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Effects of Calcium Chelator on in vitro Fertilization of Rat Oocyte
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2 987 WA A4$A ol YoIA caleium chelator A 2jo] THE WAk 2 WAz te] B4 oiRo HA7 o] AR
3 oA T2E #3313, £33 ¢ 2 LAY dRALH Wz v TS DAY £37]7F calciumé] Q& 2ALE}
%t} Calcium chelator2= BAPTA/AM S Abg-8t 1 on, date] nlA 229 B A ee FAAAHuZ 2 FFa g FHU
7} AAY dAe A4 e HAukgd] o3 %"é% B A#Y (cortical granule envelope)o] #ZEH AL, calcium
chelator (1, 5, 10 uM BAPTA/AM) A2 $- ERui7t AAE dxte ALFA AT vhdrtA 2 oA s gto] #AF= Ak E3 A9
T4 T Az Azt vt JARYE & o dEEe S YIS $3 €2 calcium chelator A 2] (59.8, 38.1, 37.0%)0]
WZF (60.6%)0 ¥s) oo, GAALR L calcium chelator X 2l (45.0, 47.3, 50.9%)°] B2 (37.5%)°) ¥]8) F7Fat3oh.
Ao AFEERH AF A ¢34 AP Yo] FAEE AE BT, JANSol extracellular calciume] o]-&8-& & + AU}
T3 WA ¢ A3 free calcium FFo] £ FAG Q9102 FAg3he A o2 AFEHT.

ABSTRACT : In order to examine the effect of Ca’*-chelation on in vitro fertilization of rat zona-free oocyte, the formation of
cortical granule envelope (CGE) and the rate of fertilization related to monospermy and polyspermy were determined. The
ultrastructural characteristics of oocytes were observed with the scanning electron microscope and BAPTA /AM was
used for calcium-chelation. The CGE formed by cortical reaction was observed in zona-free oocyte inseminated in vitro and
it was also observed in the calcium chelator (1, 5, 10uM BAPTA /AM) treated zona-free oocytes inseminated in vitro. The
CGE developed according to incubation time, The fertilization rate was decreased in the calcium chelator-treated group
(59.8, 38.1, 37.0%) compared to the control group {(60.6%) but monospermy rate was increased in the calcium
chelator-treated group (45.0, 47.3, 50.9%) compared to control group (37.5%). The above results demonstrate that the
CGE is formed during fertilization in rat and the extracellular calcium is used in cortical reaction. Also the results suggest
that proper concentration of free calcium in oocyte acts as important factor in fertilization.
Key words : Calcium chelator, BAPTA/AM, Cortical granule envelope, Fertilization rate, Zona-free oocyte, IVF.

Aol dojA Pt Edhe BAAre 24, FH A
©] A}t (zona pellucida block), 4| E=e] A e] 2}¢t (plasma
membrane block) 28] WM EA A o] B9 Azl A
A%t 22 AR T FEAA ARFE Y AT dojd
o] B35 o] gk} (Yu and Wolf, 1981; Tatone et al., 1994).

=

IRFE TP B 39 FEAN UATE AxY

o
Ho} EA)sle Bu]A X (secretory vesicle)l ¥ 23
o)

(cortical granule) 3t Yok 45 AN 93}
H9 W& (exocytosis)2 FH S} A E= FHAA A=
44 (polyspermy) A& 98] Yad A0Z ¥y 9]
t} (Stewart-Savage and Bavister, 1988; Cherr et al., 1988).

FHU7L AAE A7 G X €223 1-oleoyl-2-
acetyl-sn-glycerol (OAG)E A2l w9 &4 (parthenoa-
ctivation)2 SR 718 AAJH A A Eo]A 9] e do
7 dAe] AR i A $H 24 oplgida B
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E At} (Tatone et al,, 1994). 3 A¥HS F A& o3 &
A48 NEE % FJA#HY (cortical granule envelope,
CGE)o°| ruthenium red2 I E AW+AE A, F2H,
FHUF e @x, i AGFFE A 9y 937
(perivitelline space, PVS)ollA] #&¥ 1 HIEHT (Da-
ndekar and Talbot, 1992; Dandekar et al., 1993).

1A 38 9 exocytosist A EW free calciume] F7}o]] ¢
3= whgolglye Ao Bt (Kline, 1988; Kline and
Kline, 1992). £5-F9] ojx FAe 3 A] thdka o wt
EAl free calcium o] (transient)E Yo 7o Wz ok
(Kline and Kline, 1992; Fissore and Robl, 1994; Keith et
al, 1995). AF 9t 2B o] FAHA A dA A Dojuh= Al
XU free calcium®] &7+ A XY AAILZREY vrEo)
U A et a8k Calcium channel$ 38 o] FojA|=
Rog 4 A gt} Fissore 5 (1992)& 49 wabo] InsP3
9} thimerosal®] B]M|F¢ & FAY calcium®] Z71E oF7)
& 3 Itk F2E A G calcium Ho]E v gA L
Z2HE calciumE AAE o) SA M, calcium Aojg ¥ &
= calcium 92 A8+ cobalt chloride®] #2]¢) 23
7ol BIHAUY (Igusa and Miyazaki, 1983). T3
Kline®} Kline (1992)-& A7) Wz}d] ¢l A calcium o]}
FAA 8] HE-A QI calcium A )= calcium ol 2]E3F o

= AL 23d9ow, £8 calcium chelatord] 1 uM
BAPTA/AME A 2| dxle] FA A HF7g e oF 30%
=7t ARES deSS Bt o E A
free calcium F7te AZ-dA 3ol o3 op7|=n, o]#
HFELFI Y AeEE AN, HA454Y 4E agx
date] G438 dovle AR U A gk

a3z B A3 e F8U7t AAE g4 calcium
chelatordl BAPTA/AMS #2)8t & wd3g ueo) &2
¢} ¥Z Y7 (CGE)S] FAARE FAAAENH o2 3
233, =3 calcium chelator X 2o] @& £4& 2 @3
AR dAALA NEE A8k £ calciume] ¥
& s sAd

ME L

Lo 2tee 3 HeeH

A% 269 % Sprague-Dawley strain®] 32 974 20 [U
9] pregnant mare’s serum gonadotropin (PMSG, Sigma)<
E7FALEIAL, 46~48A] 749 20 TU human chorionic gona-
dotropin (hCG, Sigma)g B7Z=Alsle] Fujee SEa%

DR

th. hCG FAF 3 15~16 A7} AFHI2 =43ty 3
T gou FAnAFsAN FIHY IFF Eo 30
gauge needleS AYsted M2 Wk (modified Krebs-
Ringer bicarbonate solution) 0.5 ml& o] Rojulzle W
Hoz AQet FFAEE 0.1% hyaluronidase (Sigma)S
At AARHIL, M2 sjFAo 2 A4 T FHYE A
A’t7) 8] 0.5% pronased] 1%7F %2 3 mouth-con-
trolled glass pipetteS A48 £ E A A3ttt

e Had 7Y FA34 (cauda epidydimis)E o
ol @Yz} AP2AE AASL, WiFYo] &7 FAl ¥
o AAAE WEAA 717 3718 THEE 37T F7
oA 3087 A s FAHE EAAZT. AR 9 4
% 4% bovine serum albumin (BSA)L &3l M16 vk
do] A 5% COvt EFE 5713 3718 Td¢E 37T
ge7] el M 242 ¢ W gite 3 5EHY5S fFrEdt
Aot e wlgA e AL-3l7] Aol millipore filter (pore
size, 0.22 ym)Z HF&GY, 2A7]TE 15 boA 2087¢
IE A 180Tl A 2087 A EE A8k

2. Calcium Chelator X{2|

g7t AA"Y ¢A (zona-free oocyte)= calcium
chelator¢] BAPTA/AM (Molecular Probes)o] 2}z 1, 5, 10
uME &3 d M2 ujgdel] &4 ¥ F paraffin oil drop
methodZ 5% COJF EFd 717 2718 FF8E 37C
gre7] WolA 3027 vjgslsith. BAPTA/AME ImME
dimethylsulfoxide (DMSO, Sigma)e] 83JA]#H stock sol-
ution® 2 HAF T/ ARG o] M2 v gl 0.2 3|4 3to] A}
&3t = A3 FY& £Z3] 3 Pluronic
F-127 (Molecular Probes)& DMSO9) 25% (wiw)Z &3]3
% BAPTA/AM loading Al9l] 1 plf mlE wjFe el 3 7}sled
AH28 T W £ calcium chelatorS A7FetA] & M2
vl oz 53] 43 M16 v % (modified Krebs-Ringer
bicarbonate solution)ol] 15~207}2] YA}E Po] £4%Y
< Y5 AR} A A A AT

3. FAMR B0 B

FHU7E AAE ¢ AAFR ] 2 dA; Alxete
u M7z WEE FAPARED]T (scanning electron mi-
croscope, SEM) 2. 2 #3st .

AT AZF 1083 A7 e GRS A FH s M16 v)
Ao B AAE AASFYIE, 0.IM sodium caco-
dylate buffer (pH 7.4)2 FAF FY buffer2 343 2.5%
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glutaraldehyde §-H 0 2 4Co|A 15A)7F B¢ 2454
Cacodylate buffer2 4] ¥ poly-I-lysine& HIE coverslip
el FAE oA &F series (50, 70, 80, 90, 95, 100%)2
Zkzb 1584 DA F 02 g3 A, isoamyl acetate 155
A 33 X3S oL YAH A=7] (critical point dryer,
Hitachi HCP-2)¢ A liquid CO.2 AZA7] & 2o 2 I
&tod FALHAE U7 (Hitachi, S-570) 0.8 $&3 4,

I~

SH S{A]

=

4'xl_1-‘l oo E
R AAD WA FHE 2 BARSAH B8R
F39 MES 23] A ASE AF 3D ol

M16 s FY o2 HE FAE AH3S AR HAE AA
&3 &etol= Fak Yo &7 F, cover glass®) ¥l A 50
o paraffin/wax EFAO 2 AAYE AL F dA7) o|F
A Y= SEpol= 2 Yo XA H T 23 1F
o (acetic acid:ethyl alcohol, 1:3)e]|A 1A17F 24 &5 ).
IAE FAE 1% aceto orceinol|A] 2087+ GA 37 94
A}@u} 7 (Leitz, Laborux 2)3toll A A PA o5 323}
k.

i FE G2 FEAE #ES AN A%
2693 Sprague-Dawley strain®] ## o) dlzze 4
IU, e 20 TU PMSG (Sigma)E E7} FAlsaL,
46~48A17F Fo] IZZE 4 IU, 3 BEL 20 IU hCG
(Sigma)& E7} FALslY wjde fEatgich @AY 1A
2 G2 AP FF P B ST g
Y FEE FAE #E BAE metaphase[ 2 7331Q
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3, metaphase I & G A7} A=W HA Q&= AHE 7}
A3 B3 o, anaphase I G A ¥3 ESAE 2
FEAAA 7 A A=E JHA 3 BA A}

AHL 4~53] o)A yrEsIgon AL gE Student’s
ttest® $A F4e AAsQG.

2 o

1. L& glet s

FEUE AAY BAY A £3F G g FAs
9 &89 g3 FHE A2HYgo) FFIAY. £3
Fo etz Hshs v ATY ¢ 2 (Fig. D9} vl2
3 & W 4sA BAAYete] Ao R (Fig. 2-3).
7t AAE G FAHA QYA oA, 3
z7] (0)de Hdg Yo vAgEsr g7k FEEY
(Fig. 2A), FR3F7 GAIZW7 8 42 ndlgx7t AY B
o]Z gon, MFAAYYY] FHo] v APHE o=
Uebgton, A 2 A7t ettt (Fig. 2B). EH7t A A
H @A calcium chelator?] BAPTA/AM (1, 5, 10 uM)-&
AT Fo AGeH FF A5 2 A $3
(Fig. 2)3} 8 Zoldo] AR 43t} (Fig. 3). 32
calcium chelator] BAPTA/AM A& RS04 WA
e FAHA, A7 HF3 Y] 23y 9o e
AR 4 (polarity) FA -9t H =R Ho) I
o] Yebxt o (Fig. 2-3D), 10 uM ] BAPTA/AM 3 ]|
ANe SAo] #&HR gt} (Fig. 3F).

Fig. 1. Scanning electron micrographs of the unfertilized rat zona-free oocytes. (A) Immature oocyte. (B) Matured
oocyte. Surface of the unfertilized oocyte membrane is covered uniformly with microvilli, PB=polar body.
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Fig. 2. Scanning electron micrographs of rat zona-free oocytes inseminated in vitro. Oocytes were fixed at 10 minutes
(A) and 3 hours (B) after insemination. Surface of oocyte membrane appears to be surrounded by thin cortical granule envel-
ope (arrows). FPB=first polar body. SPB=second polar body.

e BAE A A3, aceto-orcein® 2 P sta] AYFHA
2. TNEN CEAE U & #FF A= Table 19] Yepl T Q2294 38
FRU7t AAE G AYFA F A0 SRS B < 60.6%2 JERES, BAZFA (monospermy, 37.5%)E.

Table 1. Effect of calcium chelator (BAPTA/AM) on fertilization rate of zona pellucida removed rat oocytes in vitro.

Treatment No. of P(.er.centage of Percentage of Percentage of
observed oocytes fertilized oocytes* monospermy polyspermy
Control 104 60.6 3.8 37.5+18.8 62.5+18.1
BAPTA /AM(1uM) 152 59.8 £9.2 45.0+13.8 55.0 £ 13.8
BAPTA /AM(5uM) 160 38.1+£7.5 47.3+ 16.4 52.7£16.12
BAPTA /AM(10uM) 173 37.0+£9.8 50.9+14.2¢ 49.1 £15.3°

Rats were superovulated by intraperitoneal injection of pregnant mare’s serum gonadotropin(20 1U), followed by human chorionic
gonadotropin(20 1U) after 48 hours. Qocytes were fixed at 3 hours after insemination in vitro,
In conrol group, zona pellucida of rat oocytes were removed and then inseminated in vitro.
In experimental groups, the zona pellucida removed rat oocytes were treated with BAPTA /AM(L, 5, 10 #M) for 30 minutes and then
inseminated in vitro.

* Percentage of fertilized oocyte which obtained after in vitro insemination,
The values represents the percentage + SEM. a: P<0,05.

Table 2. Effect of gonadotropin on the nuclear maturation of the ovulated oocytes in rat

No, of Nuclear stage of meiosis(%)*
Treatment examined
oocytes* Metaphase I Anaphase 1 Metaphase 1I Undetermined
4 IU Gonadotropin 117 23.1+5.1 271417 47.0+7.7 34+26
20 IU Gonadotropin 271 40.2 £1.5° 15.1+£0.4° 39.8 £2.6° 48+18

Rats were superovulated by intraperitoneal injection of pregnant mare’s serum gonadotropin (PMSG), followed with human chorionic
gonadotropin (hCG) after 48 hours.

* Number of examined oocytes were obtained after 15~16 hours post-injection of hCG.

** Nuclear maturation of rat oocytes ovulated by injection of gonadotropin.
The values represents the percentage + SEM. a: P<0.05
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Fig. 3. Scanning electron micrographs of rat zona-free oocytes treated with 1 uM (A-B), 5 uM (C-D) and 10 ;M (E-F)
BAPTA/AM for 30 minutes and then inseminated in vitro. Oocytes were fixed at 10 minutes (A, C, E) and 3 hours (B, D, F)
after insemination, Surface of oocyte membrane appears to be surrounded by thin cortical granule envelope.
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th= A=A (polyspermy, 62.5%)0] Zo] Aottt 1 u
M BAPTA/AM A2 e 2zt vIxd +4& (59.

8%)& UEMIAY, dARATY (45.0%)Et BBAFA

(55.0%)°] EA JEFTE 5 uM BAPTA/AM A2 Zo A&
2z 1ok 84 3 238 (38.1%)S veh iz (P<O0.
05), BARFA (47.3%) 2ot R AH(52.7%)0] A Y
il 10 uM BAPTA/AM HE F M & U2FHT} @
F3E (37.0%)& JeMAZ (P<0.05), dAALH (50.
9%)3 HAAFA (49.1%)0] ¥lxstA UEsTth FFH L
2 B g g|2FEt} BAPTA/AM A #o] 38L& Yol
Aou ¢AASFA v &L FolAl= A0 E YENT

3. thEhiixle] M

AN EAFEEEA I3 FRBE WAES 4T3 BS
ol PASUAE EAT ALE RAFT e} (Table
2). 4108) AHEATS2 R o) WP UAF IAE
Z+= A48 metaphasell dAle 47.0%2 JYERE, 20
IUZ H2d a2l E 39.8%2 4 [UZRT B U
Yy} (P<0.05). b0 njAd4d metaphase I @A} 4
U] A2 2AFEEE o wjdzANE 23.1%F e}
WAoo, 20 U9} W@ o)A e 40.2%2 Yeh} 41UZ R
o v B& nds dAph wgdsHe A0E JERt
(P<0.05).

&

K

THEEY WA £AHWE dxy 438y REE
gdure, AR A, A 234 A, Ay BF
a8y ABYPAF -2 - whgo] Yot} (Whitaker
and Patel, 1990; Kline and Kline, 1992). ©]& 3 ur-¢-& 3
Ze] A5 8 HEEHE dAY free calcium FE9] F7]
2l F7tell o) Al2EH, A Az e caleium FE F
77 A4ddx 2y HAY (Kline and Kline, 1992;
Fissore et al., 1992). ©] &} 3} free calciume protein kinaset}
phosphataseZ %3] #8314 5™ (Whalley et al.,, 1991),
w3 A . 2HF 0= exocytosisd] HAHE THE ¢S
o g m XA Hr} (Jackson and Modern, 1990;
Lawrence et al., 1998). Calcium &}3F¢] W3l exocytosisE
Z 43} protein kinase C2] Ao AFEG AF 9} 7
FadA BRaEAt (Colonna et al, 1989; Bement and
Capco, 1990). 3243 3o FAH A 2 =2 ruthenium
red2 YA AFHE B, F2E, FHYF] @A 2

RO

PEERR

A3 AL d Aty Aol F2E o (Dan-
dekar and Talbot, 1992; Dandekar et al., 1993).

2 43 Ao Fyuizt AA" 83 dAe] ZAE
FAF G HA7Ye FAo] FAHUT (Fig. 2). &
8 3219 calcium chelator (BAPTA/AM)E 2|3t 39 4
AN E Aol vl A E bt (Fig. 3). ol
3 At ERAAEEZAF F£ (Dandekar and Talbot,
1992), 8% d87t FAD lecting A3t HEAAY A&
Eo] 4AS 53 23T A, 47, Y289 EXE (Du-
cibella et al., 1990a, b; Tombes et al., 1992; Ducibella and
Buetow, 1994; Ducibella et al., 1994; Tatone et al., 1994)}
At giok. B AP FAAAEAS 32 A5 7Y F
YAE AAYee o|F Az AY L ALY 7 e
TFZ2 Hof lov, HAAYY FAHF AL FAEL
T E o] REH<] vl 5 o] FFE Bol FAHS]
of gagt vute] njAgree] AFE AdE YU A
A LS & F AA oA ARANAA T2 Y
Z2 234 AR YA E 53 G SF0 gt
B 2A} B F AL AR A7 qustd dAY
A9 F < A it T g5 AP At H
AAPute] ¥2E AAE AL TFATE LFE ¥
g+ 371 gl

Calcium chelator A2 & 3 5 calcium-free ] %ol A
wzte] 848 33 dTdAE HAgo] dojuA &
oty B s} (Kline and Kline, 1992; Tombes et al.,
1992). 28 B A3 ABdrE calcium chelatorQl
BAPTA/AME A& 8 GAlE calcium-& 853l 7] 289k
Aol A vl A A ukgo] dojuktt (Fig. 3A, B). F2E 9
A calcium AolE WYY L ZRE calciumE AAL | F
21 =¥, calcium A 0] H¥lE = caleium 98 A3 co-
balt chlorided] Halo] oa) 7tAaHol HyHAT (Igusa
and Miyazaki, 1983). Kline3} Kline (1992)-& AF ] o] A
calcium A o] (transient)= A EL A calcium Yo o1&
Holgty Ry} o]t HIES IHT W £ 4§
BAPTA/AM HzlZolA dzgete] JAFL wjgdy
calciumo] FA 2 Ao} HALS o3 dojid Z o
2 AIRET

£ A9 dizddA FHUs AALD G £ 80
60.6%2 W& X5 Yl (Table 1), o] A& Huf
¥ wate] 4<% (Table 2) AE9 G#Ao] Q) Z A
BEHT F A eFA oA dape] s WEE AR 5
£ °]R& PMSGY] 9% & F749 wole A

o

e
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HE fresty, A4 dEX2HEHE EL =37 fE
o] Yzte] A9l At dojdtt= BF (Yun et al, 1987;
Opavsky and Armstrong, 1989)2 Ho} o]H g YA 93
FREOl WA Jeid 2oz AZE. 4 nAsda
(germinal vesicle-metaphase I oocyte)?] 527§ Wg-& A
SPHE g9y TR doud, AsddA B 3le
9 A uk-$-& metaphase I -metaphase I Bz}e) 4] aksirls
Aol B 2HATt (Ducibella and Buetow, 1994). E3} 5
oA Tzte] A RN detEdze] mARY o)Fe
A s Tl dojto] B E YTt (Wang et al., 1997). &
AgoA F2 &S 5 22 Fuj#g dAE ALY
71 qEd plds GAZ Qs £FE0] 9 Fe Aoz
A zt=H, calcium chelator X 2]2¢14] BAPTA/AMS] ]
ol v £ &0l gAste APYAo] FFL 1)
Aoz AzkEn. #3A ¢ 718 caleium Ho)7}
%2792} (maturation promoting factor)E 43147
A EQHA 8L a9l (cyto-static factor)?] A& A& 7+
TEE AN, 82 WP 283 AYFAR S A FEA I
I TN BIHAeH (Kline, 1988), ¥HEH3 cal-
cum F7h= FrEd AN SE9 AP AVE =
A% 4 dthe B3 (Vitullo and Ozil, 1992)E g o
2 A¥A3}= calcium chelatord)] 28] 389 FFE )
A AL Bzhgr,

2 48243 FYust AAR b £34 o A
3 BAPTA/AM A2 BS54 ko] doi} v A3}
Hho| ¥45 3tk BAPTA/AM X2l oA 34 3¢ eto)
FE AL vgN Y calciumo] YA 2 G = o] WAt
€& 4o Ao g, HAWEE XY calcium Bgto] o}
Yzt A 2999 calciumo = &5 = WHgol2tz Algd
t}. Calcium chelator A2]7} $4-& 9 GAAFEAY g
u X GFe glo1M, BAPTA/AM A2 5& Z7d] we}
TAEE FosAW 9N UEE vg A Frt5o)
et o|& calcium chelator #2520 BlesiA] YAt
U calcium ion =7} A 815 3L 0] 2218} sperm penetration
o] FF& Wol GAAFA N Aoy e &
AT NEE 718k o2 AtgHY, vy 9] 33
g calcium FE=7} £ 8 QAU RoZ AlRHL.
ol #g 71FE Yo o ArHolo & Ao AlgH
.

By

()

(A4

Effects of Calcium Chelator on Rat Fertilization 27

(=]
BE

rok

Bement WM, Capco DG (1990) Protein kinase C acts
downstream of calcium at entry into the first mitotic
intérphase of Xenopus laevis. Cell Reg 1. 315-326.

Cherr GN, Drobnis EZ, Katz DF (1988) Localization of
cortical granule constituents before and after exocytosis
in the hamster egg. J Exp Zool 246: 81-93.

Colonna R, Tatone C, Malgaroli A, Eusebi F, Mangia F
(1989) Effects of protein kinase C stimulation and free
Ca* rise in mammalian egg activation. Gamete Res 24:
171-183.

Dandekar P, Mate K, Talbot P (1993) A cortical granule
envelope forms in the perivitelline space of marsupial
oocytes. Mol Biol Cell Suppl 4:141a.

Dandekar P, Talbot P (1992) Perivitelline space of mam-
malian oocytes: Extracellular matrix of unfertilized
oocytes and formation of a cortical granule envelope
following fertilization. Mol Reprod Dev 31: 135-143.

Ducibella T, Buetow J (1994) Competence to undergo nor-
mal, fertilization-induced cortical activation develops
after metaphase I of meiosis in mouse oocytes. Dev
Biol 165: 95-104.

Ducibella T, Duffy P, Buetow J (1994) Quantification and
localization of cortical granules during oogenesis in the
mouse. Biol Reprod 50: 467-473.

Ducibella T, Duffy P, Reindollar R, Su B (1990a) Changes
in the distribution of mouse oocyte cortical granules
and ability to undergo the cortical reaction during
gonadotropin-stimulated meiotic maturation and aging
in vivo. Biol Reprod 43: 870-876.

Ducibella T, Kurasawa S, Ranharajan S, Kopf GS, Schultz
RM (1990b) Precocious loss of cortical granules during
mouse oocytes meiotic maturation and correlation with
an egg-induced modification of the zona pellucida. Dev
Biol 137: 46-55.

Fissore RA, Robl JM (1994) Mechanism of calcium
oscillations in fertilized rabbit eggs. Dev Biol 166:
634-642.

Fissore RA, Dobrinsky JR, Balise JJ, Duby RT, Robl IM

' (1992) Patterns of intracellular Ca?* concentrations in



2 g7t - 29 - A4 - 0197] - 02

fertilized bovine eggs. Biol Reprod 47: 960-969.

Igusa Y, Miyazaki S (1983) Effects of altered extracellular
and intracellular calcium concentration on hyper-
polarizing responses of the hamster egg. J Physiol 340:
611-632.

Jackson RC, Modern PA (1990) N-ethylmaleimide-sensitive
proteins involved in cortical exocytosis in the sea ur-
chin egg: Localization to both cortical vesicles and
plasma membrane. J Cell Sci 96: 313-321.

Keith TJ, John C, Julie AM, David GW, Tomohiro K
(1995) Repetitive sperm-induced Ca’* transient in
mouse oocytes are cell cycle dependent. Development
121: 3259-3266.

Kline D (1988) Calcium-dependent events at fertilization in
the frog egg : Injection of a calcium buffer blocks ion
channel opening, exocytosis and formation of pronu-
clei. Dev Biol 126: 346-361.

Kline D, Kline J (1992) Repetitive calcium transients and
the role of calcium in exocytosis and cell cycle acti-
vation in the mouse egg. Dev Biol 149: 80-89.

Lawrence Y, Ozl JP, Swann K (1998) The effects of a Ca**
chelator and heavy-metal-ion chelators upon Ca’
oscillations and activation at fertilization in mouse eggs
suggest a role for repetitive Ca** increases. Biochemical
1335 (2): 335-342

Opavsky MA, Amstrong DT (1989) Effects of luteinizing
hormone on superovulatory and steroidogenic response
of rat ovaries to infusion with follicle stimulating hor-
mone. Biol Reprod 40: 15-25.

Stewart-Savage J, Bavister BD (1988) A cell surface block

DPERE

to polyspermy occurs in golden hamster eggs. Dev Biol
128: 150-157.

Tatone C, Van Eekelen CG, Colonna R (1994) Plasma
membrane block to sperm entry occurs in mouse eggs
upon parthenogenetic activation. Mol Reprod Dev 38:
200-208.

Tombes RM, Simerly C, Borisy GG, Schatten G (1992)
Meiosis, egg activation, and nuclear envelope break-
down are differentially reliant on Ca**, whereas germi-
nal vesicle breakdown is Ca**-independent in the
mouse oocyte. J Cell Biol 117: 799-811.

Vitullo AD, Ozil JP (1992) Repetitive calcium stimuli drive
meiotic resumption and pronuclear development during
mouse oocyte activation. Dev Biol 151: 128-136.

Wang WH, Sun QY, Hosoe M, Shioya Y, Day BN (1997)
Quantified analysis of cortical granule distribution and
exocytosis of porcine oocyte during meiotic maturation
and activation. Biol Reprod 56: 1376-1382

Whalley T, Crossley I, Whitaker M (1991) Phosphoprotein
inhibition of calcium-stimulated exocytosis in sea ur-
chin eggs. J Cell Biol 113: 769-778.

Whitaker MJ, Patel R (1990) Calcium and cell cycle con-
trol. Development 108: 525-542

Yu SF, Wolf DP (1981) Polyspermic mouse eggs can dis-
pose of supernumerary sperm. Dev Biol 82: 203-210.

Yun YW, Yuen HB, Moon YS (1987) Effects of an
antiandrogen, flutamide on oocyte quality and embryo
development in rat superovulated with pregnant mare’s
serum gonadotropin. Biol Reprod 39: 279-286.



