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SUMMARY

Studies were conducted to seek reasonable methods of rapid freezing of mouse

embryos using liquid nitrogen. The effects of cryoprotectant concentration in

both freezing and dilution mediums, seeding methods and optimum time for

freezing embryos according to the developmen'tal stages on the survival rate

of the embryos were also noted. The effects of the substitution of raffinose

to sucrose in freezing and dilution medium were also evaluated on embryo sur-

vival. The summarized results are as follows :

1.

When 0.3M of sucrose was added into the freezing and dilution medium,
FDA scores of embryos were 1.48(1.5M), 3.81(3.0M) and 4.10(4. 5M).
Higher FDA scores of embryos were obtained in 3. 0M and 4. 5M glycerol
concentrations (P{0. 05).

With the addition of 0.3M raffinose to the freezing and dilution medium,
FDA scores of embryos did not significantly differ between glycerol levels;
3.97(1.5M), 4.11(3.0M) and 3. 54(4. 5M). Higher scores of embryos existed
in 3. 0M glycerol concentration.

Reverse treatment - raffinose to freezing medium and sucrose to dilution
medium showed FDA scores of 3.56(1.5M), 4.28(3.0M) and 3.82(4.5M).
However, reverse treatment did not change FDA scores of embryos;
2.93(1.5M), 4.11(3.0M) and 4.28 in 4. 5M glycerol concentrations.
Concentration of sucrose or raffinose in freezing and dilution medium affected
FDA scores of embryos. When sucrose concentrations of 0.3, 0.5 and 1.0M
were added to the freezing medium, FDA scores of embryos were 3.12, 2.38

and 0, respectively. However, when the same concentrations of raffinose
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were added to freezing medium, the FDA scores were 4.21, 2.91 and 0.
In both cases, better FDA scores of embryos were attained in 0. 3M of sucrose
or raffinose (P<0.01).

In the slow freezing of embryos, there were significant differences (P<0. 05)
in FDA scores of embryos between the sucrose (3.97) and raffinose (2. 41)
added mediums. However, seeding or non-seeding during freezing did not
affect FDA scores of embryos.

In the rapid freezing of embryos, the sucrose added medium together with
Co-seeding or non-seeding showed the FDA scores of 4.67 and 4. 20,
respectively; but, raffinose additions obtained FDA scores of 4. 27 and 3. 97.
The developmental stage of embryos at freezing was most critical on the
survival of embryos after thawing. Higher FDA scores were obtained in the
order of blastocyst stage (4.94), morula stage (3.82) and early stage (2. 65)
in sucrose added medium. The same trend was observed in the raffinose
added medium with an order or 4.91, 4.47 and 2.32.

Microscopic study of embryo before freezing and post-thawing indicated
that the embryo showed shrinkage within 5 minuts after the embryo was
transfer to the freezing medium. When thawed embryo was transfered to
the dilution medium, swelling of the embryo was observed and there after
it reshrank indicating the removal of cryoprotectant from the embryo. The
size of the embryo recovered to the original state when it was moved into

a PBS-solution.



I. % B

i FLEN O] ZAEIR F kS 18904 Heapeol 93led KRN A KINE # H B2
A xetal et 19504 Lol ol 2 8] ZHEHN Aok S 4, ¥, WW¥E, K SolA Ly
Eiislol 23 9o

FoARIRAL RIS 197060 P58 EE F3loll A olv] ¥ s Rk
iafell Whtela glevd ZHEERSl MY, I, Mifthi Y HE 5 S HMSE o
P2 gERE =l ek, S-2lvbebo] hR bR fohtol g BARE 1970408 ] 2HE] o
mouse, rabbitell a4yl Fheol MBIEIU T, 19804 Lol ol AFFol
&k AAsyel FFFEE AT EI o] Bh4-o) B H S F s el ok el ARy al
ok ZERIRALAE FRAie) WERH S A AT MUK, eSS R, (e @l
bR Aok Pk o) O 5 fitikslelol & RiRThe] Qlov o]F F Mk THKAS
Folir Aol wigk el

AR PR b MR 2. ch Zof RRAR S BEAEE Q) GBS ZERI 2 Qlo] S e B
sha R4k Sfiak ol L BESAl Sk ZRSIR S L) M Lk B St 93ty
BATEI L, dnliell = (i A8 o] kol ule} BsKRT THIFLE Y H MAE
Aoz miasny TE HAS T, kel 54 T 4 Jdv Skl A Bl
HEATEI 2 gl et o} A bR KRNy Sl BAL ik ksl Al el dle EiFolt)

Sl o] ZRRER daE ol cHaE BEEE A % ik, ERETIS XS BT, S REER
of BETTERRE S RS W2E, MOK H ik S0l dHEted oho] B HE =l gleh (Whitti-
ngham et al, 1972: Mazur, 1977. Leibo, 1983; Bouyssou® Chupin, 1982; Hsu
et al, 1986: Széll#} Shelton, 1986 ab, 1987). 2|} W1t $-2iviel el 558 #4092l
Fefifoll vl g2) Qlooy, M5, wiRf e Mol i 5ol chdled 2o Misr
7b B ElR 9lg Wolch (HPe) 4%, 1984: W, 1987: W 5, 1987: I+ 5, 1987: %
e, 1988). ¥, SHBARMIE S RSl WM 2 sucrose o] 9o iy Mol )
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A B0 B L SEATEI T QA o w], ZoEEEERY MW RSk i
IS et hik B gl stod wiREsl Al @l Al Feta Qo

K HtJio mouse ZARHRS ZoHmAECl Slol WA MLl KUK BLL 7} ZREE 2
LA vl X RS MUk, RN 24 sucrosed] LA 2 raffinose®] M
ATREVE & taad8hed, SR AR Mokl o)X= FEM S BES MAk sl Ty
B Zodiaiah el RoRmel Kk Raisted 2 Aayel k.
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ZknhR e K-S Whittingham (1972) ol }8}od £i#) 2 mouse ZHEERS BRI
oh= k3o 65%9 ZhiAF S WMot 2 ik, BTl o 2r AR FHEER Eke
WM S AT H Bk od BRES Ry MR A Bk Rkl KB KRS WA= BRS
LRER WS WA |itislel $tx= (Whittingham, 1972 Willmut, 1972; Leibo%}
Mazur, 1978; Mazur, 1977; Kasai et al, 1980). o= srH#I5R0] MR £ o)
A =l oleh (e 5 1982 & 5, 1986).

1. T 2R A

BASHO) RNk @Rl = AL S (R stE SEBM EE T S-S
Fagsl CEMM BERE BT 4 ol

NEHIE S REstE @dME F2 DMSO (dimethyl sulfoxide) S #)Hisls
gk} (Willmut, 1972 Leibo et al, 1974: Whittingham et al, 1975, 1979; Kasai
et al, 1980). 19764 Bilton® Mooreoll l3) L3 A5 IREHS A A glycerol®) sk
Herb fad el v Qleh. 2t A EHRIR sl 2lel M & glycerolo] DMSOR o} B 5%
AR S 2o glycerol & XU idE ol A FIE Y w2 o2l 2 A =] 9dch Glycerol
2 DMSO9| istel disfA= MR #iE7h der, Schmidt et al(1985), ™
= (1986) <= mouse ‘Z#5gHll M, & (1987)& K& Z¥5Rol A glycerolo] DMSO X c}
¥ AHRE doddkn gl e}, Kasai et al(1982), B 5 (1986) & glycerolst
DMSO Jajell & # 71 glok . #isl ol s8]y} Miyamoto$} Ishibashi(1978), Leibo
ot Mazur(1978), M@ & (1984) 2 mouse “Z¥5H0 @5l UoIA glycerol® oh
DMSOell A <zk5 58 kAol b #isstdel. o utoll NEBMIRE RiE&stE fEN
& 4] ethylen glycol(Miyamoto$}t Ishibashi, 1977, 1978: Miyamoto et al, 1986;
#i? 5. 1986), propanediol(Renard et al, 1981, 1984), erythritol(Miyamoto
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et al, 1986; iM% 5. 1986) 5ol tated Koy sl ot ZHEIP daEol Aol A WM
+ glycerols ol AT A+t ®i§olch(Kasai et al, 1982: Merry et al, 1983;
Miyamoto et al, 1983, 1986).

SREBMMAEAE-S RS+ B Q) sucroses kasai et al(1980) 6] 2l3) XL o
sl £ kFAFE 932, Renard et al(1984), Williams®} Johnson(1985),
Chupin®} Reviers(1986) 5ol 25}od sucrosed] @, win Eiol o A< A q
B} ol F o)A Qle}. o whell protein, lipoprotein, raffinose, serum S-o] f# A 5
2 oot Afrel el Al A #Hisslel alAl ¢be}. Sucrosed) Mpgol st
Wood¢} Farrant(1980), Leibo(1984) 5% ##sioll sucrosed FMEA-S wl= LA
IS F ok E kA A ZEIES THEA S S ESAIIAE S [RaE T oh T Sheich
45 LU ol sucrose & ik 5ii8el 2lo] 4 Miyamoto et al(1986) & mouse 558
A 72%2) 474 S, Chupinz} Reviers(1986) = rat “Z#55pol A 87~96%<] %o
AHEAE Aea ddchz gxslddch. §9, AWML BN BB ol sucrosed KM
3l BB ol & Kasai et al(1980) ©] mouse Z#% 500l 4] 82~89%2] 4: fFA-S #Est
v, Williams$} Johnson(1986) & 67%2) ¥ %-2, Mivamoto et al(1986) & 74%2]
HAPRE Wk doh =3, @M bR Kol sucrosed A HiBRES] # R 2 )
ZHRHBA Y glycerol & MMy 2 S A {Lglel BR%EA1A 4 Qo] % one-step
Frkot 7bed o2 42 (Leibo, 1983, 1984; Renard et al, 1983; Merry
et al, 1983). Kasai et al(1980), Leibo(1983), $44(1983) 5& M#ERTH Eikim=t
b 2ol sucrosed i), one-step straw§ ksl oo, o] Like o= TWHIL
Fifgoll o= 2] olch. Williams$ Johnson(1986) & one-step strawS i Hj 3} o
mouse ‘ZF5FRoll A 86%2] 4:f A4S, Széll2} Shelton (1986 a, b) = 80~92%<) 4 7%
< Aoz wESIAY. 49 HE THIIY EEo 2o E Chupinzt
Procureor(1984), Renard et al(1983), $ik 5(1983)2 40~60% 4 7F%S 2Nz,
saA el T (1985) 2 Holstein 4¥foll #i4h THEIRS fohisled =5 MEEINS S B %
3l e}



2. B¥EHE

Mouse 2558 9] ## ik #1384 (0. 3~1C/min), two-step 4 (3~ 15C/min)

3 2 4S (liguid nitrogen Lol A &% #4852 B4 4 o}

MILAKE-Z Whittingham et al(1972) o] mouse ‘FH;5P Hikol A KINg Hikoln),
Whittingham (1975) & rat Z#5Rel 4 0.3~1C/minZ -80CA = TR A s
o 73~84% AT ddchm st 1, Miyamoto$} Ishibashi(1979) = mouse ‘S $& 55
= 0.5C/minZ -79C7HA] A5 A1 A2 o 43~88%9) 4:frkS Qlctn #ess o),
223 Mazur(1977) & #ARRA k&) 23 5552 Bk a7 23k korel Mok
7h Feorsl leld 4 At EE HEEE (1C ©)8}/min) & 478HA] o et
fEtst 5ot Mouse K5 5P o) LT ol 3Hel A B S (1986) & 1. 5M DMSO#} glyce.-
rol& M, -50C7H A 1C/minE ##E A 742 =) 43~49%2) 4L 242y 3C/min
olME 13.2~16.9%2 A HFHRL Zisrsl KTFEHAL 7C/min Ll bl 4= 4o
0% et #stAeh. KA TS0 dagol 4 £ (1987) L glycerol e M3} -35C7
A1 0.3C/minZ HEEAI RS o) EHEHL 78%2 E9tor}, 3~5C/mink -80C7t#|
WA RS e 71%, 15C/min<l HBoll& 62%2 Sk EE 7L wel o) whe} 4%k
< TRty slodct. Bifgwol sucroseo) RN E S KT & S(1988)S 10%
glycerol®} sucrose & f# H3} o mouse ZF5HR-E 0. 3C/mine 2 -35C7H2] FRA A
H#E Y& o) FDA-score 5% ol 3.8, 3~5C/minE -80C7 =] T4 2 HE=
3.2, 15C/min2 -80C7 A TH ##A S o+ 3. 622 sucrose ifkMEFol S B EE
7h et E ZHER EHEE 2 HEE R Yty #iEsig.

Two-step #f#% J 152 Bouyssous} Chupin(1982) ol &3]+ @ =22, bovine
ZAEERS FIH Bt -30C ] i us ol A 300 F ZHIRS WEY £ -196Co] BigAA
AT HiLoR RIBHEY £FF 2 2RV 9 #E3ld two-step LS
e $2oR3l Sch. Two-step 452 F/M & Renard et al(1984) & 2. 2M propane-
diol& A #ol A KR RIS -30Co 30~2409 1 B % THIIS HieD
RE & HEME T oS 77~88%9 £ EHFL ddctn #®e gl

-7 -



Miyamoto$} Ishibashi(1983) & mouse ‘ZHiBFS FIHi 3l o] 62%2] IR E Ao
two-step 45 0] fiffistn w2 o] LS 2 H 7} Fohx stgdch Williams o
Johnson (1986) & 2. OM glycerol} 0. 5M sucrose 7} i N3 ifisk e M two-step
Hids )yi) 22 mouse ZARYRS WL Al Z L ol 72~86%) 4 AL Qodckn @y
2v§, Chupin} Reviers(1986) % rat #5503 2.8M glycerols} 0.25 == (.5M
sucrosed i M5 HIH two-step MAHRE 70. 8~84. 4% h AL uo],

SRS A 47.6~50. 0% iR e} (A3 Q el ks ol o)

SRS > & B S R4 3 vitrification solution$ MM 3 bR i
Mtk Rk sted il Loz W™ 4 gl Vitrification solution
FINEE 508 MG KGR TZR o) B ik =l od, ZhEBR-S MRk UL Yhnes st Al 7]
© Zol WAuEflelel Fahy et al(1984) ¢ 543l ich. Hsu et al(1986) <
vitrification solution& fiHjsled mouse "Zi55RN A 53~03%2) 4 f5hS qdojo vl
Kono2}t Tsunoda(1987)-& 77~86%, Rall et al(1978) & jiti3 88% 'k #7#42b 30~37%
o oS Aok WEs ATk wy, FobA GRS SRER RHE Szélls)
Shelton (1986 a, b) - 3.0M glycerol# 0. 5M sucroser} ikIn% sS4 H 3o

HrS G 80%2) /LA F 2, 4. 0M glycerol =} 0. 25M sucrose2 i gk &t i of) 4 =
93%e] =X kA Ae dolohe sk let. 22l SzéllE} Shelton(1987)-S 5. 0M
glycerol} (0. 5M sucrose-g ifi gt Hiss ol A 95%2] 1k fr 42 Aoty slglo,
glvcerol %7} 2. OMol 4 5. OMZ Wne+5 L fE%o] ol x & frifmo] 2eict

&2}
3. f#k (seeding)

TR Wikl A B ke THBRS) MRS Bk 3EY) Y sled 4Tel A Rk o
Whittingham et al(1972) o] &3} mouse “Z#558 5ol A et 2 @HHI = el “Fiskp
ST e Rk ate) B pRikE EME S 2
B Fd e MR R 1Yo A MILTol WL BiRS Al BB R THN

2ol kiisk-& 3H2] eFo =l i £

lo

2

—



A5l 2lol Wik LAMe R 7)ok Sk n Leibot Mazur(1978) = 3635l %lc).

htisk Jii): 2.2 = cooled forcep(Bielanski et al, 1986; & 5. 1985; 4., 1987:
% 5. 1988), ice crystal(Miyamoto$} Ishibashi, 1978: EA 5, 1986: Miyamoto,
1986). copper-wire(4, 1987; 4 5, 1988) 5 o] ¢l 21} cooled forcep Kiko]l F=
fliAr o} gkeb. Cooled forcepd M E hiskol 4 4 5(1985)2 bovine ZH55RL
RG-S o 66.7~78. 6% 742, Biclanski et al(1986) & i 79%<) 4 7F
o @irstolelh. ©£(1987) = R ZHINOIA 69%S 4fEFL, 4 £(1988) L
mouse Zinbfell A FDA-score 5% 2ol 4] 3.69 score® d¢jcixm EEFsl ol
Ice crystal 84 o} Mivamoto9} Ish‘ibashi(1978)% mouse ‘Z¥5Bpoll A ey
88% 2 BT E, EHA S(1986)2 73%] LA S o] hikEt Al LS w 68%<)
PR el eha g sl ebn el odoh. Copper-wired fiiskoll A= 4 (1978) o] &%
IS A3 S ol FDA-score 585 kol 4 3.02) score® 3ol cooled
forcep fisk=} ftiskstAl 2 Zlate T 87 gk 3dch & 5(1988) &
mouse ‘ZFilel 4 3.6 socred lof fitiksl A ¢S A 2%x, cooled forcep
ik 2 oh o} & (F 53l shgdc.

digiirel ul & hijke) f2Pe #i5 s 9le v Bui-Xuan-Nguyen et al(1984) 2
iz el sucrose-s EINBE L IEBD O] MUES T MK 5] 7] ml ol ik B} 2] QFolE s
R ke A dobx sl gdeh. & 5(1988) = sucrose S iighiiol iRhnskAl Srore
@ FDA-score 5% i#i#holl 4 cooled forcep htik-& 3.3, kiksl= e 2L 3 002
ebzke] xitE B9 o) sucrosed FisEiol Mt kkEhA] UL o= 3.89
scored ¢1o] sucrose® #ifkifol ifnsted kikdl Al kol E B H{EHES ot

U
4. “TIhYRel By R

IR BT IREE S RS R AL oa ol A Bsln Qoo WA early

stage, morula stage, blastocyst stage® % disisln Q)



Renard et al(1984) & K& ‘#4550 2-cell & two-step HEERS o 77~88%<) 1 ff
2. Critser et al(1988) & mouse 45 H1S 18t sto] 36. 8~63. 99%2] 1Tk E

N

dolchy #is st el Morula stage 9} blastocyst stage 2] mouse “Z#5501-& two-step
Witk A 215wl Williams$} Johnson(1986) 2 morula stageoll A LfiF0] 5 ctar
shodst, & 5(1988) % 0.3C/minZ -35C7H=], 3~5C/min, 15C/minz -80C7} =)
#3453 915 ol morula stageol| 4] Zh2F =0 (i S ololct #4384l Bovine
¥R ol A1 £ Kennedy et al(1983)—— morula stage”} blastocyst stage® c}
tfpdso]l prhrsbcky dled o) Mlyamoto% Ishibashi(1986) &= mouse “Z ¥4 5§02
two-step Mi#is}S1E «l morula stage$} blastocyst stage [4]o] Ao awo)
wleba shodel. =g, Gl 5 (1986) & mouse EAFNIS BB RS o morula
stage®.c] blastocyst stage?}, F 5 (1985), 1 5(1988) = blastocyst stageol 4]
AP AR TR ol Eokeba SHdTh TN kol wlE imiikel 5ol o 3
Nieman(1985) & i1y Ql £kIZ2) Shsnel 528k o Eikel jriee = Vhebul ol ok ks ik
cAnine) AApR st iAol Eokohn sl



. ## g Hik

SRR U B

—

AR 19884 4H - [t OH 7HA) (MRS BARE BERH RESme
el A Tt 8l o oF

2. HEBY L EAEEIE

Al g1 SIMET (456 20~309) &) #itl: ICRA moused s, Alopaxiet
e LA 2 o], fif iniss 18~22CE 15, H Rz 14h/day = 3485
893 e,

3. R&EFHE

1) BE3%EP

PN SE R E 18] 13 1 00~14 : 008 Abololl PMSG(pregnant mare's serum
gonadotropin, Zdtik, HAR) 5~7 [US MR t4sta, 48850 i |6 o)
HCG (human chorionic gonadotropin, =#:jit, HZA)E it4sto [a]l—FH 2 M mou-

ses 112 4G, AAKRE BEsIHct #H oA 1242 (coital plug) & mLstae

of, fkal =l 2] o MRS ERON A [RAk Al A

2) =iEope 5P R &

i 1902 HCG il4t#% 30~90mkM Abololl mouses ARG F#isled Hpa =t
TES UG Ch O TES RS A L 5 BREY oL 1w
WS I Ind iEHFR82 T 9 9RE S ik, ZF5IR-E watching glass o [l

et



9B TGN G (flushing medium) & Table 1ol 53 #ikol o g
m-PBS (modified Dulbecco’s phosphate buffered saline) 2 34| shed [T Egd o v,
ol 0.22/me) membrane filter2 ¥ A) 2 c}.
POIREL SR RS MEEIR O] A 405 S) TRER MM S S o] BB B B Sl b
B b ) ikl MBI, AT HEER 2 FARELY RH GRS TEBgol A kbl sd el
Table 1. Composition of modified Dulbecco’'s phosphate buffered saline (m-PBS)

Concentration

- (,i-().ﬂl})OI.le‘llf
NaCl 8.0 ¢
KCI 0.2 v
Na_ HPO, 1.15 ¢
KH.PO. 0.2 ¢
CaCl. 0.1 ¢
MgCl - 6H.O 0.1
Glucose 1O v
Na pyruvate 0.036 ¢
Bovine serum  albumin 3.0 ¢
Streptom; cin 0.05 @
Penicillin 0.075 ¢

Triple-distitled water 1. 000 m

3) EAERS W&

MiEsi 2 glycerol =} sucrose, raffinose iif#ifil 2 stod t}&3} 200 Wik s}edct.

(1) 1.5, 3.0, 4.5M glycerol + 0.3M sucrose + 20% serum + m-PBS

(2) 1.5, 3.0, 4.5M glycerol + 0. 3M raffinose + 20% serum + m-DPBS

(3) 3.0M glycerol + 0.3, 0.5, 1.0M sucrose + 20% serum + m-PBS

(4) 3.0M glycerol + 0.3, 0.5, 1.0M raffinose + 20% serum + m-PBS

RSO IR IR S A KB de ol A f freh Q) 718 H B Holstein 157-(2) 9
M5 SR RIS el, SRR M2 3,000 p. m. 22 104571 S50 (210]) 5} o
& st o v, 56T tiim kel 4 30701 JEM@TL A1 7] % -20Col {18, disk



Bk ol fE s E ST, A M2 #AHT 0. 22¢m membrane filter 2 (85 3} &l o},

4) HEEHE A Y straw A SAEER £ A

WEE S dne BRSNS B Y m-PBSE 20 sdkd % &k mEneR
#AA FHMidt= one-step fili(Leibo, 1983) ol o3l 1547 173t ol @&
Fnzt E b ZFEER2 0. 25mf straw Mol 5~12184 1af L4382 WA St Fig 13

7+& one-step straw-g W&t
\S'

Yl = = )
t 1 T

c d

J

Pt
iyt
fer

o —> D
o —> [,
o —> [T

Figure 1. Diagrammatic representation of 0.25m( straw loaded with freezing
and dilution medium for the one-step dilution procedure.
a) Cotton plug
b) Dilution medium
c) Air bubble
d) Freezing medium + embryos
e) Straw powder plug

5) E#EF*E
Z¥n bR el #iEE S liquid nitrogens o] &-3tgiov], #g ZHHFL HiLoE B3t
of liquid nitrogen container(Union Carbide, U.S. A.) RWNol4] THisI ot @#Lns
straw @] {y = cotton plug7} ®o @ sF3l 1 iktiEol A 478 Ak
(1) FR1S %
Fimoll A —7C7 A 1C/min FER A7) % 59018 (4548 o} -5 -35C7H&l= 0.3C min

W OFREA A EebE -196C e R dioll straw BT @R 1~28M (RE S
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(2) kAL
Straw 5 ¥ imoll 4 157 o] ol AR K 2~3m7t =] FEAI ! b5 (-36+7. 5C)
55rfl #ai4 (-188.8%3.3C) i mFol i 1~2AM RE A
RN oF SHE 9] k= Figure 20l vtebyl vho} 7h oo}, wigkinro] o it

& AL strawol cell-freezer (R 204, Planner Product, England) ¢ sensor<

7 A FiEgt #% auto-recorder®] kol 93} <dct.

25
20 1

10 ¢+

1C/min

/

Slow freezing rate

-30
T -36+7.5C
-351 |« C Plunged into
( i —

5 40 (Temperature detected after 1 min throught liquid nitro
15 the neck to the surface of LN, container.) d gen !
5 i '
5 70/ i
8 80% “— Rapid freezing rate 'I
: | :
=

-110+

1
ool |¢T -nsezesc :

(Temperature after 1 min in LN, surface.) :
-130 I :
-140 :

-160*  \e—— -162.4£5.3C
(Temperature after 2 min in LN, surface. )

1
]
- 4

170+ -188.8+3. 3C :

-180 + /(Temperature after 5 min in LN, surface.) !

-196 ' Plunged intlo liquidlnitrogen ) :
| Y 1 i 1 1 l

56 10 30 50 70 90 110 130

Time (min)

Figure 2. Rates of temperature change for slow and rapid freezing rates.
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6) HEKHE
ROk -& 1mm SRS straw Lol B8 3pne) MRS 2 9822712 7ol liquid ni-

trogen gasZ HfErro] HRHKEK HEE 3Foc)

7) & o3
ZHEIR ] RS 38C imKoll A strawd A A 8] EEof skikdol Ak w7z 814l
2, PrEmRHL 410 # R o

8) mAEAS Br*

RO T% W) bR s straw Q] BRI ZRERO] BolQlE MiEEH Aol air
bubbied HFR 7HEA HA b Lt B HS BREsts Hikos BEME K1)
AR, FREMFNM-E 109 f2% =l glch (Figure 1 #2).

fif @ bk 2 m-PBSoll 0.3, 0.5, 1.0M¢] sucrose =+ raffinose® iEinstsd
WiEst g e v 0.22+m membrane filter2 @A A {1 st}

9) &£REHE

SHEIR] 4R EA] 228 FDA#2 37,6 —-diacetyl fluorescence (FDA) 1mg%
aceton lmfoll BfFAIZl #% m-PBSiEel 600,000 : 12 ##F WiEsisdo

ZHRIRS A SEHE & FDAR Ol BHAR 7L B! 16988 932 HinolN 38 &t
1B % FDA7L ¢l m-PBS#l & A %% %8458 (Nicon, TMD-diaphat,
Japan) 100 T ol A %52, scores itiEdtsdc}t. Scoret GHFSE Bordleg AWM
ol & IRBY F¥) scoreR ME A

Positive-5 : “Z¥R 5B sr#lik £487F kG AES M3hAl Bl =2 (5%6:100%).

Positive-4 : Zfa50 sk 80%LLL 4k &%S WA positive-52 o} 4§87}

oAl S BTSSR (485:80%).

Partial-3 : Z¥558 ik 60%LL L & 0& o= =+ positive-48. ¢} 448

7b 953 Al BkS Bdte A (3845:60%).



Partial-2 : 2550 o E1Ek 2] 40%LL 1 o] & %2 Bist AW =& partial-33.¢} 448
7F 998 Al BNS ARSI (285 40%).

Partial-1 : Z ¥R 2HIEK S 20% LT 7 sk a2 Bikst =2 (185:20%).
Negative-0 : £k & 0] A ux| &= ZH557 (0%4:0%).

T4y score B i)

(axX5)+(bX4)+ (cX3)+ (dX2)+(exX1)+ (£X0)
Score==

N

a : Positive-5¢ 4: {5 Z¥5HP%L
b : Positive-49] /Il {f Z4s §RK
ot Partial-320 L7 ZHE5REL
d : Partiai-29] “:4F Z¥hREL
e : Partial-19} 4:7f Z¥aIREY
f . Negative-02l <Zinil¥L

NG R FINCE) RSP

4. HEETEZIE

BoaHIE P B ) -t oll o) ehadw, SO e AT EtEe] Bl Mol

e AT A (LS D)ol 2l8le] ZIEAIHIS AT 42 estadch
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V. &R =8 F%

1. SAROR ZORURASEY WA RV SO0 £7 0| pE

M EE Vs A Rdsitiol sucrosed ifnd 8B (S-S) glycerol iz}
mouse ‘512 FDA-scoreoll o] x|+ 2282 thir A3 4= Table 28 7ol

Table 2. Effects of glycerol concentration and 0. 3M sucrose addition on
embryo survival of rapid freezing

Guyeerol No. of  No. of No. of survival embryos evaluated by FDA-test ‘
. recovery FDA
concentration embryos embryos e score
(M) frozen post-thaw P P, P P. P, N

1.5 35 25(71.4) 3 4 2 0 0 16 1.48°
(12.0) (16.0: (8.0} (0) (0) (64.00

3.0 45 36(80. 0) 19 8 2 1 2 4 3.81°
(52.8) (22.2) (5.8) (2.8) (5.6)  (11.1)

4.5 49 40(81.6) 23 10 3 0 4 410

0
(57.5) (25.0) (7.5) (0) 7(0) (10.0)

Freezing medium:1.5, 3.0, 4.5M glvcerol+0. 3N suciose ~20% serum+ m-PBS
Dilution medium; 0. 3M sucrose + m-PBS

percentage of embryos-in parentheses

P .Positive-5 P,:Positive-4 P.;Partial-3

P.:Partial-2 P, :Partial-1 N:Negative-0

Different superscripts denote significant differences within columns(P<0. 05).

Mouse Ztn P #4%ati% FDA-score: glycerol i&J¥ ol ule}l #REZ Jeluln
alolev], 3.0M, 4. 5M &7} 1. 5M [Eoll w8l A Faye 2 & FDA-scoreS vhejul
L% ek (P<0.05). P-ok P9} 434 1. 5M 2] 5558 28.0%. 3.0M : 75.0%, 4.5M : 82.5
%2 4| glycerol /% 7} N ol whal ZHEIRS HAF o] ol = Mm-S el slct

Schilling et al(1982) & FDA-testoll 4 3% # (positive, partial, negative)o &
srHisted #5382 =l positiveoll 4] 86. 4%, partial : 13. 8%, negative : 0% 7} %3}

Aot winst o], & 52 P ~P.(partial) ol 2o} A t2#stsd BEY WM



ol & Aoz Azxd,

Sucruse-s #AFiEN KA &2 mouse ZTIHIPE two-step o T @ik S
glycerol i2]% 1. 5~4. OMell A= ZHHRS) /EfFA o] RE 3o}, sucrosed &7

Findls w2 2R A S %4 9l Miyamoto®}t Ishibashi(1983,
1986) = #usshdet. =3k ZAEHR T2 2. 0~3.0M glycerol®cl 4. 5M ol aj
e =l g el fel s shed A FEg AE Mo oA RS Jdelha gl Willia
ms$ Johnson(1986) - mouse “Z 4505 @i -2 afl 0. 25M sucrose s} 2.0M glycerol
= sl Rne g S ZEER kol b ka8 e v (67%). 4. OMol
A4 2] o] "o} Al ek Miyamoto$) Ishibashi(1986) 9F 78 & 45 #14:%
vh oleh. 2@lul 0. 5M sucrose & i iiol (kmsted glycerol #fEoll uhe} Sy
S B5 T Széllzh Shelton (1986, a) -2 4. 0M M.t} 3. 0M glycerol®] 4:7i%ko] {EA3loic)

58 AR Vel E &9, glycerol® 1. 5M B o} 2, 0~3. OMoll A “Z¥550 4 757

ol rraratd=dl A Thgoll = 3.0~4. 5Moll A H& 4:1iAS e )
oitsifiol sucrose U2 2 0.3M raffinoses FJH 3t (R-R) mouse Z¥5pL

s ol glycerol g ol w2 Zk59R9) FDA-scoret Table 3ol B33 w}e}

2ok

Raffinose& #ifgiiol ifmgl S =} FDA-score= 3.0M glycerololl 4] 7}3 =2
score(4.11) & vtebd wbnl, 4.5Moll A& 3.542 713 Y& scored el glet
RIZIRl #atiel A E 4 ¢doh. Raffinose ik %S sucrose(Table 2
H2)ek Hicd o MRS RS el el sucroses 4. 5M glycerololl 4] score}
% okot raffinose® Bivw T elo] 4. 5MEchE 3. 0Moll 4 &€& scored ®.¢ich.
P.o} P, 8] Z¥550 HA&-& glycerol 1.5, 3.0, 4.5M ol 4] & % 83.3%, 82.2%. 67.9%%
vhebuled 1. 5M#} 3. 0Mo) Egkon) P fhgukg Zof 3. 0MollA 67.9%% fhimny
2ok EEEA Gehdx gl



Table 3. Effects of glycerol concentration and 0. 3M raffinose addition on
embryo survival of rapid freezing

Eliycerol Ne. of No. of

No of survival embryos evaluated by FDA test

i embryos recovery FDA
concentration y embryos ~ T - —
(M) frozen post- “thaw P. P. P, P, P, N score
1.5 32 30(93 8) 13 12 1 1 1 2 3.97
(43.3) (40.0) (3.3) (3.3) (3.3) (6.6)
3.0 32 28(87.5) 19 4 1 0 1 3 4.11
(67.9) (14.3) (3.6) (0) (3.6) (10.7)
4.5 29 28(96.6) 11 8 3 1 1 4 3.54

(39.3) (28 3.6) (10.7) 3. 6) 3.6) (14 3

[ U

I:eeﬂnv modmm 1.5, 3. f) 4 5M gl;cerol+0 3M raffmose+20% serum + m-PBS
Dilution medium: (. 3M raffinose+m-PBS

percentage of embryos in parentheses

P.:Positive-5 P,:Positive-4 P.;Partial-3

P.;Partial-2  P,:Partial-1 N:Negative-0

olei gt T Bl ififkimol K nsl = sucrose$} raffinose= glycerol &/ ol ul 2}
ZHERS] AT w] X = g of 2 Aoz W=

LokiAE ol Qo] raffinose® @igEiiol, sucroses FrE# N (R-S) Fmgle o
glycerol g%l ul2 245582 FDA-scores= Table 49} Zhef,

Table 4. Effects of an inverse addition of sucrose and raffinose to

freezing (raffinose) and dilution (sucrose) medium on embryo survival
of rapid freezing

Gl‘ CEIO| *No Vof No. of
recovery No of sumval embryos evaluated by FDA-test

FDA
concentration embryos embryos -
(M) frozen post-thaw P, P, P, P, P, N score
1.5 30 25(83.3) 15 2 1 1 1 5 3.5
(60.0) (8.0) (40) (400 (4.0) (20.0)
3.0 36 32(88.9) 16 12 3 0 0 1 4.28
(50.0) (37.5) (9.0) (0) (0) 3.1
4.5 55 33(60. 0) 14 11 4 0 0 4 3.82

(42.4) (33.3) (12.1)  (0) (0) Q21

Freezing medium:1. 5, 3.0, 4.5M glycerol+0. 3M raffinose +20% serum+ m-PBS
Dilution medium:0.3M sucrose + m-PBS

percentage of embryos in parentheses
P.:Positive-5 P,;Positive-4 P,:Partial-3
P,:Partial-2  P,:Partial-1 N:Negative-0
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P.st P.o] JAE 3. 0M glycerololl 4 87.5%2 7} & %2 wbal, 1. 5Moll4] 68. 0%.2.
stoket. 22l FDA-scores P.ot P, it =} —HHod, & mrnd Hues
@13eh(1.5M : 3.56, 3.0M : 4.28, 4.5M : 3. 82).

Raffinose & MM} bk kol i B (Table 3 #2) 9 & £ys et ol
< o 3.0M glycerolell A+ FDA-score7} A2 —% =2 2gou 1. SMz} 4. 5M
glycerololl = M2 K == e 2ol o glycerol @WELE 3. 0Mo| EA
Aoz Az sl =¥, Williamse} Johnson (1985,1986) < mouse ZHHBE two-step
2 BT o 0.5M sucrose g @ B itiol mdte & 70~86%9 4%
2}, Chupin} Reviers(1986) 7} sucrose (0. 25M == 0. 5M)= WA B Ho)
st A2 Wl rat ZHE5R0N A 70. 8~84. 4% A A S QL A} Hrste A FEhol A
W R ok A S kol o o A2 RS —3st AV (E A

ZokigaE el 2led sucrosed wiskimol, raffinose® ol (S-R) s st od & =
glycerol el w2 245592 FDA-score= Table 5o vle}wl u} o} 7},

Table 5. Effects of an inverse addition of sucrose and raffinose to
freezing (sucrose) and dilution (raffinose) medium on embryo survival
of rapid freezing

Glycerol  No. of No. of

; Rl No. of survival embryos evaluated by FDA-test FDA
concentration embryos 'e(;fg;fé; e — e
(M) frozen  post-thaw P. P, Py P, P N score
1.5 33 28(84.5) 4 12 3 1 3 5 2.93
(14.3) (42.9) (10.7) (3.8) (10.7) (17.9)
3.0 31 28(90.3) 20 3 1 0 0 4 4.11
(71.4) (10.7) (3.6) (0) (0) (143
4.5 29 25(86. 2) 16 5 2 0 1 1 4.28

(64.0) (20.0) (8.0) (0) (40 (40)

Freezing medium:1.5, 3.0, 4.5M glycerol+0.3M sucrose+m-PBS+20% serum
Dilution medium;0. 3M raffinose + m-PBS

percentage of embryos in parentheses

P.:Positive-5 P,.Positive-4 P,;Partial-3

P.:Partial-2  P,:Partial-1 N;Negative-0
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Z¥550 el FDA~scoret 4.5M glycerolol M st ovt & WMEM AEXE g4
ot 22y} Pio} P9 HA-E 1. 5M glycerol(57. 2%) ol A 713 w+eko o 3. OM(82. 1%)
o 4.5M(84.0%) ol 4= MY tAEE BdF YA}

A RER MRS S-SRt e} Hiksted Bl 4.5M glycerololl 4= @i ] FDA-score
7t st e, 2 ke glycerol itfE ol A& S-R &8} ch& §& FDA-score®
Holx At

SoREEE N o A EETEE bR 2ol ¥ sucrose #®E ol @& mouse ZXEHR Q)

FDA-score+ Table 6ol {738 A=} 72}

Table 6. Effects of sucrose concentration in the freezing and dilution medium
on embryo survival of rapid freezing

CI}’CGI‘O[ Né. of Nﬁ‘;‘;{ No. of survival embryos evaluated by FDA-test FDA
concentration embryos reer;:g;;é; e score
(M ) frozen post_-thaw Px P: Pv. pz P| N

0.3 22 17(77.3) 2 9 2 0 1 3 3.12°
(11.8) (52.9) (11.8) (0) (5.9) (17.6)

0.5 19 16(84. 2) 4 0 2 3 6 1 2.38°
(25.0) (0) (12.5) (18.8) (37.5) (B.3)

1.0 23 22(95.7) 0 0 0 0 0 22 0. 00"

- (01 ~H0) (0N (0) (0) (100

Freezing medium:3.0M glycerol+0.3, 0.5, 1.0M sucrose+20% serum+ m-PBS
Dilution medium:0.3, 0.5, 1.0M sucrose+ m-PBS

percentage of embryos in parentheses

P..Positive-5 P,.Positive-4 P.;Partial-3

P,:Partial-2  P,:Partial-1 N:Negative-0

Different superscripts denote significant defferences within columns (P<0. 01).

2 K98 &) FDA-score+ sucrose i/ 7} R im= ol wa} Aat Qo] =1 (0.3M : 3. 12,
0.5M ©2.38. 1.0M : 0), P.o} P,9] HAL 0.3, 0.5 % 1.0M sucroseoll 4 &%
64.7%. 25.0% 2 0%} tA&E etz ooy 44k e 2 FDA-score: S-S,
S-R. R-R, R-S i&fol v|3) @3 "dojxzm 9leich

o2l ¥ A2 £l sucrosed] BE= THIRY 4HES A7l =d 28 &H
< 8kvd, Willlams¢} Johnson(1986), Chupin® Reviers(1986)+= 0.5M sucrose%



NS o Rl AR ety s, 1.O0M AdaolEs o] ZkEHR
HAHL T Rl ek= 2 o] Chupin®} Reviers(1986) off 9 3ted otef #el =3, sucro-
se®] Yt glycerol #JE ol ulel 4 FEaol] RS ¥ o) 9lo] Széllz}t Shelton(1987)

< 5. 0M glycerol 9 =loll = 0. 5M sucrose %, 3. 0M glycerol ) =jol = 0. 25M sucrose
of @t bR L AHEAE AL+ Ao KA. K Wil s ook ML
#H5 vhebl o] 3. OM glycerololl 4 0. 3M sucrose iE+= 50 LTEHS [ 142
ct.

BoksEsel olel Mg Brkeol = raffinose ] ol w2 mouse ZH55R
2 FDA-scoreg ft#xd 712 Table 73} Zci.

Table 7. Effects of raffinose concentration in the freezing and dilution medium
on embryo survival of rapid freezmg

Glycero] NO of No. of o No. of smwa] embrxos evaiuated by FDA test FDA
concentration embryos recgvery -— - e sco;‘e
embryos -
(M) frozen ~ post-thaw P 7p : f’ v P P_l_ N
0.3 29 19(65.5) 14 2 1 0 0 1 4.26°
(73.7) (10.5) (5.3) (0) (0 (5.3)
0.5 28 23(82. 1) 3 7 5 2 5 1 2.91°
(13.0) , (30.4) (21.7) (8.7) (21.7) (4.3)
1.0 25 10(40. 0) 0 0 0 0 0 10 0. 00?

(0) (0) (0) (0) (0) (100)

Freezing medium:3.0M glycerol+0.3. 0.5, 1.0M raffinose+20% serum+ m-PBS
Diluticn medium:0.3, 0.5, 1.0M raffinose+m-PBS

percentage of embryos in parentheses

P.:Positive-5 P,;Positive-4 P,:Partial-3

P.:Partial-2  P,;Partial-1 N:Negative-0

Different superscripts denate significant differences within columns (P<0. 01).

Raffinose #&E 7} W|hn €42 ¥ & FDA-scored B¢ 29 (0.3M: 4.26,
0.5M 1 2.91, 1.0M : 0), Ps&} P,o] s7#% 0.3M : 84.2%, 0.5M : 43.4%, 1.0M : 0%
MRe 2 viepvtz et

o]} Z+L- K54 E sucrose EH (Table 6 22) 9} tdcstd Mud, @pEs) W &4
% FDA-score7} @o]z] & M- —3lgd o, £A%092 2 raffinose &80l 4] ¥ &

-22 -



FDA-score 2.¢] F2lcf. =3}, 1. 0M sucrose} raffinosedll A 4: 7 Zk5800] A<
W2 AR K Mol dwd skare A A A (Wood9t Farrant, 1980) ¢}
HAs mfETL glycerolE BrA® ol ZHnHR WELS) BRA S BB RO o] f2%<l
Ao g Wi

2. H#EHEO| ZHEI £F0 0[X= B

Glycerol(3. OM) = sucrose =+ raffinose (0. 3M) & @ #x7iol RIN3lod 218 H &S
fikell wtE Z#5502) FDA-scorexs Table 8ol %38 2= o)

Table 8. Effects of seeding procedures on the embryo survival of slow freezing
with 3. 0M glycerol plus 0. 3M sucrose or faffinose

:\‘ -7 f \r Of \ SOS e e
Freezing Seeding o0 recovery < Of sur\il\al embryos _\a_lua_fib FD*_Leit_ FDA
medium procedure embryos embryos - score
frozen post- tha\\ P. P, P. P, P N
CoS 24 15(62.50 2 5 5 1 1 1 3.20%
(13.3) (33.3 33.3: 6.7 B.7 (6.7
PGS N-S 22 15(68.2) 12 2 1 0 0 0 4.73%
(80.00 (13.3) 6.7)  (0) (0) (0)
Totalor 46  30(65.2) 14 7 6 1 1 1 3.97%
mean 46.71,1123.80 1120, 0. 3.3 3.3)  (3.3)
Co-$ 23 17(73.9) 6 3 4 0 0 3 318"
(35.3) (7.7 2350 <0) .0 (17.7)
. N-S 22 17(77.3) 1 5 ] 1 1 8 1. 82%
PGR (5.9) (29.4) 5.9) {5.9) 5.9 471
Totalor 45  34(75.8) 7 8 5 1 ] 11 2,415
fuean (20.8) (23.5) (14.7) (2.9) 2.9 (32.4

PGS;3.0M glycerol+0. 3M sucrose + 20% serum+ m-PBS

PGR:3.0M glycerol+0. 3M raffinose + 20% serum+ m-PBS

Co-S:Copper wired seeding N-S:Non seeding

P,:Positive-5 P,:Positive-4 P,;Partial-3

P..Partial-2 P, :Partial-1] N:Negative-0

percentage of embryos in parentheses

Values with different superscripts are significantly different with each
treatment (P{0. 01:cd. P€0. 05: AB).
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PGS ##5 i (PBS+ 3. OM glycerol+ 0. 3M sucrose+ 20% serum) 2] P. o} P, o] H. %
+ N-seeding (72l A& 2] &2 straw) o 3%;8 93.3%, Co-seeding(F2A Z-&
straw) ol 4= 46. 6% 2 fik & 312 % ol hHF RS ol dodon], ik
o 60% VL L A5 g PR S Ba® o 4fF HAS 100%e) etz oloeh eivt

l

F#4) FDA-score Co-seeding? N-seedingell 4] % & 3.20, 4.73.°2 JEat[E ol
A5 5w glsdel. PGR alifs i (PBS+3. OM glycerol+0. 3M raffinose + 20% serum)
2] P.¢t P9} % & Co-seeding : 53. 0%, N-seeding : 35. 3% 2 Co-seeding©] N-see-
dingell 8]8}ed & o Hok S el o] PGS szl MK S 542 Bodc). w3,
FDA-scoreo] 4| = Co-seeding®] %2 scored YelUl o) Mol AT s 25
)2 okekeh. PGS(3.97) 9 PGR(2.41) ¢ FDA-score PGS &R 7} PGRo| |3
fEslkod IERM) 4 00l %5 Bk (P0. 05).

Miyamoto$} Ishibashi(1978), Miyamoto(1986) & #ikioll sucrose ik hns} =
% mouse ZARHD whigel A mik ¥ BB i frke] Fokohn sde
Bui-Xuan-Nguven et al(1984) & ##itoll sucrose i msts r5HRo) i i&pioll
Mok stol hidksl 2] Gols & TR E A&+ Aok 314k 4 S(1988) = mouse
X B RS ol A sucroses EAE Yl FMEEE S W= ddokE R gt Ao 2 3w
fik gk i o s Afpoko] fE fahela @is sl ok

A Sl A FDA-score® htik7bol 4 & 47 gladet P.ok P9l k&S PGS
N-seedingo] & 5sled, & §(1988) 9 ## o —3slm 2lev, PGRY @+ =g
o] Co-seedingo] &5 #4£5 viebdlz glglch.

Mouse ‘X595 Zdidiad 3 -S =) d#s o ik Ml 45 ol w} 2 FDA-scores Table 9
off vhepwl wvheo} Ztc},

Skl ole]l FDA-scoret #iatly AE&E glglev PGSt PGRe 4]
Co-seedingo| vt4 #-& fil)-g 2]z 21¢e = N-seedinge PGS, PGRo4] =5
"ol ololct Pso}t Pol Hoak & PGSS PGRo A4 2.5 Co- -seeding (92. 3%, 86. 9%)
o] N-seeding(76. 0%, 73.4%) 2o} [41dh 47 AL Veldln Addw AE S
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Table 9. Effects of seeding procedures on the embryo survival of rapid freezing
with 3. 0M glycerol plus 0.3M sucrose or raffinose

of No. of ' ng of survival embryos evaluated by FDA-{est

No.
Freezing Sceding © ~_recovery FDA
medium procedure embryos embryos score
frozen post-thaw P. P, P, P, P, N
 CoS 33 26(78.8) 24 0 0 1 0 1 4.67
(92.3) (0) (0) (3.9) (0) (3.9)
PGS N-S 25 25(100) 15 4 3 2 1 0 4. 20
(60.0) (16.0) (12.0) (8.0) (4.0) (0)
Total or 58 51(87.9) 39 4 3 3 1 1 4.45
mean . ue5) (7.8) (5.9 (59) @ (_))422 o
Co-S 24 22(91.7) 11 8 2 0 1 0 4. 27
(50.5) (36.4) (9.1) (0) (4.6) (0)
PGR N-S 31 30(96. 8) 14 8 4 2 1 1 3.97
(46.7y (26.7) (13.3) (2.7) (3.3) (3.3)
Total or 55 52(94. 5) 25 16 6 2 2 1 4. 10

mean (48.1) (30.8) (1.5 (3.9) (3.9 (19

PGS:3.0M glycerol+0.3M sucrose+20% serum+ m-PBS
PGR:3.0M glycerol+0.3M raffinose+20% serum+ m-PBS
Co-S:Copper wired seeding N-S:Non seeding

percentage of embryos in parentheses
P.;Positive-5 P,:Positive-4 P,:Partial-3
P.;Partial-2 P, Partial-1 N.Negative-0

#ioll A= fiikel fz¥e] ol sle® A7s|get. PGS9 PGRO FDA-score® §i4
o Jested 2ol PGS(4.45) 7} PGR(4. 10) ol ul 3] Ekov} #hiitmy A E s

At

Vitrification solutiong FJH 3} o mouse Z¥5HPE ZHidis: 3t Hsu et al(1986) <
A RS 53~93% 2, o} vitrification solution& f#iHj % Konog} Tsunoda(1987) =
T7%2 A4S WiEs L 2ot K kiie FDA-score S 4:f& 2 Ry o & ik
ol A dofal #5ME ol E AR ¥ AHAL 22 A} Glycerol#} sucrosed
RSN FInsled ki esS B (Szell®) Shelton, 1986 a, 1987; Williams S}
Johnson, 1986) W #iE 47 % 80~95%2 #HisstL oo, & FES) 4= 79. 4~

93. 4% = sucrose$} raffinoseoll A A& F—3}A] £ HFAFS 24 YL THsin



let.

RIGEES (Table 8 3 2) 7 odlfish o) S-S HITLILERS 2, BBEE A= PGS
7} #7558 FDA-score® B Q2 Z#idi#hol 4= PGSe PGRo] A& & scored
VEFH A2 SRR 2 s o] B Y o S A

K Fhrol A BIRdifs ol $e FDA-scored ‘el 21-& Mazur(1977) 7} #4538t
RIS ol A gl gk MIEN Pk K, sucrose Fsimell o] g AR MK
HeKe Rk (Woode} Farrant, 1980) 59 FiHSZ #R S ch 2ol B12ksol
A glycerol iIE & SEclwd BiEMY IKTEZ MRS MLUAA £ ke e 2L 4

. ,
0 Aoz 47,

3. SRAAEONAM AFINS| BEFERME7I 470 0|k = %
Zoduggsoll glol ZASER B 15 R 7} FDA-scoreol] u] x| = %22 Table 103 %t}

Table 10. Effects of various embryo stage on embryo survival of rapid freezing
with 3. 0M glycerol plus 0. 3M sucrose

\10 f , . , N
Embryo el;fﬁ)l c;fs recow?u o No. of surviv ﬂembr}os evaluated })3 FDA-test FDA
stage (lozen peone]tblt-ljlg?\ P it - P"__ 2 r_)’__ N S(frj_
Early 30 26(86. 7) 9 4 1 2 1 9 2.65°
stage (34.6) (15.4) (3.9 (7.7 (3.9) (34.6)
Morula 31 271(87.1) 15 5 2 1 0 4 3.82%
stage (55.5) (18.5) (7.4) (3.7 (0) (14.8)
Blastocyst 31 31(100) 29 2 0 0 0 0 4.94°
stage (93.6) (6.5) (0) (0) (0) (0)

Freezing medium:3.0M glycerol+0.3M sucrose+20% serum+ m-PBS

Dilution medium:0. 3M sucrose+ m-PBS

percentage of embryos in parentheses

P..Positive-5 P,:Positive-4 P,;Partial-3

P, Partial-2  P.;Partial-1 N;Negative-0

Different superscripts denote significant differences within columns (P<0. 05).

_26_



Glycerol®} sucrose& ##5 il ifmstd-& = ZH558e) FDA-score= blastocyst
stage(4.94), morula stage(3.82), early stage(2.65)2] Mo}l 2o blastocyst
stage¢} early stage Mol A& £:7F A cH(P0.05). P.oF P, o} AL blastocyst
stage, morula stage, early stageoll4l &% 100%. 74.0%, 50.0%% FDA-score2}
7 fgimg Bola glalch

KR LR early stage o] ifif5oll 4] Renard et al(1984) = 77~83% L7 &S 19
o}, Critser et al(1988)& mouse “Z¥4p early stageol 4] 36.8~63. 9% &
RAEAE @k el mal, o TRESR B R A ER d Re ko
o w2k )y 2t ololl whE = intE{L energysl o=} wlFoletn $hiHsted, A Whiol A
early stage9] i3t FDA-scorek o]& 7Z& FiEo] #KE Reoez A g =l

Mouse Z #5589 blastocyst stage®} morula stage) ##% H¥siEol 4 Williams
9} Johnson(1986), 4 5 (1988)2 blastocyst stage¥.t} mourla stage®] ¥4 o]
EHstob 314 2=, Milyamoto#} Ishibashi(1986) = morula stage$} blastocyst
stage Abololl & 4 frAtel 2 ER7E elotn sk ok 2elv B 5 (1986) 2t & 5-(198
8) € mouse$} bovine ZHEHR 9] i #5 ol 4} = blastocyst stage7} =& hFERS P
Togivsted R Pk ASHeh —isha gl

SodligUE ol olel raffinose & AT A bR Lol dimdhed TRSIR B 5 RS FDA-
scores M’ #& 4+ Table 113 2o}

Z¥i¥R 9] FDA-score+ blastocyst stage®} morula stageol 4] early stageol] u]3}
o] +g9ko 9, blastocyst stageol A EHsIct P9t P9 <S558 HA LS blastocyst
stage, morula stage, early staged] ES 2 & & 96.9%, 93.3%, 37.5%% 2o
early stageoll A 22 Ha&S B gl

Raffinose 2l 5- sucrose B (Table 10 ¥ Z) ¢} g # o FDA-score= il
g A Vel glew], REBRL 25 blastocyst staged|A 7}&A =L scored
b olo] ZHEIR B RS Higkol 2ol A= early stage®t morula stageod

¥ 5l o] blastocyst stagedll4] %€ 4fFHEE 454
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Table 11. Effects of various embryo stage on survival of rapid freezing with
3. 0M glycerol plus 0. 3M raffinose

No. of No. of No. of survival embryos evaluated by FDA-test

Embryo embryos [ECOVeTY - FDA
t embryos score
) stage frozen post-thaw P, P, P, P, P, N
Early 29 24(82. 8) 8 1 1 3 5 7 2.32°
stage (33.3) 4.2) (4.2) (12.5) (20.8) (29.2)
Morula 31 30(96.8) 22 6 0 0 0 2 4.47°
stage (73.3) (20.0) (0) (0) (0) 6.7)
Blastocyst 33 32(97.0) 30 1 1 0 0 0 4.91°
stage o (93.8) .1 (3. 1) (0) (0) (0)

Freezing medium:3. 0M glycerol+0.3M raffinose + 20% serum+ m-PBS
Dilution medium:0. 3M raffinose+ m-PBS

percentage of embryos in parentheses

P.;Positive-5 P,.Positive-4 P,:Partial-3

P.:Partial-2 P :Partial-1 N;Negative-0

Different superscripts denote significant differences within columns(P<0. 05).

ol 4ol #AE L2 Bu raffinosed sucrose LHo 2 HMstd s ity 2

et

232 sucroseoll =3 raffinosez} Fifilst72v EHs PSS Ga

32

4. WEARA A R BREO M2 S50 R AR

BAfERE T ol A A& (PBS+ 3. OM glycerol+0. 3M sucrose & - raffinose + 20%
serum) WOl ZHGER EIEK B1{LE Blvid 1S Plate 18} 7e},

IEH 098] AR (A) & BAER ) & A 557 (B), 105(C), 1597 (D) #%2) #{LS v}e}
A o2 59 LlNoll sucrosest raffinose ¥ s oll 4 53 IR Ugggol ol o] Wbk, A
#ioll &5 A Sorikol= wEERe &y BiL7t A9 Yol sucrosest raffinoser} i sl
P IE RE S BAS O A) & 590 LISl ZR5ER BB I EK i) ks Moz
A 7+ =] 9l o}

oleld B4 glycerold Makiol st AL o THEHR > EEK 7 Ueka sl o] A Bk
RAZE elojube, MRk LItk glycerolo] ##Isk MEIE #ES QA SBERS MR

#na=k 2L 2712 ®le}b= Schneider o Mazur(1984), Niemann(1985) o] W=
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5% 31 L o

2.2)u} sucrose$t glycerol & 7ol kol ik msl=d glycerol BiFo 2 iRmst <
o o} vl5= & Ak iR o) dolube] ZHEER NS o] BB RE REVE FiRA) dl = UkESt
Bz o] =& chx Széllz} Shelton(1986 ab, 1987)-& f&#ifst it

A gl Al 54y LItk ordiEkol Bk sl A Fn WHEs tRAER MFSE AL XA
Aol giEREe] ko] 7] al-Foleta B ot

Glycerol Bg#iol A 4558 o#5ke] 81+ Plate 20 &% R 2ot

His BT glycerolE br&shz] $18ted kIS MrEMSE HZE o 10971k
(F) 2] sriskst 55714 (E) o oriiek 2o} Uke = ki8S 2. o glycerole] fr kX Aoz
AzrE e}, a4 1097 #% (F)oll PBSHE & 218 ol (G) & Aol orifllik Aibe

Eslo] wigsmizt 2 wilsk 2712 BkElE 2ol @R =

bz Aol A 5314 (E) o) srdiek TZRE7) SiakHT A5l A 1597 # (Plate 1, D)
o) Fenen ol Wik Xl 212 BESHT O EIEke] TREERE Rkl A RiBERR) BrET R
H7122 A korol mrHIER AEEE #iES WY Wolatn Az

A o) #%9= glycerol bg#diol sucroses st k598 Rl BiE = o
ol= glycerol® g 4:shad A srdlske) B & MEist 2, glycerolo] kX THGIR-S

PR e B &7l Fewne] sy ek e s E]Sof 7kch= SzEll®} Shelton (1986
ab, 1987)¢] #iEet — = fimE 2ok

ol 4o #¥iol A sucrose®} raffinose iFINE 2] 7EIEk &1{L7t Ao & FHog
H o} raffinose® sucroser} WHEMZ A2 ZhGst FiMLg Aoz Az,



(A)

(B)
(C)
(sucrose) (raffinose)

Plate 1. Volume changes of a day-3 fresh mouse embryos in freezing medium
with 3. 0M glycerol plus 0.3M sucrose; prior to freezing medium
addition (A), after 5min(B), 10min(C) and 15min (D) in freezing
medium (X150).
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(sucrose) (raffinose)

Plate 2. Volume changes of post-thaw day-3 mouse embryos in dilution medium
with 0. 3M sucrose or raffinose and PBS-solution: after 5Smin(E} and
10min(F) in dilution medium and after 5min(G) in
PBS-solution (X150).

-31-



(A

(B)

Plate 3. A phase-contrast(A) with observing fluorescence microscope (B)

photograph of early morula(1, X100), morula(2, X200) and

blastocysts (3. X100) stage mouse embryos exposed for 3 min to FDA
and washed with PBS. The blastocoele of embryos did not fluoresce
as brightly as the surrounding cells after exposure to FDA
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V. ¥ t3

A iBE2 mouse ZHAIR-S FIA St iR %I (container W) ol A &yl 2
#i kg Forshz] dshed WA iy, hiok W&, ZHERS BEEEY 4T,
sucrose f{H| 2.2 A raffinose®l FIH AIAgr & HeatdhaL, AL ZHES Uissat
WM& BAGEE T ol A st & #is BWashl o3 2o,

Lot =k o Pr ol sucrose 0.3M5 i #53i8 glycerol /g o} 2
FDA-score+ 1.5, 3.0, 4. 0MollA £ 3 1.48, 3.81, 4. 10224 1.5M=} 4.5M o
= ArEA7E sl e (P0. 05).

2. Raffinose 0. 3ME #5702} it by 2ol iR ing o glycerol i®jE ol u}
-scoret 1. 5Mell A1 3.97, 3.0M : 4.11, 4.5M : 3. 5424 & &M A s ol

FDA

o

3. Raffinose® #i#5itiol. sucrose® [fd:fio) khslEdS o glycerol iAo ul2

FDA-score= 1.5M, 3.0M. 4. 5Moll A % % 3.56, 4.28. 3.82% 3.0MollA £ 5514

i

oup fjEee (e =8 sucroses @ik, raffinosed Briiioll Rinstd-S
u glvcerol ol ubB FDA-score= 1.5M:2.93, 3.0M :4.11, 4.5M : 4. 282 4
& OMER ERE ot Hiatny i S eledch

4. gk ah Bpdaitel iRng sucrose =+ raffinosed) /%ol ul.2 FDA-score=
sucrose JE ol 4] 0.3M @ 3.12, 0.5M : 2.38, 1.0M : 0% el giz, raffinose /&3
A= &% 4.21, 2.91, 08 2o, sucrosed} raffinoseol] 4] 0.3Mo] E5sQ@ o,
L OM=} s sESEIRIo = A7 8 257 3258 s 9l oh(PC0. 01).

5. #Mditholl 2ol Al sucrose & raffinoser} iR @RS MHE o FDA-
score+= sucrose KMol 4 3. 97, raffinose L7} 2. 412 #E 05 2o (P0. 05),
Co-seeding®} N-seedin I#foll= FE 7 ¢iadcl.

6. Sucrose = raffinosez} ISl Wi S M8l Z4&# Y o= sucrose

i ol 4 Co-seeding : 4. 67, N-seeding : 4.200]% 2, raffinose &Moo=
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Co-seeding : 4.27, N-seeding :3.972 A &M mlE A3 7 9dddc)

7. xHabB BEETRRRE kAol 2ol Mt sucrsoe BBl A early stage, morula
stage. blastocyst stagez} & % 2.65, 3.82, 4.949] score® 293, raffinose J&H
oAl A& 2.32, 4.47. 4.912.2 4 blastocyst stage?} {878 o} (PO, 05).

8. ZHRYN AHE Tl F 71 1% 59 LiRel IRk UkEsi e, 15% AAls 2 o)
Sloleh. WRERITIL ZEEUD-S BHAR bR Ao R S AL al= AEIEko) g s o o}
Wi =l A R 7L Brdsl s 2 sea s ol o WO FR 2t TR PBSHo 2

w R dls wsN e 2He A2 orEyEkol ms s ook
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