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Effect of mifepristone on steroid receptor expression and
biotransformation of oestrogen and progesterone in rat uterus

and deciduoma

URMILA VIJ, ANAND KUMAR, KANHAIYA SHARMA, MISHI KAUSHAL, RAJMEHRA

ABSTRACT

Backgr ound. Mifepristoneisasyntheticantiprogestinwhich
terminatesearly pregnancy. Sinceitinterfereswiththe proges-
teronemaintained decidua, wecomparedtheeffectofmifepristone
onoestrogenand progesterone receptors,andonthe biotrans-
formation ofthese hormonesinnormaland deciduous uterus.

Mt hods. Ovariectomized ratsweretreatedwithan oestro-
gen—progesterone hormone regimenand deciduomawasin-
ducedbytraumainone hornoftheratuteruswhile the other
servedasacontrolunderanidentical hormonal milieu. Hormone
receptorandbiotransformation studiesweredone usingradio-
labelled oestradioland progesterone with high specificactivity.

Resul t s. Theartificiallyformed decidual tissuewascompa-
rable with that of early pregnancy. Mifepristone replenished
oestrogenand progesteronereceptorswhichweresuppressedby
progesteroneinboththenormalanddecidualized uterinehorns.
Inhibition of oestrogen receptors by progesterone correlated
withdecreased oestradiol levelsatthesite ofaction. Metabolism
of progesteroneto less potentcompoundswas promoted by
mifepristone. Theenzymaticactivities of 173-hydroxysteroid
dehydrogenase (which metabolizes oestradiol), and 20a-
hydroxysteroid dehydrogenase and 5a-reductase (whichme-
tabolize progesterone)werealtered by mifepristone.

Concl usi on. The effect of mifepristoneinvaryingthe
hormone receptor populationand the availability of different
levels of active metabolites of ovarian hormones have an
importantroleintheantiprogestinaction of mifepristone.
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INTRODUCTION

Progesterone (P) is crucial for the maintenance of pregnancy. An
effective antiprogestin would act as a specific abortifacient by
interactingwiththedecidual tissueof early pregnancy. Mifepristone
(M, RU 486), well known for its use as an abortifacient pill, isa
derivative of norethindrone with an a side chain and an 113 ring
substitution. It possesses a high binding capacity and progester-
one antagonist activity.! The abortifacient action of M isaresult
of itsinteraction with uterine hormone receptors.>® SinceM isan
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early abortifacient, its action, specifically on the decidual tissue,
is of importance.

We developed a deciduoma in ovariectomized rats by trau-
matizing one uterine horn. Decidualization or decidual cell reac-
tion (DCR) is the proliferation of peri- and sublumina cells
following atraumatic stimulus, either by the blastocyst or artifi-
cially by mechanical or chemical means; hormonal primingisa
prerequisite for decidualization. Stromal cells derived from
unprimed uteri fail to differentiateto decidual onesinvivo.” It has
been shown that, in ovariectomized rats, the hormonal require-
ments for normal pregnancy and decidualization induced by an
artificial stimulus are identical .® Using such decidual tissue, we
studied the interaction of M with ovarian hormone receptors and
the metabolic biotransformation of oestradiol (E2) and P, and
compared these with normal uterine tissue.

METHODS
Induction of deciduoma and hormone treatment

The preparation of animalsand induction of deciduomawasdone
as described earlier with some modifications.® Briefly, rats were
ovariectomized and 2 weeks later were treated with hormones.
Theratswere primed with E2 (2 ug/50 pl oliveoil/rat, subcutane-
ously) fromday 1 and P (2 mg/50 ul oliveoil/rat) wasstarted from
day 6. Onday 10, theratsunderwent alaparotomy and oneuterine
hornwastraumatized for decidualization whiletheother hornwas
left untouched to serve asacontrol.

Inapilot experiment, ratswere sacrificed each day for 11 days
post-traumati zation (asdescribed above) to estimatethechangein
weight of the decidualized horn and to confirm thevalidity of this
animal model. Also, to standardize the dose, 0.25, 0.5, 1, 2 and 4
mg of P was injected in separate sets of animals.

After standardization, the protocol followed was the same as
described abovetill day 10, when onehornwastraumatized. Pwas
continued till day 14. At this point the rats were divided into 3
groups of 6 rats each and treated as follows:;

1. E2 treated: Given E2 2 ug/50 pl/rat for 3 days

2. Ptreated: Given E2 2 ug/50 pl/rat with 4 mg P/rat for 3 days

3. M treated: Given E2 2 ug/50 pil/rat, 4 mg P/rat and 4 mg M/rat
for 3 days

Twenty-fours hours after the last injection the animals were
sacrificed, the traumatized and control uterine horns were re-
moved and processed. The control and decidual tissues for each
experiment were pooled from 5-6 rats and the results of each
experiment were calculated from 3—4 observations. DCR in the
traumatized horn was calculated from the per cent increase in
decidual weight over the control uterine horn as follows:
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weight of (traumatized horn—control horn) x 100

% increase=
weight of traumatized horn

Receptor assay

For accurate quantitative analysis, radioreceptor assay using high
specific activity radioligands were preferred to immunohisto-
chemical assay. Cell fractionation and oestrogen (ER) and proges-
terone receptor (PR) assaysin nuclear and cytosol fractionswere
done as described earlier.’*!! Briefly, 100 ul cytosol or 100 pl
nuclear suspensionwasincubated with 200 nM 3H Pfor PR assay
and 20 nM 3H E2 for ER assay with or without 2 uM non-
radioactive P and E2, respectively, at 0 °C for 12-16 hours. ER
assay tubes were further incubated at 30 °C for 30 minutes for
completeexchange. Toeliminatecortisol-binding globulin (CBG)
frominterfering with PR, 1 uM of cortisol was added. At the end
of incubation, free and bound steroids in the cytosol assay tubes
were separated by the dextran charcoal method.*?

For nuclear assay, at the end of incubation the nuclei were
washed with buffer to remove unbound steroid. The steroid was
extracted with ethanol and radioactivity counted in aliquid scin-
tillation counter. For the cross-incubation study, different vol-
umes (50 pl and 100 pl) of uterine cytosol of E2 treated rats was
incubated with uterine nuclei of P treated rats to quantitate the
functional or translocatable receptors in the nuclei. DNA and
protein estimation were done as described earlier.’3* The results
were expressed as total receptors (sum of nuclear and cytosol).

Biotransformation studies

Control and traumatized uterine horns were removed and col-
lected on ice as soon as the rats were sacrificed. Thetissueswere
freed of adhering fat, weighed, minced and incubated for 60
minutes with 20.9 pmol of 3H P or 25 pmol of 3H E2in 5 ml of
RPMI 1640 medium containing 33 umol of glucose, 11 pmol
glucose-6-phosphate, 2.3 umol of ATP and 1.3 umol of NADPH
for P, and 10 uM each of NAD, ATPand NADPH for E biotrans-
formation studies.’® At the end of incubation the steroids were
extracted from thetissue and analysed using thin layer chromato-
graphy. The chromatograms were developed in a hexane:ethyl
acetate (5:2 v/v) and chloroform:acetone (9:1 v/v) solvent system
for Pand itsmetabolites. The steroidswerelocated by UV and by
exposure to iodine vapours. For E and its metabolites, the chro-
matograms were developed in a benzene:methanol (9:1) solvent
systemand steroidswerelocated by i odinevapours. Confirmation
of metabolites was carried out by acetylation, saponification of
acetylated compounds, oxidationand recrystallization to constant
specific activity as described earlier.’®

Source of materials

1,2,6,7-3H P (86 Ci/mmol) and 2,4,6,7-3H E2 (99 Ci/mmol) were
obtained from Amersham Pharmacia Biotech UK Ltd, England.
Radio-inert E2 and oestrone were obtained from SigmaChemical
Co., St Louis, MO. Norgestrel was obtained from Wyeth Pharma,
Munster, Germany; norethindroneand norethindroneacetatefrom
Schering AG, Berlin, Germany. M was obtained from Roussel
UCLAF, France. Other chemical swere purchased from commer-
cial sources. Adult female Wistar ratsbred in the animal house of
our institution were used for the study. Ethical clearance was
obtained from the Animal Ethics Committee.

RESULTS
Increase in uterine weight
In the pilot study, it was observed that following traumatization
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the weight of the decidualized horn increased till day 5 and then
declined gradually by day 11 (Fig. 1). The weight gain of the
deciduoma was dose dependent and with 2 and 4 mg doses of P
there was >400% increase in the weight of the decidualized horn
compared with the control horn (Fig. 2). Hence, in the main
experiment, the deciduomawas maintainedintially with 2 mg and
later 4 mg of P. Inthe M treated rats, the deciduoma maintenance
effect of Pwasantagoni zed although therewasamild uterotrophic
effectintermsof increasein weight of both theuterinehorns(Fig.
3). However, the uterotrophic effect was transient and showed a
decreaseat 48 hours(Fig. 3). Uninterrupted, continuous (15 days)
treatment of intact ratswith M led the normal adult ratsto a state
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Fic 1. Per cent increase in weight of the decidualized uterine
horn. The mean weight of the control horn was 25 mg. Results
are mean (SD) of 3 observations on 56 rats on each day.
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Fic 2. Effect of increasing doses of progesterone in the
decidualized horn on day 5 post-trauma. Results are mean (SD)
of 3 observations on 5-6 rats with each dose.

Fic 3. Effect of mifepristone (M) treatment on decidualization.
Results are mean (SD) of 3 observations on 5-6 rats in each

group.
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of constant oestrus suggesting an E and P antagonistic action
(results not shown).

Effect of P and antiprogestin on PR

Binding of Pand antiprogestinto PRin control and decidual tissue
reveal ed that M had significantly higher (p<0.01) relative binding
affinity (RBA) than P (Table I). It did not elicit progestational
activity asit did not maintain the decidua. Other progestins such
as norgestrel, medroxyprogesterone acetate, norethindrone, etc.
with known progestational activity, also had high RBA for P
binding sites. However, E2 and cortisol did not show any binding
to PR (Tablel). Further antagonistic action of M on the total PR
population was evaluated in the control and decidualized hornsin
al 3 groups (Fig. 4). P significantly suppressed total PR in the
decidualized (p<0.01) and control horns (p<0.001) compared
with E2 treated rats. Interestingly, M along with P (M treated
group) antagonized the suppressive effect of P on PR in both the
control and decidualized hornsleading to asignificantincreasein
the PR population in the decidualized horn (p<0.01) The direct
proteolytic effect on receptor level was demonstrated by cross-
incubation studies in which different volumes of treated and
untreated cytosols were used for translocation of receptorsto the
nucleus(Tablell). Thefunctional or translocatablereceptor levels
in P treated nuclei incubated with 50 pul and 100 ul E2 treated
cytosol was comparablewith E2 treated nuclel incubated with E2
treated cytosol. However, if E2 treated nuclei wereincubated with
P treated cytosol the functional receptor population decreased in
relation to the volume of cytosol. Also, the functional receptor

TasLE |. Mean (SD) relative binding affinity of progestins and
antiprogestins for progesterone receptors in the control and
decidualized uterine horns

Compound Relativebinding affinity
Control Deciduoma

Progesterone 100 100
Norgestrel 196 (13.5) 155 (26)
Mifepristone 166 (25) 190 (20)
Medroxyprogesteroneacetate 164 (15.5) 145 (15.1)
Norethindrone 98.6 (14.4) 85.3 (9.3)
Norethindroneacetate 8 (2 5.7 (2.5)

Oestradiol <0.1 <0.1

Cortisol <0.1 <0.1
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Fic 4. Effect of mifepristone (M) on progesterone receptors (PR)
in rat uterine horns. Uterine tissue from 5-6 animals in each
group was pooled for each observation. Results are mean (SD)
of 4 observations.
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level significantly decreased (p<0.001) when 100 pl of P treated
cytosol was used instead of 50 pl (Tablell). Thisproteolytic-like
effect of P in cytosol was antagonized by M treatment (Table I1)
leading to receptor replenishment when E2 treated nuclei were
incubated with M treated cytosol.

Effect of P and M on ER

The ER population in the decidualized uterine horn was signifi-
cantly lower (p<0.001) than in the control horn (Fig. 5). P
significantly decreased the ER population in the decidualized
(p<0.001) and control (p<0.001) horns, and M antagonized this
suppressive effect of Pon ER. Thus, inthe M treated group the P
associated reduction wasinhibited by M (Fig. 5). Moreover, this
replenishment effect on ER by M, though significant, was much
higher in the control (p<0.001) than the decidualized horns
(p<0.01). Removal of thesuppressiveeffect of Pon PR and rescue
of thesameby M wasconfirmed by another experiment (Tablelll).
At 24 hours of E2 treatment, the ER was about 10 times higher
than that at O time. However, when at 24 hoursof E2 treatment the
rats were treated with P (4 mg), the ER decreased significantly
(p<0.001) at 48 hours. Incontrast, if M wasinjected along with P,
at 24 hoursit antagoni zed theinhibitory effect of Pand thereceptor

TasLE |I. Effect of progesterone (P) and mifepristone (M) on
functional (translocatable) progesterone receptors in the uterus

Treatment Receptor molecules
Used Translocated
E treated nuclei+
E treated 50 pl cytosol 4025 (500) 2500 (274)
E treated 100 pl cytosol 8800 (997) 3378 (296)
P treated nuclei+
E treated 50 pl cytosol 4025 (500) 2480 (198)
E treated 100 pl cytosol 8800 (997) 3428 (325)*
E treated nuclei+
P treated 50 pl cytosol 2150 (238) 1500 (116)
Ptreated 100 pl cytosol 3585 (362) 800 (99)t
E treated nuclei+
M and Ptreated 50 pl cytosol 2895 (335) 2105 (194)
M and Ptreated 100 pl cytosol 4795 (349) 3159 (227)
* p<0.001 T p<0.001 Valuesare mean (SD)
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Fic 5. Effect of mifepristone on oestrogen receptors (ER) in rat
uterine horns. Uterine tissue from 5-6 animals in each group
was pooled for each observation. Results are mean (SD) of 4
observations.
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TasLE IIl. Removal of suppressive effect of progesterone (P) on
oestrogen receptors (ER) by mifepristone (M)

Treatment Mean (SD) ER (fmol/mg DNA)
0 hours 24hours 48 hours
E25pgat 0 hours 347 (78) 3347 (478) 5084 (925)

E2 5 ug at 0 hours+P 4 mg at 24 hours — -
E25ugat 0O hourstP4mg+M 4mg - -
at 24 hours

1283 (214)*
5157 (315)t

E2 oestradiol * p<0.001 T p<0.001

80
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M Traumatized horn

Per cent oestrone formec
N D

o o

I I

n
o
L

Control Progesterone Progesterone+M

Fic 6. Effect of mifepristone on biotransformation of oestradiol in
rat uterine horns. Uterine tissue from 5-6 animals in each
group were pooled for each observation. Results are mean (SD)
of 4 observations.

level increased significantly (p<0.001); thedifferencein ER level
between the E2 treated and M treated uterine horns became
insignificant (p>0.05).

Biotransformation of E2

The metabolic biotransformation of 3H E2 to oestrone (E1) was
not different (p>0.05) in the control and traumatized horns of E2
treated rats, being 24.6% and 24%, respectively. In the P treated
group the metabolism of E2 to E1 increased significantly in the
control (65.8%, p<0.001) and decidualized (48%, p<0.01) uterine
horns, respectively (Fig. 6). Thisshowedthat 17(3-hydroxysteroid
dehydrogenase (HSD) is a progestin dependent enzyme. This
effect of P on increase in metabolic biotransformation of E2 was
antagonized by antiprogestin and the formation of E1 decreased
significantly to 28% in the control and 30% in the decidualized
tissue (p<0.001). Thus, antiprogestin antagonized the action of P
and more E2 was made available by decreasing the metabolism.
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Biotransformation of P

The effect of progestin and antiprogestin on 20a-HSD and 5a-
reductasewasinvestigated inthe control and decidualized uterine
horns (Table V). In E2 treated rats, more P was metabolized and
only 56% and 59% remained unconverted in the control and deci-
dualized uterine horns, respectively. Of the major metabolites
identified, 20a-OH-P was less than 5a-pregnan compounds in
both control and decidualized uterine horns. Under the influence
of P, asignificantly larger amount of P (81%) remained uncon-
verted in the decidualized uterine horn (p<0.01) so that more P
was available for biological action. P also influenced the pattern
of metabolites since more 200-OH-P was formed while less 5a-
pregnan compounds were formed as compared with E2 treated
rats. These results suggest that P increased the 200-HSD activity
and decreased the 5a-reductase activity. These effectsof Ponits
biotransformation were antagonized by M.

DISCUSSION

This study was designed to establish a rat model in which one
uterine horn was decidualized while the other horn was used asa
control under identical hormona manipulation. The DCR mea-
sured in terms of increasein uterine weight started on day 1 after
the stimulus as the rats were maintained under proper hormonal
conditions. Thiskept increasingtill day 5 post-traumatization and
declined after about day 8. Althoughtheprogression of deciduoma
was hormone dependent, the decidual cells possessed a limited
life span.” Hyperplasiawasthe characteristic feature of the DCR,
leading to enormous growth of decidual tissue maintained under
the effect of P, while M antagonized this action and inhibited
maintenance of the deciduoma. However, there was sometrophic
effect of M per se since there was a slight increase in uterine
weight in both the decidualized and control uterine horns. The
uterotrophic effect was transient and showed a reversal with
metabolic clearance of the drug. This effect has been reported in
patients with Cushingoid features treated with long term M.1* M
hasal so been showntoleadtoregression of leilomyoma, with some
of the patients developing drug-associated simple endometrial
hyperplasia.t” Unlike onapristone, a paradoxical agonist effect of
M on the post-menopausal endometrium has been reported, as
well asan antiproliferative effect.>®The uterotrophic effect of M
in terms of adlight increase in uterine weight might be mediated
by atransient interaction between M and the uterine ER. Balloon-
ing and increase in weight of uteri has been explained by the
‘unopposed’ E effect after the action of Pisblocked by progester-
oneantagonists.*® Theconstant oestrusstateobservedinintact rats
on continuous M reflectsits oestrogenic action on epithelium that
isnot opposed by P. E upregul ated the ER and PR in the uterusand
decidua while P downregul ated them.

Treatment with M upregulated the hormone receptorsthat had
been suppressed by P in both control and decidualized uterine

TasLE IV. Effect of mifepristone (M) on biotransformation of progesterone (P) in control (C) and decidualized (D) uterine horns

Group Progesterone 20a-OHP 5a-pregnan-3-20-dione 5a-pregnan 33-ol-20-one
C D C D C D C D
Etreated 56 (5) 59 (4) 48 (1) 52(0.8) 102 (1.8) 111 (1.2) 12.1 (1.7) 125 (2.1)
Ptreated 71 (6) 81 (6) 9.8(2 101 (1.2 6.7 (0.7) 2.1(0.3) 85 (1) 4.2 (0.7)
Mtreated 65(2) 69 (5) 722 75(0.6) 8.3 (1.1) 8.8 (1.3) 9.1 (1) 8.9 (0.9)

Resultsare expressed asmean (SD) from 4 observations and as per cent metabolitesformed and per cent unmetabolized progesterone

Progesteronesignificantly decreased progesterone metabolism (p<0.01)

E oestradiol
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horns; an effect reported earlier.>62°2 |n monkey uterus, M has
antiproliferative, apoptotic and stromal compaction effects that
decrease the ability of E2 to maintain the mass of endometrium.®
The major effect of M wasto block P-induced suppression of ER
allowing E2to exertitseffectson cell differentiation.? The higher
levels of PR in E2-maintained endometrium may allow M to act
morerapidly thanintheregenerating endometrium, whichinitally
haslower PR levels. Inthe presenceor absenceof P, apoptoticcell
deathintheglandul ar epitheliumincreases, whilethe action of E2
resultsin abal ance between therates of cell division and deathin
the regenerating endometrial glands, similar to what is observed
in primates. If M is present during endometrial regeneration,
apoptosis increases but there is no inhibition of epithelial prolif-
eration. Thus, M disturbs the baseline E2-regulated balance
between cell division and deathinfavour of cell death.?? Wefound
adirect proteolytic effect of P which was inhibited by M. In the
cross-incubation studies P treated uterine cytosol decreased the
transl ocation of receptorsto nuclei whileM antagonized theeffect
of P by protecting the receptor protein. A similar increasein ER
and PR protein expression dueto M hasbeen reportedin hormon-
ally replaced castrated monkeys, possibly by inhibiting degrada-
tion of mature protein.z

M hasahalf-life of about 20 hours. Theliver metabolizesM by
demethylation and hydroxylation. The enterohepatic circulation
may account for the long half-life of the drug.?* We found that M
influenced the metabolic biotransformation of ovarian hormones
inthe deciduomaand endometrium. Themaintenance of gestation
and pseudopregnancy is dependent on the availability of P. If the
metabolic biotransformation of P and E2 in the target tissuesis
altered, the optimal hormonal milieu required for maintenance of
decidual tissue will be affected, adding to the abortifacient prop-
erty of M. Under theinfluenceof P, ahigh concentration of E2was
metabolized to E1; in decidual tissue E1 formation was even
higher. This suggests that 173-HSD, responsible for the conver-
sion of E2to E1, isaprogestin dependent enzyme. Theactivity of
17B-HSD in the human endometrium has been shown to change
during the menstrual cycle. It increasesin the luteal phase dueto
progesterone secretion.?>?® Progestins such as norgestrel and
proveraincreasetheactivity of 173-HSD while E and oestrogenic
compounds decrease it.2% The anti-oestrogenic effect of P in
increasing the activity of 173-HSD accelerated the conversion of
E2 to E1, which is abiologically less active hormone. We have
shown that the activity of 173-HSD, whichis P dependent in the
rat uterus, was decreased due to P antagonism of M.

Thus, one of the ways by which an antiprogestin takes part in
the interplay of the effects of E and P in the normal uterus and a
deciduoma is by inducing 173-HSD and influencing the meta-
bolic biotransformation of E2 to E1. Moreover, M influenced the
metabolism of P by increasing the activity of enzymesthat meta-
bolize P. Unmetabolized P was much higher in P treated control
aswell asdecidual tissue. Thismay be one of the mechanisms by
which more Pwas made available at the site of action. In contrast,
M antagonized this action of P and metabolic biotransformation
was increased both in control and decidual tissue. 5a-pregnan-
3,20-dionewasformed inlarger amountsin the M treated uterine
tissues compared with P treated ones. This suggests that the
enzyme 5a-reductase was activated due to antiprogestin. Satura-
tion of the C-4, C-5 doublebond of P and consequent formation of
5a-pregnan-3,20-dione has been shown to be an E dependent
step.253t Unlike 5a-reductase, 20a-HSD increases under the in-
fluence of P. Thisincrease was antagonized by M. P dependence
of 20a-HSD in secretory endometrium has been reported ear-

VOL. 19, NO. 2, 2006

lier.32% Since the equilibrium of the reaction catalysed by 20a-
HSD isin favour of reduction of P, 200-HSD could function asa
regulator of progesterone activity in the target decidual cell. Our
study suggeststhat different concentrations of 5a-pregnan-3,20-
dione formed under the influence of progestin and antiprogestin
may have arole in manifesting the action of P. Higher concen-
trations of 20a-OHP formed by P dependent 20a-HSD may
influencetheaction of Pindecreasing PR. Thus, thedownregulation
or masking of PR observedwith Pmay beattributedto adual effect
of increased concentration of 200-HP and decreased rate of P
metabolism. A similar decrease in the PR concentration along
with increase in 200-HSD from days 11 to 22 of pregnancy has
been reported.®

Our study has shown that the action of M on decidual tissue
results in its disruption. E and P act on their target organs by
interacting with their receptors®=" while M intervenes by block-
ing PR and antagoni zing the suppressiveeffect of Pon PRand ER.
Increasein the metabolism of P by antiprogestin may also be due
tolocal regulation of molecular eventsat thetarget siteto decrease
the effect of P by converting it to a biologically less active
compound. Thus, variationsin specificreceptor andenzymelevels
in decidual tissue under the effect of progestin and antiprogestin
appear to play acritical roleintheaction of M dueto adirect effect
ontheconcentration of Pand E and their metabolitesin deciduoma
and the uterus.
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