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Summary &horbar; The factor (s) produced by porcine cumulus cells (cumulus cell factor (s): CCF) was
described as quantitatively inhibiting the maturation of oocytes in vitro (Petr at al, 1989).
When 1, 10, 20 or 40 cumulus oocyte complexes (COCs) were cultured in a droplet of medium (vol
10 !I), germinal veside breakdown (GVBD) was observed in 85, 78, 57 or 19% of the oocytes, re-
spectively. GVBD was observed in 82, 84, 80 or 90% of cumulus-free oocytes, respectively, when
they were cultured at the same numbers per 10-tit droplet. When 1, 10, 20 or 40 cumulus-free GO-
cytes were cultured under the same conditions in a medium containing 140 dbcAMP per ml, 61, 63,
60 or 58% of them were observed at GVBD. However, when COCs were cultured in a 10!) droplet of
medium with 140 ffg of dbcAMP per ml, GVBD occurred in 64, 42, 9 or 0% respectively. Based on
these results, we can conclude that dbcAMP exerted a further inhibitory effect on GVBD in pig oo-
cytes cultured under the influence of inhibitory factor(s) from cumulus cells. On the other hand,
dbcAMP was shown to partly overcome the effect of CCF on GVBD in porcine oocytes. This sugges-
tion was based on the finding that a 6-h pre-culture of COCs in a medium with 1 000 !g of dbcAMP
significantly decreased the subsequent effect of CCF (GVBD: 44%) compared with those pre-
cultured in a medium with 140 fig of dbcAMP/mi (GVBD: 5%) or without dbcAMP (GVBD: 15%). It is
clear that this effect of dbcAMP was due only to transient exposure to the high dbcAMP concentra-
tion because 24-h culture of COCs in a 1 0-pl droplet of a medium with 1 000 !g of dbcAMP/ml re-
sulted in GVBD in only 2% of the COCs.
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Résumé &horbar; Influence du dbcAMP sur l’effet Inhibiteur de facteurs des cellules du cumulus oo-

phorus. Un article préliminaire (Petr et al, 1989) a porté sur le(s) facteur(s) produit(s) par les cellules
du cumulus oophorus de porc (facteur(s) des cellules du cumulus - (FFC)J qui inhibe(nt) quandtati-
vement la maturation des ovocytes in vitro.
Après la culture de 1, 10, 20 ou 40 complexes-oocytes-cumuli (COC) dans une goutte (10 pl) de mi-
lieu, on observe la rupture de la vésicule germinative (RVG) dans 85, 75, 57 ou 19% des ovocytes,
respectivement Lorsque le même nombre d’ovocytes est cultivé sans cumulus dans le même vo-
lume de milieu, la RVG est respectivement de 82, 84, 80 et 90%. Lorsque des ovocytes sans cumu-
lus sont cultivés dans le milieu contenant 140 pg de dbcAMP (dibutyryl AMP cyclique) par mi, 61,
63, 60 ou 58°l subissent la RVG. Enfin, quand les COC sont cultivés dans le milieu contenant 140
pg de dbcAMP par mi, la RVG se produit respectivement dans 64, 42, 9 et 0%. Nous concluons de
ces résultats que les effets du dbcAMP peuvent s additionner à ceux du FCC pour inhiber la RVG de
I ovocyte de pora
D’autre part, un prétraitement par le dbcAMP serait capable d inhiber partiellement l’effet de FCC sur
la RVG d’ovocytes porcins. En effet une préculture de 6 h de COC, dans le milieu contenant 1 000
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lag/mi de dbcAMP, a diminué significativement I effet subséquent de FCC (44 % de RVG); la préculture
dans un milieu contenant 40 lag de dbcAMPlmI ou sans db cAMP a donné respectivement 5 et 15%
de RVG. Il est clair que l’effet de dbcAMP est dû au traitement transitoire à forte concentration : 24 h
de culture de COC dans i0 hl de milieu contenant 1 000 Icg de db cAMPlmI a donné seulement 2%
de RVG.

maturation ovocytaire / Inhibition / cumulus oophorus / AMPc

INTRODUCTION

In vivo fully grown, non-atretic follicles are
arrested before the first meiotic division
until the preovulatory surge of gonadotro-
pins initiates meiosis resumption (Thibault,
1977). Follicle-enclosed oocytes cultured
in vitro remain immature until they are ex-
posed to luteinizing hormone (LH) (Lieber-
man et al, 1976). However, when oocytes
are liberated from antral follicles and cul-
tured, they resume meiotic maturation
spontaneously, independently of hormonal
stimulation (Pincus and Enzman, 1935).
These observations indicate that follicular
cells are responsible for meiotic arrest
(Sato and Koide, 1987; Thibault et al,
1987). The mechanism involved in the
maintenance of meiotic arrest has not yet
been determined but studies in laboratory
animals indicate that there may be more
than one means of control.

To date, several potential inhibitors
have been described: cyclic adenosine 3’,
5’ monophosphate (cAMP), oocyte matura-
tion inhibitor (OMI), granulosa cell factor
(GCF) and, lately, purine nucleotides (Sato
and Koide, 1987).

Dekel et al (1988) have suggested that
in the rat, cAMP has a dual role in the reg-
ulation of oocyte maturation. Lower levels
of this nucleotide act to maintain meiotic

arrest, while elevated levels of cAMP me-
diate LH action to induce meiosis resump-
tion. A similar dissociation between the in-

hibitory and the stimulatory action of cAMP
on maturation of oocytes was observed in
rabbits (Hosoi et al, 1989). In the mouse,

follicular components such as follicular
fluid could synergize with cAMP to prevent
meiotic resumption (Downs and Eppig,
1984).

As described in our previous study (Petr
et al, 1989), porcine cumulus cells produce
at least one factor quantitatively inhibiting
germinal vesicle breakdown (GVBD) in pig
oocytes. This inhibitory factor acts indirect-
ly on oocytes through the mediation of cu-
mulus cells. The inhibition of GVBD is re-
versible but the addition of LH or heparin
only partially overcomes the inhibitory ac-
tion.

The present study was undertaken to
clarify the influence of cAMP analog, dibu-
tyryl cyclic adenosine 3’ S’ monophosphate
(dbcAMP), on the inhibitory effect of factor
(s) from porcine cumulus cells.

MATERIAL AND METHODS

Pig oocytes were aspirated from follicles of
about 3-5 mm in diameter. Oocytes with com-
pact cumuli were washed 3 times in medium
and then cultured in 10-gi droplets of medium
under paraffin oil at 38 °C in air with 5% C02 for
24 h. Preliminary studies showed that after this
interval GVBD occurred under our culture condi-
tions. The composition of the medium was the
same as described by Fulka et al (1986). De-
nuded oocytes were prepared by repeated pipet-
ting of cumulus-enclosed oocytes through a nar-
row pipette and cultured in the same way.

dbcAMP (Serva, Heidelberg, Germany) was
used when the oocytes were cultured in 10-pl
droplets of medium containing 140 or 1 000 pg
of dbcAMP per ml.



The influence of dbcAMP on the inhibitory ef-
fect of factor(s) from cumulus cells was investi-
gated using the culture of different numbers (1,
10, 20, 40) of denuded or cumulus-enclosed oo-
cytes in a 10-pl droplet of medium with or with-
out dbcAMP (140 pg/ml) for 24 h.

The influence of transient exposure of COCs
to dbcAMP on the subsequent inhibitory effect
of factor(s) from cumulus cells was studied as
follows: four groups of 10 COCs were pre-
cultured for 6 h in a 10-)J droplet of medium with
different concentrations of dbcAMP (0, 140 or
1 000 pg/ml). Following this interval, the COCs
(ie 40 COCs) were carefully washed and cul-
tured together in one 10-)it droplet of medium
without dbcAMP.

At the end of culture the oocytes were mount-
ed on slides, fixed in acetic alcohol (1:3 v/v) for
at least 24 h, stained with 1 % orcein and exam-
ined under a phase contrast microscope. Re-
sults were compared with the x 2 analysis.

RESULTS

As described previously (Petr et al, 1989),
a high concentration of cumulus cells ex-
erts a quantitative inhibitory effect upon
GVBD of porcine oocytes cultured in vitro.
When 1, 10, 20 or 40 COCs were cul-

tured for 24 h in a 10-pl droplet of culture
medium, GVBD was observed in 85, 78,
57 and 19%, respectively (fig 1). The per-
centage of GVBD in denuded oocytes cul-
tured under the same conditions was not
influenced by the increasing number of oo-
cytes per 10-ul droplet and was about
80%. When 1, 10, 20 or 40 denuded oo-
cytes were cultured in a 10-pl droplet of
medium with 140 pg of dbcAMP per ml,
GVBD was observed in 61, 63, 60 or 58%
of oocytes, respectively. However, when
the same numbers of COCs were cultured
in a medium with dbcAMP, the GVBD per-
centage was 64, 42, 9 and 0%, respective-
ly.

Based on these data we can conclude
that dbcAMP can exert a further inhibitory

effect on GVBD in oocytes cultured under
the influence of inhibitory factor(s) pro-
duced by cumulus cell.

To test the effect of temporal exposure
of pig oocytes to dbcAMP on the effects of
inhibitory factor(s) from cumulus cells (fig
2), 4 groups of 10 COCs were pre-cultured
in 10-frl droplets for 6 h. After this interval
the COCs were removed, carefully washed
and cultured together in one 10-pl droplet
(ie 40 oocytes per droplet) of medium with
or without dbcAMP for 18 h. The matura-
tion of oocytes pre-cultured in dbcAMP-
free medium or in medium with 140 gg of
dbcAMP per ml was significantly inhibited
(GVBD 15 or 5%, respectively). However,
6-h exposure of 10 oocytes per droplet to a



medium with 1 000 fl9 of dbcAMP per ml
could partially overcome the subsequent
effects of high COC: medium vol ratio

(GVBD 44%). On the other hand, 24-h cul-
ture of 40 oocytes in a 10-pl droplet of me-
dium with 1 000 fl9 of dbcAMP per ml did
not exert a similar effect (GVBD 2.5%).
When 10 or 40 COCs were cultured for

control in the dbcAMP-free medium,
GVBD was observed in 88% or 17% after
24 h.

DISCUSSION

Cyclic AMP has been proposed as a
physiological intrafollicular inhibitor of oo-
cyte maturation. The inhibitory effect of
cAMP derivates on isolated oocytes and
be overcome by luteinizing hormone (LH)
(Dekel and Beers, 1978, 1980).

The present study demonstrates that
the inhibition of GVBD in pig oocytes,
which is due to the effect of factor(s) from
cumulus, can be further increased by the
addition of dbcAMP. A similar effect on pig
oocyte maturation was observed after the
culture of oocytes in medium with dbcAMP
and testosterone (Rice and McGaughey,
1981 The authors concluded that this in-
hibitory action was mediated through cu-
mulus cells. Cyclic AMP can stimulate
aromatase activity in cultured granulosa
cells. Oestrogen may be implicated in the
observed inhibition of pig oocyte matura-
tion (Richter and McGaughey, 1979; Ra-
cowsky and McGaughey, 1982). In the

light of these data we cannot exclude the
possibility that steroids are at least partly
involved in the action of inhibitory factor(s)
produced by porcine cumulus cells.

Our results suggest that cAMP may play
a significant role in the intrafollicular arrest



of oocyte meiosis in pigs, as was demon-
strated in other mammalian species (Cho
et al, 1974; Dekel and Beers, 1978; Dekel
et al, 1984, 1988; Hosoi et al, 1989), and
they are consistent with other reports on
pig oocyte maturation (Racowsky, 1983,
1985).
On the other hand, it is well established

that cAMP plays a role as a mediator of LH
induction of oocyte maturation (Dekel and
Sherizly, 1983; Dekel et al, 1988).

It was suggested by Dekel and Sherizly
(1983) that LH-induced maturation is a
cAMP-mediated response during which
cAMP levels are elevated. We have tried
to mimic this situation by the transient ex-
posure of COCs under the influence of in-

hibitory factor from cumulus cells to
dbcAMP at a concentration of 1 000 gg per
ml. Six-h culture of only 10 oocytes per
droplet was shown to be insufficient to in-
fluence the resumption of meiosis; 18 h ap-
pears to be sufficient either to affect the ar-
rest of meiosis or to induce the GVBD. For
this reason, 6-h pre-culture of COCs was
performed before 18-h exposure of oo-
cytes to the influence of inhibitory factor(s)
from cumulus cells. This transient expo-
sure to dbcAMP significantly increased the
percentage of GVBD in COCs subsequent-
ly exposed to the influence of a high
amount of cumulus cells, which is usually
able to inhibit GVBD. Permanent exposure
to this concentration of dbcAMP or tran-
sient exposure to lower dbcAMP levels (0
or 40 y9/ml) had no similar effect.

These observations lend support to the
suggestion that in pigs, as in rats (Dekel et
al, 1988) and rabbits (Hosoi et al, 1989),
the increased dbcAMP concentration can
affect the cumulus cells and interrupt com-
munication in the COCs. This is consistent
with our previous observation that denud-
ed pig oocytes are not affected by the influ-
ence of inhibitory factor(s) from cumulus
cells. During the permanent culture of

COCs in medium with 1 000 yg of dbcAMP

per ml, the COCs could be maintained at
the GV stage by dbcAMP alone because
denuded pig oocytes did not undergo
GVBD after culture in the medium with this
concentration of dbcAMP (data not

shown).
Since LH was described to partially

overcome the inhibitory effect of cumulus
cells (Petr et al, 1989) and LH is known to
induce oocyte maturation through its effect
on the somatic follicular periovarian cells
(Dekel and Beers, 1980), we can suggest
that in pre-ovulatory follicles of the pig, in
response to LH, follicular cAMP levels are
elevated; these increased cAMP levels in-
terrupt communication in the COCs, and
the flow of inhibitors (including cAMP and
inhibitory factor(s) produced by cumulus
cells) to the oocyte decline. Following this,
meiosis can resume.

Based on these observations we can
conclude, at least in relation with cumulus
cell inhibitory factor(s), that cAMP plays a
dual role in the maturation of pig oocyte. It
is involved in the maintenance of meiotic
arrest and in the LH-mediated processes
which cause the GVBD.
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