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The Development of Early Mouse Embryos Depend on Ca®* Concentration
Jung-Sook Yang, In-Ha Bae

Department of Biology, College of Natural Science, Sungshin Women's University

Objective: This study was to determine the effect of different concentration of calcium in
medium on the preimplantational development of zygotes and early 2-cell embryos.

Methods: Female mice of ICR strain (5~8 weeks old) were superovulated and mated with
fertile males. Zygotes or early 2-cell embryos were collected by flushing the oviducts 31~32
hours after hCG injection. The embryos were cultured in various concentrations of Ca™ in
medium or with EDTA, EGTA and Ni*".

Result and Conclusion: Treatment of high concentraion of Ca** (3.42 mM (2X)~17.1 mM
(10X)) in medium didn't develop well compared to the control. Low concentrations of Ca™ (0.214
mM (1/8X)~0.855 mM (1/2X)) were deterimental to development beyond 2-cell stage. EDTA,
Ca’" chelating agent was treated with ranged concentrations of EDTA (0.014 mM~0.107 mM)
to medium contaning 1.71 mM Ca®*" showed beneficial effect to development to blastocyst
compared to the control. EGTA, extracellular Ca** chelator, was treated with ranged concentrations
of EGTA (0.014~0.107 mM) to the medium contaning 1.71 mM Ca®". There is no significant
difference with the control. Ni** (50 uM), T-type Ca**-channel blocker was treated to medium
contaning low concentration of Ca®*. It overcame 2-cell block significantly. Rate of degenerated
embryos decreased and developmental rate to morula and blastocyst increased more than low Ca™
concentration alone. Further studies are needed for the overcoming effect of 2-cell block by Ni*".

Key Words: Early 2-cell mouse embryo, Ca**, EDTA, EGTA, Ni**

A7 el FAY (zygote)S A &) vl % (In Vitro cul- Al kol o] Fe AFEo] YAA T, 2-cell
ture)A] ZHAHA Q] ) 7] (blastocyst stage)7HA] blocke] 3 28k 49l ofA us x| 1 3lA] gt
AsA] Bata 24 7)o SAdo] AR = o] H 3} Whittingham* S BF FHEE W@ 0|23}
gie}! o) o} Zo] A E F 24 E7] oA AEE oz 3ol wAl-2 B 3, Muggleton-
o] AA &= AAE 2-cell block' ¢] &bz 3= 2 Harris 5°-& 2-cell block2 ®o|A] & AFe ¢ °
o) AL AF el AFel wet x}o] 7} 2l Biggers® el A 24 & 2-cell blocks Hol= AF2| Al
= W9 hybridZ (B6AF1, B6D22F-1)¢} =% 7| EAd| vlAF (microinjection)s o2 2-cell
(inbred strain, C3H)2] <=73e] ) 9] vj oA Zulf blocke] ZEE L B A EA ] 2-cell blocks =
7129 wAo] 30~60%¢°] o] =1} t} & A (C57, BA7e 849 FE§ mRNAZL EA)3dn B
DBAS} Swiss mice)= 0~8%0] Exslctn B 23tHh o] AL McLaren®o] B3 B7 % 3ol

3t th. o] ] g 2-cell blockg F&3}7] ¢ 3+ o] 8t 2-cell block &4l & = slw Yok
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19773 Abramczuk 5 ICR7| 47 +& EDTA
(ethylenediaminetetraacetic acid) 10.8 pMo] E3+€
Whitten's ¥} Fofj o] wj ¥ ol Euf7]74A] 9] &
A Eo] =T 15~30%°] ¥l 70%2] & u) 2
A& Bgh 18 2 Suzuki 552 2-cell blockS
Hole 47 54 de] Al£2 ] 108 pMe| EDTA
7h e Mg & v AFAF22H 92%9] 4
A E7] o] Fe] AP EL Bg o, Fissore 5°
< EDTAV} 348 vl %S 9137 (perivitelline
space)°l] B A ¢l 3te] v TS F=3HA -

FH, AZARE Ca™e YAHQ F7F AR
e AT ate] Fo 2AFLS HTY B
ol 2 £ de) 27 HA[H L FIA
T dF As 913, Ca* ionophore?l A
23187 & ethanol & AF&-3ta] A X Ca™ol &
77 Dejvbd 43 w2 Al (pre and peri-im-
plantatation)o] Z7H8the W37} Sick. 2,
A F] Ca*o] #3}l3HE (Ca™ chelator)?] 1,2-bis
(2-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid-
acetoxymethyl ester (BAPTA-AM)Z A}&-3 wf io-
nophoreo] 2)&) =5 %E Ca®* A& A A (Ca™*-
signaling)7} A g =|o] FujP o] s EAOR
(dose dependent) Z}A 8t Th " o] 2 A E)
Ca®** 21 54| A (Ca’-signaling)= Ca™* Fxol] 2| &
e, AF ] Ao BYA| A ELL F2T
gL e AL ¢ U

=g, B $AH G 27) 24 Fu)E Cao]
£ vkl 4841t MG F 25 H3}3te v
. 7] 24 Eu & Ca’to] A A" wj gl
e 7R o] 7Hed HoF Hol 27] 2
AE7)6] Dot 2-cell blocke Ca™*3} FA 7}
Atk ¥eiRoh?

Bac9} Park2& 7] 24 ZH] =S Ca™*o] £A)8}
A K WG e ZTFALAE 0%E AL,
1.71 mMe] Ca™o] l& Wi gl e Eujd 4
& 38%% 29l ul{, 342 mM, 8.55 mMZ Fk&
€ w5 MiFelX e B E) 47 34%, 3T%=
W AE 2% C* FEE EAxE IIAHE
o] F7tstA] gttt old FEL T E o
2-cell block-& Ca*'3} F#o] g1 & Aoz 713 H
t}. wabAd, B AP0 M 2-cell blocke] Yofrt
£ AF 9 £33 24 Z8) & o /1A F=2
Ca**o] A2l ® M FHol A H) ¥t Tt Ca™ che-
lator¢] EDTAS} =Th2 ulj kel W] Ca* chelator)
EGTA (ethyleneglycol-bis(B-aminoethyl ether)N,N'-

tetraacetic acid)& Ca’*o] Z=A) st vl Fd ol A 1)
okslsith. Ca®* channel blocker=A] 24| Eujj 2] 2-
cell blockS ZE A7 Ni¥' & AF e Ca¥o] &
Aste v Fo] Helstad A7 FHG R 27
24| o] WA o] v X = Ca™*e] HT-L Yolr
27t gk

L PO T
1. A7 o

B Ao e B9 ¢717F =4 (14713
104305 € AN A48 AF 5~8%2)
Swiss albino®] ICR A E2] <A I} A F 12+ o
Ad=o] A=) e RS AEst o

Az o7l o] H7ke) 5 IU (international unit)2)
pregnant mare's serum gonadotropin (PMSG, Sigma)
} human chorionic gonadotropin (hCG, Sigma)<
0.9%9] el APl 5o 47/ A= F
Absled ol & (superovulation)S F-=3F & 3
3} FAA A T okl WA (vaginal plug)
o] &Ql¥ ¢#H -2 hCG FA & 31~32A 3l 7
2 ez £AY ¥ F= B A2sd T
7he]l A3 (pronucleus) =& F 7§ =4 (polar
body)Z 714 333} A735HA Bele 7] 2
A X E s e F .o @e} 0.1% hyalu-
ronidase (Sigma)E A}-&£3te 3?2 mucin 4

B3} G 3 (cumulus cell) S 4] A &% o}
2. A3 ey

1) B U

38 AF FE G 27] 24 X W FAH
A] (Falcon, 3002)c]] 40 ple] wjjoFol-& A& 72
o] gtio] BtE ¥ 1t B ¥ equilibriated
mineral oil (Sigma)Z @At} | & 37CTE FA
Bt 5%2] COx8t 95% &7]17F FF= 1 100%<]
FE7F KA FH = 7ol ¥ol 34t T FE
Al F ufj gl AHg-SFA

2) B lnt He| =2

RE A3l AHSE v FH-& MHBS (modified
Hank's balanced salts solution)*& thA] Z7e}od
o= New MHBSE A}-£35}9) 31 New MHBSS] =
AL o33 2o

NaCl (98.7 mM), KCI (5.3655 mM), MgSO4
(0.8118 mM), Na,HPOs (0.3358 mM), KH;POq4
(0.1533 mM), glucose (5.551 mM), phenol red (10
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Table 1. Effects of high concentrations of Ca”* in medium on the development of zygotes and early 2-cell

mouse embryos to morula and blastocyst”

Conc. of  Total No. of No. of developed embryos (%)

Ca” (mM)  embryos 2C MO BL DEG
1.71 73 14 (19.1) 20 (27.4) 10 (13.7) 2 (27) 27 (37.0)
342 76 20 (26.3) 19 (25.0) 9 (11.8) 0 (0.0) 28 (36.8)
6.84 70 22 (31.4) 15 (21.4) 7 (10.0) 0 (0.0) 26 (37.1)
13.68 75 11 (14.7) 25 (33.3) 7 (9.3) 3 (4.0) 29 (38.7)
171 73 11 (15.1) 15 (20.5) 8 (11.0) 0 (0.0) 39 (53.4)

The results were obtained by seven replicates. *; 72hr culture
mg/1), penicillin-G (100 units/ml), streptomycin (52
mg/l) 5-& 104 ] stock solution© & Z¥] 8} 3 £ o}

CaCl; (1.71 mM), Na-lactate (2.5 mM), Na-pyruvate
(0.33 mM) 52 z}z} 1008) 2] stock solutiono =
] 5t} AFE313 21, 0.4% bovine serum albu-
min (BSA)2} NaHCO: (25 mM)= AHE- Z Aol =
o AH&-3sh

#j ol & A & 278mOsm~280mOsm™ £ =
% 3} a1 (uOsmette, Mass, US.A.) pH 7.32.2 &3
sted o 2} | (Millipore, 0.45 pm) 5153 o}

A2 BE C* $EF e 479 W)
ALEol9 278mOsm~280mOsmE 37| ¢ 5o
NaClz} KCle] ko = A5t

# 2] &3 (NiCl; - 6H,0, M.W. 237.7, Sigma;
Ethylenediaminetetraacetic acid (EDTA), M.W. 336.2,
Sigma)& 2| ¥ FEEZ FTFF 59 1008
9] stock solutionS 5ol WHEHE B slH o,
ethyleneglycol-bis(B-aminoethyl ether)N,N'-tetraacet-
ic acid (EGTA) (M.W. 380.4, Sigma)+ stock solu-
tionZ AFR3L%] &1 | FHE S5 E A
o wjFolo] A7eshsAc

3) o] B

B3 A3 24 X F Futo] A3 M EA 0]
Fra FAH0 AL 24 X2 st 3 3%
| ~8A] £ ]|, 48] (morula; MO)2} FEu) (blasto-
cyst; BL), 22]1 M EZo] EEHAY JE71 §
A A 9 v FAFAHA A vF4HQA A
(fragmentation)-2- ¥ 2] E| &} (degeneration; DEG)=
L A

T EE

fxzd Age EAAH 5942 spss/pe’
(version 3.0)-2- ©]-83}a] student t-testZ 3} T}
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1. =T Ca™o| &2|E sjeoio] AMF £=X
o W E7| 24 m o] Yol o|xE S

&2} ol g afoj= HolA| kAR B
T ARTAAN TS FAE8A 7 F2 ]
£ (4%)& B (p>0.05). T o] BA = o 24
oS FAEL Y B &S 3.42 mM (2X), 6.84
mM (4X) 2 & Fol| A 26.3%, 31.4%= JeRf o] of
F39) 191% B} £k, 3~84 En), A,
FojollMe] v gL txFRo 2tz %A Ye
kot (Table 1).

2. §sT Ca®o| HalE sjgtelo] M3 43
ch ol 7| 24|z 8l waol o|xE ¥

Ul xwe H3&e 37.5%< ¥ 0.855 mM
(1/2X), 0.428 mM (1/4X), 0.214 mM (1/8X) A & 3
& 7}7} 48.4%, 48.4%, 51.7%2] B34S B}
T3 BE Ag el A4u) F4de] 10% vl
< B, FulEA L Holx Zo} ujiAd =
54 st 228 AL & AAT (Figure 1).

3. EDTAZ H2/3t hool 437 +Hct ©
27| 24 Z el Lol ojxIE Y

0.014 mM AP ZL hZTFH f2F 2}o]s}
21212 2k (p>0.05), 0.027 mM, 0.054 mM, 0.107
mM 2879 H3&L tFF2 40.3%¢] v
38.6%, 27.5%, 31.4%2A W27 Bt} Yo} 2-cell
block S8 &37} 9l Ao By RE 4
oA G - o] A &) d=2T 9.7%
o W& 23.9~557%2A L ¥ &L YL &



Table 2. Effects of various concentrations of Na,-EDTA in medium on the development of zygotes and early
2-cell mouse embryos to morula and blastocyst”

ofcg?)":i‘A Total No. No. of developed embryos (%) Pl
(mM) of embryos 2C 3~8C MO BL DEG control
0 72 15 (208) 21 (29.2) 5 (6.9) 2 (2.8) 29 (40.3)
0.014 7 4 (56) 17 (239) 10 (14.1) 7 (9.9) 33 (46.5)
0.027 70 0 (0.0) 12 (17.1) 13 (186) 18 (25.7) 27 (386)  <0.05
0.054 69 0 (0.0) 16 (23.1) 12 (174) 22 (31.9) 19 (275) <0.05
0.107 70 0 (0.0) 9 (129) 13 (186) 26 (37.1) 22 (314)  <0.05

The results were obtained by six replicates. p<0.05; Significantly differs from the control (0 mM EDTA).
*: 72hr culture

Table 3. Effects of various concentrations of EGTA in medium on the development of zygotes and early 2-cell
mouse embryos to morula and blastocyst®

S ol Total No. of No. of developed embryos (%)

EGTA (mM) embryos 2C 3~8C MO BL DEG
0 72 17 (23.6) 18 (25.0) 5 (6.9) 2 (2.8) 30 (41.7)
0.014 73 16 (21.9) 13 (17.8) 4 (5.5) 6 (8.2) 34 (46.6)
0.027 68 10 (14.7) 26 (38.2) 6 (8.8) 4 (5.9) 22 (32.4)
0.054 74 10 (13.5) 20 (27.0) 10 (13.5) 2R(2:7) 32 (43.2)
0.107 76 20 (26.3) 24 (31.6) 4 (5.3) 4 (5.3) 24 (31.6)

The results were obtained by seven replicates. *; 72hr culture
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P<0.05
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Figure 1. Effects of low concentrations of Ca”™ in medium on the developmtent of zygotes and early 2-cell

mouse embryos to morula and blastocyst.” The results were obtained by six replicates. p<0.05; Significantly
differs from the control (1.71 mM Ca* )- *; 72hr culture
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P<0.05

60

50

P<0.05
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0.214mM CatNi ' 0.428mM CatNi
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Figure 2. Effects of Ni** on the development of zygotes and early 2-cell mouse embryos to morula and
b]asotcysl The resulis were obtained by seven replicates. p<0.05; Significantly differs from the control (1.71

mM Ca** ). *; 72hr culture

Figure 3. A llght micrograph of embryos cnltu—
red for 72 hours in the presence of 0.855 mM Ca’™*
and 50 M Ni**. X400.

3] 0107 mM A EFL =7 B S 28%
Hr} 1339 22 37.1%] T EL Ho 2-
cell block 55 &3}7} 1} (Table 2).

%

4. MZE2| EGTAE 2|8t v lo| MF 5
it o =7| 2M| Z oo LMo o|x|= I

2 E AR FA (0.014~0.107 mM) A4 H), 3
WP A & o] &= 9.7%° vl3 #-& 10.6~16.2%
o H &S BHov fFostAE ey (p>
0.05), & F=°] EDTA 4@ e I &
Bohe @it} (Table 3).

5. x| & Ca’*o| ujetedoll x{2|8t N 50 pM
0| AF FHt 9 £J| 2 Eufo] wakol o|x|
Xk

AFEo Cart EAstE ujFA M BFE
2-cell block A4o] R E A& FojlA ZEL T}
AN A EL 7+ 49 F bt 21.4%, 43.7%,
19.7%, 414%E B9 3 A =2 Ca'gt 223
< o FAHA ggkd =E:al7} 50 pM Nt H b
Al z+ A8 Fulc} 2.9%, 5.6%, 25.4%, 15.7%<] H)
22 39t H3l 8k Z4ste wEdd 49
A 239tk (p<0.05). 71 Fe Fx9l 0214
mMe] Ca*3} Ni**o] Agld A7 52 g3}
% 614%5 JER A Ul 52 3~8A4 2|7} F
stebdch &, 0.855 mMe] Ca®'7} Ni**o] Az
AP FL 7MA L T 254%E 24 171
mMe| Ca**o] A& w8}t Nit*e] &7} 27
28313 o (Figure 2, 3).
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Bae9} Park” e 437 F7] 24| Eu] (hCG FA} F
50~52A17HE Ca™c] Sl Wi FAolA 48A]3t
W oksled ZujEA AGA A T8 GeEde
RE& F3IH 1, 433 27] 24 Ev) (CG F
A} F 30~33AZHE Ca¥o] Yl kYol A 48
AIZE g & 25 E3lgide A2 AF
Ava 27] 24 2ol F]<JujFA] 9 F Cao)
4oz aFE e AL 2 v} Uk o]
AHI 2 AFH 24 Zuj oA Leju)e 2-cell blocke
Z7] 24 Eujoll A F7] 24 Xu) 2 LAY o] A Y3}
Qa3 2y BhEdn & 4 3

B AN E A3 FHG E 27] 24 X7}
9B Ca* ¥l AYHoz 27HE AL v
Fo g N G ¥ A /A FER ZA
&to] Ca”* Fxo] P BH FHG L 7] 24
o] B A5 Yol gt

Ca® 58 59 342 mM~17.1 mM Hj) &Fo) o)
Me dz2T3 v s HE38S Bd $A44 #
o| A& ik weld, £3G L AFH 7] 24
¥l E A 2JulckA], R C” FEE ERon
A o ¥l v Lol ZRAEA & G
< ¢ F 3ol

171 mM B} @& Ex9 0.855 mM (1/2X),
0.428 mM (1/4X), 0.214 mM (1/8X)2] Ca**o] &}
© v ele] 7242t v ¥ A} A yxe] Ca A
2o n¥E Ca* AFTrot Hilfol| ¥
Bol A7 FAG P 27 24 2uj 9] Y A
A ¥Eo] Ca¥o] W5 oy Fasivn 3¢
4 gtk 22y & AP lA 0428 mMe] Ca® 4
P oy vl oy A4 fFelidel
£ How Hol AHojx 0.428 mMe] o]4}e] o3
Ca™o] Basltin F4 €} o9 2L FEE
A # o] EdA v Fol] A Hoj= 0.5 mM Ca™o]
Y5AQA A¥H B n**g At AUt

T3 B ARME A U Ca* X 1.71
mME& 7|Z 2 23] Ca®" =} chelation 3= EDTA,
EGTAE of2]| 52 Z4Hdl vjkd Ax}, 0027
mM~0.107 mM EDTA A8 7L dzFEr} 4
A, Tojo] A Eo] B gtz HIEx v
of wjalol] folatA A&t 53] 107 uM
©] EDTA A3 & &7 2.8%0) Y&l 37.1%2
ES ¥MPAPES B, 108 uMe] EDTAE

v oFeoll et AY, - Y87 (perivitelline
space)o] FAF}AY Z& HFH 3G A E2
o ml A F] 3 92%2] £ P ES B3
Abramzuck %, Fissore 5° 9 Suzuki 5°¢] 4+
A3} 4 g

0.014 mM~0.107 mMe] EGTA 23+ 79
A = FRA T A o TP o] L
7} w]=3 A9E Bolm glo] 2-cell block over-
comeol] = A3 @3o] glckn BtEch. EGTAE
Ca®™ chelation 2} o] = EDTA 2.t} &34 o]}
A3 beneficial effect7} $121th. % Ca”*3} EDTAZ}
1:1= chelation gtz & o) 108 uM2] EDTAE
) kol 2o T3] YR ETHS Ca”vHE chelation
Al 7] 3L 9lo] EDTAZ} A E£uH4to|| binding ¥ o] Sl
& Ca®#} chelation ¥ o] Ca®-EDTA complex7}
signal transduction® -3 =3}9] intracellular Ca** in-
crease® K3k 3 o] ohd 7t sk 40| 7be
gt o] 7HHel] d AP S do = AYsn
3=

%3, T-type Ca’ channel blocker ¢}aj 7z Ni**
& # FFA) XE (osteoclast)ol| A A ] Ca®** A
AR RE Ca* g fAIA MEY Ca”* =
7%t Bag Ak ® o] 52 vhEA ¥t
Aol 7H4A Q1 Ca**-receptor7} 21o] Ni**o] o] re-
ceptord]] binding 2 ® 4] X Ca¥* & F7HA1%t)
I 7Hg3ta ey A8 712 A2 ofA 3
A 23z gl elgt= 2] A3 7] 24 Ty
ol M E Ni**& 10~100 pMZ s Feiol] A 2] & o
Ni** # 2] & 2F 60 & o]l A intracellular Ca® 5
=7} &2k5k-& dual wavelength excitation spectro-
photometer2 #&3}F 7 o] 9} o] A ¥ Ca™
FTE 717 N ERE S 278l rigger ¥ -E
3l gllen 2~88 To| i thA| basal level 2
Eo}ztt}. Basal level2 Eo}£ 24 ¥uj oo} o}
Al B& w59 Ni¥'g A2 st etx A3} intra-
cellular Ca* transient= 1 ch” oh3 A X9} B H
24 ol Ni'o] £z 7120 2 intracellular
Ca™ transient& ¥ 2.7] =4] o & o}F] ¥a2)A]
3 gtk Ni**& Ca*~channel % T-type channel®]
blocker2 = 2833 glo] Ni*9] 2§ 7]%}o] ¢
g A7 9 AlgHolok dig. 94 7€ A
F52] Ca™ WiFel ol A 2-cell block-& 2.9 A3
Fol 50 pM2] Ni*& A2]% A3} RE 4Ed3
o] A 2-cell block 55 &/-E& 2]t A Eglch
(Figure 2). 0.855 mM<2] Ca®*#} 50 uM Ni*'& #
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2 dAZ L ME 22 PP ES B 1N
mM Ca™*o] £ & v Kt} 0.855 mM Ca™* EA]A|
H¢ Efdoz gy wolo} (Figue 2).
0214 mM Ca*3} Ni* M2 & A2 61.4%9)
E2 H3eS BAx, R E 3~84 24N H
33l on £35] 84 EHll= compaction o] A F
3tm E e oA A EHE ¥ Catol
e Wl F ol 242413 v FA] 164 T 74A] A=
Ed2e doj A gt compactione LojutbA] st
487 2t M FFe] BT stk Rafds
2] %] &}o] compaction F}F Fof vk o &
A Ca T8 FLR FE AL AAET.
AL £
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