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INTRODUCTION

1t has been demonstrated that the mouse oocyte synthesizes RNA within 2~6
hours of incubation (Mintz, 1964; Oakberg, 1967; Bloom and Mukherjee, 1972).
Donahue (1968) found that the breakdown of germinal vesicle in mouse oocytes
usually occurred in 2~3 hours in witre. 1t is, therefore, assumed that there might

be a particular relation between the RNA synthesis in the early stage of meiosis
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and the breakdown of germinal vesicle, suggesting that the breakdown of germ-
inal vesicle might be induced by specific proteins which are formed by newly
synthesized RNA.

Cho et al. (1974) found that dibutyryl cyclic AMP (dbcAMP) or theophylline
suppressed the breakdown of germinal vesicle in mouse oocytes, and removal of
the agents brought an immediate resumption of the delayed maturation. Particu-
larly, such inhibitors were inefficient for the suppression of the meiotic resump-
tion if applied beyond the germinal vesicle stage. This implies that dbcAMP or
theophylline would only affect the germinal vesicle, condensation of the chro-
matin and/or spindle formation.

The present studies were conducted to investigate the effects of dbcAMP or
theophylline on RNA synthesis in mouse oocytes in order to clarify the relation
between RNA synthesis and germinal vesicle breakdown.

MATERIALS AND METHODS

Mouse oocytes were obtained from the ovaries of 3~5 week old A-strain mice
bred randomly in our laboratory. Ovaries were dissected out, placed on the
culture dish containing the modified Krebs-Ringer bicarbonate solution (Biggers
et al., 1971) and matured ovarian follicles were punctuated with a fine needle
under a dissecting microscope, thereby forcing the oocytes out into the medium.

The oocytes denuded from cumulus cells but with a clearly visible germinal
vesicle were transferred to the medium for culture. The Brinster’'s method(1963)
was mainly adopted in the present studies for oocyte culture. The oocytes placed
in a drop of medium (50 ul) covered by 15 m/ of paraffin oil in a culture dish
(Falcon #3002) were then incubated at 37°C in an incubator supplied by 5% CO,
in humidified air. DbcAMP (Sigma) or theophylline (Sigma) was dissolved in
Dulbecco’s Phosphate Buffered Saline (PBS) at a concentration of 5mg/mi and
then added to each culture medium for a final concentration of 100 xg/mi. *H-ur-
idine (Dickinson and Co., spec. act., 42 xCi/mM) at a final concentration of 10
#Ci/ml was added to the medium before the cocytes were set and cultured. At
the end of the culture period, the oocytes were washed with several changes of
fresh medium and fixed for 30 minutes in 3:1 mixture of alcohol and acetic
acid and placed cn an albumin coated slide. A coverslip was gently placed over
the oocytes on a slide after staining with 0.5% aceto-lacmoid. The slides were
then frozen, coverslips were flicked off and placed in a coplin jar containing
the fixative for 30 minute. The slides were then washed in 5% trichloroacetic
acid at 4°C for 10 minutes, rinsed in cold water, coated with AR-10 film and
then stored at 4°C in a light-proof box for 4 weeks. After development, the oocy-
tes were observed under a phase contrast microscope, and grains were counted
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and photographed. All glasswares and instruments for the culture were sterilized
in a hot air sterilizer and media were filtered with Millipore before use.

RESULTS

After 6 hours of culture, oocytes cultured in the plain medium showed break-
down of nuclear membrane and condensation of chromatin, while those cultured
in the medium containing dbcAMP or theophylline kept their germinal vesicles
unchanged. *H-uridine was added to this culture period to see its incorporation
into the oocyte RNA. The grains counted were classified according to the
following density system (Table 1).

Table 1. Criteria of grain counts per ovum.

Density 0 1 2 3 4 5

Grain count 0—5 5—10 10—20 20—30 30—40 40 <

Grain density of control group was 3~4, while that of experimental group of
dbcAMP or theophylline was as low as 1 (Table 2, Figs. 1,2,3).

Table 2. Grain densities in the oocytes exposed to *H-uridine for 6
hours in the medium containing dbcAMP or thcophylline.

Density
Treatment No. of
oocytes 0 1 2 3 4 5 mean
None? 15 — 2 3 6 3 1 2.9
dbcAMP? 15 2 9 4 - - — 1.1
theophylline® 15 3 8 4 — — — 1.1

1) basic medium-*H-uridinc.
2) basic medium+*H-uridine+dbcAMP (100gg/mi).
3) basic medium+*H-uridine+thcophylline (100xg/mi).

In order to sse the incorporation of *H-uridine into the RNA of oocytes whose
germinal vesicle had already been broken down, oocytes were cultured initially
for 4 hours in the plain medium and then transferred to the medium containing
*H-uridine together with dbcAMP or theophylline and kept for another 3 hours.
The oocytes cultured in the plain medium for 4 hours normally showed complete
breakdown of germinal vesicle, and those transferred to the medium containing
inhibitors continued their further meiotic division without showing any abnormal-
ity. The results are presented in Table 3.

As shown in the table, grain densities were 0~1 in all three groups (Figs. 4, 5, 6).
This result indicates that RNA synthesis of the oocytes is almost completed
during the first 4 hours of culture.

The oocytes whose meiotic resumption had been inhibited for 24 hours by dbc-
AMP or theophylline restared the maturation processes immediately after they
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Table 3. Grain densities in the oocytes exposed to *H-uridine in the medium
containing dbcAMP or theophylline for 3 hours after incubation in
the plain medium for 4 hours.

No OE Density
Post-treatment ’
oocytes 4] 1 2 3 1 5 mean
None® 15 4 7 2 2 — — 1.1
dbhcAMP® _ _
(100‘;4g/mzy 15 6 7 1 1 0.7
theophylline® 15 6 3 3 3 _ _ L2

1) basic medium (4 hrs), then+?I-uridine (3 hrs).

2) basic medium (4 hrs), then+?1-uridine+dbcAMP (3 hrs).

3) basic medium (4 hrs), then+*H-uridinc+theophylline (3 hrs).
were {ransferrcd into the plain medium. To sece whether these inhibited oocytes
for 24 hours possess the ability to synthesize RNA as seen in normal one or not,
the oocytes whese germinal vesicles remained unchanged under the presence of the
inhibitors were transferred to the plain medium and cultured for another 6 hours.
The results are shown in Table 4.

Table 4. Grain densities in the oocytes cultured in the plain medium contain-

ing *Il-uridine for 6 hours after exposed to dhcAMP or theophylline
for 24 hours.

Treatment No. of Density
oocytes 0 1 2 3 4 5 mean
None? 15 — 2 6 4 3 — 25
db(iﬁé\g/)mn 15 - 3 6 5 1 — 2.3
PR e 5 1 1 4 63— a6

1} basic medium—+*H-uridine (6 hrs).

2) basic medium+dbcAMP (24 hrs), then basic medium +°*H-uridine (6 hrs).

3) basic medium+theophylline {24 hrs), then basic medium-+H-uridine (6 hrs).

Even though their meiosis had been inhibited for a period as long as 24 hours,

the cocytes were found to have an ability for the meiotic resumption upon removal
of the inhibitors. Their germinal vesicles were brocken down within 2~3 hours
and the condensed chromatins appeared in the plain medium normally. RNA synt-
hesis by such cccyles, of course, cccurred within 6 hours. Grain densities of these
oocytes were 2~3 (Figs. 7,8, 9).

DISCUSSION

It has been shown that mouse cocytes synthesize RNA within 2~6 hour culture
period (Bloom and Mukherjee, 1972), lose their germinal vesicles within 2~4 hours
and reach metaphase II stage in 18 hours of culture (Donahue, 1968). In other
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words, the period of RNA synthesis in the oocytes seemed to he related to the
time of germinal vesicle breakdown.

As shown in the present results, dbcAMP or theophylline apparently affects the
RNA gynthesis and suppresses the further maturation iz vitro. Cho et al. (1974) and
Stern and Wassarman (1974) showed that the oocytes in the presence of dbcAMP
undertook protein synthesis as untreated oocytes. Fertilized mouse eggs continued
their cleavages even under the influence of actinomycin D which is an inhibitor
of RNA synthesis (Mintz, 1964). These findings suggest that the ordinary synthesis
of proleins by the ococytes or by the embryonal cells even under the influence of
the inhibitors of RNA synthesis would occur rather by the long-lived RNA. We
assume, therefore, that only some specific RNA synthesized at the early stage of
meiotic division would be responsible for the initiation of meiosis, producing some
specific proteins which act on the breakdown of germinal vesicle, chromatin cond-
ensation and spindle formation. Thus, dbcAMP or theophylline would affect such’
RN A synthesis, and eventually suppresses the oocyte maturation. '

It has been known that dbcAMP is more resistant to hydrolysis by the phos-
phodiesterase which converts cAMP to 5'-AMP and is more permeable than cAMP
(Butcher et al., 1970; Kaukel et al., 1972). DbcAMP penetrated into the cell is
suppesed to be converted to cAMP, or to bind with specific proteins instead of
cAMP, and acts in the same way as cAMP does. Theophylline raises the intrace-
Hular concentration of cAMP level. Thus, two agents are closely related to the
increase of cAMP concentration in the cell. Actually, Cho and Yoon (1975) found
that oocytes lost their glycogen concentrations in the presence of dbcAMP or
thecphylline in the culture. In general, it has been well known that cAMP
induces glycogenolysis in various cells. Consequently, it is reasonable to assess
that dbcAMP or theophylline acts likely as cAMP does.

There are several investigations on the RNA synthesis with cAMP. Nussdorfer
and Mazzochi (1972) in rat liver cells found that the increase of cAMP in cyto-
plasm enhanced RNA synthesis. Chambers and Zubay (1969), working with a
cell free system, had obtained an evidence to suggest that the effect of cAMP
is to promote the initiation of RNA synthesis. Kuo and Greengart (1969) mentio-
ned that cAMP stimulates the protein kinase capable of phosphorylating histones
in E. coli. Thus, many of the previous studies strongly suggest a possible initiation
of the RNA synthesis by the presence of cAMP.

On the other hand, in the present studies, RNA synthesis which must be occu-
rred before or during germinal vesicle breakdown of the oocytes is apparently
inhibited by dbcAMP or theophylline which is responsible for increasing cAMP
in the cell.

Based on the present results, we could make assumptions that (1) the increased
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cAMP inhibits the transcription of RNA by inactivating a protein kinase for the
phosphorylation of histones, and (2) it would inactivate the RNA polymerase
activity.

Further investigation on the role of cAMP in oocytes with special relation to
the oocyte maturation is remained.
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EXPLANATION OF FIGURES
(Figs. 1 and 7.) QOocyte cultured in control medium containing ®H-uridine for 6 hours.
A number of grains are seen through the egg cytoplasm (600x).
Fig. 2. Oocyte cultured in dbcAMP medium containing *H-uridine for 6 hours (600x).
Fig. 3. Oocyte cultured in theophylline medium containing *H-uridine for 6 hours (600%).

Fig. 4. OQocyte cultured in control medium containing *H-uridine for 3 hours after incu-
bation in the plain medium for 4 hours (600:<).

Fig. 5. Oocyte cultured in dbcAMP medium containing *®H-uridine for 3 hours after
incubation in the plain medium for 4 hours (600 x).

Fig. 6. Oocyte cultured in theophylline medium containing *H-uridine for 3 hours after

incubation in the plain medium for 4 hours (600x).

Fig. 8. OQocyte cultured in plain medium containing *H-uridine for 6 hours after exposed
to dbcAMP for 24 hours (600X).

Fig. 9. Oocyte cultured in plain medium containing *H-uridine for 6 hours after exposed
to theophylline for 24 hours (600).
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