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= Abstract =

The present study was examined to clarify the role of calcium ion as a factor for the maturation
of mouse oocytes.

Follicles and cumulus-enclosed oocytes were isolated with two sharp needles under a stereomi-
croscope from female mouse (ICR) ovaries which were treated PMSG 51U 45-46 hours previous-
ly.

Isolated follicles and cumulus-enclosed oocytes were cultured for 14-16 hours in an organ culture
system at 37°C, 5% CO; in air and 100% humudified in incubator.

MHBS was the basic medium used from which A23187, verapamil, NiCl.. 6H,0 and LaCls. 7H,O
were added depending on the experimental groups. In follicle- or cumulus-enclosed cocytes wre cul-
tured in these differently treated media.

Following results were obtained from the present study.

1. The calcium ionophore A23187 directly or indirectly seems to stimulate GVBD of follicle-en-
closed mouse oocytes. Increasing concentration of ionophore A23187 led to an increase in 00-
cytes degeneration from the cumulus-enclosed mouse cocytes.

2. The organic Ca** channel blocker, verapamil does not induce GVBD of follicle-enclosed
mouse oocytes. Specially, higher dose of 1mM verapamil induced GVBD of follicle-enclosed
mouse oocytes. However, cytoplasm of GVBD oocytes in 1mM verapamil treated groups ap-
peared shrunk. In the cumulus-enclosed oocytes, polar body formation was reduced in vera-
pamil treated groups and degeneration increased.

Verapamil inhibit oocyte maturation (polar body formation).

3. The Ca™" inhibitor, Nickel (NiCl,. 6H,0) inhibits maturation of the follicle-enclosed oocytes. In
the cumulus-enclosed oocytes the progression to MII (PB formation) was reduced and degen-
eration of mouse oocytes increased as the concentration of Ni** increase.

The results indicates that nickel act as an inhibitor of calcium.
4. The Ca** inhibitors, Lanthanum (LaCls. 7H,0) has shown different effect from that of nickel.
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In follicle-enclosed oocytes, 0.01mM lanthanum induced maturation of mouse oocytes. Polar

body formation was reduced in the cumulus-enclosed oocytes all lanthanum treated group.
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o] LRFAY dAA&E HA
SEEZEYR Aoyl itk F
5 AFE7] (puberty) 7h®] A|173FE
7] (prophase 1) % ¥-A}7](diplotene)
AT} A7) ol F HAE A7l
o] & (mature follicle) o} A 9] W& F7)
preovulatory LH surgeol] 93] AH27+5
& £ 7] (metaphase I, MII)7}#] 35w o]
Y oAl BEol FAEY. ol Fo EIAAgNE
MIlo| A s &rd Wbz ZAE Ty 423 o]
dojrteot 73t

294 R TH7F9 A da(ovary)
o] = 2etol = o & (graafian follicle) & A 4]
2x=3F 252 luteinizing hormone(LH) 9] su-
rge7t dolurld Rkl vl ¥ in vivool
A ob wtR7A R A & dAE AHE Q)
o, olwf wjgNe] WA LAFTFTEESL H7}
st oJxEW dxle eEY A7) # o}
(Baker & Neal, 1972;Neal & Baker, 1973;
1974a;1976b ;Bae & Kang, 1991)

Oy ddelE X2 RE HEIF UxE
Agek v koA ) g A aTeER
o] A7t glolz e A4l Ao
2 dojdrh ojgpro]l Ao Moe dE 5
A8 glolm AxsAge] dojus AL &
2d %> (spontanéous maturation)o] g} 3t}
incus & Enzman, 1935;Edwards, 1962). &
JolRl A AeAAge 2 As oA
1S At dojutA] A ) o3
AXY Wz A AdAEA 2471 Pincus)
Enzman (1935)°l] o]a] <AAH oefl o AWl
AMolE AAEAS Fode mdo] i3 1Y
Holgoh A AdAAZ el NO* -dibu-
tyryladenosine 3', 5 -cyclic monophosphate (dbc
AMP)Y} 3-isobutyl-1-methyl-xanthine (IBMX)

A ste] GVE FAAIZ] GAE thA] o ¥4
SAYUE A T 4V GVE AL A3
t}'(Lee et al, 1985). ©] A& dbe AMPY IMBX
o f= a7 A2z 98 =
AE&dAETel N2 2 7)4dS 2HY
. o]813F dbc AMP9} IBMXol| 2]3 A
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S g LT 2R 93]
2tk (Dekel & Beers, 1978). &, 9]
dojubx AL g% &
&g dAste 71ee AR 9
AATZTEREL o] aFE FEY
2 A Aol dojutes AAE AL
t} (Lee et al., 1985). A FAA 4 A
FEeE=HE ZgF(Cat)o] #osta
o] 3 ZTHF IAAESHH A LFol Foist
ATHE AP S st 93] Hilg o]
2t} (Bae, 1981; De Felici & Siracusa, 1982;
Paleos & Powers, 1981).
3t Powers®} Paleos (1982)+= dbc AMPoj
A7 AFH A s dAETNE FEIS=dHE
cellular Ca®™" uptake® A= 3sl= E4& X3}
22 o]RodL Hwyd], extracellular Ca*™
levelo] 1.71ImMETH 2 10mM o[AA] 150 uM
o]xte]l dbe AMP Fxo] AAaAFHE AA
A A 71tk 89 th B8 Ca*™™ ionophore A23187
(>1aM)& 1.7 v 20mM Ca**g f3t=
oo A dbc AMPe] &35 #AF FEA

g o)

Ag9n A F, oldd JABAe a%E
FReedE Cattol A8 Aee & 5

it} E3F Schuetz (1975)+= Z70 W=}te)] iono-
phore A23187& &8l IR Cat* g F&
w3 A I Aol AME A& Hoko
W, A HF FA g Cat o] AFHolgE
A7 BaE At (Merriam, 1971;Wasserman
& Masui, 1975 ;Kostellow & Morrill, 1980). =
3 Bae$} Channing (1985)2& =]x] W=zle] uj

ko) ] Ca'** inhibitor¢l verapamil2 0.2mM

Y std Ca*tr el o]Fo] JAFH IR A&
of AAHL AL BT FATH

2 oo A= LH surged o] &3 of X (fol-
licle)9} X EHE HEd FA-—FTAHE &
%A (cumulus-enclosed oocytes) o] Ca*™* chan-
nelS & A 3= ionophore A23187, Ca*tte] 4

4= ++

E -2 ‘channel blocker ¢
verapamil¥} o}22] Ca*™* inhibitorgl @ElFE
(La¥) 7 YA Ni* )5S Hstey 2 A%
Z73 71Fo) g Ca™79 o] ] ol

n2 445

vk 3+ organic Ca



¥ d3d= Albino A%<l ICR strain 4 7
HAE Algedch. T A A3 22-
2690103l A2 (B 7], 1441701 947] 104

et @A 2ESHT ARSACAA
ApgEtew delet gee BAon F9
331tk 5 1U9) PMSG (Sigma, St. Louis, U.S.
A)E 09% ENG5o] Bo BZEAe
45-46A17F Fo HFE fdR =Hd F A
ot daE Ut

2. {EFe] ¥ odzujeiuty

AAE dae 1359 A3 338 ARF 4§
280 (Wild, M5A, Swiss)dtoj A F71e] &
FFEE vhEg olgstd A% Imm Wele] o
dho}lZ o] E (graafian follicle) ¥+ %284 ok
ol EHLI I ¥EL AL Hilee
odxa wdos Az 240 dxs
e AR MYNeR 3BAE AH T ujto)
o] 839

T ZdEtel 10-1579) AXE W gFai o
H F W H & Baest Kang (1991)0) x19k3h why

g oj&sAh. %, WA (35x10mm, Fal-

con)oll 1ml 7] Rujkd e 251 orvjo) 25mm
millipore membrane (pore size 0.45 u#m ; Millipore
Co., Bedford, Massachusetts, US.A)& ¥ 1
olfoll Al BE A N HEE 28 ¥
Rk MFHA Dele Al AAHAE B
L 1 Apoje] 3~4mle] FHFE Ho MUH
A7 &4 & ARS sho] WA W%
Ao a7 F SOHARE shelrh E A
Al petri HAIE Fob M )Y systemo)
AA AEE 5 UAxH Ak wigEA e o
¥ 37CE fA%M 5% CO9 95% F7)
7b EFEH 100% w5271 fAEE %W
A4 14-16 A1 7H%- <k ul B3} o}

3. HASE o ohXjuf by

REr AR slolA efolE o R E o]
HHER Blmg 2 & Bo] e dRAE HE
ERE Eosiit. 2EE dAE GFAE
(cumulus cell) 7} v} .9 =24 i 9o
WA germinal vesicle oocyte (GV)7} Faidt 7
FE s Fepad Aol ol&slsgth i

G s E i gFde 33 HAHF 479
wellS 71d 713 wRH A (4 well Multidish,
Nunclon, Denmark) ol 4 ) 3} ). &, dwell
multidish (16mm X 11mm) o 1mle} ¥j k& A
3 11 & 12-1570 9 Y-S AYstz, b
dol ZR/4 3-4mlg A9 wgde] Fdste
AL WA ste] 14-16A17F F<F 37C, 5% CO,
100 % S =7F FA = vl g7 A s st ot

4. BT X2EH FE=E

BE 430 AHEE 712 wldAL2 Modified
Hank's Balanced Salt Solution (MHBS, Bae &
Channing, 1985)0l 1 242 ttes 2.

NaCl(126.17mM}, KCl1(5.37mM), MgSO,
(0.81 mM), Na,HPO,(0.34mM), KH,PO,(0.44
mM), glucose(5.55mM), phenol red(10mg/1),
penicillin (100 1.U./ml), streptomycin (50 #g/ml)
=& salt solution® & $wislil o G
2w ApREH T CaCly (1.71mM), Na-lac-
tate (2.5 mM), Na-pyruvate (0.33mM)% 2 Zt
7} stock solution© 8 whEo] =3 AP ow
0.4 % bovine serum albumin (BSA; Sigma)$¢}
MFAGAA GE R BA-BTRGAES
akely Al 7bEqrel pHWslE Wxlslr] 3
N - 2 - hydroxyethy! - piperazine - N’ - 2 - etha-
nesulfonic acid (HEPES; Sigma) 10mME 0.1N
9] NaOH#E nug] pH 7.3-748 HA o AlE
stttk wj e pH 7.3-7.4, 280 mOsm 3%
(Bae and Foote, 1980) 2 24§ 5 ul 7)ol
A 247 o4 HY A T AR

2] 8529 lonophore A23187(Sigma)a
dimethylsulfoxide (DMSO; Sigma)ef =< 3.84
x107*M 2] stock solutiong wkE o], 843}
of ALE5lE o1 (3.84x107M, 3.84 x107°M),
verapamil (Sigma) & ethanold] 34 0.01mM,
0.1mM, I mMe] stock solution® WrEo] A&
stelch. olu) Wlad W el $of (solvent) &
H7lsted A}&8¥oh T3 NiCl. 6H,0(Shinyo
Co., Tokyo, Japan)$} LaCl;y. 7H;O (Sigma)$ =
7tz ZH o] Xl 0.0lmM, 0.1lmM, 1mMe]
stock solution wWEo] Al&dlon, oy TEl
F& Aelste ddads WA dE
Foll ola] HAAEo] Arinz QibdRe] B9
e NaHPO.ot KH,POE A Ao ALg3te
th Ao AeH HEEde duddg B
R gd o2 el e v AASE

AP AFRE 2E V4 E dE B IYE
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astg o djerd e o Aot} stock solu-
tion0 2 HE M2 THEAL, AHLFH M| milli-
pore membrane (pore size 0.45mm)c 2 o3}
=ETae R

5. BHYE LIXfe WARHE

1) G{EBjAFE X+

14-16 A1 7HE el X go) U g2 8
Bz 2 £ dats A £ 3%t mouth-con-
trolled-micropipetteE A}-&3t] WIaE 343}
T, 4R F99 GFATLES AAHA

2) HA-HFHE SEMe tiY F AT

14-16 A1 7b5-qte] duidzte] wjge] 4
B mouth-controlled-micropipette & A}&3dtoj
AE gAML de A EES A A3
3) Xt oA 3 AHRE

PipeiteZ G7MEE A4 T 9483 133
AL 348 YAE slide glassY ol 3L cover
glass® @& F T XY (ethyl alecoho! 3 : acetic
acid 1)oll A 12-24A17 AE IR AN F01%
acetoorcein® M o 2 Gzl 7NHYANXNE R
3 1] 7 (interference phase contrast microscope,
Leitz, Germany) 0 8 a3t ¢ th

8 A} & germinal vesicle oocyte (GV), germi-
nal vesicle breakdown oocyte (GVBD, MI-TI),
1st polar bedy (PB)7} 349 ¥=xl, =H3dE
A} degenerative oocyte (Deg), 2 ure] wl A A}
el WS (other) 2 3t B FsQct. ol
A d2e g NFogE, AL(GV) &
4 Ex 2 (nucleolus)e] 4, FMA Y B

Bt FF, A ME FH 2 AIFA ¥
Ae g zAEt ERehd
6

{version 3.0) & o] & 35} student t-testE 3} t}.

2 o

1. M3 HHXM=0f Cfst Ca™ ionophore
A231872] H&

Divalent ionophore A23187¢] &k of 1
2} (follicle-enclosed oocytes)ol Al Q] a3 H 1
At Zrh 3.84x107'M FENAE AEY
W2to] A%& (GVBD+PB d4 &) Uz
22%9) w18 46% = 3 ¥ A vElem (p<
0.05), 3.84x10°M¢] XA+ 588%= &
A gl ¢ 4588 Rolx oy HxF
o7 A HgL 196%2 A Jegd
(p<0.01). &8 Hr} & ¥E 3.84x107°M
A= 50%<] & urR ) (germinal vesicle bre-
akdown; GVBD)7} dolwta, 20%¢e & H
&g Boln Qo WERFH /KT FHols
Holm Ut} (p<0.01).

8 G R — ¢ 7T A X E 3§ A (cumulus-enclo-
sed oocytes) o] A} ionophore A23187¢ 4
oAx U A Moty o G4 Boli vk
(8 2). 384x107Me} F=molA WxFH ¥
wate] o F 3 (polar body;PB)3 A4 &o] ¥
olH 1, 3.84 X107 MAXNE FHFAo] gAisl

Table 1. Effects of ionophore A23187 on meiotic maturation of follicle~enclosed mouse oocytes cul-

tured for 14-16 hours*®

A23187 No. of Nuclear phase P vs.

concentration oocytes GV GVBD PB DEG Other control

Contri 50 234 6 5 4 1 -
(68.0) (12.0) (10.0) { 8.0) (2.0)

3.84x10"'M 50 18 15 8 5 0 <0.05
(36.0) (30.0) (16.0) (10.0) (0.0)

3.84x10"*M 51 11 22 9 10 0 <0.01
(21.6) (43.1> (15.7) (19.6) (0.0)

3.84 x107°M 50 8 25 7 10 0 <0.01

(16.0) (50.0)

(14.0) (20.0) (0.0)

*Five replications were done.

: Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of

the oocytes examined.

Abbreviation : P; probability, GV; germinal vesicle, GVBD; germinal vesicle breakdown, PB; polar
body (metaphase 1), DEG; degeneration, Other; abnormal oocytes.
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Table 2. Effects of ionophore A23187 on meiotic maturation of cumulus-enclosed mouse oocytes cul-

tured for 14-16 hours™

A23187 No. of Nuclear phase Pvs.

concentration  oocytes GV GVBD PB DEG Other contro}

Control 56 0 218 31 6 1 -
(0.0) (32.1) (55.4) (10.7) (1.8)

3.84 %107 59 0 27 26 6 0 NS
(0.0) (45.8) (44.1) (10.2) (0.0)

3.84 x10°M 61 0 28 20 13 0 <0.05
(0.0) (45.9) (32.8) (21.3) (0.0)

3.84 x107°M 61 0 24 4 33 0 <0.01
(0.0) (39.3) (6.6) (54.1) (0.0)

*Five replications were done.

* . Number of the cocytes, the numerical numbers in parentheses indicate percentage of the total of

the oocytes examined.
NS : Not significant.

Table 3. Effects of verapamil on meiotic maturation of follicle-enclosed mouse oocytes cultured for 14

~16 hours*

Verapamil No. of Nuclear phase P vs.

concentration  oocytes GV GVBD PB DEG Other control

Control 54 238 3 7 5 1 -
(70.4) ( 5.7) (13.0) (9.3) (1.9)

0.01 mM 57 36 5 9 5 2 NS
(63.7) ( 8.8) (15.8) (8.8) (3.5)

0.1 mM 58 36 4 9 9 0 NS
(62.1) ( 6.9) (15.5) (15.5) (0.0)

1 mM 58 1 26 8 22 1 <0.05
(1.7 (44.8) (13.8) (37.9) (.7

*Five replications were done.

* . Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of

the oocytes examined.

In 1 mM verapamil concentration, cytoplasm appered shruink.

Toa e Hahgo]l ol ¥s =)
Ve (p<0.05). =3 3.84x107°M2] ¥
e 541%9 YAES}EE Rely, FHHY
A= ¢ gadtn o IR %o dAE S

GER )t (p<0.01).
2. MZ XA 20| 8t Verapamile] &t

Orgnic Ca** channel blocker®l verapamil]
dExW b did gge ¥ 3% 2o gz
o 8 0.01mM# 0.1mMe] ¥xdMe &
93 zol7t gidled, 1mMY FRAE &
3 Ry g2 vs) o) dojyte
1} ol GVBDe} PBE #9935 459 ARy
ol HEH F2UNL 293, dREHs g o

M E Yo e A ey (p<0.05).
29 verapamil®] WA -IFHE EIA
e dae o xy YAl e g8 gzl
ul 8} o3 o) E BAT (X 4). F, HERT|
61%2 =& Mz A Holx glor}, 0.01
mM3z} 0.1 mMe] verapamil ¥R w & F
AP AL BHolA (p<0.01), ImM2 FxrdME
gunye FHE AT e Fux UY
o™ 93% T & GREGE Bol1 flo], ¢
A gzo] A E g e Yot (p<0.0D).

3. Ml HApMd=s0| CfSF Nickel chloride
(NiCl.. 6H,0)2| H&t

o x dRbe] g Ca™* inhibitordd L7 g
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Table 4. Effects of verapamil on meiotic maturation of cumulus-enclosed mouse oocytes cultured for
14-16 hours®

Verapamil No. of Nuclear phase P vs.

concentration  oocytes GV GVBD PB DEG Other control

Control 59 0 22 36 1 0 -
(0.0) (37.3) (61.0) (1.7 (0.0

0.01 mM 53 1 36 14 2 -0 <0.01
(1.9) (67.9) (26.4) ( 3.8) (0.0)

0.1 mM 54 1 36 6 10 1 <0.01
(1.9) (66.7) (11.1) (18.5) (1.9

1 mM. 57 2 0 0 53 2 <0.01

(3.5) ( 0.0) ( 0.0) (93.0) (3.5)

*Five replications were done.
2 Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of
the oocytes examined.

Table 5. Effects of NiCl,. 6H.O on meiotic maturation of follicle-enclosed mouse oocytes cultured for
. 14-16 hours® . , :

NiCl,-6H,0 No.of - Nuclear phase = - P vs.

conceniration oocytes = GV GVBD . PB . DEG Other contral

Control 52 236 4 6 - 2 4 -
(69.3) (7.7 (11.5) ( 3.9 (7.7

0.01 mM 50 32 5 5 6 2 NS
(64.0) (10.0) (10.0) (12.0) (4.0)

0.1 mM 54 29 7 5 10 3 NS
(53.7) (13.0) (9.3) (18.5) (5.6)

1 mM 56 0 6 0 44 6 <0.01

( 0.0) (10.7) ( 0.0) (78.6) (10.7)

*Five replications were done.
?: Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of
the oocytes examined.

Table 6. Effects of NiCl,. 6H,0 on meiotic maturation of cumulus—enclosed mouse cocytes cultured for
14-16 hours™

NiCl;-6H,0 No. of Nuclear phase P vs.
concentration  oocytes GV GVBD PB DEG Other control
Control 55 0 *19 35 1 0 -
0.0y (34.6) (63.6) (1.8) (0.0)
0.01 mM 53 0 30 19 4 0 <0.05
(0.0} (56.6) (35.9) ( 7.6) ( 0.0)
0.1 mM 54 0 30 19 5 0 <0.01
- (0.0) (55.6) (35.2) ( 9.3) (0.0)
1 mM 58 0 2 1 46 7 <0.01
(0.0) (3.6) (1.8) (82.1) (12.5)

*Five replications were done.
2. Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of
the oocytes examined.
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3F& oragnic channel blocker verapamile] A
A G o] A H FE R e

E—_Oﬂ 7\1“ verapamilﬁrt w2a =

o} 7} %ii’i‘:}(‘“

e - 4?*&13 EdAolA Ao o
e 3 6ol Mok Zo] verapamilel A b frAbgH
A0E Holn gith & 0.0ImMo X E hHETF
of uisf =AFPel A ERL(p<0.05),
0.1mMej Al Al e SHAPYPLE Hojn gl

o (p<0.01). E3)] 1mMe] EzdME & ¢
AEEE Bola Yt} (p<0.01).

4, MF vxpAM=0| Cfst Lanthanum chlo-
ride (LaCl,. 7TH,0)2| ¥ &t

et 2wl o] QA BT wkg-Ekeo A
2o FAsteg wjgdol QA ES A s)
o] Alg-F o, ojuf QiR T H g

ol 4 o sl ol o] §ol e Aol Gk
A g Zo] Ca*™" inhibitorel %E}‘ﬁ—&— uA
B g2 A%E 2o Yok XY dA

Table 7. Effects of LaCl;. 7H;O on meiotic maturation of follicle-enclosed mouse oocytes cultured for

14-16 hours*

LaCl;- 7TH,0 No. of Nuclear phase P vs.

concentration  oocytes GV GVBD PB DEG Other control

Control (1) 42 227 8 5 2 0 -
(614)  (18.2) (11.4) (4.5) (0.0)

control (I ) 47 27 7 6 4 3 NS
(57.6) (14.9) (12.8) (8.5) (6.4)

0.01 mM 43 11 14 7 6 5 <0.01
(25.6) (32.6) (16.3) (14.0) (11.6)

0.1 mM 43 18 9 6 9 1 NS
(41.9) (20.9) (14.0) (20.9) (2.3)

1 mM 44 19 7 5 10 3 <0.05
(43.2) (15.9) (11.4) (22.7) (6.8)

*Four replications were done.

? . Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total

oocytes examined.

-Control ( I ) group medium contained phosphates, control (I ) group and other groups media were

omitted phosphates.

Table 8. Effects of LaCl;-7H, on meiotic maturation of cumulus—enclosed mouse oocytes cultured for

14-16 hours*

LaCl;-7H,0 No. of Nuclear phase P vs.

concentration  ococytes GV GVBD PB DEG Other control

Control 51 0 219 29 3 0 -
(0.0) (37.3) (56.9) ( 5.9) (0.0)

0.01 mM 52 0 30 20 2 0 NS
(0.0) (57.7) (38.5) ( 3.8) (0.0)

0.1 mM 42 1 28 7 6 0 <0.01
(2.4) (66.7) (16.7) (14.3) (0.0)

1 mM 46 1 20 5 20 0 <0.01
(2.2) (43.5) (10.9) (43.5) (0.0)

*Four replications were done.

¢ Number of the oocytes, the numerical numbers in parentheses indicate percentage of the total of

the oocytes examined.
Phasphates were omitted from the all media.
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Zo] E°FAR 0.0ImM ExoA =
a2 dAdSEEE Roln Ao (p<o.

01). 28 0.1mMe] ¥=oMe Yzt &
g Aole oy 2F mL dAEHzE
Holx glom, ImMe FEoA= 227%9
AEstE Holx 2T Zo] ¥& YRS
S Holn Yok (p<0.05).

H dA-GFAE E3dA oA BTetge
o gz vls 0.01lmMol| A = 385 9%t
ZHE FAEeH, 0.lmMe 7L 0.01
mMel] B3 & e dx d&5S HolI(p
<0.01), 1mM¢} FzeAe 109 %Tre] Milz
A= gor HA 2L FAESE Rolu 9l
H(p<0.01, X 8).

o ok

3

e

n #
AW A& FEEE AN JAWR

[+]

junctiong 23 JdAPE9
Ay cAMPe] FEFI RFEIAYNE
W dte g9elagty rustm glow (Dekel
& Beers, 1978; Dekel et al, 1981 ;Schultz et al,
1983), ol¢t 2 A= GAASEL AAMA
cAMP sx& ZasA gout daist G4
F Aol 9] couplingF ol A= &¥7] W Eo|zt
3 F731 9 H(Moor & Heslop, 1981; Crosby et

G FA E (cumulus cell) 9 WR}AFo] 9] gap
cAMP o]Fo &

al; 1985; Racowsky, 1985). o] 9}= ra Wz}

o AFxYdA o AxAdAAL S ERstsde
YA L oA B89 OMI(oocyte maturation
inhibitor)¢] 2 & 7}A3}7]1= 3}H  steroid
hormone (estrogen and progesterone) 5o 2] gt
A27tA 7}l AAJE o] lth(Hillensjo et
al., 1978; Tsafriri et al., 1976; 1982).
FH Gy AR AdEoly I
Asode dAe] o] 2 £33 (permeability)
FRo]l dojym, olm HMIEYME ZF
TE S/ 4R B Sel loj A
o] Zrge] YoAL AEIFII YT F o)A Y
Zge 3 AEE (viability) 2 ojg ¢
AR eRRZNE HrFolgle BRI B
A7z o)a] Y& H o (Sato et al, 1980;
Paleos & Powers, 1981; De Felici & Siracusa,
1982; Powers & Paleos, 1982;Maruska et al.,,
1984;Bae & Channing, 1985;Bae & Chang,
1989;Bae & Kang, 1991).

SR GA B BEe FAHEA] W

o o o

o
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— 7 A Aol o] gap juctiond] ©JFANA Z
£ channelo] g8+ ZA<QIA o)W sequestered
259 FEo o AJA EHA Pk ¢
ez 7] e dEFe Ao A
dolry] 913 o2 ZF channelE ZA
3t ionophore A23187 (Schuetz, 1975 ; Wasser-
man & Masui, 1975, Moreau et al.,, 1976;0’
Conner et al.; 1977, Tsafriri & Bar-Ami, 1978,
Powers & Paleos, 1982), Z<4 channelS %3
3t ZEol £4& walstE verapamil, D600
59 GAAE o] &% AT E (Bae &Channing,
1985)0] 3P = At .

B Ao e dxh W+ (follicle-enclosed
oocyte) B AR -dPAHME B3A 9 H
ool mA &= A231879 gL A RUt}. o
ZU dielA] A231878 AT HIFE 2F
e w2 dARRYs} fFegden, dA -
GEAE EFAoMs 3.84x107°Me E2
EEM FAPA o] xFo vE HolA L,
WA g3l go] Z/1Ea e W 3.84x107'M
e R2FH FAE A4S S Hola 3
t}. ol= A23187¢] s AE 2 ATEEW
Z+4 channelo] ¥@ 02 3o A EGoz Z
%9 olFo] dojy A ZEe fYel F
Zhsol A Ee TFHOR AXY TR
A ANE F23 Aoz Algdth 23 o
T AR gl A] A231872 exogenous hCG
7} G Re Catt uptakeE F7MAA Ak
Hae 537 (Bae & Kang, 1991) 3 7o)
Ut g9, A Ed A8t Ca't channel&
dojFuzy Gz ZFY FYS F7HA
AV 44 $E8 Aoz ARAt B8 ¢

L
Ly

o=
A—FTAE BgA M TFE(3.84 x107°M)
o A23187¢) & A dA|A A23187&
AR e FEFsbol et dAHIE S}
3 Ago] JdAFHATE B3 (Bae & Cha-
nning, 1982) 4 Ay AAAME EE WA
H32 Btk olx A231879 o3 UM E
AW e Be vEsl odd wAel oA
s dejstn Joenzd 22 Hilgs
BE Aol ohdrt 2 Hoh

RSl flo] 2Eel AW FIS 9
T A7 Uz g dAAEY o]&o] A
o, 1 % Zr4 channel blocker& o] &3 A3
7F A8 = o] gtd (Morrill et al, 1980 ;Hagiwara
& Byerly, 1981; Moger, 1983;Yoshida, 1982;
1985;1986).



Organic Ca*" channel blocker$l verapamil-&
% REUS tEAEE Ay ol g Wi
(Singh et al, 1978 ;Moger, 1983), <2 &) o)) A
actiong 7}A B M Eoox ZF HE(Catt
pump) & WadctE Bux v} (Charch &
Zsoter, 1980).

B AT E verapamilg o] &3ta] W a}A
ol vRe TS FERJEU, dxy ¢
A M ERFH FoF o] glo] dAAESE
o] JAHAUTY. 1mMe] FRdAxe 238 o
2o W £E UASE Yoy AR
Aok FAPAEo] BEE GAEAMNE AAF
¢l GRS HE AEA %A (cytoplasm
shrinkage) & Yelydd. dxy dAutS
1mM verapamild] 22 3tFAME slutR g
R FAFAH &) d2FEY %oy HIE
AA FA YERT. o]Re dAF e I3
A EA X Zrg channeld B3t Gy g9
Zgolsd dAEY e} FAY seqestered Z
1’3"«] 9 (release)i G &o] fFrEHA O

2 FA " =, Yoshida (1982) 7} F&3) o]
WA ao A & Na++ channel& ¢l3 Ca*t chan-
nelgto] ZA3t2 8 Z+4¢ channel ZE A2
Y ZEE olYH UEFY olgx AFHor
BAHEZ oo uel & (H0)9 o]lFx &l

Ho] AlEA & A hyperosmold] =Z2HE= &
d ZolR 7] Wi Row FHECD
T dR-dTAT B9 wjgdAE

el vls) FAFAol AA o] et
ImMe] FxolA Yelue ZAFAY A4
verapamlloﬂ o) ME L ANEFEAY 24 cha-
nnelo| B3 5 o] extracellular %3} intracellular
Zo olFol AAHM, ol2ds) FAIHEL
A3 aFEHE ZFY Fxo o2 By
o, dA =g g0 FL2A o2 nFo] uzt
AEE TS 9&9‘% 238 + ok
Paleos9} Powers (1981)¢] 93t JdFAE7}
AAE A#H @2} (denuded oocyte) o] ] %ol A]
verapamilo]] t]3} sensitivyty (W12+4)o] =
ZtEl g SAPEAES desin oy dar
oz EoE a7 g&e Busged,
ol M EIN AAE FAES verapamild
digt Bl olmtx R AEel A7
ANe] A& Ve vz 448, 19
22 Sandberg% (1992)9] B oA Xenopus
lavies Wzlol Al dRle} WA X7} gap junc-
tiong F3 ZFY olF Mol doly FF3H

F

L

T

[e]
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o2 dahlel #Ee T dojdnes AR
oAl e} Zo] HF M E7} gap junctionot Z g
channel2 %38 Z4¢& FF3ti, HAe H3t
E WAseE 9E2 32 dSS FHE ¢+ A
o™ (Bae & Channing, 1985), o] W34 £/}
gonadotropin action®] 1x}73 targetZle 28| o

T A3 fﬂ-li]—(Meinecke & Meinecke-Tillman,
1979). &, ¢AE /L e XY &7

HAEEo] Zge ‘dﬂlﬂi T
TR0 ZNE BEdta

3 dxE 9
Qlo} verapamil®} 7

S Zg dAAY AgE FAAIL deS
4% & At .

T B dFAE Ca*t inhibitordd YA
(NiCl,. 6H,0)¢} @eF (LaCl,. 7TH0)& o] &

st AHslGg o Ao g ofA A FAA
So) O xe G W Bue HA gRoy
Bae = (1991)0] A # 27)2-cell H] & o] &3}
in vitro 2-cell block& 283 A3 NiCl. 6H0
£ 10-20uM A3 A% EDTA (ethylenedia-
minetetraacetic acid) & X 2|3 A} e FE

7 A Rag i o
BoAFoAM o EW el diE Ao §

P RE2TH 2o RS E A e

m, ImMeo] %Eoﬂ*ﬂ% 78 %2 E¥L AEH3}

2 Byt =3 dA-dFAE BEA A
o Verapamll»} A 238 YER T U=
g dA ZAFLE AAANALH 1mMo A=
82%2 T2 JAE}E VYT ol YA
o] 0.1-1mMe] ¥ F=ZoAx ZFo AR
A AY £¥ Z¢ channele B335t
ZHgo] 713 S Wejse 2N JdRE H3HA 7
= A Oi *311'51‘_‘:}- ol go] YA FxF/}
o & AAHNY F7le B9 Ao &
9. “ﬂlxﬂi Zg3tn ASE FHL Ut

A #Zgd HE FAE sEE BEA4E UL
A1 v @dEEL ZE ionic radiuses 7 9
2R ZErg 52 4A7E Za(la’) A
EEWA Je ZE Agd Az dov
ZgRvde € rlddez FgaH, ofd F
ZANE ZES gy AP 2H 94Xl
A Zg olEH &S AL FHAY
W AE T A& cellular intergritye] toxic3t
&S nE £ vy FAFHAG (Weiss, 1974).
FEFE S FAMF dRAAM ZEo uptake ¥
efflux RFE =3t 27t 332 (Morrill
et al, 1980), Magaribuchi$ (1977) & @E}go]
guinea pig H &2 A Z <9 transmembrane

L

olr

3]
a4



influxg AR sdm B s v gl

E A7 2o o Ul Wz} 8 A 0.01mM
o @y FrdAe vz dHI A 2
el FAFH &g FUME Holi, 1mMe &
T e Uds g 22% AHEgle] Uy
e Ry YAF g %S Ve g
3+ Paleos® Powers (1981)= 0.5mM o4t
o] @Elg TRoA dAge] waA Essiu
ARkAQl toxicitydt FHEHE AdEode d%S
X7 gedtdeE Busta ¢ ow, De Felicis}
Siracusa (1982)= @ElgFo]l WA A T4
o] out-fluxs}y A& WA st sealing action
of olgd rRaIViFol I3 RuIYY &

Bae 422 B F 817 2 (Hagi-

wara & Byerly, 1981) W=x Az AU ZH
g e Ao gy Re FHEG.
E3 G-y A E BEFAdA s gk
A& SAFZe] dA=E] Ydeldon v&
7ol mE GREE gol YEldd. olh &
by X gate] Ade Qo] De Felici®} Sira-
cusa (1982)°] H¥ & ZAZ ety HeA )
FAel AAE B Ys] A EY Ats
w3 AFE-EE T 28 ImMe] el A
A8 HHEe] At G Eol AA
vl xe] of T At uj e 4to]
ol e WFolAMSt Fost Aole A

st e @4 o]l YAY S UTHE o

==
=
S
huy
bl

FE 7AA Fevde A0 st o
A sl 3lo] date] g R tiE)

AN goz & o AAT A7l desgw
Wz E.

whRp A & o3 5}

& o] Ag 9G¥ Fage g
ATEER ZFEFHo AT 2 48H FEA
o Walde ofA7AL HIatx o,
A AR ek o Efol el HEd A&
o thai M= AMEFH, Ao 2t Catt
channel, Ca™" pump ¥+ Ca'' receptor® %+
£-3t= calmoduline] 283 FAQE ZHoz
F&5Hm ol Ui A4t o AP ojor 5}
g A 4Ed.

ol

S
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=3
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