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Inhibitory effect of nomegestrol acetate on steroidogenesis of cul-
tured granulosa cells from rat ovary in vitro
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ABSTRACT

AIM: To study the effect of nomegestrol acetate, a new
synthetic progesterone on granulosa cells’ viability and
steroidogenesis function. METHODS: Granulosa cells
were cultured in McCoy’s SA medium. Trypan blue
stain was used to measure viable cells. FSH and testos-
terone were added to stimulate the steroid secretion,
Specific RIA assay was used to evaluate the estrogen and
progesterone secretion respectively. RESULTS. ICy; of
nomegestrol acetate to damage cells is 6.85 mg/L (95 %
confidence limits 5.36 —8.75 mg/L). Nomegestrol ac-
etate 0.45, 0.9, and 1.8 mg/L greatly inhibited the es-
wogen secretion from granulosa cells by 7.6 %,
12.5 %, 28.3 % in the presence of testosterone 0.5
pmol/L and FSH 10 U/L without affecting the number of
viable cells. The secretion of progesteron were markedly
decreased by 44.5 %, 53.3 %, and 62.0 % concurrent-
ly. CONCLUSION: Nomegestrol acetate directly in-
hibited the steroidogenesis of granulosa cells.

INTRODUCTION

Nomegestrol acetate is a new synthetic 19-norproges-
tine derivative. Many clinical trials have demonstrated
its high contraceptive efficiency with few side ef-
fectst! . Its possible mechanism may involve provid-
ing cervical blocking!”, reducing estrogen receptor con-
tent'®, suppressing function of hypothalamic-pitu-
itary™ 1% | preventing follicular growth, supporting a per-
sistent non-luteinized follicular and disrupting the endo-
metric architecture!’”,  Acconding to one stdy in our
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lab (unpublished), nomegestrol acetate inhibits regular
estrus-cycle rats’ ovulation two times more effectively
than does megestrol acetate.

To further elucidate the pharmacological mechanism
of nomegestrol acetate, we used in vitro culture sysiem to
investigate its direct effect on the steroidogenesis of gran-
ulosa cells. To mimic the in vive microenvironment,
we also added follicle stimulating hommone (FSH) and
testosterone to stimulate the steroid secretion.
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MATERIALS AND METHODS

Reagents Highly purified FSH was provided by
professor WANG Han-Zheng ( Shanghai Institwte of
Planned Parenthood). Nomegestrol acetate was synthe-
sized by professor XIA Peng ( Department of Organic
Chemistry, School of Phammacy, Fudan University ).
McCoy’s 5A medium ( modified without serum) was ob-
tained from Gibco. Trypan blue stain {0.4 %) was pur-
chased from Sigma Chemical Co. Estrogen and proges-
terone radioimmunoassay (RIA) kits were obtained from
Shanghai Biclogical Engineering Center.

Animals [mmature Sprague-Dawley female raws
were supplied by Shanghai Experimental Animal Center,
Chinese Academy of Sciences (Grade M, Certificate No
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005) and were treated {im) daily with diethylstithestrol
(DES, 0.5 mg/d) beginning on d 22 to stimulate granu-
losa cell proliferation'™®’ . The animals were given water
and food ad lib. After five days of ireatment, animals
were sacrificed by cervical dislocation,

Granulosa cell culture  Granulosa cells were
collected and cultured as described by Erickson G and
Hsueh'™.  In brief, preantral follicles were punctured
with No 4 needles and the granulosa cells were carefully
expressed into McCoy’s SA medium. After washing the
cells twice with McCoy’s 5A medium, an aliquot was di-
luted with trypan blue stain and viable cells were counted
with a hemocytometer.  Viable cells (2 x 10°) were
added to 24-well Falcon tissue-culture plates containing 1
ml of McCoy’s 5A medium which was supplemented
with penicillin 100 pmol/L, streptomycin 100 g/L, L-
glutamine 2 mmol/L. The cells were cultured in a hu-
midified 95 % air and 5 % COQy incubator at 37 TC.
Nomegestrol acetate was added to the appropriate cultures
in 5 ;2L ethanol .

Cell viability Cell viability was checked by
adding trypan blue stain to the cells and counting the per-
centage of cells which excluded the dye.

Steroid measurements  Estrogen and proges-
terone secreted into the medium by the granulosa cells
were measired directly without extraction, by radioim-
munoassays ( RIA) using RIA kits. Specific antigens
were used to measure estrogen and progesterone respec-
tively which do not crossreact with 19-norpregna.

Statistical analysis All results were subjected v
group ¢ test 1o determine whether processed group data
were different from the control { P <0.05).

RESULTS

Effect of nomegestrol acetate on cell viability
After 24 h treaument with nomegestrol acetate,
nomegestrol acetate 1.9 mg/L did not affect the cell via-
bility greatly. After cells were expused to nomegestrol
acetate 3.8 mg/L, the number of viable cells declined.
The calculated ICy, was 6.85 mg/L (95 % confidence
limits; 5.36 —8.75 mg/L) (Fig 1).

Effect of FSH on granulosa cell stervidogene-
sis Progesterone and estrogen production were almost
negligible by cells cullured in medium alone compared
with those of cells cultured in the presence of testosterone
and FSH. Testosterone 0.5 pmol/L and FSH 100 U/L
enhanced the secretion of estrogen by 20 fold during the
first day of culture and enabled secretion to continue dur-

ing the next two days but at a much lower rate than ob-
served during the first day. However, FSH 1 and 10
U/L had little effect on the estrogen production during the
first 24 h culture. During the twe days of culture, FSH
1, 10, and 100 U/L enhanced estrogen secretion by near-
ly 8, 11, and 20 fold respectively. At the end of the
three days culture, the estrogen secretion of granulosa
cells was enhanced by 25, 40, and 44 fold, respectively
(Fig 2).
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Fig1. Effect of various concentrations of nomegestrol
acetate on viable cells in culture at the end of 24 h in
McCoy’s 5SA mediom. n=3. xzs. “P<0.01 vs
control (0 mg/L}.
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Fig 2. Effect of various concentrations of FSH and in-
cubation time on the estrogen production of granulosa
cells. Cells were cultured in FSH 1, 10, or 100 U/L
and testosterone 0.5 pmol/L for 24, 48, and 72 h re-
spectively. n=3. xxs. “P<0.01 vs conirol.

As 1o the progesterone secretion, FSH 1, 10, and
100 /L stimulated the secretion to about 3.4, 3.6, and
3.9 fold respectively during the first day of culture. The
secretion increased further but at a little lower mate. At
the end of three days culture, the secretion rose 6.5,
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8.4, and 8.5 fold (Fig 3).
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Fig3. Effect of various concentrations of FSH and in-
cubation time on the progesterone production of granu-
losa cells. Ceils were cultured in FSH 1, 10, or 100 U/
L and testosterone 0.5 pmol/L for 24, 48, and 72 h re-
spectively. n=3. x:s. “P<0.01 vs control.

Effect of nomegestrol acetate on FSH-stimu-
lated steroidogenesis in cultured rat granulosa
cells Control cultures produced estrogen 3216.5 prmol/
L in response to FSH 10 U/L and testosterone 0. 5 gsmol/
L during 72 h of the culture. 'When nomgestrol acetate
0.45, 0.9, or 1.8 mg/L was added (o the culture, the
number of viable cells was not affected and there was a
decrease in estrogen production {2968.3, 2815.6, and
2307.6 pmol/L vs 3216.5 pmol/L, respectively )
(Fig4).
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Fig 4. Effect of various concentrations of nomegestrol
acetate on granulosa cells estrogen production. n=3.
%+ 5. Viable cells in all cultures at the end of 72 h in-
cubation were counted. "P<0.05, ‘P<0.01 vs con-
trol.

The synthetic progestin nomegestrol acetate also in-
hibited the FSH and testosterone induced production of

progesterone in the cultured granulosa cells. Control cul-
tures incubated with FSH 10 U/L and testosterone 0.5
pmol/L. produced 8007.4 pmol/L of progesterone.
During a 72-h incubation, the addition of nomegestrol ac-
etate 0.45, 0.9, and 1.8 mg/L results in approximately
45 %, 55 %, and 65 % decreases in the FSH-stimulated
progesterone production, respectively (Fig 3).
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Fig 5. Effect of various concentrations of nomegestrol
acetate on progesterone production granulosa cells.
n=3. X+s. Viable cells in all cultures at the end of
72 h incubation were coumted. ‘P <0.01 vs control.

DISCUSSION

Two conclusions can be drawn from these data.
First purified FSH can induce progesterone secretion of
granulosa cells from DES-weated animals.  Second
nomegestrol acetate has the ability to inhibit the action of
FSH greatly without reducing the viable cells number.

There are various methods of acquiring granulosa
cells.  Granulosa cells from pre-ovulatory follicles from
DES-treated immature rats have already acquired FSH re-
ceptor1*) But the aromatase enzymes and enzymes
involved in the production of estrogen and progesterone
are low. Thus exogencus FSH was added to induce their
activity. Testosterone 0.5 pmol/L was also added to
augment FSH-induced steroidogenesis. It was noted that
differences existed with respect to the length of time re-
quired to induce the steroid secretion, The higher the
FSH content, the sconer its effect appeared. This proba-
bly could be explained by important biochemical events
such as the synthesis of progesterone, aromatase, and
luteinizing hormone { LH) receptor do not occur syn-
chronously .

The results reported here demonstrated that nomege-
strol acetate directly inhibited the FSH-induced steroido-
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genesis in cultured rat ovarian granulosa cells. The rat
ovary granulosa cells contain progesterone receptor and it
has been suggested elsewhere that nomegestrol acetate had
high binding efficiency with progesterone receptor™™ .
So it is very likely that nomegestrol acetate exerts its ef-
fect through the progesterone receptor, This is consistent
with generalized model of steroid action that steroid ef-
fects are mediated by specific receptors.

Our results are also consistent with the findings of
Bazin B and Thevenot R'), which show that plasma
LH, progesterone, and estradiol remained low in normal
menstruating women who were treated with nomegestrol
acetate. Their results also suggest a hypothalamic pitu-
itary effect and an ovarian action activity are both respon-
sible for the potentially useful contraceptive property. In
addition to that, our results show a possible direct effect
of nomegestrol acetate on ovarian granulosa cells.

A swdy in our lab (unpublished) showed that
nomegestrol acetate could inhibit the ovulation of normal
estrus-cycle rats. Our data suggests that one mechanism
by which nomegestrol acetate blocks follicular growth
may be by directly inhibiting follicle stervidogenesis .

In summary, our results indicate that nomegestrol
acetate inhibit the PSH-stimulation of granulosa cell
steroidogenesis in vitro.  Such results suggest a possible
mechanism whereby nomegestrol acetate exerts a direct
inhibitory action on ovarian follicular development.
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