R A B

FDA-TEST 4:3E¥lesto| Mak Hkss MOUSE
SR s BHR AR viAe PR

PN ACBREE ABRB

% E 2

2 &K #B

19924 12AH



FDA-TEST £XNieko] BaX ¥kH MOUE ZR%
R BER Bk niAc B

HBER & K &
R K B
°] RMXS BRE WLBN MYE RHA
19924 12

2 K T BRE HLEN RS BHEY

FEEAK
-3 R
F-3 A

EM BB KB

1992 12A



EFFECTS OF FDA-TEST ON THE SURVIVAL AFTER CULTURE
AND CONCEPTION RATE IN VITRIFIED MOUSE EMBRYOS

Byoung-Chul, Yang
(Under the Supervision of Professor Jung-Kye, Kim)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF AGRICULTURE

DEPARTMENT OF ANIMAL SCIENCE
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

1992. 12



Summary

I. ¥ R/
I. % %

1 HM{t #K5(vitrification)
2 AF2) HFEHE(FDA - test)
3 &M= B

L. #H 9 Bk

1. BN 9 W

2. Rl WY

3. RehE
4. BEtoH

V. BR 4 &%

V. %
- JE 24
|

="
Kt
L

—i-

14

14

19

39

41



SUMMARY

This study was carried out to test the effects of fluorescein
diacetate(FDA Oul/ml, 0.5¢l/ml, 5ul/ml, 10ul/ml or Oul/ml, 5ul/ml in PBS)
treated before culture on the survival of vitrified mouse morulae in
vitrification solution(20% Glycerol + 10% Ethylene glycol + 30% Ficoll +
10% sucrose) in culture or transfer after FDA-test and the possibility of
using FDA-test to oocytes.

The results were summarized as follows;

1. The rate of the cultured mouse morulae development in TCM-199,
Ham's F-10 and M16 culture media after vitrification in 20G1OE30F was 82,
89 and 92% (expanded blastocyst), and 0, 36 and 17% (hatched blastocyst)
respectively.

2. The survival of the FDA-tested fresh mouse morulae after 24 hours
culture was over 96%(P4.8) in the control or treatment with various
leveles of FDA. As the rate of mouse morulae developed to hatched
blastocysts was higer in the various leveles of FDA treatment(67X) than
control (50%), it was considered that toxicity of FDA did not affect the
survival of mouse morulae.

3. When mouse morulae were FDA-tested in FDA O(control), 0.5, 5, and 10
ul/ml treatment after vitrification the development rate to expanded
blastocyst were 66, 82, 64 and 76%, and FDA score were P4.2(84%),
P4.7(94%), P4.2(84%) and P3.9(78%), respectively. There were no
significant differences between control and FDA treatment, but were
significant differences between 0.5ul/m1(94%X) and  10ul/ml1(78%)
treatment (P<0.01).



4.The survival rates of cultured mouse morulae according to FDA-score(PO
= non-fluorescences Pl - P5 = according to their fluorescence) after
vitrification were P5:92%, P4;67%, P3;42X and P2-P0;0%, respectively.

5. The development rates of vitrified mouse morulae after FDA-test were
94X (Control) and 88%(FDA treatment). There were no significant differences
between control and FDA treatment(P>0.05).

6. The FDA-score of the frozen-thawed mouse ovarian oocytes in
vitrification solution were 68%(P3.4), 58%(P2.9) and 82%(P4.1) for
cumulus-tight(A), cumulus partial(B) and cumulus-free(C) oocytes,
respectively. There were significant differences between B and C (P<0.05).
There were many survival oocytes with degenerated cumulus cell in A and B.
It was suggested that the survival of ovarian ococytes and cumulus cell can
be judged by FDA test without the complex methods of in vitro maturation
and fertilization.

7. Implantation rates of morulae stage embryos cultured into early
blastocysts and implanted into uterine hornes after vitrification were 14
and 11X embryos treated control(Ouwl/ml) -and FDA 5ul/ml and the normal
fetus development was 2% embryos for both treatment.

Results of this present study indicated that toxity of FDA does not
affect not only the survival of fresh and vitrified mouse morulae but also
the development rate and implantation of fetus after transfer as well. The
development rates of mouse morulae with the FDA score of P5, P4 and P3
were 92%, 67% and 42% it was considered that FDA-test was fit for the

Jjudge of survival,
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olzitt ZHIBH2] AHFH & HlEste HEkozMde theat & REo) o&
gl gl &, (1) BREel 2 AR BEML HEH®E, (2 02
incubatoro] 2§} ExMEH 5 (3) FDA — test(3’,6’—diacetly- fluresceine), (4)
DAPI - test (4’,6'-diamino-2-phenyl-indole) 2|3 7 BMslv:= He: %
ojrh.
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o} Fujggsich. =tb HEMWHES 5% CO2 Wiz R, BE. KM & o
2|31 24-4815fd] o]Abe] Hi3ko| LEIstn, RWHLM, RN ol F=] STHSE &
X2 vl F AT HES] M, BREE oelo BRE 22 3 BRn B



Heel E% S & 5+ 3t

2L} FDA-test®= 2 gEFEVE 2rebshan, SOLEEMEEY slowd msRli(2-54)
of :FE¥(lol Wakstch. 1eln 3 AEERe] 52 Ho7hxls PHs] flEe)
o] FHEMEE B ¥ & g T ohvlel i B s A% HEel
£7h5%t BAREBA(follicular cocyte), HESRE BRFR B (oocyte), HRAZRRHARE
(blastocyst), #MEHE(hatched blastocyst) ¥ 5 BHiEIA HlE ¥ 4 sith. H
27] BT BEA FH7b don i HERE otelMe] ARFIERC EHHS
10% B M0 2174 928 2(Schilling & Dopke, 1978; Shilling %, 1982),
WA HE FBolM e EiEtES 71d 8 5 2 Z2 RKiel W2 A% #
T ¥ 4 sith

FDA-test 2} B]&%b Q@S Acridinorange, Primulin, FITC, 22j2
DAPI =¥ So] glth. Acridinorange 2 #olithyt Reatto] Fout MIlNSE
#(cytotoxic)7b 0a, ZRIIS #HRE FBS 2olzl Astrha si3ich
Prinulino] 2i8h Petrhe #¥ol ol §gstgiond, FITC @ = AWK
o} ofzre] FER == ERMEMMI Re& £l gich(Schilling F, 1979b). FDA
of ostod AlolslE  MiMEe]l  BERfEe] He e du=
DAP1(4’6’—diamidino-2-phenyindole) & &2 *EEo] ¥ FHYrhHDamn F,
1971).

FDA-test= Rotman 2} Papermaster (1966)of °)3 MastE: SHISE2) LHH
g fEsteul ByE ARE Eigich. 2 o) ¥ o] HEaE:S THR EFHE o
g%t #14= bovine(Schilling & Dopke, 1978. Schilling %, 1979ab,1982.
Schmidt %, 1985; Frank 2%, 1986. Bielanski ¥, 1986), mouse(Leibo &
Mazur, 1978. Linda & Trounson, 1980). rabbit(Schilling & Dopke, 1978.
Schilling %, 1979a), pig oocyte(Didion %, 1990)o§4] 3lglony, p2|r}etof
M B mouseZiIFoN M Kim %(1988a), Kang (1989 a.b), .(1991), Eiz]



FHEBI A Tee %(1992), Kim F(1992)0] S mmtk o] Kol =)s) 47EH
$lE-S ¥ Bi7F sdr.

$o2 FDAZE MoE @Rtk TR A3t HlEEdol #Estthe 2ol Xk
el M FHIER Yobd ¥ K& TH= BA E# HABoIM €02 incubator
7b ddlets o B RERo) WAESIH . FDA-score of4]  P4-P5(80-100% 3t
she 2 Fikel BR THIIIS BH A7122A K& THI &K MK &
Bid UEE mEAA + 3le Aoz B

neinz, A ol FDA AFEHIEREC] HBb HEYE TR R/Eol
HEREE FIEsH7] $lstod @EHI tholl 212 FDARIIK#ES o) st 5
® W OBEY & AT FRAVLE TR, Reh SRS MM
# AFHETREM S wmadstsith



I.8f % %

RESHIBH 714 B¥Z 18909 Heape(1890)7} Angora f 7] K&
WY FHF-S Persian Fie] WIPECl Bidstd FEZF Bdsle Re LER
th. 2 o] HMm) RS 30 Mutter F(1964)2> EHIIS BiEstd ot
A& EESI, Rowson F(1971)2 SR kS S3lM 72-73%e) BREY %
Hsktie AUcHE. 1987). 121 SHEFe] M2 Whittingham(1972)0f )3}
o] J/¥Z mouse THISHS UMMM o)xstel 65X2] XS RIusigich
1972\ of= B¥ 2 Canada®] Albertafiiol FHISIBMEst 7t sl 2, Vilout &
Rowson(1973)0f e)stod 2| MW EHONc] BMsInex SHIF Bl 23Xk
kg 7] A1ab shch

1. HBL sRs(vitrification)

LBl 2712 WES AR{GME(0.3-1°C/min) 24 DMSO(Wilmut, 1972;
Leibo %, 1974; Whittingham %, 1972,1975), glycerol(Bilton & Moore, 1976)
2 22 FBMEREM lsiMgto) MMENS X5e BRAYS U7l wheol
Bfdfo]l wo]l Hele wAEgol Ysizirt, HIMAERe] K3E RAA7IE
sucroseS WkEHOIV Bl FAISI-SW) et ke FHSEE ARy
4 A HEod HERTES KRS REtle S8t WE RS



(Rt FHEBM WHS MIA A, sucrose FRANKH, Fgweidol R #
77h 28] #47E) 2 Sluh(Kasai ., 1980; Renard %., 1984; Leibo, 19843
Willams & Johnson, 1985; Chupin & Reviers, 1986; & %., 1988a,b).

TR SRy MRERe FFEHCo A PR, KAEKE & &
eul R MRS MRS Aaks = KRR Lol xa3l BKs
2l edokg wl, el fMEsERe) KRS WRGETHES BREZH Ye o &
AREl 2 MERES WM EHS 7hstA Elo] MRES) %iEE U8t LM
o] BHHNS AH Hrh(Rall & Fahy, 1985; Rall %,1987; Kasai, 1990) 3 3}
i,

TR HREAe BA WEI A2ue] KoB#e]l 2duiztal e
€ Aoz FAEcU, WEH MMt M2 ue] XKaBeel Azl #AYet
Feflzt A e MZule] R Bie] HEMMtke] SR 2 BEZ nal
tha stgivh(Mazur, 1977; Kasai, 19805 Wood & Farrant, 1980; Leibo,1983).

Vitrification2 &M HEME BE, Tt T2zl REME B&Y 58
o] sERESEEe] BIRolAM Ahtiol 8E3tAl Elo] XKdhel HEKEIzl W HaRolch
Bl Rallzh Fahy(1985) = -196°CodA JKahol MEkE!z] ¢+ vitrification ¥
WMoz mouse 8 HIMMIS GRREMY th B BEE I3tz 2tk v 3l
th. 287k Rall F(1987)2 o] HEE A @iMeigol Kduol BKH 5 3lttn
Ha3%3l o, Kasai(1990)= jMdE: XKSEKFES Fhikst2 & A vitrification2
ZFHstA she BSF WESEAM Ficoll 2 ARE3tsion] 30X Ficollg 40%
ethylene glycolo #3312} ethylene glycole] &S F7HA151xl9, 0.3M

sucroses} H7 Hristlg whe &S ToAzvia @Eshsich

|

#ife] vitrification solution DMSO, propylene glycol, acetamide2] £



oko]l 22 AH2Elgich. &, 20.5% DMSO, 15.5% acetamide, 10% propylene
glycole] Z@# WE2, 6% polyethylene glveole] FEHZ@ME WEHE F4=I30
2uk, EEEEl 2% Ho HEEEUFo) 4CoiM RAstodof stnf I RS
vitrification solutiono {5} step wise Wy o2 FH§stoiof st %)
9l tH (Rall & Fahy, 1985; Rall %, 1987; Kono & Tsunoda, 1987; Nakagata,
1989).

Mouseo A = Hsu Z(1986)0} vitrification solutiong Ah-g3ted ZFHRclA
53-93%°} 4 TEX-S R8ly, Szellz} Shelton(1986a,b,1987)  HSHIMEES)
gi-ou) ftMMEr DMSORTE glycerolo] T MEMoIFR, glycerol}
sucrose {4 T olx 80-9512] & AFXRE diria sisien, Kono &
Tsunoda(1987)%= VSoja] 77-86%, Rall %(1987)2 88%2] A HXI Btk
30-37%2] K-S FUtin WGt RO Kasai ¥(1990)2 FEolA 40%
ethylene glycolz} FEZ:@Y #ESEA 30% Ficollz} 20% sucrosed Ap-E3}od
98xe] XS vt WEY sivh

Bel HAlE=A s Kong F(1991)0] mouse REHEOIM 10% glycerolz}
20% propylene glycol ®R&HCIA 1042] Frhlce 81x2] BE &, 25%
glycerol 2} 25% propylene glycol E&¥olA 63%2) AFXS W&Esisla, Kang
2(1991)-& 30% FicollZ} 40% ethylene glycol B&HIA sucrosel@fFod ulet

93-100%2] 4 HFRE #Esisich

2. BFe] EFHEFDA - test)

RO AXHEY e BB T B Bl =% HETE, 0



incubatoroy ©)%t B FEE, FDA - test (Schilling & Dopke, 1978; Schilling
%, 1979a,b,1982; Schmidt %, 1985; Frank %, 1986; Bielanski %, 1986;
Leibo & Mazur, 1978; Linda & Trounson, 1980; Didion %, 1990; Kinm
%,1988a,b; Kang %,1989a,b; Kim %, 1991; lee %, 1992), DAPI - test
(Russell %, 1975; Schilling %, 1979a) elx @ BT Zolsith

RS E-2 CO2 vld7iolAM 5% COz HEizh 4% BE. BEAM vidFof
BHEEMEE BZslod shdste Wdo 2 M, BREWN el Hesin, ¥
B5hol FrEEE] 2, flEol BE7E FFffel B2 FIEEY shdyoletn z1A 33l
tHlooney %, 1981; Shilling %,1982). U-27] #rgoAH = BHEFBRMII 2 cell
oA 4 cell , 8 cell 7bx] BFstHLh(mitotic activity) =& oz 5
stk Z% YLHES Rojo} & Zojrt. & morulae ofA blastocysts 2 Fhgstod
blastocoleo] BELE 7Lt =& EHHE Fel L] ¥b(hatching) F& &
4 sich.

FDA-test(3’,6'~diacetly-fluoresceine) 2] RFE= 2122 o0]Z2] Guilbault
2} Kramer(1964)7} B¥RIEME-S Hd3te shvle] MESWHE2H MASM
Bi#2) esterases7} lipaseo] 2)3} nonflucrescent®] fluorescein esters®& 4
fAst=u] B olrh. o] uj Fluorescence solutione] Bt XS ME
stoga o] Wkxo| BRIEM FWEIo] sithy shgleond, KM Ut
3-55r &2} Azto] spfol FrEEXitha sisich

7. o]¥ FDA-testi= Rotman 2} Papermaster (1966)of °Js} SHiBfodr in
vitro sjgMze] BED-S MESt=H M52z AH8 EHloh o]F2 Aot 3l
t WELEY THEE-S DAYl B A5l o) MEZ UPol fluoresceing FERET
tha 23 sich FDA: HAE FEREWEEAM Adoksle MR Aol £



st MAKIMEBIE  esterasese} wh-Sstod B¥S R bz sisirh. o]
g2 o] g3t AT AEHE Hdsteul FiElse R 12 (Rotman &
Papermaster, 1966), 8% (McGrath %, 1975) 1e]1 108-(Persidsky & Baillie,
1977) 0. 24 #EEulth oFzke] 2jo]r} it McGrath (1975)-2 WESHGCN
FDAOY FJHitlwd MEE 7 S31F kel BiEZen A2 MEUSe] K
SEERo 2 leh MM Bullel We] glvkm shsith.

sk, Schilling %(1979b)o] 2 ZHEHHcAA FDA-scored 4 FEo2 ST
o, Brilliant, Week, Partly, Negative& viehd iSRS 24B%fl Kotk &%
85, 20, 16, O%7} HiHH(mitotic activity) 2 viepuislod, B 313 ul
HEEEe) /7t AUARL(74.3 vs 77.2 %), FHE 4] dglen, M7
BES <3|z FDARMEE St 63 vs 46%) 1 R $}gith.

DAPI (4’6’ ~diamidino-2-phenyindole) ¥} Dann ¥ (1971)of 2|3} AHF2
2 218 sigith. o] A2 DNAo) ¥2 HiFEs Zt 3l7] whEod mitochondria,
viruses, bacteria, yeasts, spermatozoa %2] cell = DNA W2 #& @
ek, o] A2 o}F A2 MEIE ol MBEES RE3t: Bh2 7 3
ond, FDAZ} Aolgle Mol K& RFBHE Y, DAPIe &2 M=o o
o4 B¥-S BEYCH olul FDA RS M, DATI B W@dd, o] Fxk
S o]-2s)A] FDA%} DAPI & Rif7T%r Mt Fitked =is) THiBi=] 43S HE
3t A9 = 3l

Schilling %(1982) 2 2 <HiffolAM, el Didion%F(1990) =Az] BAALHN
(pig oocytes)ofr $HHRE WY& o]-& 3Arl. Rotman & Papermaster(1966) &
EEMR BOEHESE 1012 FACL glckn Euslond, Jackowski(1977) &=
FDAZ} SHEBEe! REFRNMIE £2 HHMERO.96)7 glctz 23 Yok o]

_10_



Bloll = Leibo & Mazur(1978a,b)= BRAS MMtk mouse F73%te] AT wHdof
FDAS o] &8l om, Schilling %(1979a) & 2%} %7 ZHi8fcl~ DAPI 2} FDAE
o] Apg3tod FDA-scored 3 BpEs® RASId, 2] positiveojr 90%7},
partial olx 25%7} BEFEI D, £7] oM positive oA 87%7%, partialof
A 20%7t RE Elglond Me|F fRel &FAle] dgittn x2asta girk. of
o) = Linda & Trounson(1980)°0} mouseolir] FDAgRHES} MEggFfolr zbz} 45%e}
49%2] EHMHR HHERS vieblrtn mastgich

3. XHigi=l B

CHIIBAE 7142 RYIE 18903 Heapert KENM THifi& Bifistd TE
7} A2 FEIES ¢ EHERe ohE Zido BiEstdele Bty
F&o) Adarele g @it 22%E 25dF Biedl F(1922)0] F2 27|
£ o]23slo] FiAEF Bfol akTH3I3 o, Pincus 2} Enzmann(1934) 23| £7)
g ol gstod Ao = H o] Fokel BRZE HA ¥71E A Hslth azla
19331 Nicholas7} 2]of+] gEIHRE #h Warwick F(1934)o] Ki¥e] THIN Bl
43 Zshslch(g. 1987).

1940 d o] Sojrudx mouseofr] Fekete & Little(1842)7}, Casida F¥
(1944)0] [LiFolM, Warwick F(1949)-2 #i¥2} (LIFAM 22 ZHRHAE 23}
sith. villet % (1951)0] #9845 BRI 4t +3TE AHM YYo=
LHi4o} BHEsted S Aldo.gd, 1950 Hitk7ial 72 2E W REA
A ZAA08 Bifol mKTh sisith.o] Al7lef: EhsZe] 35% o3tz ugkond, B
ERD 21t &EF W B Hel Aol HyUch(E. 1987).
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e SRS 2= Mutter F(1964)0f o)3to] LHSE-S Bstd Folx|
Ab3kgla, 1971d Rowson F2 SHEHE dof oijt &9 £z 040X
ThaEo] 72-73%2 I3 THAEHES TS, 1987).

Wilmut & Rowson(1973)0f 2j3to] 4-o] WESER BH .2 $otx| & 82 go)
utel FHIP Bl EHEL7F 2)ztElglen), 3 ¥ Trounson %(1978)& %o
A B AT o)l FEARMRTE AR de] FHEe BiFsitia &
2sbiR, 19784 Litk 57 etel MRl 23] Solxlg Aarsiziof oj=3u}
(Picard %,1985).

1980 dtho]  SoiA  EMSie] RN RMHESREA 1Y SF4E
Willadson %(1981)0f 2]3}oq o] fo] 3 om, Brackett F(1982) Loff 3loiA
HAZHos $obaE MEog AAsisich. o$7] Fehilly %(1984)2 #¥
2 ¥ THSRoRA MM A =) Kigko = Chimera§ EE3IA & 3ict.

BRI e MR MM Y] Bl Wikt HiR7E 8us) A%Eo] Rats
(B ¥, 1987), =4x|(@f, 1987), &(ZF =, 1986; 7 ¥, 1983,1984; %
%,1986;) )04, 2|3 Lo WHFEL(M T, 1983a,b; F %, 1989)F t}4o)
igtn L

Mouseol &= Rall %(1987)c] 8 MAMIMANE-S vitrification MIEMAME BM

3}lod 90X vitrification solutionofir] 26-27%, 100% vitrification solutionod

£

ok

M 3-41%7} ERMREE dEtt Rt glon, Minato %(1983)2 oocytes&
HAFHA A BHEY 22 12.3-38.7%07} FRKEES B3sisicta sigich. e
3L, Massip ¥(1984) MIAATHE oocytes2} 1-, 2 MMEHAcl BFF 8 SH83IF
M7 2] Bksto] B A& AFRo]l 22 11,7, 10.7, 9.1%3itta 3t
93, KEH oocytesE vitrificationo 2 FZ7-E3IF M-SRt 2 MEAA

_12_



7hx] dgtk A BHEY ozy 45.8%0] [FR EFE Atz sisgich
(Nakagata, 1989). °i2] Rfk#h mouse HHMIBRE-S 1.5M DMSOo] MASBAMIL M
Fistd BHIS-2 wl 27§27 FIRsted L 5 170To] BRe EhEsisicia st
(Carrol %, 1990). 2]2 vitrification HE o2 FHiBic] MMM E £TH7X
o] gobx|uM, o] W2 o] R oocytes®] MFE} MAEH, 1:=|n
o] & Bisted EH EF7ix] ULAziei D ste %7t mouses} WHABh¥yolAM
#Babs] o] Foixja girh.

_13_



. 6 4 Hgk

1. SAMMGN = NPy

A KW 19924 38 Fe] FHE 108 72 ANAKSE R AS SESH
XHRNE KWEL ANASE R BYETEAM KK sl

2. 3 B

HEMP2 4 - oA MHE ICR mouse 2} BEPEACE 7-10il HH
mouse-§ WIEYIBRFMSI] AHE3igich. At Pele Jetae] HojzolM KAH
Hel 25 Bl X/AIZon, EFE] BEE 20-25CE #ithla, O
M2 14/day2 [EEstgich.

3. AWMHEE

1) MM KW

BHIN ERE 9130 PMSG 6IUF 12:00-13:008f Ato]of FFFALSL 4865M
ol HCG 6IUE A2 Hko g FAlY F— R#iel 23 1112 48,
BRXREE RFPsUch. thed oby B (vaginal plug)o] FEERE 2 WMol
gratestsict.

Bio] HUH M 23 HG FANE 72-7585Mlo) BINFENSId FH2 5B
M-E H§iisted 1 al $A}7]-8 o] PBS(Dulbecco’s phosphate buffered saline)
+ BSA(3 mg/ml, Sigma, Cat.No.A-7906)82 FES Eiksdtod watching glassoll

_14_



morula stageE [@El4s}glitt. o] uwie] PBSE 0.2%m 2| membrane filter(pore
size;0.22m) 2 o ZA)Fond, LHIES FHML PBSE 3[E Mt 40f%2] ¥
REMESS AMEstod Mo s ERMY AT BEI3ted AYod fitalstsich.

2) BHNEBH=] KKBH

mouse(ICR, 4-6 Hilp)=] BAREBAS 7} HW&Es BERY #h 3045 LiAol SR
o] FifgedM 18 gageFAHH o2 HREP shglond, #ROAY: Rakkh SRlESR FMY
PBSE 3[0 geMEstod BRSOl o]-&3hgict.

3) ME - MW

PERE{RTERY-S Vitrification solution(Ficoll 30%, glycerol 20%, ethylen
glycol 10%, sucrose 10% + PBS)-2 F-H]3}3ith(Ko., 1991). BERSHES 1mlA}7)
E 27 A)%] 0.25m1 strawod ole] PS(50ul), air bubble(20ul), PS(30ul), air
bubble(20u1), 50ule] MEEH <o 2 HAsId Fu|3lsith(Fig.1.A).

ZMIB(7-107)/straw) 2} BRARBA(7-1071/straw)-& WRESEE dropod AMzlY #
AL g74dos ¥H &3ivt. o] wh £ vje] EHIY strawe] MR
micro pipet2. 2 & straw powders® HHAR}IL(Fig.1.B), FTiW(26 1 C)ofA
IN2 containerofr 2] HEE WE(220°C/sec) AFlon, ojule] PHGEEMN
d2oirM 105522 3sith. < 38°C EAKolM 102 FU¢ TEUM MM
#, PS(PBS+10% sucrose)ol 54 &< EMstd TR WuME KEsta
¥t PBSHEo) 3 &7 ¥ FDA-test§ 3}gich.

_15_



(A) SR

(B) HHH

M vitrification solution dilution media

#8E straw powder plug ____ air

RHERE cotton plug B888l embryos in VS

Figure 1.Configuration of vitrification solution, dilution medium and air
in 0.25 ml straw, just before loading embryos(A) and after sealing with
straw powder(B)

4) FDA-test

(1) FDANE B&

A}-8%t FDAM{2 fluorescein diacetate(Sigma, Cat.No. F-7378) 5mg/ml
aceton-g stock solution(Linda & Trounson., 1980)°.5 $iigs}ed Gkl
(1) 0.5ul stock/ml PBS(Standard),(2) 5ul stock/ml PBS(SX10f%),(3) 10ul
stock/ml PBS(SX20f%) & Zu|3l3ln, (4) HIBEL: Oul stock/ml PBS(FDA-free
PBS) 2 3}gith. FDAMe|2] HEBMEEE ZAISL7] $isto] MEEREM mouse morula
o} SpAasi< & MERE= CEAESsi

ORRSAM 3 fresh embryost 4FEIEC] 2tz (FEACESI R (26+°C)of
A 1055 FDACA FEHSIAAM (HZSDEEEMMS] U.V.lightodd B2 HiFE
spsith. 10938k & MEe] THSAS FDA-free PBSE §7! # 4 ¥eMsisiond,
12650153t paraffin oil FolM REEFRRT EiiMol &7 5% CO2 A%el 37C
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incubatorofA] ErRsFgith. HEEAMEES B460, G520 filter2} Mercury lamp7}

H# ¥ reflected-light fluroscence microscope(OLYMPUS)-& AR2-8it},
(2) FDA-test score
FDA-score Th&2} 22 H#gof ofsto] ¥FEs}sich.

P-5: 47g%te] SEIk 27t MERKS WtA BB (55 10084 FE)

P-4: F74gke] SEIKS 8027} B F-2 u|AL} positive-58t} 27}
55514 ¥ 3& Bshe H(473:80%)

P-3: 7ggke] SEIERS 60%7F 325 wle 2, T positive-drrTh
59314 B35 Bste R(37:i60%)

P-2: F73%e] SRS 40%7F ¥ Fg ule A, T positive-3RTh
55314 HFg BMcte R (2di400)

P-1: £743e] SEIHS 2007t ¥FE ule A, T& positive-28r}
FistA 82z BEte R0Hi2m

P-0: ¥Fg A Bt b 2R(0%i0%,Nagative)

F45 FDA-score Th& Aof o]sto] FEEISict.

Mean score = [(AX5)+(BX4)+(CX3)+(DX2)+(ExX1)] / N

A : No. of P-5 B : No. of P4
C : No. of P-3 D : No. of P-2
E ¢ No. of P-1

N : Total of P<0 ™ P-5

(3) FEEMIPIEN (ovarin oocytes) 2} BHA-$EIR
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SRsi=] SEAEoAAM MY Rk BRREBRS SREMERET FAE Adekef ulel 4
$H(A, B, O)3lod FDA-test-& A{IRY A2 A2 U2 P-0ofM P-57tx] 44
313ich.

A BREHEMRZT ERslol AT Z(tight oocytes).

B ; SRl oo s FAY ZA(partial oocytes).

C: PRmAlME~ #2relz] -2 ZA(denudation).

5) SRR KR

EER¥S  TCM-199(GIBCO, Cat.No.400-1100), Ham’s F-10(Sigma,
Cat.No.N-6635), M16(Whittingham, 1971)2] XAR:HMEol ®& 20% FCS(Fetal
Calf Serum, GIBCO, Cat.No.200-6170)- ¥shnsisiti. 2elm pHe 7.2-7.4,
Osmolityy 270 -290mOsmol/kg® R3tglen] ApR2dHof 0.22:m2] memberane
filters @if3I3ivh. M7iA] BRH o2 BE& RSl 42jo] §2 Aoz ¥
BfiY Ham's F-103 FDA testth HiMo= JEsisivh. & HRme #Re
Table 12} Ztc}.

THAO BErRRkS v 12050 #ijol petri dish(Corning,60mm)od 50u]1 drop2i
ujorol-3 paraffin oil 2 #HYE Hold 5% CO2. 37°C incubatorofr FiELRsHSd
on, 57332 FH FDA EEEtR PBSolAM 2/, HIR¥o = 40 KMtk FiRERY
ujred dropo2 &A HRS WRIISIcH BER 248k BEND 28 KE
(Late morula stage)& #<1sta, 48Rsflol BELARME(Blastocysts - Expanded
blastocysts stage) & ZC#3t thd FDA-test & 4£FEHE-S thA] Whiste ki
& &

6) WP BE
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(1) 588 “33](recipient mouse)2} Fu]

XTE8 23 = 6-8 el REE MM nousezAM, HEBYIR FHY i
rouse(7-10 i) 2} 1112 H&Fsto] MRo] UAY o ol HBME 1HS 3}
stk

(2) B@K®*

Btk SHA 2¥of BHEsislon, o] w} LHEMl Zve WE MM %
FDA REEEe SMEWE=S FEstod 2485 HERtk(early T middle
blastocyst stage) Hffl THA Ligiols DA REFTF, Lfcl: MRE 5B
F& 27 B4#stsicHrecipient mouse; -24hrs or donor mouse; +24hrs). §f
’33| = somnopentyl(sodium pentorbarbital) 0.5mg/10g J4ES MEERY =A}s)
of MFEAIZ H, So) EhRR 2/3%-22 YIBAsto) PRl FH S Moz 17
417132, 1 ml $4}7]12 punching®t th micro pipeto2 % FE A 5-7702
XS Aoz Bt BM BES 4B % HBEFHY £ 50 F
HA #EK KBS Zagstoict.

4. gEtoth

it 3 Hr2 FDA-scoreol 2)3} Minitabe] T-test® 3}gic}.
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Table 1. Basic compositions of culture medium(g/liter).

Components TCM-199 Ham’s F-10 M16
NaCl - - 5.533
KC1 - - 0.356
CaClz2- 2H20 - - 0.252
KHzPO4 - - 0.162
MgS04 - TH20 - - 0.293
NaHCO3 1.100 1.100 2.101
NaOH 0.400 0.400 -
Sodium lactate 0.052 0.052 2.610
Sodium pyruvate -~ - 0.036
Ca~]actate 0.255 0.255 -
Glucose iy L= 1.000
BSA B - 4.000
Penicillin G 0.075 0.075 0.060
Streptomycin 0.050 0.050 0.050
Phenol Red - - 0.010
HEPES 5.958 5.958 -
TCM-199(powder) 9.900 - -
Ham’s F-10(powder) - 9.810 -
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—— Embryo recovery

Embryo washing
in PBS(3-5 times)

Embryo dehydration
in freezing medium

Freezing (vitrification solution)
Embryo loading 10 min
in 0.25ml straw room temp.

Straw plunging directly
into liquid nitrogen (220°C/sec)

Straw thawing in
38°C water (10 sec.)

Embryo rehydration in
dilution medium (PS.5 min)
Thawing I
Embryo washing
in PBS (3 times)

Embryo equilibration
in PBS (5 min.)

Figure 2. Procedure of ultrarapid freezing(vitrification) and thawing of
mouse embryos.
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Fresh or frozen embryos

Control FDA test
(FDA-free PBS) Standard X1, X 10, X 20
FDA (FDA+PBS)
test |
(10 min
rooa temp.)

l Examination

(fluroscence microscope)

Embryo washing
in PBS (2 times)

Embryo washing in
culture medium (4 times)
Culture
& Culture in (02 incubator
Transfer at 37°C for 24-48h.
After 24h,
FDA test incubation
transfer in
Examination recipient mouse
(fluroscence microscope) (3rd days)

Figure 3. Procedure of the FDA-test, culture and transfer of embryos
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V. &% 4 BE

Vitrification solution(Glycerol 20%, Ethylene glycol 10%, Ficoll 30%,
sucrose 10%) 2. & mouse morulaes] Witk 3712] HIRHE-S FURIshod 48m:M]
HRT ZH3% embryose] A2 Table 22} ).

Table 2. The development rate of mouse morulae cultured in several culture

media after vitrification

No. (%) of embryos developed to

No. of No. of
embryos embryos Late morulae Expanded Hatched

Treatment® frozen recovered(X) - blast.® blast.c blast.c

TCMH-199 45 39(87) 33(85) 32(82) 0(0)
F-10 47 38(81) 35(92) 33(87) 12(36)
M 16 45 38(84) 37(97) 35(92) 6(17)

aTCM-199, F-10, M16 ( + 20% fetal calf serum)
bCulture for 24hrs
<Culture for 48hrs

TCM-199, Ham’s F-10 123 M16 ¥R (FF, + 20% FCS)ofA 240K ik
# late morulae %+ early blastocystsztz] Z:B¢F 2L BF 85%(33/39),
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92%(35/38), 97%(37/38) %4 Mi6odM 7} &2 MRS Mol Yo}, 4865M)
EiJE#k expanded blstocysts7hz] ' H RS FF 82X, 87%, 922X vl
Hiag  ‘lebsith.  22{u,  hatched blastocystsztxl  BERF Aol FF
0%(0/32), 36%(12/33), 17%(6/35)2A F-10044 71} §& BhEE =23ich

RAMML o d-2 o)-8X wouse HRe] MAMM - Rall ¥(1987)0] 8 HilE
HARE-E 20.5% DMSO + 15.5% acetamide + 10% propylene glycol + 6%
polyethylene glycol-g $H&%} vitrification solutiono. g RE{L MEMME
Mi6 EggWE¥ o 2 Riggd}od morulae 2} blastocystszhx| 88%7} wersiqivia Mk
3t & WMl HE Ao —Fdtslon, Kono F(1989)2 2.62M DMSO +
2.62M acetamide + 1.3M propylene glycol + 6% polyethylene glycols}
glycerol 6.5M + polyethylene glycol 6.0%-8 $HA&Y REMML MEHo= ME
BN mouse embryosof] M16°2.8 wRtF 64-89%7} blasyocystszhz] 'de3}si
tha g ek Adistsich. 22]a F HiRWE@oAA hatched blastocysts7z}x]
;8% aiifRo) Ham's F-1004A4 7} Esteng FDA H# WEE sheofshr] sl
ujgel o2 Haw’s F-10g JE3I3UCH

FDA FRinAMeo} wiel TSR 4] HE HAESE vhe3r] i3t R MM
Y& HRA] 4L FML mouse morulaes] FDA RPIAKMof upE wYH 2t
Table 30§ iiepd uie} e,

Mouse FH-§ ABfycs HHistel PBSE flushinggt #MLH mouse morulae
= Egguiol FDA-testodr B5 P5(100% 4 7F)E vetuisiond, 246N Bk
Control(FDA - free)odA] 90%(18/20)7} expanded blastocystsil | dd3}siz,
ojul 39%(7/18)7} hatched blastocystsz}z] ;3 HRES xic).

_2 4_



Table 3. Effects of FDA concentration on the survival of fresh mouse

sorulae

No. of embryos developed to

Treatment? No. of Expanded Hatched FDA
(FDA/PBS) embryos blastocysts(X)* blastocysts(%)* score

Control 20 18(90) 7(39) 5.0
0.5u1/m} 16 16(100) 8(50) 5.0
5¢u1/ml 14 13(93) 6(46) 5.0
10ul/ml 17 12(71) 6(50) 4.8

s Control: FDA—free PBS
0.5ul/ml;: Stock(FDA 5ug/ml aceton) O.5u1/ml PBS (standard)
5ul/ml; Stock(FDA 5ug/ml aceton) 5ul/ml PBS (SX10 times)
10ul/ml; Stock(FDA 5ug/ml aceton) 10ul/m]l PBS (SX20 times)
* Culture for 24hrs.

0.5ul/ml (standard) oM = 16702} morulae B.5(16/16) expanded blastocysts
2 westglen], o] % hatched blastocystsztal RBY RS uvehd R
50%(8/16)gitt. Sul/ml(SX10)odM 5 2] 14/f=] morulaeZ-ofir 93%(13/14)7}
333 omd, 2 2 46%(6/13)7} hatched blastocysts Aef8 viebuhsith. 10u
1/ml(Sx20)of M = 17702] morulaed 71%(12/17)7} 24658 R Rz,
hatched blastocysts #RAEQ] R 59%3ich. ojul 2} MEEECIA HI 2485
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2.2 S FDA testt Z2} Control, 0.5ul/ml, 5pl/mlofx] =% P5.02] HRAES
K3 10ul/mlofM = P4.8(96%)-2 LlehUgion REEZ H8&kE sl oel
I k3 248508 % hatched blastocystszbz] utelst 2 $FRE (FDA-free PBS)
ofM 2r} FDAREE M o2t & M-S Veluich. 2elne Wi MMt
oS mouse morulae:= FDARREFS Linda & Trounson(1980)o] wa gt R
(1:400,000 - 800,000)2} 10f&(5ul/ml), E£ 20fE(10ul/ml)7}2] ¥ & o] E=
A4 Fugol WBS Fx ¥skth

olzigt HiE = Fr#Y embryosE FDA = U.V.lighto] BHF in vitro, in
vivo B 82 52 dtrhe Linda & Trounson(1980)2] kel —Fsind,
FDA-test MBFEIEel 72 vt U (Bielanski F, 1986) == 23]8 @
BE7F ] $3tchE Schilling %(1976) 2] ERif=l —FSAct.

PAle) Bidite ERE stod RMIL MRS MY embryosofs A2 Wos
FDA MEER| PR th 485N T HRY #R < Table 42} Al

${BRE (FDA-free PBS), 0.541 stock/ml PBS(Standard @FE), 5ul stock/ml
PBS(SX10) 22]3 10ul stock/ml PBS(SX20)& MFE(Plate 1.(1)) # E:jgs}od
2450} late morulae-blastocysts® FhH¥3t miffe] &8  94%(30/32),
100%(22/22), 96%(27/28), 97%(28/29)0]30 3, 48K5R ER #  expanded
blastocystszhz] gt S &F 21(70%), 18(82%), 18(67%), 22(79%)o|nd
(Plate 1.(2),(3)), ojuje] FDA-scoret: && P4.2, P4.7, P4.2, P3.92A4 IR
Eel & REEIe S22 Ao Lb(PX0.01), FDA BFRES 0.5ul/al 2} o)
BEE2] 20f5(10ul/nl) ¥} 2 F2IAHE vRERUSICH(KO.01).

ulels] FDARRFE MEF+— FDA stock 5ul/ml PBS(SX10)7txj= #§7} <icha &
4 912 FDA REF FXs BXI7iziale] A1 FR(26°C)AM 0.5u1/ul
7} 54 LAke} WM& BSond, 5ul/ml PBSE 14 LAod FDA-score® 43R 7}
St BXRES velylch(Plate 2.(3)).
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Table 4. Effects of FDA concentration on the survival of vitrified mouse

sorulae

No. (X) of embryos developed to
No. of No.of Mean
Treatment® embryos embryos Late morulae Expanded FDA
(FDA/PBS) frozen recovered(X) -blastocyst* blastocyst** score

Control 41 32(78) 30(94) 21(66) 4.2b
0.5ul/ml 26 22(85) 22(100) 18(82) 4.7

5ul/ml 31 28(90) 27(96) 18(64) 4.2
10p1/ml 33 29(88) 28(97) 22(76) 3.9

® Control; FDA-free PBS
0.5ul/ml; Stock(FDA 5ug/ml aceton) O.5u1/ml PBS (Standard)
5ul/ml; Stock(FDA 5ug/ml aceton) 5ul/ml PBS (SX10 times)
10u1/ml: Stock(FDA 5ug/ml aceton) 10ul/ml PBS (SX20 times)

* Culture for 24hrs.

** Culture for 48hrs.

ab Means with different superscripts are significantly
different(P<0.01).

A WS 3] 1054 FDA 2} U.V.lightol BHA|Z .02 FDA-score§

2] faEstel M, HR = B ol Sthed LR in vitro HRfF RN
< Zolv o] LIl B UCH Table 3044 MESMM 23¥-2 ARz o
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< FMY 9FF < Standarde] 20f5GEAR 50f5)7hx] THISR] BFel ¥y &
7h ASleT vistol UiE MY FMBRoIA FDA 20 RAES BiEel otz ol
rhe R obx] szl @iEs Ao HE MM 2doM 3lg 5 e K
RyEE2) &) KT, =& FDAS] B =M acetond o]-&3h=vd FDA2] |E7}
¥oMd 45 acetone] BEE T8 Folxln2, MR MMEF IENol ETH Ko
£ negative2A4 {Ef &Rz BHd

EMM Ro] RFHEIES Table 321 [E#eShs wl FDARRE=l: 2dole]
et BB 248R) BERE: 90%(control)[h ko] expanded blastocysts& et
(Control;90%) 33l oLt, WM BE(Table 4)olrM = 48K§HIZIA] RS v
24 ole} vlxyr BEFRE(Control;94X)F 3l Ro 2 F4H3] #Eyd 4 3
th. Bl#E7ziz] & W2l MR MM SRTolM FDA ERMEel 10f% zhxle] Eine
#71 9t Aoz ¥iKiElgion, olzyt pfRe Bielanski %(1986)0] bovine
embryos2] FDA-teste} REigodr HERE el Ao 22 RRHR(33 vs 2008 ¥ 2
2} —Fkslo], DS MM cattle embryosofr FDA2} DAPI-E AM&3) 4##H HFE
th ERY 22 Bol Mol glsivhe Shilling %(1982)2] ##fele —Hyt
t}.

Table 5 DRRS MM mouse morulae2] FDA F#EFI(P5 - PO) 48FEM Krsk th
%Y £EXs WAEY Aol

ME MMk FDA testofr P5(100% 4 7E)-E viehd 72{H2] mouse morulae:
F-1004A 4805 Bk late morulae 2} expanded blastocysts 7}x]
92%(66/72) = Rhi¥e| RAF sislon, BIEY o] 8x(6/72)oltt. 12} P4(80%
A E)ojM = 67%(20/30) 7} late morulaeof* expanded blastocystsztx] ZL:3ik
HE ®3lond, P3(60% £FF)AM = 12105 3MB(350) 7o) late morulae 7tx] B
Bon] o] o]AF2 wWdshx] R3psich P2oiA effic] BT UM RuEsix) o



2 BEEE = BERES velslon, P1(20% 47F) 2 PO(OX AT AME
4805M] EEREE A RS veluix] gsith. 2HMCE P3 LAToiM = 48550
B Rtk blastocystszhx]e] %2 ¥ vieporx] gfsicl.

Table 5.

FDA—score after vitrification

The development rate of mouse morulae cultured according to

No. of developed to

No. of Total No. of
FDA embryos late morula* expanded* survived degenerated
score recovered - early blast. blastocysts embryos(X) embryos(%)
P5 72 29 37 66(92) 6(8)
P4 30 18 2 20(67) 10(33)
P3 12 5 0 5(42) 7(58)
P2 6 o o 0(0) 6(100)
P1 7 0 0 0(0) 7(100)
PO 7 0 o 0(0) 7(100)

* Culture for 48hrs.

o}21.2 Schilling %(1979 ab)o] P FDA-score-& 4 BfEo s 4rHAd}S
Brilliant 85%, Week 20%, Partly 16%, Negative O%3 Wehg ®<ql Awr} 4
< Rielou, & FRAlEs vy HREE viedon, B MR @®
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ERolM BRE Y 4 de H2 A FEMls w2 HIR0.96)0] itk #
&2} —F3sich(leibo & Mazur, 1978).

FDA-scoreof ujz} #¥e] KBEE 2 P5& 2HMC R ofF w2 EXS B
getes A BERYs slom, Pae P52} o] #Ie] M7 Bke Rsbv)
T 3ht ERdtey ¥R 2MdholM 1-2ffie] EMERTlo] B R3] Y= BE
olt}. P4E blastcystsztx] HigE3R-S uf P5ofr &3t blastocysts2} H#est
d, 20 JHKUL PdofM ot Ao EHM blastocysts® FRistr)7t
ofzdgirt. 2] P3ofM = 2 MERe] 1/3BEEVE BES Rsbx) dstond, P2
< A "ok #oF BXE Beh P12 1-2fF°] #ERute] S Ut
PoolM = A3 BHE Felx] dom, P4-P5odA o5 #iFRel B Alolofe W
& Bshal don, BUH oA U RBebx] gech

Table 6. Effect of FDA-test before vitrification on the survival of

vitrified mouse morulae

No. of embryos evaluated
No. of No.of by FDA-test(X) Mean
eabryos embryos FDA
Treatment* frozen recovered(Z) P5 P4 P3 P2 Pl PO score

Control 419 40 31 5 3 1 o O 4.7
(82) (78) (13) (8) (3) (0) (0) (94)

FDA 41 38 27 6 2 1 o 2 4.4
(93) (71) (16) (5) (3) (0) (5) (88)

* Control; FDA-free PBS,
FDA: FDA stock 5ul/m]l PBS (SX10 times)



He{t OREET FDA-E MFEYIZL(FDA) 2} @EE$tz] @2 (Control)-g WK B
Mt &, olg2] £FXRE Table 6of Lielf3ic.

°] 52 Control(FDA-free PBS)2Z} FDA(5ul1/ml PBS, SX10) REES Uy &
HE sigivt. #aFE 57 83 HtEMEo s ol AHME HEY &
B Control; 94%(P4.7), FDA; 88%(P4.4) 4 FDARRoA <F7} u}2 HEES LI}
Wion mEEN H¥E&ke AUTHEK0.01) 2L, FDARFEIM = BMME FDA
Hannsio] #&tHEC] wagslon, Aolgle RS WA FoAYIFE 2o}
tS W2 S BT Mc Grath F(1975)0f 2|8t mERSET FDASl JHRY
e SN & SN KSERe R At Zitke) pfle #%e BEshsin
A shglont, A WS Kol v HRBLE EECIsly] ulFol BEMM
the £FXo] 33D Aoz THUch stz HEMME Controlodd = KR
stod IEHMCZ BhRol £]ou}, FIAREE oM ERe Bl #lssie
H FERE-2S el P5E Uehle RoiME BEFEL RES vhehusict. o)
T WREEF MMEA FDAZL Mifgwto2 @3] shAurbx] e fRAEAM M-S
R shsi7] wigod WK FDAfO) o)® HZfERCl SlsiEex], ohuwd FDAY}
WEol 23l L3 BELE dozexle obx] FHo)l MBARA] gfstony, olof
th3hr ofx] oedl @iEE Aot ptiko] FIKE #MEARtojol & Ro g HEH
th vt BESEToN FDAREEC WIE FifciM = TS ¢ Zloln o) 8 RSt
gvizts @MERAIS] kel Yo 93| shajubztulzla) Bisto] mEsol o)
ol ol HHE vy £ slgRow FHYLh

REKRA mouse oocytese] §7- 831F MMM THicl 23t G2 BREM
Mzt UA LFERGE DA HEkos JHs] & 5 e TEHS dotrr) 9
stod, BfiiolA #ROFYT SRECAEAEZH MPMsiol Sle SRTF-S WORE RIME: BREMENR
o] HE-Jelod ulel 5Bidto] FDA-test2 AFEHIEY 22 Table 72} Y}
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Table 7. The comparison of the survival of vitrified mouse oocyte
categories by FDA-test

No. of embryos evaluated
No.of Oocytes by FDA test(%X) Mean
Oocyte® oocytes & FDA
categories recorved(¥) Cumulus P5 P4 P3 P2 Pl1 PO score

Oocytes 39 o o 3 2 15 3.4=>

A 59 (66) (0) (0) (5) (3) (25) (68)
Cumulus 9 5 0 7 3 35 1.4¢

(15) (8) (O (12) (5) (59) (28)

Oocytes 17 o o0 2 0 12 2.9%

B 31 (55) (0) (0) (6) (0) (39) (58)
Cumulus o o o 3 2 26 0.3¢

0) (0) (0) (10) (6) (84) (6)

C 19 Oocytes 15 o o0 1 o 3 4.1
(79) (0 (® (5) (0) (16) (82)

® As;cumulus cell tight oocytes, Bicumulus cell partial oocytes,
C; cumulus—free oocytes(denudation)

abcd Means with different superscripts are significantly
different(2—b. c-d; P€0.05, =-c. a~d. b-c. b-d; PC0.01).

SRlaBAc) B4y AW SREMIZE BEFe] Eefof M3l sl=2(Ascumulus
cell tight oocytes)2t #omeoez HWHEE ZH(Bicumulus cell partial
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oocytes), 2] BIR-MEMEZE 3l 2 (Cicumulus—free oocytes; denudation).o.
2 ESstn, A%} B oocytesolM Hi#slolsle SRMIRGE utz EHshod
FDA-score & FYE3}3ItH(Plate 2.(1),(2)). Oocytes®] LR A, B, CoA &
% FDA-score P3.4(68%), P2.9(58%), P4.1(82%) 2+ BAFKHME7} Mi#slx] ot
AO)Z A oocytes2l= HEEZF AR B oocytesol wish HEMY
FDA-score & LFERUITH(XO.05). o] -2 MKipM MBS oocytese] Fmod M
#Y SRHiiEEol °ls) mMEHIE SRFAEe B8 AEKGe) BK, 2ela
F3hA] mome] BREel KoERg(rehydration) & #hdEstod MlRPol o3l
€ Koro] R Kdws HakdtmzA MR- piRyslcs A2Eind, ulet
#} A%} B2] oocyteso A Fghighizt MM BRARS K43 Sl i o ¥
< £FXE 22 & g Rz Ehdch

Oocytes= MMM £FXe) & W, ol5of M¥Y MRS 4%
HEe Ng HBlYZAc g XFS U2 FDA-scored LPePUSITHAS 68 vs
28%, Bi 58 vs 6%, PK0.01). ©o]Z 3 oocytesof ul3l Hiffe] =27)7} ofF M
SiHiEc] < @S] vitrification solutionodA 1073-E]t2] FggA| 7tod
Mfgel 7)ol 3l ettt BAE2 7 PEEo2 Q% #Fitol bR
2 TR, o)R2 =3t yi] IRM(E WE YoM xS BB u)Eof Yo
b MIMES] #%IM(Rall & Fahy, 1985)%} HAMIYr RozM, Szell 2}
Shelton(1986ab)2| ol =l3tzd HEMAIERC HEH MM K% Mine &
HERY TR AR FAAT AEY Hbc LB gstria 3tod o]
o} A2 Hifidl Aoz BHHct.

Oocytese] FDAo] thyh #fithol 2}s}gd, Shilling %(1979a)0) rabbit 2} cow
2] RKZHBRolA FDA 2} DAPI-§ o] o]-83}o 42] oocytesedA & FDA-score?}
wstoh, E£7]°] oocytesofr = ¥sttin s}giom, Didion %(1990)L Pig
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oocytesod x| MES MMz ¥ A& oocytes & cumulus 25 BEE UL
oL}, 1.5M glycerol + 0.5M sucrose® programmable frezzer§ o|-8%t B =
A g8l # XS LelUE oocytesy MY glond BTl 50% Hijtk
2t UebAtin #ETRL Rt & KRl RS BT BRE U
U, olt MEH Bk ZRel Aol e ez FHdrh

Antonio ZE(1988)-S DMSOZ MASRAMSH RAEER rate] oocytesofr PHEAAA
ol o Y& o] 4ol Fstom, HRE ococytest SREMEME ME F=7t
WE MM EERC BES Fx witthn f#ifte, & KW Rk
oocytes§ WRSMM % SREMREC] A=3lo) AFEXo] F272(82X, FKO.05) 2.
2 el ole) #ikele MRY KRS veblonl, MME @ATMY 5 3l
& HEFe) Biff(Metaphase 1)7hz] EKERA1717] 3iM EAFMo2 JIEMRE7
VEEs}7] w2 (Cross & Brinster,1970; Cross. 1973; Erickson & Sorensen,
1974)0f u]-2 BRLMIMAFC] e o] FDA scorex ¥3kou, d45A7dolM £
) SIEMERRZE A7 TTARY HiEos RS MM hsieul Mt =
o] wsof 2 KEE & 5 Y& AoE FHUL

=1}, REH nouse oocytese] £ g3lof et W FolM whittingham F
(1972) #518 =7 #3) PHos AFE 4-13%2) Y& daof ¥3] ol [
iy PHog -196°Cod RFEH EH oocytese] thZo] 65-76%2] M7} i
o} & K] Zajol vl ¥ Aol sstth(Whittinghan ¥, 1977). ©f
5 g URY MM & MAVEHCl oY TN HEcisledw, F KR
WS HM{L dR MM FDA-testof ot £FMHE 24 MRS ME2
ele} BRFAEAEMEEC) MR, 22 o)ES) Fol LY H#Ee WM
A glo] A HEYUS Ut F%o] Aon £ olof I KW M52 H
Bs)s7) whEol o8 ¥ EMKMe] FRch
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(A) (B)

Plate 1. A photomicroscope(A), observing with fluorescence
microscope(B) photograph( X 100)

(1) Frozen—thawed morulae.

(2) Blastocysts(Ps P4 P3 P2 P1 Po).

(3) Expanded and hatching blastocysts.



(1)

(A A (B)

Plate 2. A photomicroscope(A), observing with fluorescence
microscope(B) photograph
(1) Mouse oocytes and cumulus cell(X100).
(2) Mouse oocytes and cumulus cell(X200).
(3) Hatching blastocysts after frozen-thawed mouse morulae 48
hrs incubation( X 200).



Morulae stage2] mouse ZFHSH-2 HMam 7 8sith th FDA RIEE: =@
H[E (control) & [E4stol By FEE Table 8off viepd niel Arch

Table 8. Effect of FDA-test and non FDA-test on the implantation rate of
cultured(24hrs) mouse morulae after vitrification

No. of embryos No. (%) of
No.of transfered
embryos after 24h pregnants resorption normal
Treatment®* recovered culture(¥) /recipients sites fetuses
Control 71 56(79) 3/11 8(14) 1(2)
FDA 70 57(81) 3/11 6(11) 1(2)

* Control: FDA—free PBS,
FDA; FDA stock 5ul/ml PBS (SX10 times)

Mak =7283) wouse morulaer FDA(SX10)@RFE, T+ Ae|E shxlgx
(Control) Ham’s F-100} 248%[] =<+ H:3+]# late morulaeofr middle
blastocysts 2 Yt R-& BN 3H2) F—M ZH mouse FHA Loz B
Msrsich. ojuf e HRE, HM2 FAREES 3tod F— @Ml & A
£ BMsision], B WX 4AAY HTFHR S 3t KERT Yeld @2
s}sict. # 11o}e]2) recipientso) Non FDA; 56 embryos, FDA; 57 embryos-& 8
My 3/11(27.3%)ute]7 ggsIglen], #EK®R BlEH e KRe
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Controli 14%(8), FDA;11X(6)olsiom, [F# MHEe BEa el BF
22(1), 2%(1)olsgitt. o} 52 FDARFEES} MR T =it AMIK ks =
ot dsich. Bt gl ERUAES M B KW stoe Usl Kk
B, 22l AEHoE o Fol BME st olof uith RN TH MEL
oF #MYch

Linda %(1980) & mouse embryos& FDA MFE#: Bifsto] 45%7), MR
A 49%2] [ERRR7T WREIglon o)t HEEE AUty dhsitk. a3zl
Schilling ¥(1976b) FDA-treatofr BET2 o] Yol BFEIa HA =g v}
EbLER] ghghriar #4454 wl Slth(FDA-treat;22/35, Control;16/35).

FEMCE FDAR ol &% ARHES LA ERHAM B Biics 2u)

BT K5l MK %71 A3sg o 5 Asiou, A= MEESIFDA AHS2
#7F EE 4 4 sdrh

_38_



V. % =

X HE-2 vitrification solution(20% Glycerol + 10% Ethylene glycol +
30% Ficoll + 10% sucrose)o. &  #aE W& mouse morulae®} ovarian
oocytesS FDA /il KHEBI(FDA Oul/ml, 0.5ul/ml, 5ul/ml, 1Oul/ml or Oul/ml,
Sul/ml in PBS) & 4 FE¥IEH CO2 incubatorofr] B3, == recipientsof #if
sheml AFE 1A PES KU A4 WAL, cocytesodME
FIF wraetrs teadsted Y BRe izt 2o

1. VS(20GI1OE30F)of #B&iH MRS TCM-199, Ham’s F-10, M16 EEggxiolr] 48
Fifd] E23&%' mouse morulae2] AHEXS & 82, 89, 92X7} expanded
blstocysts7ztz] &;83}31 71(P>0.05), hatched blstocysts#}z] FhgH RS &#F
0, 36, 17%0}3ic}.

2. FDA BEFFtR 240GHH] St BERYT FrMbie] RBJel= FDA Fefkaod
7420} 96%(P4.8) 0|4 AR S etgion], o] & NEEoAM 50X, FIA R
EodA 87%L4 o] hatched blastocysts® FiEsto HBE Rl BBikiRel 2
o2 viepit FDA REEZH FiMgie] ddoiM Ay W7l deR g viepytct

3. Mouse morulae& #Ha¥E ME®R FDA B O(MNHE), 0.5, 5, 10ul/ml
of 4 FDA-test2} i3 3}31-83UWN expanded blastocystsztz] Bt R &,
66, 82, 64, 76% o|3it}. o] ule] FDA score= HF P4.2(84%), P4.7(94%),
P4.2(84%), P3.9(78%) 24 HIREel FDA MERE Aol FEE7E dslon,
0.5ul/ml MRTEESR} 10ui/n] REBE oAM= HFEEZF L th(K0.01).

4, FDA-score(PO = non—fluorescence; P1, P2, P3, P4, P5)& 43Rfsto]
WM THIEZ 485K St KRY th RERHS &% P592X, P4i67%,
P3;42% 2 ELgsigiont, P2LATolM e 25 BIL3T).

5. FDA RIFE ¥ NN mouse morulae2| AHFXRS HME(FDA
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Oul/ml)ofA 94%(P4.7), WIPIE(FDA 5ul/ml PBS)ofA 88%(P4.4) = Ujepyton
HEZE AUcHP0.05).

6. Vitrification solution®o. & S MMM mouse ovarian oocytes?]
YRR i) B A1 E (A cumulus-tight, Bicumulus  partial,
Cicumulus-free oocytes)ol ul2pr] A;68%(P3.4), B;58%(P2.9),C; 82X(P4.1)& B
2} Czrof HEEZF USItH(K0.05). 2l2 BiF+v A#Fs) x| Simkiia~}
BiEElo] 9= 7o) A, B oocytes oA gro] 3lTH(PKO0.01). ovarian oocytes
o} SRECMRARC] MEM % FDALSEHIES WM MATRo= EHE#HS
Hizestodof st o BAY BES Az Y MHEL LFHE TS
#r3 Fs3ich

7. OR¥ FEMY mouse morulae-E 24Ff] Bt HIY Hh HERE(FDA Oui/ml)
2} FDA REEE (5ul/ml)ofr] B & 56, 57{82] early blastocysts-B st 14
H t# #EKXR2 HEEs} DA gEEAM #F&, 14%(8), 11%(6) olgln, °] F
ERRY %2 2 A2 7 @AM &F 22(1) o|3ir).

LAEe] FFolM & 4 3h%o] FDA-test= FMEEz} MEHIe] EHHHEAN
#7h sl Aog Jehyten], =t Bkl HEKE] Ko REAE KRS
vi2) 2] sto™ HEE WMRE FDA-testofr P5;92%, P4;67%, P3;42%7} Higik
AFRS Ho|D2M FDA test= EEMEC] 10£37}x] F7} AT ohlel BRF
2} ARHEA BEYS BRd) FHLL.
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