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Calcium current on cryopreservation in mouse oocytes
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Abstract : Cryopreservation is commonly used for an efficient utilization of semen, oocytes and embryos
but has disadvantage in the survival, development of the post-thawed eggs. The high risk in the survival,
development of eggs after thawing is thought to be caused by inappropriate internal regulation of ca™'
and/or formation of intracellular ice crystals. In this experiment, we tested whether the Ca”" current (iCa),
a decisive factor to Ca’ entry, was altered in post-thawed oocytes by using whole cell voltage clamp

technique.

The quality and survival rates of the oocytes derived from both fresh and frozen groups were examined
by morphology and FDA-test. Vitrified oocytes (VOs) were incubated for 4 hr after thawing and then
donated to this experiment. Ethyleneglycol-ficoll-galactose (EFG) was used as a cryoprotectant for
vitrification. The membrane potential was held at -80 mV and step depolarizations of 250 ms were applied
from -50 mV to 50 mV in 10 mV increments.

The survival rates showed a higher in VOs vitrified with EFG containing Ca’* than in VOs vitrified with
EFG under the Ca*'-free condition (82.0% vs 14%). In group with/without Ca2+, the survival rates were
significantly (P<0.01) difference. In the fresh metaphase II oocytes (FOs), current-voltage (I-V) relationship
showed that iCa began to activate at -40 mV and reached its maximum at -10 mV. With same voltage
pulses, inward currents were elicited in VOs. I-V relationships observed in VOs were similar to those in
FOs. Time constants of activation and inactivation of the inward current shown in VOs were not different
to those in FOs. This accordance in I-V relations and time constants in FOs with those in VOs indicates
that the inward currents in FOs are unaltered by vitrification and thawing. Therefore, vitrification with EFG
does not play as a factor to deteriorate ca™’ entry across the membrane of the oocytes.

Key words : mouse oocytes, EFG, whole-cell current, vitrification.
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AE AHgshE fElatsd WHos Uixs 5a%es
& ujAst At ek AMEW Ca¥ 2ol theiAE Al
Xupge] Ca¥'ol AEUR oFd & Y G RS
ZAYEIA T

EHEEQ F2E wal 2 AYFHEANA potassium
(K", chloride (CI) &1L calcium (Ca’") o]eE8 S&
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FejdHe @ gAY Qe e FEs] 9
&l ok AF (65l 5 TUS] PMSG (Serarumon®,
Japan) S E7) FARRE & 48217kso] 5 TUS hCG
(Yuhan Co., Korea)E A BEAJUW FAkete] ahafjhs
FE3ATE GARE hCG FAL F 14 Aol A 2hak
t}. 348 WA= 0.01% hyaluronidase (Type I-S, Sigma,
USA) §-ol0l] 3027 =2A17] F 21L20)| 4 HHE pipetting
sto] GFAEE AAT F, A 1 FA7F et AE
do] FAddt F4AT ARS Auste] A&
G ARE 715317 Aside Bl FHUl (zona
pellucida)E 0.5% protease (Type XXIV, Sigma, USA)]
30x Bt =FAZ F pipette 02 FEHA A H st
EHUE AAsIY o, proteases]] 23 714 Q) HE
o =4S Eol7] Ssle Yyl AddEle 4
HEPES-buffered cultured medium (M2)©.2 3% oA} A
Zsle] Ao o] g3tk FHU7F AAR] ¥
Zte] AR FARE A olgslglon, FA9
Ao Ca¥ AR 7122 vz $Ud Yoz A
sk

52 nEe) B 0499 AZ : BFS frisigele
10% FBSE ¥3}3l PBSol| 40% (v/v) ethyleneglycol, 18%
(w/v) ficoll 70 (MW 70,000; Sigma, US.A) 2 03 M
sucrose’} HF w2 HEE T3 AZ3Ick EFG £
MO 40% ethyleneglycol, 18% ficoll, 0.3 M galactose”}
FF 52, BEFT §92 40% ethyleneglycol, 18% ficoll
2 0.3 M trehalose”’} & v 57} H 28 &3 A %3519
ot gRksd8He EPGE ARl o™ 10% FBSE
¥3}3k PBSoll 1.8 M ethyleneglycol, 5.0%(w/v) PVP &
0.05 M galactose S &3}ate] A|x3t Tk
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T4 - 83 ¢ FEREAY AAE st AR
s|Ade 71EN (PBS + 10% FBS)ol| 0.5 M sucrose, 0.5

M trehalose 2! 0.5 M galactoseS H7}5ke] A 231
ol WEA} BHNe BT 02 m fier AT F

AF-a9dt.

Walel B2 88 : RUREAVES AL000)
oA S ZKRSAIEFS, EFG, EFT, EPG&H)e]l 123t %
e A8 F 025 ml plastic straw Ujoll 107]2] =4
& Flale] 24 196 T2 oA As0] AAF, 2
T GAAIZIA -196T HA] AAiFolA BT
qHEZe] A9E 1079 A ALl BRG &

2t HYAZ %025 ml strawol] FARZEA 50
WA 0 F AHAINE o83t smwe]
@S Bdatdlt sEAHe AxsE7] (CL 863,
Biogenics Co., US.A)S o]&3le] FZAAZLE = 2T
/min £E2 7C7HA Y23 F, vlg] AAdae] @7t
A forcep e strawl] AN Tl HZFst] A
& ABE &, TColA 1087 BAAATE 2 £ 7T
ANAMEE 35C7HAI= -0.3C/min £ =2, -35CoA -8
5C7HA1E -1C/min 22 Yz33k & -196C JA1d4
Bol FA RStk

TARE 1~-10d & AAALNA 2 staw= &
7] Foll 10x & =FA1Z F 30~37TC9] 270lA
25 o 594 FE5EE AAskdoh sEgh
straw+= sealing powder$} cotton plug®] FZRB-S Atk
gk % ethyleneglycol®] S5 WAIst7] 18t 348
¥ 0.5 M sucrose, 0.5 M galactose & 0.5 M trehalose 2
22t AL 05 M sucrose, galactose % 05 M
trehalose -8-9Moj] Z+z} 587+ A8k & 20% FBS7|F A7}
¥ PBS 8§02 3~43] AHT ths 5EIF FAAA
TARSAE &3] AA Foll M2 Ao 3~43]
AlH G T M16 v el A Faks w8k dnt. vt
Aol A SR Qg AHFESHe] ®iskE Holsr] 913t
o] oil (Junsei Chemical, Japan) 2 dropS- ¥|&E-35l= Z o]
et ol e B2 B giga seal WAL oI5
7] 131 4 well disholl A vkl Atk g3l 5 vjole]
A A mefo] T Alxdo] Wil 2:%
BOE 7H wjols AR AR Bk

ro ofo

n gt Ok

=7 JdAe] Y=A : Fluorescence diacetate (FDA)H
2 fluorescence diacetate (Sigma, U.S.A) 5 mg/ml acetone
£ stock solution® & A Zsle] 20T HAstHTh A
S0 0.5 pl stock/ml PBS (final concentration: 2.5 g
mhE THso] ARSSITE dAle A2eA 185t

FDA9| =ZA]7] ¥ FDA-free PBSo|A] 187 X8 &
Aol N Az E BYSRAL 2 - g8
AR MI6 HjgelolA] 4ARF A ujeke $ o
35U WHOow AT F FDAtest 23} QAL %
YR A WA AL AES AR Srk

Ca”" AR 712 : BYHE AAF AddE
) B FAEAE YAV Hldd AXE 8712 &3
% u]x| %8 7] (WR-88, Narishige, Japan)S ©]8-5}<] tip
Agto] 2~3 Ml FEATFS dAke] Alxrtel] A
7]13L 10~20 cmH,0 AEo] UL 7}sle] giga seal
(seal resistance > 1GQ)S HAA|Zl & £=1H& o= 29t
< = AXT-E gGA|A whole cell patchs A3FA
o ARENL | mjmine] SER BFEAIH, el
A A3 AWetATh Patch clamp ZE7] (CEZ2100,
Nihon Kohden, Japan)e} pClamp (V6.01, Axon, USA) 2!
A/D & DJA converter (TL-1-125, Axon, USA)S A}-8-3}
"t 12787 test pulse®: A-8-3ITE 2HHSES 80
mVZ §-A3l -50 mVEE 10 mV 7HE2 2 50 mV7}
2] 250 mso] ARF A= 15% vit; A Jlsted]
AR/RE 7153tk Patch clamp FE715 F3lA U2
2R} A5 = digital oscilloscope (CS-8010, Kenwood)
¢} pen recorder2 WA, ZA¥e] 7]EL& personal
computer hard discoll AFst o™, HAFEH FUE
Sigma plot 40 Z21WS o]§3sle] AAE A - 4
gk G2 ARE 71=el7] 98] AM2E HEPES
buffered Tyrode -84 (125 mM NaCl, 6 mM KCl, 0.3 mM
Na-pyruvate, 10 mM Lactate, 2 mM MgCl, 10 mM
HEPES, 5 mM CaCl,)-2 NaOHE ©]-83}] 20TColl A pH
742 AASIATE AZW (E= pipette) &4 23
FE AAIE] st C'& FARoR Fe 130 mM
CsCl, 15 mM TEA-CL, 1 mM Mg-ATP, 2 mM MeCl,, 10
mM EGTA, 10 mM HEPES, 5 mM di-Tris creatine
phosphate 2. 2448}4 1, pHE 1 N CsOHZ o]-g&afo]
722 AAsIATE 2 Ao o]-23) whole cell recording
719873 AlEEke] QFY ) giga seal /43S FX8k7] st
o Ca” TEE A FEED 9 5 mME ARS-EHS]
t} A EAd we} 04% bovine serum albumin (BSA)
o] HAVHF-E Ak

A% 24 2 APAQH AP : a7 AR F
7ht 2HA7} seal Aake] F3F 9 patch pipette?t A4
Alzeto]l oAl wele AT DT JAYE derR=E
Ca" AR7F U8 Aol peakel] E2dkE o 2
g Alzte] A fAEE dAelA 715E A
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frejsh 2 ek 52 - §3) F ASHS AR e
Table 17} Zt} F2]862A SHERSAZE EFS &
M B XA ZE 05 M sucrose 2 ALE319 0, otE
AXE 2R SAZ EPGS} 3442 0.5 M galactose S
ARSI frElshedAl WREAIRRS 1, $RhsAA]
= 308 B SARSA =E3A & FE
Aok 2 - 53l F A s, AES
7 v R fEisted F 4971F 40707 FejEA
o2 AR FAG R 4974% 3847} 100% 54
Fe WO RN 77.6%° AEES UYEMIUTE ekE
4 % A3 fEst 5243 rRIA R 81.6%S] FHH
A A4 735%0 AEES Ve o2 A
ol oAM= eIk (P<0.05) Zfoli= HolA] it
xzrd 54 - §3 RS HusRH T4 - el
A= dhzxzatell g AEA oA {-2]g (P<0.05)
ZAE BATh

FARIA Y FHA wE dALe] ASE : Table 1
oA A AolA] FAIGL dxte] AEE F
e vAe Aoz A4 2y felske AT
AetsA kel AollA {2k (P<0.05) Aol B
o]A] g&oytt. wEhA B A= ARt 1t
A3k frelstsdig e gate 43S st Fg
1A= feslsd HHA FZRTA Y] TRl o2
w2e] AES-S AT EIT

EFS, EFG, EFT 54X GAE o] 83l A= 52
A7l 5 Fall gk U FDA-test A3t 100% -5 28
= FAEAE AES Zo = 5 Fg ldA= 99
F9] galactose®} ©]FF-2] trehalose, sucrose’} IETHE

-

EFG, EFS, EFT AR SA R W25 52A12 & §3
ste] AEES ARSI olefd FARSAE HIR
EA BZHSAR o]-8-F]= sucrose, trehalose, galactose
o] zpol2 Z} Ayt AEES v|wth EFG,
EFS, EFT A2 glo] dAte] &S ARy 7t
7} 88.0% (44/50), 77.6% (38/50), 78.0% (39/50) =4 X 2]
TFZbell folgk (P<0.05) ztol= Itk e} o]
2 2 sAREAE Y ddRE ekl EFGE
ARE-gE gl A AEE0] 10% A= =4 YERSTH

Bundival rate [
B

EFG EF2 EFT

Fig 1. Effect of cryoprotectants on survival in vitro of

frozen mouse oocytes

Data were collected from five replicate

EFG : 10% FBS + PBS + 40% ethyleneglycol +
18% ficoll + 0.3 M galactose

EFS : 10% FBS + PBS + 40% ethyleneglycol +
18% ficoll + 0.3 M sucrose

EFT : 10% FBS + PBS + 40% ethyleneglycol +
18% ficoll + 0.3 M trehalose

EZ4) QolA Ca¥'e 4F : Ca¥'e A} AT
o] wjefoll QojA= Ht=A] Hast o]goz A )
o BANE Ca¥'o] ojuldk wals fuslexs
ZARIGTE freldlsAa Aol ALeSe 52 HaA|
= EFGE 39l EFGE 95 uj A}-8-5}+= PBS £

Table 1. Comparison of survival rates of frozen mouse oocytes by using FDA-test

Treatment No. of oocytes oocyl\tI:s( qzéo(szered ﬁ)ézioﬁ)fg.o?ncgcets oogl(t)é;% )S.ufvfived
Control 50 49(98.0)"
Vitrification 49 49(100)" 4081.6)" 38(77.6)°
Slow-freezing 50 49( 98)°" 40(81.6)" 36(73.5)

® "There was significant (P<0.05) difference between the different superscripts in the column.

Data were collected from five replicate
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Table 2. Effect of Ca’ on post-thaw survival of mouse
oocytes following vitrification

Ca™* in No. of No(%). of
Treatment medium oocytes  oocytes survived
+ 50 41(82.0)"
Vitrification b
- 50 7(14.0)

“® There was significant (P<0.01) difference between the
different superscripts in the column.

Data were collected from five replicate

+:10% FBS + PBS + 40% ethyleneglycol + 18% ficoll +
0.3 M galactose

-1 10% FBS + Ca™, Mg2+ free-PBS + 40% ethyleneglycol
+ 18% ficoll + 0.3 M galactose

AFAGAY 52 - g3 F G2 AR AT 7
FES WAL F ol 71dFe skl G BRE
B3 G o|FE Fig 2014 AwEgITh AZnpgel
Ca*'o] AZUE o]=3= #L whole cell voltage clamp

e

W

Fig 2. Ca™" current following vitrification of mouse oocytes

e olgate] dxTnt AN G AR
A71E HluskdTh

A7 wjRdAlA G ARE 71287 S8 80
mVe] TS fH3 A 152 7HH o2 250 ms FoF
-50 mVE-H 50 mV7FA] 10 mV FEo g AEZ z}=2E
FAT HighdRtol|A] TEEE W AR[Re TR A
= A= wWet leak WFE FHESH7] wiitel leak
subtractione- 3+ & HAFE 7|23t} (Fig 2). Fig 290
o5ty uRASte] Wslel wat o] 2dF{e A7t Wl

AL 2 5 STk ol9) 2e hge] mE HEE)
sl wpgelEy AR A1 2 BHom B 4
glov, wigte] ARFBSE WFARIF w2l B

3R Z olo] Ao RN Aok 150 ms ©]
o= Ao dER 3E3= 2S & 5 Atk Fg
2A00 A Hi= bk} o] S F= 40 mVEE &3}
o] -10 mVolAl HZE (L -1.7210.07 A, n=15)<
UeEla, G ARS Des AR A7) 24
om +40 mVe} +50 mV AlojolA] - ZHYD (reversal
potential, Erev)g Hol= FRUY2] HAF-HAEIFA -V
curve)2 YERNITE Fig 2B= AF=719 A=
ERf= -10 mVollA] 7]23F ARaradoltt. FA WA
YoIM= FUF PHow i ARE /1Z3AGk F
AdAA G ARE R fAS vhe-S Bt
(Fig 2A9} 2B). FA74L 713 vae] G WEPFAH
L -1.69+0.08 nA (n=15% JERHYT} Fig 2A004 4
HE ule} o] EHFe) HuAE Yehls Aty

A : The current-voltage (I-V) relationship for the peak inward currents measured in ovulated oocytes. These inward
currents were measured in the presence of 5 mM ca™.
Current traces recorded in response to step depolarization shown in the upper inset.
Each data versus voltage was plotted as mean=*S.D.

B : Superimposed traces of Ca™" current elicited by -10 mV voltage pulse in the fresh and post-thawed oocytes.
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Table 1914 SAWH W dxle] AE8S FA}
ATk AFH dxbe] AESo QoA FElksay) ¢
Hede] FAUHIbE el (P<0.05) }olE Kol
2 gtk gty B A= 1hEE ﬂﬁ}o%‘
WS gl 249S A3tk f2lsks 22 Ralld
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AEE L g gl
Ha o 2y B AF
Axe FElstsdr dtsZd T AEES v B
A o3k (P<0.05) z}olE Holx] 3kt (Table 1).
7 5% A AT oJabd B9 e 2 E7)
vl e} slo]AulelA felalsde ARtEAS AA
F An SANH S fel g (P<0.05) 2ol HolA|
lolom B A3 Aulelw Eoslyrh

TAREA] AEAG #BAs= TG 8Rle==
A WARHA, FAAe XY G 2, ARS
Ao T/, SIHAEA, 55, FIA H 2% Fo=
A 54 - gl AEEe A AAKET=
frelshgd =&, gAzga 22 A4 g5l
ufa} @i%vﬁ e} Shaw 5e AR Ao 2
= Hjole] AE P WIEd IS 7AA v
stttk 2 A3elA 5ZA| EFG, EFT, EFS 2R 54|
£ ol&st AFEAY AEES AN AT {ols
(P<0.05) *}o]2 Ho]x| ok} (Fig 1). Kasai er al’**&
AF L} E7|ATe] THAREA| ethyleneglycol 2 7|8
S =2 k= Hud 5o 4L FTHAREA EFSEAS
ol-&ste] dFHo=m f{Estsde AAIEAT: Leibo
o} 0da” & A7 Ao} APl FHH FARS
A ZA EPG 54X 5 A (8 M Ethyleneglycol + 7.5%
Polyvinylpyrrodin + 0.25 M galactose)S A A 5133 ). Fig

m O[ﬂ jinc) -lo[:

r°4‘

&‘0

wAg, g, T4

1o)X A}183+ FZH5A EFG, EFT, EFSi= Kasai e
a3} Leibost Oda”2] FARTAZ HIAA A3
Zolt}. EFG, EFT, EFS 54X 3Al= Y52 galactose
9} o]|FF9 trehalose, sucrose’} EIE Aoz AF
HAE T2 - §IAI T dAbe] AESS (880, 776,
78.0%) vlnslE Az} A2t 23k (P<0.05) }o]
& Ho|A gt} (Fig 1). ol AofA= 22 AFete]
o|FF Aol AR FARY Al ddFe ol
FFEY FH2 Azt U2 FEAR A S & 4]o]o] H
T g ooz A7ke] oz 54 - 53 ¢ 34
ZgAA MEY &S TS 4 ok Bk b gl
oF’. bt ol vehke 52 - g8 3T
&1 osmotic bufferol]l VR FA] FARIAE 33t
of AR&Eoz A AU - &) S AolE A
H433 ¢ QP w5190 Ishida er al”S Kasai et
al®e) EFS AR 3A2 M3a 202 sucrose Ao
trehaloseS ARMS-Sle] BYPAHS DElste] 4 - §3
T itz o] PYHES HYS |, 40874 =EAIHS
o= 2T fogk AfolE YeERRA] ZUytia B
3 et. 2#v} Smorag et al®e) g BEA
sucrose . T} trehalose”} A2 oA =2lof T2 &3}
S RuEYLE Rayos e ale Wale] FAA
trehalose 2} sucrose®] z}ol7F 1SS HuEJTk E A
o] A= G "3l o] F-28k (P<0.05) 2}
ol Holx| YA GFFE AHESE EFG 4R S
AR 4 - galg dxpe] AEEC] ta =4
%@."ﬂ oA Ca™'o] JFFS AHEW AF7HA <
B 5230 A Al XukS WA T Aoz
A ATY G B - gAES e 5
A= A & FAR0F] sfvolty. L fHEE ¥R+
2 LA gloja], Ca¥' e ThE AT #S 5_7;%
she AR deEAglon, 53] nldsdxt & ajgk
oA Ca™' & P4AAL Bustg ol vae Caz+
free Hj Ao A= 4AZPE T wljFetH o] Yzl Hl
A BeF. weba Ca¥' e dte] vk el BH <
"L]Z]'i AZYE ATt T3 24|32 7] AP X Fgo] e
g AFule] wikel] Ca’'e] gl AS wiz Hslwh
019}7\%01 Ca'e date] A%, £4 9wl aa oA
Z3 A9%e P vkl Az #4243

E Z83 QA9 CGi'o] BATAE ofudk $Ho]
AE AS B AR 2ARIE AFAIAE S2A
2w BARSA Ca¥'o] SolE T} SoUA &
o o7 o] U] AELS FAKIYL (Table
2). Ca'o] Sl BARIAS olgate] BA% &
o Ca'o] SolglA e TANTAR FZAA Ut
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Ho} 22 AEES B o] s Ara Hol FZ
°1om¢ Ca2 2 dzke] AEET g #ol e
Aoz AZIETE SAIE7)) A FHBE G free F
ARFAR 5T F dRe] 4ELe 2AAL
A7l @7} welEel B4 FeE A £3

£ 318t 4= ¢l (data not shown). A} 2 A8
Wkt @l Cae) AL ofn] g v Uk 2]
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