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=Abstract=

In the present study, mouse follicular oocytes and 2-cell embryos(late -zygote stage embryos

included) were cultured on the electric pad for electric stimulation in the culture incubator. In
addition, follicular oocytes and embryos were tested for maturation and development under
higher temperature condition(39C).Mouse follicular oocyte maturation were not affected by
anion electric stimulation and there is no significant difference in GBVD and MI between the
control and experiment group after 4hr culture.
In the embryo culture, it was found that more morula and blastocyst were found in the electric
stimulation group rather than the control(96hr). This may seem to be caused with cytoplasmic Ca*
transient rise by electric stimulation(anion pad). On the other hand higher temperature incubation
(39C) on the anion pad caused all the embryos degenerated within 12h~24hr cuiture. This was
quite different from large animal embryos(bovine, pig, sheep), in which beneficial effect of high
temperature incubation for oocyte maturation and embryo development were found.
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7198 A¥L 39CE %38 PAD,-200V/m, 9

-295 -



A wgFd ME ARTLR 3l 37CE FA
He da73d 7E3x 42 g A 2
o} #ie] ¥j<k-S Microdroplet ¥ (Biggers,1971)
o2 i FHAl (plastic dishes,Falcon,No.3002,
Becton,Dickinson & Co.)ol] 50ule] wjetalo] Eof
%1€ mineral oil (Sigma)3 24 34Tt o))
37C7F fr A HE 3 5% CO¢ 95%F 717 TR 1
100% =7t FA = & v F7] A v Fek Aot
Ao ALEE BE 2273 AYE E©F

StAY gt 2T
6)Embryo2| electrostimulation x|2|

ayF A1 ZEA 2] ) ¥ 724 7HE <} electrostimulatio
A st

b)HA| ZER B]: T2A17HE R v kS 7 244 7S
T2 AL 1A7HEHE electrostimulation 3} 2]
AL YA 234 7HE %2 control M| G/ ol
A vl et .

Nictxtel 0y, s gl 2Ha

v & EALE 442t F-<F incubatorol| A] B %3
slide glass9ol] £#¥ 1 cover glassZ &2 1.54)
o] A7|7t E 7lx] F& Hof fixation solution

(Acetic acid:alchol=1:3)011 4] 5-24A]7F 13 A|Z1th
2RE dAE AFA L 93 aceto-orcein 22
3083 G st AFE AESA

8)uHof nh&

WlokE wlo] AE|S 24A17F HA 02 2443
48A12t 12Xt Fol A4 @v) A (inverted
phase contrast microscope,Leitz)3}oll A #2314 o}

wje] FejE 12 M E7), 3-4 M E7], 5-8 A X
7], 7% v (morula:Mo), ¥ 5fj (Blastocyst:Bl), Fragm-
entation(Frag), ¥ 3}5] = W] (Degeneration:DEG)=
EFs o

9NEH el

Student t-testZ ZA| A& st z2FH A3
& v
spss/pc 5.0 program< AF-8-3l % T}

N
=]

oo
)
=)
s
=l
i
W
J
@]
it
Jo
N,
R
rr
g
g,
g

o

a
2o

Components of New Modified Hanks Balanced Salt Sol

Compound(M.W) Amount mM mOsm
] (g/500ml)

NaCl (58.45) 5.7690 2.8845 98.7 197.4
KCl (74.55) 0.4 0.2 5.3655 10.731
MgSO, (120.4) 0.0977 0.0489 0.8118 1.6236
Na,HPO, (142.0) 0.0477 0.0239 0.3358 0.6716
KH,PO, (136.09) 0.0209 0.0105 0.1533 0.3066
NaHCO, (84.01) 2.101 1.0505 25.009 50.018
Ca(Cl, (110.99) 0.1899 0.0949 1.711 5.133
Glucose (180.16) 1.0 0.5 5.551 555
Sodium lactate  (112.07) 0.2802 0.1401 2.5 5.0
Sodium pyruvate (110.00) 0.033 0.0165 03 0.6
Phenol red 0.01 0.005
Penicillin G. Potassiumsalt 0.064 0.032
Streptmycin sulfate 0.052 0.026
BSA 4.0 2.0

Table 1. Effect of electrostimulation on the maturation of the mouse follicular oocyte* (P>0.05)
GV D1 D2 M1 Total
Contro 22(12.2) 44(24.4) 58(32.2) 35(19.4) 180
PAD 23(17.6) 38(29.0) 44(36.6) 26(15.8) 131

* 4hr culture. GV: germinal versicle , D [ : diakinesis 1 , D I : diakineses [I , MI: metaphase of 1st meiosis.
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A AT dAE HEF R do Nz H 4
Yzos hrgon] 4z IR Ao bl
28 vh(Table 1). Bl 4A1713 GV GVBD
(germinal vesicle, germinal vesicle break-down)y3
MI(metaphase of 1st meiosis) W] 23} GVt GV
A%l WA &Aool A fel4o] gl
Ao 2 Yo (P>005) F AFTH d=T
9] zpol7t YlER &2 ST Phase® 1}-0]
GVBDo] ¥ phaseE FAA&9 71ES Atk
(Table 1).

THAZEME] D A S W FAHF 1A A
Mz AN ES W FE A T3 vl 3ol
§ HolA ¥3tri(Table 2).

HMF Eo(ujole| df UME FARZE
(Table 3)

Solatrion PADS] 8] 252 3708 @iy &4
38 oA IFF WYt uiE AP Tez gt
o wiEARE B8 dxdy 4E9FE v
Za] ¥ d3 A3 FLe 2T vlsto way
ol o A et vk dh e Aduiet
Zuj7t 42 19.5%, 9.2%2N H) v &) h2FS 13.

7%, 5.7%2] HY &S RAv}(Table 3). 3HH &%
ggg 27| 9aH= Solarion PADY £ &
39CcE ¥IF 4¥F 27 AFAvole 4843
o) Ao 2% 7gA H3I3HYvH(Data not

shown}.

4)ThA|ZE & A A F 72X 3 vl 244] Zhub
t} 1212 electrostimulation *}&]: Wi A}t wj
24A) imbe} 1A} 7R 0t electric stimulationo]] A 2]
g ol e s DAL 22 W FF A%

Figure 1. Early 2-cell embryos of ICR strain
mouse before culture.

Table 2. Effect of short time electrostimulation on the maturation of the mouse follicular oocytes* (p>0.5)

GV D1 D2 Ml Total
Control 12(9.9) 39(32.2) 24(19.8) 46(38.0) 121
PAD 11(9.3) 24(20.3) 25(21.2) 57(48.3) 118

* 4hr culture: Initial first hour is exposed to electric stimulation and further 3 hours were treated in the control
group. GV: germinal vesicle , D 1 : diakinesis 1 , D1 : diakineses I ,M I :metaphase of 1st meiosis

Table 3. Effect of electrostimulation on the development of the mouse preimplantational embryo*

(p<0.02)

1-2cell 3-4cell 5-8cell BI Deg Frag total
control 51(29.1) 21(12.0)  8(4.6) 24(13.7) 10(5.7) 29(16.6)  32(18.3) 175 (100)
PAD 67(36.2) 12( 65) 1(0.5) 36(19.5) 17(9.2) 30(16.2)  22(11.9) 185 (100)

72hr culture. MO : morula , Bl : blastocyst , Deg : degeneration , Frag : fragmentat

Table 4. Effect of short time electrostimulation on the development of mouse preimplantational embryo*

(p<0.005)

1cell 2cell 3-4cell 5-8cell Mo Bl Frag Deg total
control 1(0.9) 36(31.3) 27(23.5)  7(6.1) 3(26) 2.7y 19(16.5) 20(17.4) 115(100)
PAD 2(1.6) 38(31.1) 33(27.0) 3(25) 17(13.9) 3(25) 5 41) 21(17.2) 122(100)

*Total incubation hours is 72: initial first hour was exposed to elect stimulation every 24hr, and embryos were
cultured in the control for the rest 23hr. Mo : morula , Bl : blastocyst , Deg : degeneration , Frag : fragmentat
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Figure 2. Morula stage of the embryos after 48
hr culture.

Figure 3. Blastocyst stage eebryos after
72 hr culture. A few of the embryos are beginning
hatching.

&t electrostimulation ] 2|3} w9~ w48l A
#E BHov AdridAe dx3] @4e] 2
A=} o1 fragmentation?] H]&o] o}F A3y
t}. & 734 7] (morula)ol 4] = electrostimulation X} €]
2 A7 e] DA cHTable 4, (p < 0.01 ?).

]
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EEECIY nEEEQ AEE ASNA
(electric field)® A7) ZH(magpetic field)o] =& A
1 23 Az qAHE S FANIDE} B
< 238 AAAFIGES 5L (cancer) T
7k Aese F) gou olgue 23
ol qXxo wat & Wl niat Mg Avg F
ZEo] Br}l(Glogauer et al,1995;Blackman et al,
1991,1994;Luben&Uckun,1994) &= ol & tjEHo]
A& 10mG,50-60Hz &}717-2 -2 Q13te] 44
&N wZHo e AEY =p7| 3 Weaver

& Astumian, 1994)2 8 Z o]} .2 AL
A ddtn =3 g9 ojd Fxe] A7) G T
=EH I e dEeltt o2 Mo & o
g8 A7 A7} Coulton &Barker(1991)e] X 3]
ol A2 YR Bute FFEL st Yo &
Aoz oy AES UEF dvdn o] 48
Ax At

a2} o]Eo] AME-g Al EE o] A A X (somatic
celygole} A Eelxe] tiAlAR & £7 37
& YRR ofF ofBYE AL Ao
Cameron et al (1993)2 chick,sea unchin & mouse
embryoE 10-100mG,rotating 60-Hz magnetic field
o =2AZH & 4347|(morula stage)ol] A A X
49 & Peigitha sy ot 64-celly] Ao G
A= dE(cleavage)ol A3 AAHe € flo]
B3AN S22 YA} gt o5 A
A 60HzA | A= ionic surges, DNA re-
plication 3! ©eia 5o M) Az} AA
YL A gevan 4831 A o942
Cameron et al(1993)2] AileE £ B At 4
AT A7 A o] zpo|F HelA E embryod]
g o £33 A=A A2 e
Z27}E B4F1 gloy olg F AAe vad
FE Ak (5 A S 22 it 3ol A
¥ 8kA] £ W Eell)

Yip et al(1995)2 incubationd 42]ZHj 9]
chick embryo & 1.5T, 64-Hzol| A 6A)1 & w5
CHHNRAER B 3HA Y ¥EF AL
ol o val "4l gsivtn F4stx vt

3 magnetic field exposure$}= 2 Fitzsim-
mons et al(1989,1992)& 10V/Cm,100Hz: T} %2
low frequency®] A (electric field)ol] bone cellZ
=EAAEY =2E AEY MNFYdA mi-
togenic activityE 7+ B2 9] releasec] wa} A
FTEESHTAG 0] dojdttn A o] E A X
o IGF-I mRNA®] &2 o] dojdciz 7 3}
KAt oj2 @ IGF-U 7} A9 =Foutel A
49 Z/1d4S FEIGD Mt Yok
Naegele et al(1991)2 human osteosarcoma-derived
cell& 7} 1,10,100 and 625mVe} A Aol (u) %
e EA R EH 1-10mV/Cmoll A & A 27} o} 7
# ¥3E JeEhlA] ggkoy 100mV/Cmell X &
adherence7} =71 o™ 625mV/ICmeoll A& A
X 9] adherence R A X FA Ao FAaFHATH
I B3 sk Ao A7l wa g 7t
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7} GEE 2o F9v}. Naegele et al(1991)9) @
Fo A A7 2= EA T 625mV/Cm A
AL B3] I exposure ranged| £&-2 H
o Z31 9t} o) & 3§k A48 Electric fieldx
o] &3 (bone fracture)] X]f-of] & Hhye)
Hi FE AAEtn vk @8 A A (electric
field)o] M Zoj v]R) = o] sl X = Azadniv
et al(1993)& o} M7e] FFow MET H9
(EF-induced transmembrane potential,Vim)ol] ¥ 3}
g oplAl7ledA 2tha e Aok
60Hz EF o]/}¢] thresholdo| A& o]® A 9ate
AZY) BABE AL FEDTD Boh Liv-
ingston et al(1991)2 human lymphocyte$} chinese
hamster ovary fibroblast (CHO) cell2 3-3000mA/
Cm’9] electric fieldsh 226904 14 H magnetic
fieldo] »&A1Z]-Swol= human lymphocytet
A A4 =2A)7 3,CHO cell& 24-96hr ]
g2 o]l& AFH 2] wFo NxEe] A%
oyt NELATE 359 daFg UA skt
I B3 stn e} ojgpzte] Mo :7|5F 2
3] ZHe A A E(somatic cell)o]] = (electrode) S
3 AY2E FP¢de A L B
etk ol g GAE Hutn A st &
Apo] 29l Ax}A] E, wjA] E(oocyte & embryo)E
o] &3} electric shock or electric fieldol] x=ZA]
2 A% P27k Fulze AMlSo] Bada 9l
t}. Baker et al(1980)¥} Rossignol et al(1983)% o)
sea unchin Y2}l t} electric shock & g2 ¢
A Ca*el ZF7F2 JAAE activation(w ehE B
237} A Ao =8 8H7 98 M1, 2nd meiotic meta-
phase ol mE2 Sl AefollA] anaphase [
2 telophase | 2¢] ¥E8& X318 F33A &
FA T FHT IAHE JEEEE s
BHNAEN b R Ao £ A ) Ve
£ 38 3}E 9k-3 = (cortical granule exocytosis) Y
o7lds BagAo] glon oL electric
shock 0.3Kv/Cm, 60p seconds W88 ¥ 779 =)
Aol A2 gLm Sun et al(1992)% (Fura-2
AMZ loadingA] 7} =Pl M ZZA Y free-Ca®
o FIMEAE FEABYTE & o33 electric
fieldo] :=ZA 722X AZAY Cao] F7}3

+ Aot} 13} extracellular calciume] &) 8}
A &+ mediumoll 4 ©]¥ electric fieldol] =& A1A
S = AEAY Ca'el FUHE B g9z 3t
B2 X medium ] 2] Ca*o] Cachannel & £8]A]

A2 nfluxE oA MEAY free Ca*ol
Z7s FE3dth olgh2 S A3 Azadniv
et al(1993)9] A @A} dX st Ut} HR
wEANA S A2 =g HHE jon 9
channelo] open¥| o] Ca¥influxE 538 Adeln
239 ooz Azye EZAZIAM oy
toplasmic Ca*%Z7}o] 2§ ‘Yt ¥ (cleavage blas-
tomere)H) 3t} B-do] Tid HE AHG €A
s Zdgetn Y4 G £ el $9
embryo7} obd ) A (somatic cell)oll A} caleium in-
flux® ERL Liburdy(1992)0] X -ELE lym-
phocyte & A 7| #(electric field,100-170mV/m )ej]
»ZAA calcium influxE §E8td A EAY
Ca*transient increaseZ S-=3tg ), o] &S Li-
burdy(1992)] 23}, Azadniv et al(1993)e} A 3}e}
Sun et al{(1992)2] A& §ole FF8lo Huj
porcine oocytet} lymphocyteZ electric fieldo] =
ZA#A A EAY transient Ca”increase’} F =¥
712&  electric fieldo] =2A1Zd =9
(membrane potential) ¥ 3} 2 voltage dependent Ca™
channel2- openA]A extracellular Ca™2] influx 2
AalA deldAe R FAHEHY. o] AL Sun et
al (1992)2] A # o)A extracellular Ca™o] &3}
2] gow, = Gd*a g EDTAZ Ca* & che-
lating A}7) 2 W9 electric fieldo]] £2o] A XE
L&A 7=t % transient Ca’rise7} YoJubR] &
& Aoz Hol FEHT Utk AX oA Ca*
increaser W2 hAIHA S Ydod) & triggerd &
< 3lu Joke AL oln & delA o ¥
A MFEW Caincrease B HEELE 5
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