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EZXBVESVTHENCERDYZEETIEERM TE, £EMIREFH LU
FIEERRETIRMIEETHS. AWM R THRICL-PBMMRITHESDOERIS
RIBIBRELTEHEEL TS, EFNEETHBTIBFORNBLATNSIL
Ao, BERICHESHFELTV3BHREZENMATICLEERELRETHS. BE
HEOEERERL EFEAELREOBSICIEBEEEONIEFOHOREREA
EEGRERNICHOMHRETVIDICHL, B -RERICERICERENEASHEE
BRTIIEHNTE, FENBEANTETHD.

BBMaZ EREREFTHES, F2RMS RGP MI) OHBRRFTIE, FHEEELLT
REEOIHORFRICE2EARSBHESNTEREREEECT ChITHL, BBRRA
ISHFHET LR (GV) MORNBARTIIEE, HEE - WINENERINTELT, &E
EIZBARICHLRAOON TBYREICLYRESA TS, ThoDlehb, MIDORFT
HAohDFEEHBLIVHRSREEDEFEEL GV HEBHERTITELLEL, LMALE
Ao, HERES GV NBERENAT A0S EN THRRIERTIZEAVETHY,
CONMBRRICEELREER-BHEREOX v ES N ERICEYDENEEL215
CEH ML TEITO RS,

BREREZO—DELTERIER, BRI TNIHSRLEN DS, COH R HEH
KBEREETICEETI2VERZEFALELOT, MlRERESRICHERALES
TEHRERRENETHD. AHETEMELI=IIRER(GV #) BRAHAMIE, L1535
RIVKEIC/ONA DS, ERHTHSNICLEBETELIRERFEORRBIEZENS,
CORTHSREEIIREOBEFEF EZTRECAHANEBEVDELET, =, Yo iU
ERERETHAMNICLBETELIIENS, CORBRFREGATIESEHTHILSE
Zbhd, LOLEHLS, HSREETEAVWSEERENHDOBREZETHILTKAR
BEMZSASALBAREFET 5120, ARRENHOBECEREECIIEEEE
BT ELENHD, FIC, MREEERKRETIEQLERLGY, NEMAREIERNICETFE
TEFTHHERTHY, BICTERKREFINELOEWSBRETEF@TELGL, LizAt>
T, GV HiRBMHROEERFOAE LEERES, SRR 2H BEHRTILTE
B RELERBEEEE T2 LTbRTAIEEDA,

UEDEET, AMRIEGVHRBHMEEHSALREL, REREFARLKEEEHT
3, VURERNBMBROEERFEORIZENELz, TORETHEINESER
BZEFSEIIDENLGHSACEZRILTIE-O1C, FHEERBVE~ORELE, HK
ELTOFAOv AV 2, D54FN—TFELVTNSU T4V LDOHE, HIEEBHERERD
PR, SHITAVGESFRENEICOVT, MBEARBELASRILEFET 2ARSEED
BB LUHBEADSHSALERETIES FHEOERITOVTHEL:, BRNIZ, 7
SAEBRFLIEYORERBAEREZMEL, SRR 24 KEELEHLU-REEEE
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BErziRFCHEBEL, EHRERIEL:. S512, FREFL-BIEABOENM LEH
Bl AfEROMSHEROPKIBLE TS SMRCRERE~EATS GV Bt
DA REEERRL =,

F1E ARREDE~ADORELEDRE

ASALETEMRENE R T ESREDEEERE CHERALRTAIEELEN LMD,
FOXEEZBRHTI-DICEERBYE~ORELREIITOIVENDHZ, —F, RER
ROERBETFLOTII~LDOLSLZEROEHREDE,S+2HRBERIZEBEE T,
TORR, MENADKEMREIETMZ oM THHBADKEMRA+THE S EE
BELD, Tz, HIRALRETRIREANERETHIEHIOEEREBL-ES, @k
[CRAGENSIHNYDENGREEZE X SAEEMEAEN. BRED—DLLT, THREE
TIXBRENICEBREVEICRET A EICEYHSRIEREICHEDILE. #CTAETIL,
ARREVMHEZ 1REH IV IBRENCRBABLISALEELEROEFEIZRITT
WEEHRAT =,

VVRREIIA BREAER TRIE, H 10°CTRERERIZHETL BSERELKTE, &
REIZFHERof-. BES(C, BIRADORMMIFANEZRSHREML, R CiEELT-,
ABOIBHEELTHIA VAV 22 A0, BEMNREZTE, 1BEEIZTFLLS YD
—IVRE 10%BHEICTSHEREL, 2BEBICIFLUYYa—ILBE 0% B &IZ29MHE
EL, SREBICTFLUJUa—/LBE 40%3% (EFS40) 21 S ERBLBBERIZIZA
LASRIERFL . 1BRBEREATIE, EFS40 IS1H5BEBLASR{LEEL-. HSRIE
REFR, 37°CH 0.5 M RYO—RFEM PB1EM, 025 M XHYO—XEM PB1EAE, 0.125
M R/0—-XFEM PB1BRKIC1 3T DRI, PB1BEEA~LBLEBMAEF /O A
vaMBEYSIL, SHERBMIEN T TIERL, 22~23 BREES, BB LURER
BET-o1-,

1EREREATE, FEBEROBEBICHLMVMEEARLh, BEEOEBREIRELZD
BRBLEAFECE, I >-OIZHL, BENREBEATE BBREEIREZEOLDOLEAR
ETH-1=(Fig. 1) (Table 1), AN ZHELREMNEBEZTERL-BHATIE, 18
REBZOLDOLYBIMERZERL, REBBEFMBHENSONI-(Fig. 2) (Table 2), =
NoDERMNS, BENKBERCIYBLMESARRE SBERELUREERNESH, 9
RERBBABOHSRAEREIZBLTEDTHI L RENT=,

28 FEEKEFELLRERNSHAOMAKEORE
1. FREEOEAREFEMBRE

F1EICEWT, ZRHRENE~RENICRETHETRELRERP MM, SFE
BEMELAFONES, BRELSFREBELSOICHLEFELSIURRAA~DORES
FOWThERBEEDLDIYIFEIZEN oF=Cehn, BEL-REBEBHEKROIEE
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THEZSNT=, FCT, BBROFEZTHSRE -BEBL-RERBPFABOIFIURT7E
ZRMEFEMBICIYREL:. TOHR, 1BREKREZTESL-MBMERTIES,Y
FUZSHENEHEERE 2T, BEShTOAENHBIN0ITHLT, BENREBET
EEL-HMERTIEIERLSEEER=ShaVR) PR NBEREN = (Fig. 3) .
2. FEHRIFLVRITOLHE LUHEE O ALEE _
EREEFELRRRPBHBEONEEEDFELERARIENT, FEESFV U7
AEBLUHBEOEREFTREL -, HSA L BERICHRBERLTL, $—BEIE
BEhi-BEREREAVV=, EHESFUF7O2MH(X0.1%0—43-123 T, #HHitgER
REElE o -Fa—TIV RETERThELLESR, L—F—BERSTRERLBHIL-.
FEEBIFaVRYTOS L, BHEBEREICH— AT 3/88—0 (W—F), BEL
THHTE/8—(RER), SHICEABENBLV/ G- (BLR)DIO>DOHALES
29 8Eh = (Fig. 4) . REFBRICHARFHER TE, H—HoHSHELS FHERIraLF
V7 EHNBLERTESHNE M >1=(Table 3). F_C, BABEME T CERERIVRYT
EFRBELY-BEBENEFTAThENICENARBEREERETo-ER, B—BEFR
Li-SR 4R CHEREEIE N> (Tadble 4), FEEEMRICOVTIE, PHREEN DR
ICEELHEFLSTTEE CHRICRRIh 282 RLEEEOR SN EER TIIREZR
ITHEARELS REGEEBOELONSBBENT- (Fig. 5) (Table 5), ChoDERMS, HS
RIEE DR ERPBAEIT+ 2 LEARERZE TS0 0O RAME R REENES Fhst
FOEDHNBAEELVEREZDBEVRETHLAREMEI RSN,

EIE FRRFZOUR
1. SBEOXRUTERRELRRRANBARO R MEED LS

HSRERREZRIT-OICEBREOIHLCETESLELETI NS, LS ESE
REHREZAHRTBYRDREICHNZIIZENBEETHD, 1, RRBMBEEES SR
RETIHES, EHROMAREZHET5-OICIEMBEAR-PHMABEEE(COCs) D
KEBTHIRERETILELHY, RBHEROAHLERTERNRESCEEREFROE
DELGY, HSREIIVELGRARCEEELRENRLTITREMNEL T5IC, HSX
EOE=HITAVLNIERREVMEOELNEENBMRESEER/IRIZT 22012,
HRERBTIHHZECTIVENSHS, FCT, Y VRBEBMBBHABRDOASRAILRED
EOOXFEERRTAICEEZBMIC, FraVAvda, I54FN—TELUVTILSU D4
VLEHRELT:,

COCs ZFNFN 40 H /F/0OVAva, 5 BOSAFAN—TELV 5 BTS040 L
TOEE, HSRERFRE1EDOFETRE SARBETo . TOHER, F1O2%y
218054 N —TRCHBRENS N >1=(Table 6) , BT S COCs HEEOLI-BS,
AAVAYVATERSBELZRERERETEIDITHLT, 454FN—FTIERETS
CEIETEGI oz, CNBDIEMD, VI RERBBHABOASRIERFOIFEHELT
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FAA AV AT THLIEMNTRENT =,
2. MREFREEAOHR

MREBRELCMELLT RINEREERELLSEEIHAMHATIU B PEAFY—ILHFH
AEh TV, ChoDYEEZEEREBRAFMIHILITKY, HIR{EBEDORBRIEEZ
HRBEORBADEEERA -,

HRERTEACKILELLT, YM1hAFLY B 7.5 pg/ml FEEFY—)L 1 \MEF
mU-pRRIEH T 45 HRIEEL, MRERREAZHFENL-EERERICREBLASR
LRTFL. REE, MELRAROAZTEAERIEE- K- KEEELL. TOER, 4%
V—ILREBRTYH ATy B RERITHAR, SEIRSEHBH~OREETIEIME
MERLEZLZOD, WTFAORTERERJES EREZOHRBELTEIHHEDRENRES
hih>1=(Table 7).

3. ARRTEOHUR

HRAZSBTHIEERENEELLT, TFLUTVa—ILEGERNEN, BEKOYVE
ELTHIZ, SAF LAV FIF (DMSOMIELALSRTLVS, DMSO (F EG ITHSR, #
ENMEHRRADZEMENE L —F, @RAILEKDRERTESFHEIE H5X
EREZFRETI-HICEHERBYPELLTHVLA TS RALES FHELHY, &
HeSFROBWDIIIYASAERECREZEELLSICREZELS. £2T, E1ETH
LV EFS40 # BB R FRELTEG £DMSO, E5[2743—IL-70, TFAMSUELURIE
ZLERQYRFC OB S FHEIZOLTHREL,

TO#E BR~2ETIEGEEYVEOSL, EHERICEHL-ERBAKEIEEGED
#TH/Lh, EG +DMSO K4 DMSO R Tlxgohisof=, SR~ DFEEETIE,
DMSO At EG E4° EG + DMSO R &Y +H{E<, DMSO OB EDEEMNTREIhT=(Table 8),
ZhEDERMS, EG HDMSO KYERFRTHIZ Mot SEEOE S FYUHEEH
BLE-HR, 2BRFTIRTOEERICBVTREERICH~RES EREMICHAEZE
Rohithol-. BRBMAOREEITIASVRTHD 2 DORIZERBIMERZR
L7=(Table 9) .

F4E BBERRICKIETREDREE
HEEFTOHETHIREREL-RERFBER,ISHENICRFLERIRAKELST
ShizCemn, ChoDEDEFREZRARDI:-OITERANEREL EFEF/ET =
BIEEFTOHZTHRELEASXIERFELRERAFMEBHROFER, S5H4EZE
DEE, SEOHERAEBHELZ, 512, EHLE-FEERERABHEBEEHROTSRIEE
TEHREFLE-EE455HE, SEORBAEBHEL, RBELLT, FILRESBFEE
SENBREESFZTHL, ZERBEIS7TERICKERBH#EL, TOHKE, FiEEBEL
EEEDSS, RILRAEA(VB1IEAEIRL, 117288 A BICHE 32kg DARRENS, 187
F5MELT= (Fig. 6) (Table 10) . CDFERMD, LR BRRMBHREZN SR LFRFRICED
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LEBENEE T ETHA LN TEINT-,

FEE5E FERFL-HBMBO GV B

MEFTOHER, REARNBEREHSALEEREHL-ERBHBENEFETE
BYAIEARESN, LOLEADS, FREFROKNBEREIRERZOILDOEAETH
of=M, FOEDSHEOERMADORERGIFEICEI oF=. TORELLT, FHEE-
BMEOABTHNMERE, BICSFURY7Z7AEETERTHBERRENMETLTNSIL
PRSI, E5I1C, E3E T -RBTRAONEFFEMT I LTHIEERRAM
BONEHLO0, BADEDEVEEEMTIHETRBRNAHIZENRENT. 22T
AETE, PEHARORKEERETIREINGHELLT, 94207 =Eal—>avitk
UERBREONSHROBZEZEECHEARKRICIATIZLTREOS LV ERE
BREERT S, GVEBBRARZRITILFAMELT.

BELCRMEMEFRETILVEIVRHREZERT L0, F2ELRBO S
TRbMT- COCs hoBHICBERZRELEZRT/IOT=EaLl—arE{Tly, B
BRERELELIETFRIZERL, —7F, BEL-NESRRIS RO A & TR
BREESCFF—EZFESL, LVETUBOBRBREICEALR-, SiLVT, BEERIC
100~110 V/mm, 60 psec DERERZ1EHTELESRAL-. Ak, FREREHE2E
ERMRD T ZTHNARMLUz, TORE, 2B LB PHETHRRU-BBEREZELT
#71-(Table 11), :

L, AHARTHRON:-RBRELIETSL,

1. DURBRIBBHERATHSRAEEFETISATERREBRELT EFS40 2B, BB
[CREBEVNETLETEFTAREENEHTESD

2. HOREBREFRENTHRIERTILEZET L, NEHMR-IBERESEKLLT
EROLDOENETLH-ODOXBELLTHAAL AV ARNEBYTHS

3. BHEBREMHALLT, IFLUJa—LBLURIO—-ILHEDOE LS FOENEDT
Hbd

4. TA4yAT=EL—avicky GV BRETV, BRGEEET2EHEENEMEMREER
TE%

—EEFBHLMLE,
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Table 1. Subsequent in vitro maturstion of bovine GV socytes vitrified by either single step or
step-wise exposure

Treatment No. of eocytes No. (%) of oocytes reached at
examined GV GVBD MI
Neon-vitrified 167 8 41 118
b, @9 (24.6) 0.7
Single step 93 36 36 21
Fig. 1. Morphological figures @87’ @8’ 22.6)
of the GV-COCs without 3
vitrification (a), vitrified by Stepwine 145 7 " o
the single step (b), and - - - @9 6Ly (64.1)
vitrified by the step-wise (c): .(iV: germinal vesicle, GVBD: germima! vesicle breake down, MII: metaphase II.
. Bars are 200 um. Values with different superscripts in the same column are significantly different (P < 0.05).

Table 2. Subsequent in vitro development after IVMFC of bovine GV oocytes vitrified by either
single step or step-wise exposure

Treatment Ne. (%) of : No. (%) of egas reached at
oocytes cultured 22-cell 24-cell 28-cell Blastocyst
Non-vitrified 118 82 50 22 11
(©.5° .4’ (18.6F ©.3
v Single step 120 25 8 2 0
Fig. 2. Blastocysts derived from vitrified GV . o8’ 7' an* ()
oocytes. Blastocysts were observed under the Step-wise 205 54 42 21 3
normal light (a), and under the UV light (b) ) 263) (20.5)' (102 (15)1

after staini ith Hoechst 33342.
er stalning wil e * Values with different superscripts in the same column are significantly different (P < 0.05).

Fig. 3. Transmission electron micrographs of bovine GV oocytes non-vitrified (a) and vitrified by the single
step (b) or step-wise (c). Note the difference of the figures of mitochondria (arrows). Original x 3,200.

Fig. 4. Type of morphology of active mitochondria in mature cocytes. The oocytes were stained
immunocytochemically with rhodamine-123 to visualize active mitochondria (green). Type 1: Mitochondria
are uniformly distributed (a). Type 2: the presence of mitochondria is spotted (b). Type 3: A weak
fluorescence is observed (c).
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Table 3. Effect of vitrification on the morphology of active mitochondria in bovine oocytes after
in vitro maturation* ’

Treatment No. of oocytes No. (%) of oocytes with
examined Type 1 Type 2 Type 3
Non-vitrified 32 19 10 3
(59.4)° (31.3) ©.4)"
Vitrified 35 12 11 12
(34.3)° (3L.4) @34.3)"

* The type of morphology is referred to Fig. 4.
** Values with different superscripts in the same colusnn are significantly different (P << 0.05).

Table 4. Subsequent in vitro development after IVMFC of bovine oocytes with different morphology
of active mitochondria

Treatmemt Morphology of No. (%) of No. (%0) of eggs reached at
mitochondria oocytes cultured 22-cell 24-cell 2 8-cell Blastocyst
Non-vitrified Type 1 39 9 9 7 4
7.4 @3.n? @3.1) 17.9) (10.3)
Type 2 29 1 1 1 0
@2.6)" 34 G.9* 34 (O]
Vitrified Type 1 69 15 8 5 1
30.2)° L’ 11.6)" 7.2 a.4)
Type 2 \ 17 3 2 0 0
(19.8)° a7.6* aL)® ©) ©0)

"% Values with different superscripts in the same column are significantly different (P < 0.05).

Fig. 5. Microtubule formation and chromosome organpization in bovine oocytes. The oocytes were
stained immunocytochemically with an anti-e-tubulin monoclonal antibody to visualize the spindle
(green), and counterstained with propidium iodide to visualize the chromosomes (red). Normal
spindies and chromosomes(a). Microtubule reduction on spindies (b). Abnormal chromosomal
organization (c). Abnormal spindle structures and chromosomes (d, e).

Table 5. Effect of vitrification on the morphorogy of microtubular organization of oocytes*

Treatment No. of cocytes No. (%) of oocytes with
examied Normal Reduced Abnormal
Non-vitrified 32 21 9 2
(65.6) 28.1) 6.3)
Vitrified 28 14 4 7
(50.0) (14.3) (25.0)

* The type of microtuble formation and chromosome is referred to Fig. 5.
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Table 6. Silbsequent in vitro maturation of bovine oocytes vitrified using nylon mesh, cryoloop or

pullulan film
Treatment No. of oocytes No. (%) of oocytes reached at
examined GV GVBD M I

Nonp-vitrified 2 5 22
6.7 7.7 (73. 3)‘l

Nylon mesh 7 45 93
@.8) (31.0) 64.1)*"

Cryoloop 3 7 38
6.0) 14.0) (76.0)"

Pullulan film 4 9 28
8.2) (18.4) (57.1)"

GV :germinal vesicle, GVBD :germinal vesicle breake down, MII mmetaphase Il
=P Values with different superscripts in the same column are significantly different (P < 0.05).

Table 7. Subsequent i vitro development after IVMEC of bovine oocytes vitrified with or without cyteskeleton stabilizer

Treatiment Cytoskeleton No. (%) of No. (%) of eggs reached at
stabilizer oocytes cultured 22-cell 24-cell 28-cell Blastocyst
Non-vitrified  Non-freatment 122 61 47 35 18
50.0)" @8.5" 8.7 148"
Cytochalasin-B 53 24 19 9 2
@53 358 17.0)% 3.8
Taxol 25 15 12 6 3
(60.0° @8.0)' 4.0/ 120"
Vitrified Non-treatment 101 4 24 13 7
@16~ 3.8y (12.9F 6.9
Cytochalasin-B 101 30 19 12 1
@9.7y (18.8) (1L.9F 1.0y
Taol 61 27 13 12 3
43" 213Y 19.7) 4.9

*¥ Values with different superscripts in the same column are significantly different (P < 0.05).

Table 8. Subsequent in vitro development after IVMFC of bovine oocytes vitrified with ethylen glycol or

dimethyl sulfoxide
Treatment No. (%) of No. (%) of eggs reached at
oocytes cultured 22-cell 24-cell 28-cell Blastocyst

Non-vitrified 70 34 23 13 9
(62.5)" (50.0)° 8.1y 178

EG 128 30 25 14 2
23.4)° 19.5)" 10.9)' ant

EG + DMSO 109 30 23 11 0
@1.5" @11’ 0.1)f "

DPMSO 72 16 9 3 0
@2.2)" 12.5° @.2) "

EG: ethylen glycol, DM SO: dime thyl sulfoxide.

*® Values with different superscripts in same colurm are significantly different (P < 0.05).
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Table 9. Subsequent in vitro development after IVMFC of bovine oocytes vitrified with ficoll, dextran or

polyvinylpyrrelidone
Treatment No. (%) of No. (%) of eggs reached at
oocytes cultured >2-~cell >4-cell > 8-cell Blastocyst

Non-vitrified 34 17 9 6 3
(50.0) (26.5) (17.6) 3.8

Ficoll 109 56 36 23 9
(51.4)° (33.0 L) @83)

Dextran 70 30 21 14 6
42.9° (30.0) (20.0) (8.6)

Polyvinyk 48 17 13 7 2

pyrrolidone 35.4)° 27.1) (14.6) 4.2

" Values with different superscripts in the same column are significantly different (P < 0.05).

[ SR i 4 i " e % t s e A

Fig. 6. A calf of Japanese Black female weighting 32kg. She was born at 288 days after
embryo transfer of a fresh blastocyst derived frem bovine GV oocytes vitrified .

Table 10. Results of embryo transfer of fresh and vitrified blastocysts derived from bovine

GV oocytes vitrified

Treatment of No. of No. of embryos No. of
blastocysts recipients transferre d* calves bone
Fresh 3 4 1
Vitrified 3 5 0

* Embryos were transferred with one or two embryos per recipient.

Table 11. Subse quent in vitro maturation of reconstructed oocytes by GV exchange

Karyo- No. of oocytes No. of oocytes No. of oocytes No. of oocytes
oocytes manipulated fused (%) cultured (%)” matured (%)
Fresh 95 68 39 22
(71.6) (57.4) (56.4)
Vitrified 40 26 23 11
(65.0) (88.5) (47.8)

* Percentage of oocytes cultured of oocytes fused.
b Percentage of socytes matured of oocytes cultured
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EXEEMICRB W THRMICERSW 2 £EET D ABEEN T, £BEMR BFRBIUIEF) ZEE
RETIEMIBETH D, T, BEEKIZRBWTIL, £ZETHINT3IFORBBLATNSZ &
Po, BERNIZEZHFEL TV I RRBIMNGHRLEMFATI Z L REERFETH S,

BREFEDO— L LT, F7XMERD D, Zhid, MREZBREZERICEERA LERET I HE
T, ERHCHSNICAETE S, LaLeRb, V7 A ETEERECEERENELRAV
D, HEREVEOEERSEREELLIIBELZERTOILERDH D, FiZ, MREZERERET S
A LITRRY, PRMREIEKOCETFETEATTOMRETHY, BICHEREFTLEIVEN)
BETIIFMETE 2V, L oT, GV HSI MR OERBIRTFO R TILFERTE, SRR ZHE-
fEiEZE (IVMFC) 5 Z & TEFRRERPBIRHREZELT S Z & TToRITER 5720,

T CHRBFEIRY VRBEIF B OY 5 AMREE LRI T DI L2 BRI L L, BRRENE~
DRI RENE, STRHEDOLE, MIEETEREER DR, LIV 7 AMURFROEEREWE >
WT, EROMIBEENER I OGS FHREOBEL R L. BRANZ, VIAMEREFELEY
RERAIVRAMIEZ IVMFC §2 2 &L THREBRHAKZELRL, REFCHEBHEL, £FRERIAETIZ
& THESL LT 5 AMUREE MO EL LM L. MEIKROBEY TH DS,

(1) UV RBRRIIBMIE N T AMERET D 5 2 THERER L LTEFS40 2 AV, BRENICRE
BT D TEBICETEBTIERESMEETE S, Q) ¥ AMUREHEI CRBEET D &
EERTDE, NEHR—-IBHREEEL LTZEOLDORLETIOOXFEL LT
Ay aBEHTHD, 3) BREEEHDELLT, =FLr 7Y a—ABIVRI e —2HEKOFES
FYEREHNTHD., 4) vf7u<w=tL— a3 d ) GVEREITY, REELZET > EEE
R EERTE D,

UEoZ LIZEHABYBRIBNTELSFHEcNE. LoTHL (B%) OREAE2RETELILOD
EHE LTz,
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