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Summary. We studied functional and morphological luteinization of granulosa cells in
intact preovulatory follicles and in cultured granulosa cells collected from the proestrous
follicles of the rat.
Steroid hormones were measured by radioimmunoassay in follicles dissected from the
ovaries every 2 hrs on the day of proestrus beginning at 8 : 00 hrs and terminating at the
time of ovulation. Granulosa cells for culture were collected in the same intervals. We
simultaneously observed the morphology of granulosa cells and follicle-enclosed oocytes
in vivo.

Follicles secreted estrogens

throughout proestrus until 20:00 hrs. Progestin increased

to maximum levels at 18:00 hrs. At the same time meiotic division in the

latory follicles was observed. At 24:00 hrs, the granulosa cells of the
cumulus morphologically resembled luteal cells.

oocytes of preovucorona

radiata and

Introduction.

The growing ovarian follicle is the site of many important and complex phenoleading to the processes of ovulation and subsequent luteinization. The interaction between the particular components of the follicle is of interest, and especially
that between granulosa cells and the oocyte during the most dynamic phase, proestrus.
Several papers have been published suggesting the inhibitory role of the oocyte
on luteinization of granulosa cells (EI-Fouly et al.,1970 ; Nekola and Nalbandov,1971 ;
Stoklosowa and Nalbandov, 1972). In all these investigations, follicles containing
germinal vesicle oocytes were studied before resumption of ovum maturation.
More recent experiments (Noworyta and Szoltys, 1975 ; Szoltys, 1976) have
shown that proestrus follicles (mainly granulosa cells) are the source of preovulatory
progesterone increase in rat at 18 : 00 hrs on the day of proestrus.
The aim of the present experiment is to investigate the appearance, hormonal
activity and possible luteinization of granulosa cells in preovulatory follicles in rat
in vivo and in tissue culture. Oocyte change was studied in an in vivo experiment.
mena

Material and methods.

Fifty to 60-day old Wistar female rats were used. The animals were exposed to
light/dark hours ; they showed a regular 4-day cycle determined by vaginal
smear technique. Most females ovulated between 2:00 and 4:00 hrs. In all experiments
presented here, follicles and granulosa cells were collected at 8:00, 11:00, 14:00,

12:12

16:00, 18:00, 20:00, 22:00, 24:00 and 2:00 hrs, just before ovulation.
In one group of animals, the large follicles were
Follicles and steroid analysis.
isolated manually under the dissecting microscope at the intervals mentioned above,
-

homogenized in phosphate buffer. Estrogens were estimated by means of a
RIA (Hotchkiss et al.,1971). Progesterone was measured by a PBA previously described
by Szoltys (1976).

then

Histological observation. Whole ovaries were dissected at the hours given
above and then processed for histological examination using Bouin fluid as a fixative
and hematoxylin and eosin staining. The morphology of the oocytes was compared
-
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with the pictures published
Zeilmaker (1974).

Tissue culture.
Proestrus animals

by

Baker

(1972),

Lindner et at.

(1974)

and Vermeiden and

A third group of animals was used as a source of granulosa cells.
killed at the times given above and the large follicles were
a
thin
intradermal injection needle ; granulosa cells were sucked
punctured by very
into a 1 ml syringe containing 0.1 ml of Eagle culture medium enriched with a 10 p. 100
concentration of calf serum. The granulosa cells collected from the large follicles
of one ovary were inoculated into one culture tube. Cells were grown as monolayers
in Leighton tubes (fig. 2) during 4-6 days. In order to show steroidogenic activity
of cultured cells, a histochemical test for the detection 5
of A 3 !OH SDH enzyme was
,
performed (Noworyta and Szoltys, 1975).
-

were

Results.

Estrogen and progestin dynamics in preovulatory follicles are shown in figure 1.
Estrogen secretion maintained a rather high level of 250 picograms between 8:00 to
11:00 hrs, over 300 pg at 14:00 hrs, and a maximum 440 pg at 18:00 hrs. Afterwards,
a drastic decline of estrogen levels was observed. On the other hand, progesterone
secretion during the morning and noon of proestrus was very low (fig. 1 and Szoltys,
1976). At 16:00 hrs progesterone secretion began to increase and reached a maximum
at 18:00 hrs ; it declined shortly afterwards. Progesterone secretion, however, did
not drop back to the levels observed in the morning. Granulosa cells in culture exhibited A
, 3 !OH SDH activity, but the intensity of the histochemical reaction depended
5
on the time of cell harvest. The most intense enzymatic activity appeared in cells
collected at 11 :00, 14:00 and 16:00 hrs (figs. 4, 5) ; this was not found in the morning
(fig. 3) or evening follicles. At 24:00 hrs, enzymatic activity increased slightly. This
investigation is being continued and we will have more quantitative data in the future.
Histological observation of the in vivo follicles showed that between 8:00 and 18:00 hrs
on the day of proestrus there were no marked changes in the large oocytes. Germinal
vesicles were present in the oocytes of normal Graafian follicles (fig. 6). At 18:00 hrs
meiotic figures were observed in the oocytes. During that time no morphological
changes were seen anywhere in the granulosa layer. At 24:00 hrs we noted an interesting phenomenon. The granulosa cells of the corona radiata and those of the
cumulus enlarged and became acidophilic around oocytes which had extruded the
polar body ; they resembled luteal cells in shape (fig. 7). This phenomenon was also
observed for the granulosa cell layer in contact with the antrum of the follicle (fig. 8).
At 2:00 hrs, the cells of the corona had become looser and scattered around the oocyte.
Discussion.
In former

(Noworyta

and

Szoltys, 1975 ; Szoltys, 1976)

and

present experiments,

it has been shown that granulosa cells in the preovulatory follicle were functionally
luteinized since they could secrete large amounts of progesterone before ovulation.

This

, 3p OH SDH activity stimulated by
5
phenomenon was preceded by increased A
release.
This
functional
luteinization was, however, not
preovulatory gonadotropin
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Résumé. Nous avons étudié la lutéinisation morphologique et fonctionnelle des cellules
de la granulosa dans les follicules préovulatoires et dans des cultures de cellules prélevées
dans des follicules de ratte au pr&oelig;strus.
Le dosage radioimmunologique des stéroïdes est réalisé dans les follicules prélevés
toutes les deux heures à partir de 8 h le jour du proestrus jusqu’au moment de l’ovulations.
Les cellules de granulosa pour les cultures sont prélevées aux mêmes moments. Les follicules ovariens sécrètent de l’estradiol jusqu’à 20 h du proestrus, la concentration de la
progestérone atteint un maximum à 18 h. C’est le moment où apparaissent les premières
divisions de maturation dans les ovocytes. A minuit les cellules de la granulosa et du cumulus sont morphologiquement lutéinisés.
Les cellules de granulosa cultivées in vitro montrent une activité A 5,3(! OH SDH dont
l’intensité varie avec le moment du prélèvement. L’activité la plus intense est observée pourr
les prélèvements faits à 14 et 16 h du pr&oelig;strus.
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