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Bottcher et al., 1990). In cattle, ultrastructural
studies demonstrated that gap junction is de-

INTRODUCTION

creased during germinal vesicle breakdown up

The maintenance of junctional communica-
tion{gap junctions) between cumulus cells and
oocytes during maturation has been reported to
be important for further development after
fertilization(Shioya et al., 1988; Fukui, 1989;

to 12 h of culture in vitro, and that gap junc-
tions are no longer found at 18 h, when the
oocyte has reached metaphase I(Hyttel et al.,
1986). Numerous reports on oocyte maturation in
vitro have suggested that the oocyte appears
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to acquire developmental competency only when
the cumulus cells are directly contacting the ooc-
yte(Leibfried-Rutledge er al.,, 1989). The exact
role of the gap junctions on meiotic resumption
and oocyte maturation, however, is not clearly
understood(Wert and Larsen, 1989). On the
other hand, the time course relationship be-
tween the existence of gap junctions and oocyte
maturation in bovine has not yet been exam-
ined. The purpose of this study was to investi-
gate the relationship of the cumulus cells on nu-
clear progression and the effect of removal of
cumulus cells from cumulus intact oocytes on
maturation, fertilization, and subsequent devel-

opment of bovine oocytes in vitro.

MATERIALS AND METHODS

1. Oocyte collection and maturation conditions

Ovaries were collected from slaughtered cows
at a local abattoir and were transported to the
laboratory within 3 h in physiological saline(0.
9% NaCl) at 36C. After washing the ovaries in
fresh physiological saline, oocyte-cumulus com-
plexes were aspirated from small antral follicles
(1 to 6mm diameter) using an 22-gauge needle
attached to a 10ml sterile plastic syringe. QOoc-
yte-cumulus complexes and follicular fluid were
expelled into 10ml glass tubes and maintained at
39°C. Only oocytes with an intact cumulus oop-
horus and homogeneous, evenly granulated cy-
toplasm(CIO) were selected using a stereom-
icroscope( X 20 to 40). CIO were washed twice
with phosphate buffered saline(PBS) supple-
mented with bovine serum albumin(BSA, Frac-
tion V; Sigma Chemical Co. St. Louis, MO,
USA; A4503) and twice with maturation me-
dium. After washing, 25 to 30 oocytes were plac-
ed in 20044 drops of maturation medium, and cov-
ered with paraffin oil(Paraffin Liquid, Light,
Nacalai Tesque Inc., Tokyo, Japan) in 60X15

mm culture dishes(Nunclon, Nunc, Roskilde,
Denmark). A part of CIO were freed from cum-
ulus cells(DO) using a fine pasteur pipette be-
fore culture for maturation, CIO were com-
pletely freed from cumulus cells using a fine pas-
teur pipette at 0, 3, 6, 13, 16, and 24 h during
maturation and then cultured for 24 h in total
after beginning culture. Inner diameter of a fine
pasteur pippette used was almost the same size
of the diameter of oocyte, Removal of cumulus
cells was performed at 39C and complete within
5min /25~30 oocytes. The times of removal of
cumulus cells were set according to the results
obtained by Kruip et al.(1983) and Hyttel et al.
(1986). Maturation medium consisted of TCM-
199 with modified Earle’s salts(Nissui Pharmac-
eutical Co., Ltd., Japan) supplemented with 0.5
mM sodium pyruvate(Sigma; P2256), 3mg /ml
polyvinylpyrrolidone(PVP: M. W. 40,000; Nac-
alai Tesque Inc., Japan), 50 units /ml penicillin
G(Sigma), 100 IU/ml hCG(Teikoku Hormone
Mfg. Co. Ltd., Japan) and 1xg /ml estradiol (E,,
Sigma; E8875). All media were sterilized by
means of a 0.3un membrane filter(Toy Roshi
Kaisha, Ltd., Japan) before use. The oocytes
were cultured under 5% CO; in air with high hu-
midity at 39C.

2. Staining of oocytes with Hoechst 33342

CIO and DO cultured for 3, 6, 13, 16 or 24 h
were centrifuged at 15,000 g for Smin at 4, to
localize the lipid granules, then stained with 10z
g /ml Hoechst 33342(Sigma; H33342) for 15 to
30min at 39, 5% CO; in air. The oocytes stain-
ed were examined under a fluorescent micro-
scope (DX 50, Olympus) and classified according
to chromosome status, The maturation stages of
oocytes(GV, GVBD, MI, Anal, Tell and
MI) were determined by fluorescent micro-
scopy after staining with Hoechst 33342(Fig. 1).
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Fig. 1. Bovine oocytes at different stages of maturation stained with Hoechst 33342.
The photographs were taken with a fluorescent microscope( X 400). a; germinal vesicle after 3 h in
culture, b: metaphase I at 13 h, ¢: anaphase I at 13 h(early stage), d: anaphase I at 16 h(late
stage), e: telophase I at 16 h, f; metaphase I at 24 h.

3. In vitro fertilization and in vitro culture

Frozen-thawed semen(0.5mlx3) was washed
twice with m-Tyrode’s balanced salt solution sup-
plemented with 10 mM caffeine(sodium benzo-
ate, Sigma; C4144) and 20ug /ml heparin(sodi-
um salt, Sigma; H3125) and centrifuged at 500
x g for 5min. After decanting the supernatant,
pellets containing spermatozoa were resuspen-
ded at a density of 5 to 6x10° cells /ml in 100
m-Tyrode’s solution with the addition of 5 mM
caffeine, 10xg /ml heparin, and 10mg /ml BSA.
The sperm suspension was incubated for 1 h in
5% CQO, in air with high humidity at 39¢C.

Oocytes and cumulus cells removed before
maturation from CIO were washed 3 times with
m-Tyrode’s solution containing 10mg /ml BSA.
Five to 10 oocytes and cumulus cells were introd-

uced into 1004 of pre-incubated sperm suspen-

sion and then cultured for 5 h in 5% CO, in air
with high humidity at 39°C. After IVF, oocytes
were stripped of attached spermatozoa by pass-
ing them through a fine-drawn pasteur pipette,
The embryos were transferred to the feeder lay-
er of granulosa cells cultured for 30 h in TCM-
199 supplemented with 5% calf serum(CS, Gib-
co, Kim et al., 1996), and then cultured for 8
days. Half the volume of the culture medium
was replaced with the equal volume of fresh me-
dium at intervals of 48 h,

To evaluate the maturation and fertilization
rates, at the end of the maturation period and at
20 h after insemination, oocytes were fixed with
ethanol-acetic acid(3:1) and stained with 1%
aceto-orcein, Observations were performed un-
der a phase contrast microscopy(x400). Matu-
ration was assumed by the presence of meta-
phase I chromosomes with the first polar body,



and fertilization was considered complete when
more than 2 pronuclei(one female pronucleus
and more than one male pronucleus) were evi-
dent. Morphological estimation was done at 2
and 8 days after insemination to evaluate the
cleavage and the developmental stages, respect-

vely.

4. Statistical analysis

Mean measurements from 5 replicates were
taken to determine statistical difference using
Fisher’s protected least significance difference
(PLSD) test following analysis of variance (AN-
OVA).

RESULTS

The percentages of chromosome configura-
tions of CIO and DO cultured in protein free me-
dium at various times after maturation in cul-
ture is shown in Fig. 2. All oocytes remained at
the GV stage after 3 h in culture. After 6 h of
culture, 65% of oocytes underwent GVBD, and
no difference was observed between CIO and
DO. The proportion of metaphase I (M 1) ooc-
ytes increased dramatically at 13 h from the be-
ginning of maturation culture. Qocytes emitting
the first polar body appeared after 16 h of cul-
ture, although most of the cocytes(80%) remain-
ed at anaphase I {(Ana I) to telophase I (Tel

agGgv
RGVOD
oM
OAna-Tei
L L]

% of developed

bB-3 C-3 D-6 C-6 D-13C-13D-16C-16 D-24C-24
Maturation periods(h)

Fig. 2. Changes in nuclear status of bovine cumu-
lus intact(C) or denuded(D) oocytes throug-
hout maturation. GV ; germinal vesicle,
GVBD ; germinal vesicle break down, M1 ;
metaphase I, Ana I-Tel 1: anaphase 1
-telophase I, MII; metaphase II.

I). Matured metaphase I (MII) oocytes were
observed mainly after 24 h in culture. There was
no difference in the proportion of oocytes at
each stage between CIO and DO.

There was no difference in the percentages of
maturation and fertilization, when ococytes were
freed of cumulus cells at 0, 3, 6, 13, 16, and 24 h
after culture for maturation(Table 1), on the
other hand, the cleavage rates of oocytes freed
from cumulus cells at 0, 3, and 6 h after matu-
ration culture was significantly decreased com-
pared to those of oocytes freed at 13, 16 and 24
h(32.3, 50.5 and 51.9% vs 60.8, 59.4, and 68.1%,
respectively: p<0.01, Fig. 3).

The developmental competency to the blasto-
cyst stage after insemination of oocytes denuded

Table 1. Effects of removal time of cumulus cells from CIO on in vitro maturation and fertilization of bovine

oocytes
Removal times No. of oocytes No. (%) of No. of oocytes No. (%) of
after culture(hrs) examined oocytes matured inseminated oocytes fertilized
0 71 62(87.3) 57 47(82.4)
3 64 53(82.8) 52 45(86.5)
6 68 61(89.7) 61 50(82.0)
13 51 47(92.2) 47 42(89.4)
16 64 56(87.5) 56 53(94.6)
24 64 53(82.8) 53 50(94.3)
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Fig. 3. Effect of the time of removal of cumulus cel-
Is from oocytes on in vitro development to
cleavage (ab, ac: p<0.01).
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Fig. 4. Effect of the time of removal of cumulus cel-
Is from oocytes on in vitro development to
blastocyst {ab, ac, bc: p<0.01).

at 0, 3, or 6 h significantly decreased compared
to that of oocytes denuded at 13, 16, or 24 h(3.0,
2.0 and 2.6% vs 8.2, 14.3 and 18.1%, respect-
ively; p<0.01, Fig. 4.). Although in the oocytes
freed from cumulus cells at 13 h, the percentage
of blastocysts increased compared to those of
oocytes freed at 0, 3, or 6 h(p<0.01), but the
percentages was significantly lower than for ooc-
ytes freed at 16 or 24 h(p<0.01).

DISCUSSION

The chromosome status of the cumulus intact
oocyte and the denuded oocyte were dis-
tinguishable by fluorescent microscopy after
staining with Hoechst 33342, although the matu-
ration stages of some oocytes whose chromosom-
es were located within the lipid granules could
not be determined(9.5%). The times at which
events occurred was confirmed previously in in
vitro studies(King et al., 1986; Suss ef al., 1988;
Sirard et al., 1989). During in vivo maturation,
GVBD occurs between 4 and 8 h after LH peak
(Kruip et al., 1983) or between 6 and 9 h in sup-
erovulated animals according to Hyttel et al
(1986). In the present study, the proportion of
oocytes reached at each maturation stage was
not significantly different between CIO and DO.
Finally, more than 80% of oocytes reached M II
after 24 h of maturation culture in all treat-
ment(Table 1). Chian and Niwa(1994) has also
reported that the presence of cumulus cells dur-
ing maturation in vitro do not significantly influ-
ence nuclear maturation of bovine oocytes. This
result indicates that the presence of cumulus cel-
Is during maturation in vitro does not signifi-
cantly influence nuclear maturation of bovine
oocytes, However, it has been reported that a
higher percentage of bovine oocytes invested
with a compact cumulus cells reached M II than
those with loose or no cumulus cell mass(Leib-
fried and First, 1979; Fukui and Sakuma, 1980).
In these experiments, since denuded oocytes at
the time of collection from ovaries were used it
is possible to consider that these oocytes were
already denuded during growing phase.

Our data show no difference in fertilizability
at least the ability of pronuclear formation of
oocytes denuded before maturation culture. Al-
though, Fukui(1989) reported that oocytes sh-
ould be surrounded at fertilization by expanded



cumulus cells, other studies have indicated that
sperm penetration in vitro is improved when ooc-
ytes matured in vitro are mechanically denuded
before insemination(Fukui and Ono, 1989; Lu et
al., 1987; Xu et al., 1987).

The cleavage rates significantly decreased
when removal of cumulus cells occurred at 0, 3,
or 6 h after culturing for 24 h to produce matu-
ration.

The developmental competency to the blasto-
cyst stages after insemination of oocytes den-
uded at 0, 3, or 6 h(GV to GVBD) after culture
for maturation significantly decreased compared
to that of oocytes denuded at 16 or 24 h(Ana I
to MI stage). On the other hand, in cocytes
denuded at 16 h(Ana I to Tel 1) after culture
for maturation, no difference was observed in
the percentage of blastocysts compared to that
of oocytes cultured with that of cumnulus cells
for 24 h(M1II). This indicated that the presence
of cumulus cells for the first 16 h(Ana I to Tel
I) in culture is sufficient for the oocytes to de-
velop normally into blastocysts. In several spec-
ies only oocytes isolated from preovulatory follic-
les with cumulus cells expanded, and which
have progressed to MI are able to attain full de-
velopment (Motlik et al., 1975; Niwa et al.,
1976). This means that the intimate contact be-
tween the oocyte and its cumulus cells up to MI
is a prerequisite to further development of nor-
mal embryos. The metaphase [ stage of in vitro
cultured bovine oocytes was present at 10.3 to
15.4 h after the beginning of culture(Sirard et
al,, 1989). Under our experimental conditions,
the M 1 stage was present at 13 h of culture.
Chian and Niwa(1994) have shown that the pres-
ence of intact cumulus cells for at least 12 h is
necessary for normal cytoplasmic maturation of
bovine oocytes in vitro. Our results suggest that
maintenance of coupling between cumulus cells
and oocytes within the first 13 to 16 h(M I to

Tel 1 stage) of culture was important for full
maturation and further development after fertil-
ization, Mattioli ef al, (1988) reported that prem-
ature breakdown of the cell contact with the
oocyte reduces the developmental potency of
the oocyte. It has also been reported that gap
junctions between oocytes and cumulus cells in
bovine are important for full maturation(Skoblin-
a, 1988), and that maturation rates are lower if
oocytes are denuded before maturation(Fukui
and Sakuma, 1980). Semple et al,(1993) reported
that bovine oocytes achieve developmental com-
petency within 14 h of commencing in vitro mat-
uration,

These results demonstrate that timing of nu-
clear progression in vitro of bovine oocytes is in-
dependent of attached cumulus cells and that
the presence of directly attached cumulus cells
to oocytes for at least 13 to 16 h(M 1) after in-
itiation of culture for maturation is necessary
for normal cytoplasmic maturation of bovine ooc-
ytes in vitro, and that the direct communication
of cumulus cells with the oocyte may be import-

ant to cytoplasmic maturation.

SUMMARY

First, we determined the chromosomal pro-
gression of cultured cumulus intact oocytes
(CIO) and denuded oocytes(DQO) for 3 to 24 h
after the start of maturation culture by staining
with. The germinal vesicle(GV) was observed
at 3 and 6 h and additional chromosomal stat-
uses were observed as follows, germinal vesicle
break down(GVBD) at 6 h, metaphase I at 13
h, anaphase I to telophase I at 16 h, and met-
aphase I at 24 h after initiation of culture. No
difference was found in the proportion of chrom-
osomal status between CIO and DO at any time.
Second, we investigated the effect of removal

of cumulus cells from CIO that defined their



chromosomal status on the maturation, fertil-
izability, and subsequent development to blastoc-
ysts. Removal of cumulus cells at each matu-
ration stage had no effect on the maturation and
fertilization rates of oocytes. The cleavage rates
of oocytes freed from cumulus cells at 0, 3or 6 h
were significantly lower(p<0.01) than those of
oocytes denuded at 13, 16, or 24 h. In addition,
those oocytes with cumulus cells which were re-
moved at 0, 3, 6, or 13 h after beginning of mat-
uration significantly decreased the percentages
of blastocyst formation compared to those of
oocytes from which cumulus cells were removed
at 16 and 24 h(p<0.01). These results dem-
onstrated that the timing of nuclear progression
of bovine oocytes in vitro was independent of at-
tached cumulus cells, and suggest that the first
13 to 16 h(metaphase 1 stage) of the mainten-
ance of coupling of oocyte with cumulus cells
during nuclear progression is essential for fur-

ther development of oocytes after fertilization,
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