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Calcium Uptake in Mouse Oocyte Matured in Vitro
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INTRODUCTION

In mammalian ovary, the process of meio-
sis is arrested at the diplotene stage of the
first meiotic division. Meiotic resumption can
be mediated by a hormonal stimulus in vivo
or a suitable culture medium in vitro (Pin-
cus and Enzman, 1935 ; Baker, 1972 ; Bae and
Cho, 1982).

Calcium has been demonstrated to be essen-
tial for the nuclear maturation of ococytes of
aquatic in vertebrates(Steinhardt et al, 1974 ;
This reseach project has been supported by
the Rockefeller Foundation Grant(RF 78084)
and a grant from Korea Science & Engineer-

ing Foundation.

iy

= 4A7H A%
JA viebshel
CEO2} denuded oocyteoﬂ A 23]

g 314 o] Brdw)7}x] exteral CaZto] S5 5L A&

3,11:} 2} o]a%?z} A ZAWe] Ca**% bound calciume] Ak A
o A7t SlefeRsich

%436 o

Hollinger et al., 1977 ; O’ Connor et al,, 1977 ;
Baker and Whitaker, 1978 ; Cilkey et al., 1378).
Also it has been implicated as the second
messenger or dependent ion in the resumption
of meiosis in ococytes from frogs(Wasserman
1980 ; Wasserman and Smith, 1981),
mammals (Tsafriri and Bar-ami, 1978 ; Batta
and Kundsen, 1980 ; Paleos and Powers, 1981 ;
Bae, 1981 ; Osborn, 1981 ; Jagiello et al,, 1982).
De Felici and Siracuse(1982) and Bae and
Channing(1985) have shown that Ca?* is es-
sential for survival in culture of fully grown
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mouse oocytes and oocytes isolated from me-
dium-sized porcine follicles. An increase in
intracellular calcium has been shown to have
a role in the meiotic resumption in inverte-
brate and amphibian oocytes(Guerrier, Mo-



reau and Doree, 1978 ; Kostellow and Morrill,
1980). In addition, the concentration of total
calcium in cumulus-enclosed oocytes incre-
ased during matured in vivo after pregnant
mares’ serum gonadotropin (PMSG) treat-
ment in the rat (Batta and Kundsen, 1980).
On the other hand, Whitfield et al., (1979),
Dulbecco and Elkington (1975) and Ralph
(1983) showed that the level of intracellular
calcium was critical to the regulation of
somatic cell division.

However, there has been few paper to me-
asure the influx or uptake of Ca*" in mam-
malian oocytes in vitro system (Bae et al,
unpublished). To elucidate the involvement
of calcium in oocyte maturation, the present
study was undertaken to measure the level
of intracellular calcium of both denuded and
cumulus-enclosed mouse oocytes during cul-

ture in vitro.
MATERIALS AND METHODS

Oocytes were obtained from the ovaries of
ICR strain mice (3-4 weeks old). Those fe-
male mice were killed by cervical dislocation.
Ovaries were dissected out and placed in the
culture dish containing equilibrated washing
media, modified Hank’s Balanced Salt Solu-
tion (MHBS) containing 0.1% bovine serum
albumin (BSA, Sigma). The ovarian follicles
were puntured with a fine needle under a
dissecting microscope (Wild M5A). Healthy-
looking cumulus-enclosed ococytes with ger-
minal vesicle(GV) were harvested by using
a mouth operated pasteur pipette within 10
-25 min after follicle rupture. Denudation
and selection of healthy oocytes were carried
out in Ca? -free MHBS.

Denudation of cumulus cells were carried
out after selection of healthy-looking cumu-
lus-enclosed oocytes. Different diameter of
finely drawn glass pipettes were used to denu-
de cumulus cells layers from the oocytes.
Careful aspiration and expelling were re-
quired to achieve denudation without exer-

ting visible and univisible physical damage.
Cumulus-enclosed oocytes(CEQ) in the pre-
sent study were just uniformly 3-4 layers
of cumulus cell enclosed ovocytes, and all
were healthy looking oocytes with GV.

Washing ( Ca?** -free ) or culture media
was modified Hank’s Balanced Salt Solution
(MHBS) (Bae and Channing, 1985). MHBS cul-
ture media consisted of followings ; Nacl(140.
73 mM), KCI(5.3655 mM), MgS00.8116 mM),
Na,HP0,(0.3358 mM), KHPO,(0.4408 mM),
NaHCO03(4.166 mM), CaCl,(1.711 mM), glucose
(5.55 mM), Na-pyruvate(0.3 mM), Na- lactate
(2.5 mM), Penicillin(10,000i#/ml), Streptomy-
cin(50mg/ml) and BSA(4mg/1). This medium
was filtered through the Millipore membrane
(Millipore Co.) with 0.45 um pore size after
adjustment to pH 7.2

QOocyte culture was carried out in a culture
medium drop in Falcon plastic dishes under
paraffin oil at 375°C in 100% humidified
atmosphere of 5% CQ, in air.

After time-sequenced culture, the oocyte
was washed 3 times with Ca*'-free MHBS to
remove calcium from the culture medium.
After that, collected ococytes were placed in
plastic tube containing lml calcium-and phe-
no! red-free MHBS, and homogenated for 1
minute with sonicater (Fisher-sonic dismem-
brator Model 300).

Homogenated samples were analyzed with
flame atomic absorption spectrophotometer
(Perkin-Elmer, Model 5000). The samples
injected through capillary tube were atomi-
zed by flame, and passed optical light emit-
ted from hollow cathode lamp. Fuels in this
method were N.O gas and CH: gas. Absor-
ption was measured at 422.7nm (Brinley et
al, 1979 ; Skoog and West, 1971).

There were 4-11 replicates experiment for
each group. Significancy of the difference
between the data were examined by a stu-
dent t-test.

RESULTS



Table 1 shows the level of total intracel-
lular calcium of denuded oocytes cultured in
calcium containing -and-free-medium. Cal-
cium concentration of denuded oocytes cul-
tured in Ca’" containing medium increased
up to 4 br and calcium level was 50% in-
crease after 4-hour cultured. In denuded
cocytes cultured in calcium free medium the
Ca** concentration showed a plateau from 1
to 2-hour culture and then, thereafter, it de-
creased. There was no difference until Zhr
culture in denuded cocytes cultured in cal-
cium-free medium, whereas thereafter, cal-
cium uptake decreased.

Table 2 shows Ca** uptake of cumulus-

enclosed oocytes cultured for 1-4 hr. Calcium
uptake increase was 54.2-64.1% in comparison
of those of denuded oocytes from the control
and experimental groups.

Table 3 shows culture period from 5 hr to
15 hr which is assumed to be a period after
GVBD. The Ca?*" concentration of long cul-
tured groups(5-15 hr) increased with time,
whereas the relative increase rate was not
as high as in short time culture (Table 1
and 2).

However, there was not much increase of
calcium uptake in calcium-free cultured gro-
up even though 2hr cultured in calcium free
showed a peak during 4 hr culture. In con-

Table 1. Intracellular calcium concentration of denuded oocytes cultured for 1-4 hours in vitro

Cultured hr-control

Cultured Denuded oocytes (ppm) x 100
: control P
time Ca?*(1.71mM) Ca’*-free Ca** (1.71mM) Ca?*-free
0 (zero) 0.026 +0.002 0.031 +0.007
(control) (58) (8D
0.031 £0.005 0.033+0.014 "ok
1hr (52) o7 19.23% 6.45% p<0.01
. 0.033+0.001 0.033 +0.004 ‘0 ()] ¥
0.034£0.011 0.025+0.010 ) -
4hr 0.041 £0.020 0.028 +0.011 40.42% -9.67% p<0.01**

ppm : Parts per million

Mean +S.EM.

Number in parenthesis means number of cocytes cultured.
** . Significantly different from control value, p<0.01.

Table 2. Intracellular calcium concentration of cumulus-enclsed oocytes(CEO) cultured for 4
hours in vitro

Cultured hr-control

Cultured Cumulus-enclosed ococytes (ppm) x 100
control P
Time Ca?* (1.7mM) Ca**-free Ca?* (1.7mM) Ca**-free
0(zero) 0.048+0.010 0.043 +0.005
(control) (99) (119
0.053+0.017 0.047 +0.006 ) *k
lhr (73) C 99) 1041% 9.3% p<0.01
0.056 +0.005 0.049+0.004 ok
2hr (79 (101 16.67% 13.95% p<0.01
0.057 £0.005 0.045 +0.004 *%
3hr (82) (105) 18.75% 4.65% p<0.01 ’
0.064+0.016 0.047 +£0.007 *%
4hr 67 o 33.33% 9.3% p<0.01

ppm : Parts per million

Mean +S.EM.

Number in parenthesis means number of cocytes cultured.
** - Significnatly different from control value, pd00L
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trast, there was much difference of calcium
uptake in the cumulus-enclosed oocytes bet-
ween Ca?"-present and-free culture media.

DISCUSSION

The present study showed that intracellu-
lar uptake of calcium increased with time
even in denuded oocytes cultured in Ca®t-
containing medium and relative increase rate
is very high{Table 1). However, the Ca’* con-
centration of denuded oocytes cultured in Ca?*-
deficient medium decreased after 2 hour cul-
ture. Such a decrease seems to be caused by
degeneration and death of these oocytes.

Calcium is required for the maturation
process per se as well as for maintenance of
overall oocyte viability (Powers and Paleos,
1982 ; Bae and Channing, 1985). The rapid
necrosis of mouse oocytes in Ca®*-free me-
dium (Paleos and Powers, 1981) as well as
in the denuded oocytes cultured in Ca’*-de-
ficient seems to be caused by the removal of
the cumulus cells of the oocytes(Table 2).
Cumulus cells may act to protect against
degeneration of the ococytes by supplying
Ca’*to the cocytes through gap junction or
Ca**-channel, or the compact cumulus-enclo.
sed oocytes of the diplotene stage may be
very resistent tc degeneration as long as
cumulus cells keep an intact connection with
the oocytes(Table 2). Surely, in the present
study cumulus cells keep the oocytes viable
up to 4 hr in Ca’ -free medium (Table 2)
whereas the denuded cocytes show degenera-
tion in short hour(Zhr) in the table 1. Such
a result is very similar as in porcine oocy-
tes(Bae & Channing, 1985).

According to De Felici and Siracusa(1982)
total protection from Ca?*-deficient death of
the mouse ococytes in given by 1mM La’*" or
10mM Sr?*, while Mg?*(12mM) only confers
protection on one third of oocytes. Dedge et
al.(1969) and De Mello(1975) interpreted that
the protective effect of Sr** was porbably due
to its ability to replace Ca? in a variety of

internal cellular function.

However, this explanation may not be ap-
plied to La®", which dose not enter intact
cells (Caswell, 1979). La*" binds to the outer
aspect of the cell memrane and prevent Ca?*
transmembrane movements. De Felici and
Siracusa(1982) interpreted this as following ;
the protective effect of La’" might result
from sealing action and the prevention of
Ca** outflow through the oocyte membrane.

Such an assumption of detaching of Ca®
from the membrane and blocking of trans-
membrane movement have not been tested in
the present study and further study is still
required for the role of Ca®* in degeneration
or death of cocytes. The absence of external
calicum might bring about intracellular free
calcium down to levels imcompatible with
oocyte life, and such a lowered intracellular
Ca? concentration may be insufficient to
meet metabolic requirments.

As pyruvate is the main and the only sub-
strate for energy production in denuded oocy-
te, there must be a metabolic route for Ca®*
to couple with pyruvate being used for ene-
rgy prodution passway to Kreb’s cycle. In this
passway of pyruvate to Kreb’s cycle, Ca?*
seems to mediate the activity of pyruvate de-
hydrogenase complex.

Hansford(1987), Stadon & Hansford (1987),
Hansford & Stadon (1987) verified that in
the rat hepatocyte there was a relationship
between changes in cytosolic Ca?* content
and changes in pyruvate dehydrogenase ac-
tivity and the former was a determinant of
the latter. So activation of pyruvate dehydro-
genase by Ca?* would be expected to increase
the rate of provision of NADH to the respira-
tory chain and to produce ATP required for
oocyte viability and maturation process.

As shown in Table 3, the requirement of
Ca’* in the maturation of cocyte may be a
long time even after GVBD as shown in the
previous studies(Alexandre and Gerin, 1977 ;
Jagiello et al., 1982 ; Bae and Channing, 1985)
that is different from amphibian (Kostellow



Table 3 Intracellular calcium concentration of denuded and cumulus-enclosed oocytes (CEO)
from 5 to 15 hours after GVBD in culture medium in vitro

Cultured hr-control

Cultured Ca? (1.71mM) % 100
control
Time Denuded 0. (ppm) CEO(ppm) Denuded 0. CEO
0(zeri) 0.035+0.002 0.041 +0.003
{control) (76) (69
0.036 +0.001 0.042 +0.004 o
Shr 73 70 285% 243% p<0.01
0.042 +0.004 0.053 +0.007 -
10hr (65) 7 20% 29.26% p<0.01
15hr 0.043+0.010 0.048 +0.003 22.85% 17.07% p<0.01**
ppm : Parts per million Number in parenthesis measn number of occytes cultured
Mean+S.EM. ** - Significantly different from control value, p<0.01.

and Morrill, 1980). Such an increase of Ca®*
uptake in cocytes after GVBD in contrary to
the results obtained by Cho and Lee(1985)
and the in vivo study(Batta and Kundsen,
1980). Such a contrast result should be fur-
ther studies in the future.

Comparing denuded oocytes with CEO cul-
tured in caleium deficient medium it appeares
that the level of calcium is higher in CEO
than in deunded ococytes.

It is thought that calcium contained in the
cumulus cells is added to the total Ca’* con-
centration of CEQ, and calcium in cumulus
cell per se may move to the oocyte by an in-
tracellular or extracellular route. Cumulus
cells are coupled to the oocyte by gap junc-
tions(Amsterdam et al,, 1976 ; Anderson and
Albertini, 1976). These junction have been
shown to be highly permeable to small mo-
lecules and to facilitate electrical coupling
between cells (Gilula et al, 1978 ; Moor et
al., 1980 ; Dekel et al., 1981).

It may be suggested that the extracellular
calcium as well as the intracellular calecium
is required for the spontaneous meiotic ma-
turation. Further studies by using antagon-
ist related to calcium is required in more
correct understanding on movement, loca-
lization and uptake of calcium.
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