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Progesterone biosynthesis and metabolization to 20a-hydroxyprogesterone
was stimulated in granulosa cells cultured in the presence of 20 ng/ml of follicle
stimulating hormone (FSH) or increasing concentrations of PGE2 (10~9-10"7 M).
Concurrent treatment with the synthetic progestin R5020 (IO-6 M) enhanced the
FSH or PGE2 stimulated progesterone and 20a-hydroxyprogesterone accumulation
in culture media, as well as A5-3[3-hydroxysteroid dehydrogenase activity in gran
ulosa cell homogenates. These findings may represent another example of an au
tocrine control mechanism in which the steroidogenic product of the granulosa cell
exerts an ultra-short loop regulation of its own production.
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Maturation of ovarian follicles results to
a great extent from the FSH induced dif
ferentiation of granulosa cells. After bind
ing to specific receptors in the granulosa
cell membrane, FSH induces intracellular
cAMP accumulation, increases membrane
luteinizing hormone (LH) and prolactin
receptor content and stimulates the secre
tion of estrogens, progestins and other
non steroidal secretory products, impor

* To whom all correspondence should be ad
dressed.

tant for optimal folliculogenesis and oo
cyte maturation (2, 5, 17).

Ovarian prostaglandin synthesis (F and
E series) is stimulated by gonadotropins,
and its concentration increases in the fol
licular fluid of several species as ovulation
approaches (1, 6, 9, 18). Early studies
based on the ability of prostaglandin syn
thesis inhibitors to prevent ovulation,
suggested a role for these molecules as
regulators of ovarian function (4, 10, 11).
An explanation of the possible mechanism
of prostaglandin regulation of follicle rup
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ture and ovulation was provided by ex
perimental evidence showing the ability of
PGE2 to stimulate plasminogen activator
secretion by granulosa cells (7, 16).

Nevertheless PGE2 stimulation of gran
ulosa cell progesterone secretion in vitro
(12) and in vivo (8, 15) raises the inter
esting posibility that high intrafollicular
prostaglandin concentration may be im
portant to regulate ovarian functions oth
ers than ovulation.

Since progestins have been shown to
enhance FSH stimulated progesterone
biosynthesis in granulosa cells (3, 13), it
was of interest to examine whether go
nadotropin independent PGE2 stimulated
steroidogenesis in these cells is also sen
sitive to progestin modulation.

Materials and Methods

FSH (NIADDK-oFSH-16) was donat
ed by the National Hormone and Pitui
tary Agency (Baltimore, MD). The ste
roid hormones and Prostaglandin E2 were
purchased from Sigma. All tissue culture
reagents were obtained from Gibco
(Grand Island NY) and the culture dishes
and polystyrene tubes were from Becton-
Dickinson (Oxnard, CA). Granulosa cells
obtained from the ovaries of immature
(21-23 days) estrogen treated rats from the
Sprague-Dawley strain were inoculated
(~ 2 X IO3 viable cells/dish) onto 35 X 10
mm tissue culture dishes containing 1 ml
of MacCoy’s 5a medium (modified with
out serum). All experimental agents (di
luted from stock solutions in sterile cul
ture medium) were added in 50 pl ali
quots. Cell cultures were maintained for
48 h at 37 °C under a water saturated at
mosphere of 5 % CO2 and 95 % air. At
the end of the experiments collected media
were stored at — 20 °C until assayed for
steroid hormone content. Progesterone
and 20a-hydroxyprogesterone were mea
sured in unextracted media as previously
described (13). In, selected experiments 

cells were scraped from the dishes and as
sayed for A5-3[3-hydroxysteroid dehydro
genase (3(3-HSD activity as the rate of
conversion of [3H]pregnenolone (50 pM,
~ 100.000 dpm) to [3H]progesterone in
the presence of 5 mM NAD+. Enzyme ac
tivity was expressed as nmol progesterone
formed/30 min/mg protein (3, 14). Re
sults are expressed as mean ± SEM from
triplicate or quadruplicate cultures and the
experiments were replicated three times.
Experimental data were analysed by anal
ysis of variance (ANOVA) and Student’s
t test.

Results and Discussion

In the present study, the effect of the
synthetic progestin R5020 on PGE2 stim
ulated progesterone biosynthesis was in
vestigated. Since progesterone and R5020
enhance gonadotropin stimulated steroido
genesis (3, 13), granulosa cells were also
cultured in the presence or absence of
R5020 alone or in combination with FSH.
The effect of progestins on the stimulatoy
action of FSH has been extensively stud
ied in rat granulosa cells, and involves
activation of 3J3-HSD and 20oi-hydroxy
steroid dehydrogenase enzymes (3, 13).
Results presented herein demonstrate that
the dose dependent PGE2 stimulation of
progestin biosynthesis is exerted at the
same enzyme step as steroidogenesis (fig.
1). These results are not surprising since
the 3p-HSD enzyme is a rate limiting step
of steroidogenesis (14) and FSH or PGE2
stimulated intracellular cAMP accumula
tion in the granulosa cell (5, 8), and/or ac
tivation of granulosa cell progestin se
cretion by but2-cAMP or cAMP-induc-
ing agents, involves activation of both
hydroxysteroid dehydrogenase enzymes
(3,

The steroidogenic responses to FSI i
and PGE2, however, are not identical in
granulosa cells (fig. 1). Treatment with
FSH or PGE2 elicited similar responses in
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Fig. 1. Effect of R5O2O on PGE2 stimulated gran
ulosa cell steroidogenesis.

Granulosa cells (~ 2 x 105 viable cells/dish) were
cultured for 48 h in the absence (open bars or cir
cles) or presence (solid bars or circles) of R5020
(10-6 M) with and without FSH (20 ng/ml) or in
creasing concentrations of PGE2 (10-9-10-7 M).
Enzyme activity is expressed as nmol progester
one formed/30 min/mg protein. The results are
the means ± SEM of triplicate incubations of an
experiment representative of three others. In sev
eral cases the standard error is less than data point

drawn.

terms of progesterone, 20a-hydroxypro-
gesterone ana 3(3-HSD activity, whereas
in the presence of R5020, progestin bio
synthesis was higher in PGE2 treated cells.

The reason for this different response of
granulosa cell is unknown but could be re
lated to the increased PGE2 concentration
in follicular fluid after the LH peak of
proestrus when FSH levels decline and
granulosa cell progesterone biosynthesis
increases.

These in vitro findings provide sup
porting evidence for a physiological role
of PGE2 in maintaining progesterone se
cretion during ovulation, and may be re
lated to the autonomy of the luteal cell
progesterone biosynthesis (3, 13, 18). In
addition, results presented herein provide
another example of an autocrine control
mechanism in which the steroidogenic
product of the granulosa cell exerts an ul
tra-short loop regulation on its own pro
duction.
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Resumen

El tratamiento de celulas de la granulosa
ovarica mantenidas en cultivo primario con
20 ng/ml de hormona foliculo estimulante
(FSH) o dosis crecientes (10~9-10~7 M) de
prostaglandina E (PGE2) estimula la biosmtesis
de progesterona y su metabolizacion a 20a-hi-
droxiprogesterona. El tratamiento simultaneo
con el progestageno sintetico R5020 (IO-6 M)
aumenta el efecto estimulatorio de la FSH y
PGE2 sobre la produccion de progesterona,
20a-hidroxiprogesterona y la actividad del en-
zima A5-3p-hidroxiesteroide deshidrogenasa
determinada en homogeneizados celulares. Es-
tas respuestas constituyen otro ejemplo de un
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mecanismo ultra-corto de control autocrino
por el que el producto de la esteroidogenesis
de la celula granulosa regula su propia sintesis.

Palabras clave: Prostaglandinas, R5020, Esteroido
genesis, Celula granulosa.
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