through the perifusion chamber at a constant flow
rate of 600 ul/min. The temperature was maintained at
37°¢C by water circulating in a jacket. The effluent was
collected at 4-minute intervals, and corticosterone
concentrations measured by radioimmunoassay.

Antiprogesterone Activity of RU 486 Administered in Combination with
Dexamethasone in Rats

The following experiments were performed to determine whether the
antiglucocorticoid component of RU 486 intervenes in the expression of its
antiprogesterone activity. As shown in Table 111, progestogen—mimetic
(deciduomata formation) and glucocorticoid (thymus and cotton-induced
granuloma weights) responses were evaluated in the same ovx rats. 10 mg/kg
of progesterone induced deciduogenic activity in all treated rats. The
administration of 0.6 mg/kg of dexamethasone in combination with
progesterone did not modify the deciduogenic response but significatively
decreased both thymus and granuloma weights. When oral doses of RU 486 were
given simultaneously with both progesterone and dexamethasone (6 mg and 20
mg/kg), it fully antagonized the effect of progesterone on deciduomata
formation and was devoid of antiglucocorticoid activity.
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Table III - Antiprogesterone Activity of RU 486 on Deciduomata
Formation and Abortion in Rats Simultaneously Treated
with High Doses of Dexamethasone.

A)
TREATMENT RATS WITH THYMUS DRY
DECIDUOMATA GRANULOMA
mg/kg mg mg
PROGESTERONE (s.c.) 10 6/6 537 + 85 25.0 + 3
+ DEXA (s.c.) 0.6 5/5 109 + 13%* 4.3 + 0.5%%
+ DEXA + RU 486 (p.o.) 6 0/6 93 + 4¥x 4,7 + 0, 7¥%
+ DEXA + RU 486 (p.o.) 20 0/7 111 + 11%* 5,9 + 0.8%*
B)
TREATMENT NUMBER THYMUS
Day 9+10+11 OF ABORTIONS
mg/kg mg
CONTROL 0 0/5 314 + 25
DEXA (s.c.) 1 0/5 54 + 5%%
RU 486 (p.o.) 10 5/5 302 + 27
DEXA + RU 486 - 5/5 103 + 14%*
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A) Female Wistar rats were ovariectomized on day 1 and treated

with 5 pug of estradiol by s.c. route from day 1-4.

From day

5-14, the animals received the test compounds at doses indicated
on the table. On day 9, a thread was passed through one uterine
horn, and two pellets of cotton were introduced under the dorsal
skin. The animals were killed, and the decidual response was

The thymus and granuloma were

evaluated as described in Table I.
removed and weighed.

B) Pregnant rats were treated with the test compounds from day

9-11 and killed 24 hours after the last treatment.

The abortive

effect was evaluated, and the thymus was removed and weighed.



Furthermore, RU 486 administered orally to adx pregnant rats on day nine
for three consecutive days exerted a total abortive effect without affecting
the thymus weight (Table III). When this compound was given simultaneously
with 1 mg/kg dexamethasone, it was also fully abortive, although the thymus-
weight index indicated that its antiglucocorticoid component was blocked by
dexamethasone.

Anti-Androgenic Activity in Rats

In castrated rats, testosterone propionate at a dose of 0.5 mg/kg caused
a sharp increase of both seminal vesicles and prostate weights (Fig. 10).
RU 486, given orally, inhibited in a dose-dependent fashion, the effect of
testosterone. Its antiandrogenic activity was more important on the seminal
vesicles than on the prostate, 85% and 55% inhibition respectively. At 100
mg/kg, RU 486 alone had no androgenic activity.

Estrogenic Activity of RU 486

We have studied the effect of RU 486 on two classical biological
responses mediated by estrogens: the induction of estrus in ovariectomized
rats characterized by the presence of keratinized cells in vaginal smears
(Allen and Doisy, 1923) and the increase of the uterine weight in various
species (Rubin et al., 1951).

Induction of estrus in ovx rats. Groups of six female rats weighing
about 200 g were ovariectomized. Fifteen days later, vaginal smears were
examined for signs of permanent diestrus (presence of numerous
polymorphonuclear leucocytes) in order to confirm that the animals were
truly ovariectomized. The maintenance of the sensitivity of the vaginal
mucosa was then ensured by a single subcutaneous injection of 5 ug/kg
estradiol benzoate. Three weeks after the priming injection, the rats
received a single oral administration of RU 486, in increasing doses of
3-300 mg/kg. We observed that none of the RU 486 doses provoked the
appearance of an estrus within the week following its administration,
whereas estradiol at 5 ug/kg induced the keratinization of vaginal cells
within 48 hours. RU 486 also was devoid of any estrogenic activity in this
test when administered for five days at 10 and 50 mg/kg.

Uterine weight increase in various species. As shown in Figure 11,
10-300 mg/kg of RU 486, administered orally to immature rabbits, mice and
rats, exhibited a weak uterotrophic activity that plateaued, according to
the species, at a level 4-10 times lower than that observed with estradiol.
In this test, RU 486 was at least 10,000 times less active than estradiol.
We have also studied the kinetics of RU 486's uterotrophic effect in normal,
ovariectomized, and ovariectomized and adrenalectomized rats. We noticed
(Fig. 12) that RU 486 at a dose of 250 mg/kg induced similar uterine weight
increases in both intact and operated rats. These results suggest that RU
486 at this high dose may act by direct interaction with the uterine
estrogen receptor (Moguilewsky and Philibert, this volume).

Effect of Chronic Administration of RU 486 on Estrus Cycle in Rats

RU 486 was administered orally for 15 days to rats. As illustrated in
Figure 13, RU 486, administered orally to hysterectomized and intact rats,
induced a dose-related increase in the ovarian weight, the number of
colorless lutea (Bennett et al., 1967) and serum progesterone. Serum LH,
measured only in intact rats, was enhanced from 20 ng/ml in the control
animals to 60 ng/ml in animals treated with 10 mg/kg of RU 486, Daily
examinations of vaginal smears from days 12-16 (day of sacrifice) indicated
that the amount of estrus observed over a period of five days per animal
increased in a dose-dependent fashion. At doses of 10 mg/kg and above, all
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Fig. 10. Effect of RU 486 on seminal vesicles and prostate weights
in castrated rats. Groups of 5 castrated male rats
(about 100 g) simultaneously received RU 486 for 8 days
by oral route and testosterone propionate by s.c. route.
The animals were killed 24 h after the last treatment.
The seminal vesicles and prostates were removed, fixed
for 24 h in a 10% solution of formaldehyde in
physiological saline, dissected and weighed.
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Fig. 11. Uterotrophic activity of RU 486 in various species.
Groups of 3 immature rabbits (about 1 kg), 5 immature
rats (40 g) and 5 mice (10 g) received either RU 486
(mg/kg) orally or estradiol (ug/kg) subcutaneously for 3
days. Twenty four hours after the last administration,
the animals were killed, and the uteri were excised and
weighed. The uterine~weight increase was equal to 100x
(weight of treated animals - weight of control)/weight of
control.



o—e intact o——we OVX o_..e OVX+ADX

1504

100

UTERINE WEIGHT INCREASE
% relative to control
(44
(o]

0 24 48 72 96 Hours

Fig. 12. Kinetics of the RU 486 uterotrophic activity in rats. A
single oral dose of RU 486 (250 mg/kg) was administered
to groups of 5 intact, ovx or ovx + adx rats. The
animals were sacrificed at different times after the
treatment, and the uteri were removed and weighed. The
uterine-weight increase was expressed as indicated in the
legend of Figure 11.

animals displayed permanent estrus. In hypophysectomized animals we
observed no estrus. In these cases the vaginal smears were characterized by
the presence of leucocytes with a few keratinized cells (dotted bars in the
figure) that could correspond to an intermediary state between diestrus and
proestrus. Thus RU 486 does not exhibit any antiovulatory activity. The
induction of estrus in intact and hysterectomized animals might be explained
by its antiprogesterone activity at the vaginal level, which should in turn
indirectly amplify the action of endogenous estrogens.

CONCLUSION

RU 486 appears to be the most potent known antiprogesterone and
antiglucocorticoid observed both in vitro and in vivo. At oral doses
ranging from 3-20 mg/kg, it prevents progestin and glucocorticoid action at
the level of their own receptors. No agonist effect is exhibited; the
effect is seen in all species and with all bioassays used. In the rat, the
species studied the most, the strengths of these two antagonist profiles
are quite similar. In castrated male rats, RU 486 also displays
antiandrogenic activity on prostate and seminal vesicle weights that is
10-20 times weaker than its two other antagonist properties. Unlike
estrogens, it does not induce estrus at doses up to 300 mg/kg in
ovariectomized rats. In contrast, it provokes permanent estrus after
chronic administration to intact rats at doses of 10 mg/kg and above. Under
the same experimental conditions, the compound does not display
antiovulatory activity but does seem to stimulate the pituitary ovarian
axis. In various species, RU 486 also exhibited slight uterotrophic
activity (30-300 mg/kg). This always occurred, even in ovariectomized and
adrenalectomized rats. These results suggest that this uterine weight
increase was mediated by a transient interaction between RU 486 and the
uterine estrogen receptor, although the histological aspect of the uteri was
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different than that obtained with estradiol (Secchi et al., this volume).

As expected, RU 486's negligible binding affinity for the rat kidney
mineralocorticoid receptor makes it completely devoid of mineralocorticoid
and antialdosterone activities in adrenalectomized rats (doses up to 30
mg/kg). It was also observed that the antiglucocorticoid action of RU 486
on diuresis was rapidly and completely reversed by increasing doses of
dexamethasone. However, RU 486 seems devoid of any inhibitory effect on the
biosynthesis of corticosterone and progesterone. Kendle (1979, 1982), who
has recently listed all known antiprogestins, indicated that only one, R
2323 (Sakiz and Azadian-Boulanger, 1971; Azadian-Boulanger et al., 1971),
seems to act directly at the receptor level. However, this compound
exhibits only partial antagonism. In addition, it displays estrogenic and
androgenic activities. Other drugs, such as RMI 12936, seem to be effective
in interfering with the biosynthesis of progesterone.

Fig. 13. Effect of chronic administration of RU 486 on the estrous

<+————— cycle in rats. RU 486 was administered orally for 15
days to adult female rats. From day 5-8 inclusive,
Dianil Blue 2R was injected by i.p. route; all corpora
lutea formed during this time or already present thus
were stained blue. The vaginal smears were examined
daily from day 12-16; the animals were killed on day 16.
Ovaries were removed and weighed. Serum LH and
progesterone were measured by RIA. The number of
colorless corpora lutea/rat, indicating that ovulation
had occurred between day 9 and 16, was determined. The
number of estrus/rat from day 12-16 was evaluated.

Chrousos et al. (1982a, 1983) have recently reviewed the effective
antiglucocorticoid compounds such as cortexolone (Kaiser et al., 1972;
Cutler et al., 1979), steroidal 178 carboxamides (Rousseau et al., 1979),
deltals? 11)—ll—deoxycortiso]. (Chrousos et al., 1980), 2l-mesylate
derivatives of cortisol and dexamethasone (Simons et al., 1980; Simons and
Thompson, 1981), and deltal-11 oxa-11 deoxycortisol (Chrousos et al.,
1982b). All of these compounds exhibit a much weaker antagonistic effect in
vitro than RU 486. 1In vivo, they are effective at very high doses (only for
certain tests) and, unlike RU 486, exhibit partial agonist activity in most
cases.

RU 486 is the first example of a true antagonist in the areas of
progestins and glucocorticoids. In addition to its wide clinical
applications, particularly for fertility control and treatment of diseases
due to hypercorticism, RU 486 represents a useful tool to elucidate the
physiological processes mediated by progesterone and glucocorticoids.
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TO CONTROL TIMING OF PARTURITION IN RATS
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The end of progesterone inhibition is a prerequisite for parturition in
rats (Deansley, 1956). In this species, birth is preceded by a drop in
uterine progesterone (Davies and Ryan, 1973) and by low blood-progesterone
concentrations during the last 25~26 hours (Sherwood et al., 1983).
Therefore, an antiprogesterone compound might be used to control the time of
birth. To test this possibility, a single dose of RU 486 (10 mg/rat in 0.2
ml of ethanol) was given subcutaneously to rats late in pregnancy. Ninety
nine pregnant rats, isolated at mating (day 1 of pregnancy) and fed ad
libitum, were submitted to eight hours daily of light (lights on from 12
noon to 8 p.m.) from day eight of gestation. RU 486 was given to five
groups as follows: at 8 a.m. on day 21 (group A), at 12 noon on day 21
(group B), at 7 p.m. on day 21 (group C), at 8 a.m. on day 22 (group D) and
at 12 noon on day 22 (group E). In the sixth group (T), the solvent was
given once at each of the preceding times. As previously observed (Bosc and
Nicolle, 1980), group T births were distributed in two periods with 2/3 of
the rats giving birth in the late light phase of day 22 (mean time 6 p.m.)
and 1/3 after lights on on day 23 (mean time 4 p.m.). The rats treated on
day 22 (groups D and E) had a similar distribution.

All rats in groups A, B, and C treated on day 21 gave birth at single

periods on the 22nd day, 8.5 hours (p < 0.01), 3.8 hours (p < 0.001) and 1.3
hours earlier, respectively, than the controls (T). Thus, the births
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occurred 25.4 h (+ 2.5), 26.1 h (+ 2.8) and 21.6 h (+2.8) (p < 0.01)
respectively, after treatment. The number of pups dead after day one was
affected by the length of gestation (p < 0.01) (extremes: 50.6% in group A;
3% in group E), as was live pup weight (p < 0.01) (extremes: 5.25 g in group
A; 6.10 g in group T). However, postnatal mortality and weight at weaning
were not different from normal. These results show that an antiprogesterone
molecule may provide an efficient tool for the control of birth timing.
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IN VIVO ASSESSMENT OF ANTI-PROGESTERONE AND ANTI-GLUCOCORTICOID ACTIVITIES

OF RU 486 IN RATS: EFFICACY IN TERMINATING EARLY PREGNANCY IN THE RAT
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New York, NY

INTRODUCTION

The present study was undertaken (1) to assess the efficacy of the
anti-progesterone and anti-glucocorticoid activities of RU 486 in the same
animal; (2) to determine whether different routes of administration affect
the ratio of anti-glucocorticoid and anti-progestational activity of the
compound and (3) to evaluate the efficacy of RU 486 in terminating early
pregnancy by different routes of administration.

Ovariectomized and adrenalectomized pseudopregnant rats were used for
the test system. The anti-progesterone activity of RU 486 was determined by
the deciduoma formation assay (Miyake, 1962), and the anti-glucocorticoid
activity of the compound was evaluated by a thymolytic assay (Dorfman, 1962)
and an anti-inflammatory assay (Meyer, et al., 1953, Dubin, 1955).

MATERIALS AND METHODS

Nulliparous female rats of Sprague-Dawley strain, weighing 160-180 gm
and obtained from the Charles River Breeding laboratories (Waltham, MA),
were used in this study. The animals were housed in a temperature-
(24.5-26.5°C) and illumination- (14 hr. light and 10 hr. dark) controlled
room and maintained on Purina laboratory chow and tap water ad libitum.

Pseudopregnancy was induced by mechanical stimulation of the cervix with
a glass rod during the afternoon of estrus. The first morning that vaginal
smear cells were predominantly leukocytes was considered day one of
pseudopregnancy. On day four of pseudopregnancy, only those animals that
remained in diestrus were selected for the experiment. Animals in proestrus
in the morning were caged overnight with males of proven fertility.
Positive matings were verified in the presence of either spermatozoa or
copulation plugs the following morning. If one or the other, or both, were
present, this day was designated as day one of pregnancy.

Experiment l: Anti-Progesterone and Anti-Glucocorticoid Activities of RU
486 in Ovariectomized and Adrenalectomized Pseudopregnant Rats

Bilateral ovariectomy and adrenalectomy were performed by dorso-lateral
incision on day four of pseudopregnancy. For the deciduoma formation assay
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of progesterone, the endometrium of one uterine horn was traumatized by
longitudinal, antimesometrial scratching with a burred-tip hypodermic needle
(De Feo, 1963). The contralateral horn that was not traumatized served as
the control. For systemic anti-inflammatory assay of cortisol, the
cotton-pellet test was employed, according to the methods described by Meyer
et al. (1953) and Dubin (1955) and modified in our laboratory. It consisted
essentially of implanting two non-sterile cotton pellets (No. 2), weighing
5-7 mg, into the dorso-lateral subcutaneous connective tissue of the neck
region, one on each side (two per rat) through a small incision in the skin
which was closed with a wound clip. The implanting of pellets was done at
the time of adrenalectomy while the animals were under ether anesthesia.

The animals were treated either with daily subcutaneous injections of 2
mg of progesterone in 0.2 ml of corn oil or concomitantly with 0.375 mg of
cortisol in 0.2 ml of vehicle consisting of 1 part 100% ethanol and 9 parts
50% aqueous propylene glycol. RU 486 dissolved in 100% ethanol and
suspended in corn oil was administered either orally by means of a gavage
needle inserted into the stomach, subcutaneously, or intravaginally, to
progesterone- and cortisol-treated animals from day four through day seven
of pseudopregnancy. For the intravaginal route of administration, RU 486
suspension was placed on a cotton pellet (No. 0) with the desired volume
according to the method reported by Yamazaki (1982) and modified in our
laboratory. This cotton pellet was inserted into the vagina and then
covered with a rubber disc (about 10 mm in diameter) and a second cotton
pellet without the compound was placed on top of the rubber disc. These
cotton pellets and the rubber disc were replaced with new ones every 24
hours during the treatment period. The first cotton pellet of the set
dipped with corn oil served as the control. The animals were allowed free
access to drinking water containing 1% NaCl and 5% glucose throughout the
experiment.

All animals were sacrificed on day eight of pseudopregnancy. At
autopsy, the body weight was recorded and the uteri and thymus removed,
trimmed of fat, and weighed to the nearest 0.l mg on a torsion balance. The
cotton pellets together with the accumulated granuloma were recovered, dried
at 60°C for 72 hr, and weighed. The net granuloma dry weight was obtained
by subtracting the original cotton weight of the cotton pellet from the
total dry weight.

Experiment 2: Termination of Early Pregnancy with RU 486 by Different
Routes of Administration in the Rat

RU 486 in oil suspension was administered either orally, subcutaneously,
intramuscularly, or intravaginally, as described in Experiment 1 on days 6,
7 and 8 of pregnancy, or by a single dose on day six of pregnancy. All
animals were sacrificed on day nine of pregnancy, and the number of
implantation sites was counted.

The results of these experiments were expressed as mean plus or minus
standard error of the mean. The data were analyzed statistically using
Student's t-test. A probability of less than 0.05 was considered
statistically significant.

RESULTS

Experiment 1l: Anti-Progesterone and Anti-Glucocorticoid Activities of RU
486 in Ovariectomized and Adrenalectomized Pseudopregnant Rats

The inhibitory effects of RU 486 on progesterone and cortisol action by
different routes of administration are summarized in Table I. Daily
subcutaneous injection of 2 mg of progesterone to ovariectomized and
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Table I. Anti-Progesterone and Anti-Glucocorticoid Activities of RU 486
in Ovariectomized and Adrenalectomized Pseudopregnant Rats

Daily dose* Wt of uterine horn, mg Thymus wt. Granuloma dry wt.
Treatment (No. of rats) (mean - SEM) (mg/100 gm B.W. mg
N traumatized _control + SEM) (mean = SEM)
Control mg
Progesterone (P) 2.0 (6) 687.2 = 57.9 108.9 - 9.3 295.9 - 30.1b 10.5 - O.Qa
P + Cortisol (C) 0.375 (8) 566.9 - 70.5 101.9 = 5.3 206.5 : 13.4 5.7 - 0.3
RU 486 + P + C mg/kg ¢
Oral 4.0 (5) 102.5 = 5.8 95.3 = 7.5 252.1 = 20.7 8.2 + 0.6
2.0 (10) 145.5 - 10.4Cf 111.5 - 4.5 233.7 = 16.4 7.2 - 0.7
1.0 (5) 299.0 - 104.3 112.8 + 9.5 227.9 - 29.1 6.8 - 0.7
Subcutaneous 1.0 (8) 104.4 - 5.4CC 87.1 - 4.9 211.3 - 12.1 6.5 - 0.5
0.4 (5) 184.3 = 26.3d 109.2 - 7.1 200.0 = 9.7 5.2 0.4
0.2 (6) 218.4 = 32.0 110.8 + 5.2 197.1 + 18.6 5.1 + 0.5
0.1 (5) 526.0 - 64.3 100.6 - 7.4 167.2 - 10.7 5.6 + 0.5
Intravaginal 2.0 (5) 149.2 - 12.2¢ 127.7 - 6.3 199.8 = 18.5 4.4 - 0.3
1.0 (5) 174.4 - 27.5Ce 114.0 = 9.1 205.5 = 5.9 4.4 = 0.9
0.4 (5) 225.8 = 108.6 114.6 = 4.1 196.4 = 15.8 4.9 - 1.0
0.2 (8) 561.2 : 62.2 111.3 - 5.2 170.0 = 9.2 5.1 + 0.7

* RU 486 was adminstered from day 4 through day 7 of pseudopregnancy.

ab Significant difference vs. P control: ap 0.001; bp 0.02.

o f Significant difference vs. P + C control: Cp 0.001; dp 0.002; ep 0.02; fp 0.05

adrenalectomized pseudopregnant rats maintained pseudopregnancy and
supported deciduoma formation. A daily dose of 0.375 mg of cortisol given
concomitantly with progesterone produced involution of the thymus gland
(about 30%, p < 0.02) and inhibited granuloma formation around the cotton
pellet (about 45%, p < 0.001). The decidual response measured by the weight
of the traumatized uterine horn in animals treated with progesterone and
cortisol was slightly reduced (17.5%Z), but it was not significantly
different from that of the progesterone control. An oral dose of 4
mg/kg/day of RU 486 exerted both anti-progesterone and anti-cortisol
activities, as evidenced by inhibition of decidual response by blockade of
cortisol-induced reduction of thymus weight and by prevention of
cortisol-induced reduction of granuloma formation. It is of interest that a
lower dose of RU 486 was required by the subcutaneous or intravaginal routes
to produce inhibition of progesterone action (e.g. 1.0 mg/kg/day by
subcutaneous injection or 2.0 mg/kg/day by intravaginal application).
Unexpectedly, these doses did not interfere with cortisol action, as
evidenced by the thymus weight and granuloma around the cotton pellet, which
did not differ from the progesterone and cortisol control.

The same data on the effects of RU 486 on inhibition of decidual
response, thymus involution, and anti-inflammatory activity, when
administered orally, sucutaneously, and intravaginally are presented in
Table II. The compound at an oral dose of 4 mg/kg/day inhibited cortisol
action by 51% by thymolytic assay and 52% by anti-inflamatory assay, whereas
a subcutanous dose of 1 mg/kg/day or an intravaginal dose of 2 mg/kg/day had
only about 5% or none of anti-cortisol activity, respectively.

The relative anti-progesterone and anti-cortisol potencies of RU 486
administered by different routes of administration are presented in Table
III. The efficacy for the compound at the most successful efficacious dose
in inhibiting decidual response was found to be 400% by subcutaneous
injection and 200% by intravaginal application, while the oral route of
administration was assigned a value of 100%. Considering the anti-cortisol
activity of the compound, subcutaneous injection and intravaginal
application were 7.7% and none as active as oral administrationm.

73



Table II. Inhibition of Decidual Response, Thymus Involution, and
Anti-Inflammatory Activity with RU 486 by Oral,
Subcutaneous and Intravaginal Routes
Dail No. o -

Route dg;ey of Inhibition of
(mg/kg) rats Decidual response Thymic involution Anti-inflammatory activity

Oral 4.0 5 99 51 52
2.0 10 93 30 31
1.0 5 60 24 23

Subcutaneous 1.0 8 96 5 4
0.4 5 84 0 0
0.2 8 77 0 0
0.1 5 9 0 0

Intravaginal 2.0 5 99 0 0
1.0 5 87 0 0
0.4 5 75 0 0
0.2 8 3 0 0

(8) (8) (5) (8)
100
[ s ] [] []
. 90 - (F
% 8ok (8)
< M
o T0F (s 8
[ -
5 60F m
S sof
g oF
E 40 (6) (6)
L 30
R (6)
20
0 (s) O] ()
0 0 ..
Dose 8.0 2.0 1.5 10.0
(mg/kg/d) 6.0 1.0 1.0 8.0
4.0 0.4 0.4 6.0
2.0 0.2 0.2 4.0
[ - . | L J L S | L ]
Route Oral s.c. .M. Intra-v.
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Treatment: 06.7.8 of Pregnancy

Termination of early pregnancy with RU 486 by
different routes of administration in the rat. The
compound was given on days 6, 7 and 8 of pregnancy.
Autopsy was done on day 9 and the number of
implantation sites was counted. Data were expressed
as a percentage of termination of pregnancy. The
number of animals used is indicated in parentheses.



Table III. The Relative Anti-Progesterone and Anti-Cortisol Potencies of
RU 486 Administered by Different Routes to Pseudopregnant Rats

Route Relative Relative
anti-progesterone activity (%)* anti-cortisol activity (%)*

Oral 100 100
Subcutaneous 400 7.7
Intravaginal 200 0

* The relative potencies of RU 486 by different routes were expressed as the

percentage of the activity of RU 486 administered orally.

Experiment 2: Termination of Early Pregnancy with RU 486 by Different Routes
of Administration in the Rat

The effects of RU 486 on early pregnancy when administered by oral,
subcutaneous, intramuscular, and intravaginal routes are illustrated in
Figure 1. Implantation was completely inhibited by the compound given on
days 6, 7, and 8 of pregnancy by either oral (8 mg/kg), subcutaneous
(2mg/kg), intramuscular (1.5 mg/kg), or intravaginal (10 mg/kg)routes. The

(5) () (6) (12)

100[‘
90 P

80 -

70 |-
(12) (5) (5)

60 |

50 [ (s)
40 I

30 -

% Termination of Pregnancy

20 -

10 F

0 ol
Dose 16.0 12.0 6.0 4.0 4.0 2.0 12.0 10.0
(mg/kg)

[ -J [ J L J L -J

Route Oral s.c. IL.M. Intra-v.

Treatment: 06 of Pregnancy

Fig. 2. Pregnancy terminating effect of RU 486 by a single
dose in the rat. The compound was administered on day
6 of pregnancy. Autopsy was done on day 9 and the
number of implantation sites counted. Data were
expressed as a percentage of temination of pregnancy.
The number of animals used is indicated in parentheses.
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Table IV. The Relative Potencies of RU 486 in Terminating Early
Pregnancy by Different Routes of Administration in the Rat

Route Relative potency (oral route = 1)
Multiple doses* Single dose**
Oral 1 1
Subcutaneous 4 2.7
Intramuscular 5.3 4
Intravaginal 0.8 1.3

* RU 486 was administered on days 6, 7 and 8 of pregnancy.

** RU 486 was administered on day 6 of pregnancy.

numbers of rats with implantation sites increased with decreasing doses.
The numbers of implantation sites per animal with implantations did not
differ significantly from those of control animals.

Figure 2 shows the results of the pregnancy terminating effects of RU
486 given in a single dose on day 6 of pregnancy. Implantation was
completely inhibited when the compound was given orally, subcutaneously,
intramuscularly, and intravaginally on day 6 of pregnancy at 16 mg/kg,

6 mg/kg, 4 mg/kg, and 12 mg/kg, respectively. Lower doses did not
completely suppress implantation; the number of implantation sites in these
animals was not reduced.

Table IV summarizes the relative potencies of RU 486 in terminating
early pregnancy by different routes of administration. The pregnancy
terminating activity of the compound by intramuscular or subcutaneous
injection was significantly higher than that by oral administration, whether
the compound was given in multiple doses or in a single dose. The relative
activities of the compound given orally or intravaginally did not differ
significantly in terminating pregnancy. The efficacy ratio for the compound
at the most effective dose in terminating early pregnancy for intramuscular
injection is 4, for subcutaneous injection 2.7, and for intravaginal
application is 1.3, whereas the oral administration is assigned a value of 1

DISCUSSION

Deciduoma formation tests for progestational activity in the
ovariectomized pseudopregnant rat (Miyake, 1962) and thymolytic or
anti-inflammatory activity measures glucocorticoid activities in the
adrenalectomized immature male rat (Dorfman, 1962). In order to assess, in
the same animal at the same time, the in vivo anti-progesterone and
anti-glucocorticoid activities of RU 486, we have developed a test system in
which a combination of a deciduoma formation assay, thymolytic assay, and an
anti-inflammatory assay is employed in the ovariectomized and
adrenalectomized pseudopregnant rat. With regard to deciduoma formation for
progesterone activity, a dose of 2 mg/kg/day of progesterone is capable of
inducing and supporting decidual cell reaction in adult ovariectomized
pseudopregnant rats (unpublished data). Administration of cortisol (0.375
mg/kg/day) concomitant with progesterone in our test system produced less
decidual response as judged by the weight of traumatized uterine horn.
However, the weight of the traumatized uterine horn of the animal treated
with progesterone and cortisol did not significantly differ from that of the
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animal treated with progesterone alone. Regarding the combined thymolytic
assay and anti-inflammatory assay for cortisol activity, the results
obtained in the present test system demonstrated that a daily dose of

0.375 mg of cortisol given concomitantly with 2 mg of progesterone produces
about a 30% involution of the thymus gland and an inhibition of about 457 in
the granuloma formation around implanted cotton pellets. These values agree
with those obtained in adrenalectomized immature male rats treated with
cortisol alone (Dorfman et al., 1961; Dubin, 1955). The data clearly
demonstrated that, under the present experimental conditions, cortisol does
not interfere with progesterone action in the deciduoma formation assay, and
progesterone does not antagonize cortisol action in the combined thymolytic
and anti-inflammatory assay for cortisol action.

The present study demonstrates that the anti-cortisol but not the
anti-progesterone activity of RU 486 is dependent upon the route of
administration. The anti-cortisol activity of the compound can be
differentiated from its anti-progesterone activity by subcutaneous injection
or intravaginal application. RU 486 given orally inhibits both progesterone
and cortisol action. At a dose of 4 mg/kg of the compound, for example, it
exerts a 997 inhibition of decidual response. Concurrently, it produces
about a 50% block of cortisol-induced thymus involution and about a 50%
prevention of cortisol-induced anti-inflammatory activity. When the
compound is given subcutaneously or intravaginally (at the most effective
dose inhibiting progesterone action) it exerts little or no interference
with cortisol action. The efficacy of RU 486 in inhibiting progesterone
action is also dependent upon the route of administration. It is apparent
that the compound exerts its highest efficacy as an antiprogesterone agent
by subcutaneous injection or intravaginal application.

Early pregnancy in the rat can be terminated by RU 486 at either
multiple doses or a single dose regimen by different routes of
administration. Our findings in the rat confirm the previous reports that
the compound given orally to pregnant rat terminates early pregnancy
(Philibert et al., 1982). Moreover, the data obtained in the present
experiments clearly demonstrate that RU 486 exerts its most potent
antifertility action following intramuscular or subcutaneous injection by
either multiple doses or a single dose.

RU 486 has been shown to have no overt estrogenic, androgenic,
glucocorticoid or progestomimetic activity in rats (Philibert et al., 1981)
and in monkeys (Healy, et al., 1983). The present study demonstrates that
its efficacy in terminating early pregnancy can be increased by using a
systemic route of administration.

SUMMARY

RU 486, a 19-norsteroid with substituted radicals in Cyy and Cpq,
was assessed in vivo for its effects on progesterone and cortisol action
under different routes of administration in the rat. A test system was
developed in which a combination of deciduoma formation assay,sthymolytic
assay, and anti-inflammatory assay was employed in the ovariectomized and
adrenalectomized pseudopregnant rat. RU 486 was given either orally,
subcutaneously or intravaginally to progesterone- and cortisol-treated
rats. A dose of 4 mg/kg/day of RU 486 given orally exerted both
anti-progesterone and anti-cortisol activities. A lower dose of RU 486 was
required by the subcutaneous or intravaginal routes to produce inhibition of
progesterone action (e.g. 1.0 mg/kg/day by subcutaneous or 2.0 mg/kg/day by
intravaginal route). Unexpectedly, these doses did not interfere with
cortisol action.
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In the rat, implantation was completely inhibited by multiple doses of
RU 486 given on days 6, 7, and 8 of pregnancy either by oral (8 mg/kg/day),
subcutaneous (2 mg/kg/day), intramuscular (1.5 mg/kg/day) or intravaginal
(10 mg/kg/day) route. A single dose of RU 486 given on day six of pregnancy
either by oral (16 mg/kg), subcutaneous (6 mg/kg), intramuscular (4 mg/kg)
or intravaginal (12 mg/kg) route was also effective in terminating early
pregnancy. The data indicate that, in rats, the anti-cortisol, but not the
anti-progesterone, activity of RU 486 is dependent upon the route of
administration and that RU 486 exerts its most potent antifertility effect
following intramuscular or subcutaneous injection.
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HISTOPHARMACOLOGY OF RU 486
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SUMMARY

Histological studies were done by light and electron microscopy
to improve biological tests used to evaluate the pharmacological properties
of RU 486. The compound prevented the progesterone-induced appearance of
giant mitochondria in uterine glandular cells in ovariectomized rats and did
not show any progestogen-mimetic effect. Its antiprogestational activity
was demonstrated by abortion in rats where RU 486-induced changes in the
deciduoma cells could be observed, even prior to the changes caused by
ovariectomy. The hypertrophic effect of RU 486 on the uterus of immature
animals was distinguished from the hyperplastic effect of estradiol.

INTRODUCTION

As previously described, pharmacological studies of RU 486 were carried
out by means of different tests based on gross morphological changes induced
by this compound on the target organs. Under these experimental conditions,
observations were made about the organs; tissue-specific responses were not
distinguished. In order to improve these pharmacological tests,
histological techniques involving light and electron microscopy were used,
and the early effects of the drug at cellular and subcellular levels were
analyzed.

ANTIPROGESTATIONAL ACTIVITY

The antiprogestational activity of RU 486 in the rat was established in
two ways: RU 486 prevents the appearance of giant mitochondria in the
uterine glandular cells of animals treated with progesterone. It also
induces cellular disorders of deciduoma cells and abortion at the ninth day
of gestation.

Giant Mitochondria

It has been shown that progesterone administered to ovariectomized rats
induces the appearance of giant mitochondria in glandular uterus cells
(Ljunkvist, 1971; Nilsson, 1975) (Figs. la, b). This hormonal effect was
obtained without estrogen priming. Under the same experimental conditions
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Electron micrographs of uterine glandular cells in rats
ovariectomized for 3 weeks. a) Control. m = mitochondria.
b) Progesterone given at 20 mg/kg/day for 3 days induces the
appearance of giant mitochondria (g.m.). c) RU 486 (10
mg/kg/day) administered simultaneously with progesterone

prevents the appearance of giant mitochondria.



Histological study of abortion in the rat. Pregnant rats
were treated at day 9 of gestation with RU 486 (50 mg/kg/p.o.)
and killed at the 6th, 8th, 10th and 16th hours. In
comparison, a group of 9-day pregnant rats were ovariectomized
and sacrificed at the same time. a) Hour 10 and b) hour 16
after RU 486. Note the necrotic aspect of the deciduoma as
early as hour 10. c) Hour 10 and d) hour 16 after

ovariectomy. At hour 10 any signs of necrosis are visible
(G x 50).
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Fig. 3. Histological study of abortion in the rat:
a graphic representation.

and by use of quantitative analysis on electron micrographs, we have
demonstrated that there is an increase in the volume density of the entire
mitochondrial population (Secchi et al., 1984; Secchi and Lecaque, 1984).
This test, which is useful for evaluating the hormonal effect at the
subcellular level, allows one to appreciate th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>