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ARBFFRIL, &R SNTMERR O IREL 7> & IiREMAE (LLF ., IRF) 28 L, (RIMAREL. (R4h=
K. ROMEREZITH 2 & TT X ORIVEEREZER L, 2hRMICFIRZ (B 5 BFEL i
DEFEEZ B L LTz, THVETIZ, BARER « AVR®% OBV BIR 2 (RIMEE T 5 2
ET, MANTRAEIHEZRLEKRL T, MORERTFHRSOFEEENE DL ENHLILT
W2, £IT, AR - RAVRERZIC, R 18 BHOINE TR A B L 5~6 HET
7B DK TR LB ANEREE (LUF, BT-vivo) IR, 458 % 2 M W 7= k4t
EREAETO~2 HEE T, —RIICERIEA SN 7 v a—20ROVIZ, EALE UER
F kU 7 & (Na—Pyruvate) & $LEE U /L 2 7 & (Na-Lactate) Z ¥/l L 72tk B Y North
Carolina University (NCSU)-37 T L, ZTDHR I NV a—AZHEML T 5~6 H £ TH:
BT HHIETRE LIoBoMNEE (LT, IVO) IR E SE % B Uiz, ZOREE, firsin s 4
ZIE, 5 BB TET-vivo BXOVIVC ZHZE4 20. 6%7 HONT 8. 2% T, ET-vivo MBSEEIZ
m <. ET-vivo eOH %, B X OMHWERZSFEBD b, 6 B B Tzt
23. 8%72 HONZ 21. 2% CHBEZITFE O LT, ET-vivo RIZIX, 5 H B FEEIZHLH 3 X OWL
IR B v, £72.5 B B ORI IS 1T 2 MAadiL, ET-vivo FR3s L OV IVC
BT, ZNEFN44.6 [l LN 2L 0ETH Y . IMEROMIIEIL, £NEi89. 2R 5
NZ 25. 0 BT, AEIZ ET-vivo 3% <. 6 B B O RHIMER DML, ET-vivo itk
L VIVC FRZEIZFL 25.5 72 HTNZ 29. 4 [ CTHEZEITE O IR o To s, IO
fagid, FALEN 944l HTNT 49.9 T, AEIZ ET-vivo PR3 Ehole, S HIT, K
SRR - (RANSERGIE R O IRIVEFERR (Day = 0) ZAARIHEYICZARIR 3 BRICBAE L7256 L. 1K
NG| 6 H RSN CTHEE LI AVERERR (Day = 6) 25K 3 BRI L7286 D%
B - 3 BEERIZZ L E N 100% T, FIRADFERIZZNLN 2.6%72 5N 2. INTHERZEIT
BN oTe, LEDOZ b, ZHE THNATOREMRENER T 5L, IR
BEREMET L, FHRAOEEEPELRD EEZ LN TWER, R L NCSU-37 k%
AWTHEIMEET H 2 & T, BNTHEE LICIRE ik L TRMIlaEuI b < BEAT —
DROREREITL DD, PRME AR L OFRA~OREEREICHEBZED 2 W EN - (R4 5

2



BRI LT,

WIZ, B2ETIX, B 1 ECTHL LI RIMRAREEZ AV, SEADRIER (X—7 vy
—fEB-1~5 D5, T FL—AF1EH, RI—7 v —RIBERLNIT amy V1
BR)  BAERL L7 SR 1 2 WV TR —§: T2 W TRV ISR 6 A B ORIz A%
WX DB ERE LT, TORE, MWBREAERIT, 142l AETIELOETRRDH
o, FERERRIC L0 IMER R AR N ERICESR D Z LB Lo, £ 2T, IWBRREAERD
Ko 7= 3BEDOMOTEMER N—27 v —FEB-6, 7 72 5N 8) 2> HERE LHE R LT K
T AW TIRAIERE O | BRI G RS LIX 5 M) . #7 = A VBEC M B L<
(X5 mM), FEFREAX10° B1/ml & L<IX1X10° /L) OFMEE2EZ2 52 LT, IE
RO AR, MR 52 DB A TAE LR R, ER S RITFERK B-6 T
0. 3% 5 14. 3%ZZ b L, FEK B-7 T 8. 3%/ 5 28. 0%1Z, FEIK B-8 T 0. 3%7 5 7. 8%l 21k
L7z, £7o, IWERRBEARIT, K B-6, 775N 8 TENEI 0. 4%53 15. 5%, 7. 2%70°
17.6%(2.0. 6%75 10. 0%iZ A = U HEARESRM4A 22 5 2 & THRICEIT 2 Z LB LTz,
S BT, PR L OBRIEICBIT S, BEAT —Y 2L OBV T,
BAERER., 0 7 = A VIREICE DBIIZT . BHRENE RD1F L, ARICHIEEK
PHEIL7z, BLEX Y | AR OB REEZE 2D 2 LT, ARICIEESZEROE
FAFEAERE OB LT 5 Z L (ROVSAERFC W 2 IFSBIRIC & - T G 5
Ha2 RO 52 & THOREEREM ETELZTEEZHALNILE,

LNLRR S, AW Tor Yy FZETIBRBAEEN R D Z ENHALZZ L2 b,
HIETIL, AR ORE LS TR\ T X EAFAER (LI, PAIR) O SE O L Z 0
ARATEERT Lo, 12U OIS, LB TRERUZIIEN O 25 L, SRz
1To7eth. 2 RITH T 7z, HAVZIERIC 6 ARERAEER 21T o7 IVF X & BXUNEIZ L 5
NZHTEMACALER(C 6 A BARSMER 21TV E AR A SH 72 PA KIS0, WX oMo
AT MOER, HRERFIBIZIC L 2o BB = — N (ERERERFS~ =2 7 12 X
% Code 1, 2725 TNT 3) B L OIREIZ DWW THHE L=, WEIILARN D FEA SR, IVF X

3



BEILOPAKTENEI 8. 3%72 HTNT 1L T CTHEIZ PA K23 E <, fassAERITENE
A 8. 2%72 HNC 8. THEZAITRO LT, MIMERIAERDS 16. 6%7 5 NI 20. 5% TH
BRZEIRD LN -T2, IR E O TRERN 2 — FOREICE BT
IR 1oy, MERIZ 3 TUE IVF X & ERiR LT PA KAVE R Code 1 OFEIE N E -
72 (47. 9%72 HTNT 62.8%), £/, WREOBERIZEWT, MRICEEREITFRO bNL)ho
7=23, IVF K36 L OV PA X offifasild, HIEIREERD CZ 24 30. 4 72 HONT 25. 7 @, AR
MEREC 50. 2 fE 72 HTNT 37. 4, HMAERET 39. 1 72 HONT 30. 6 BT, TR TDRAT —
VT IVF KOMIIED PAIRK D L7072, LLEX D PAMRDOZERRAEFENRFRETH D |
IVF iR & BERNE DL TREEFRMEIRIC L 5 MERMAEN TV D23, Milsduibians
EPHIBA LTz, RIS, PAROBENERFELE LT, MEENMELS | INEZ D EFHECHAE
LI EICE T ~DEBREOERNH T A H - BIKIRRTT LI RN AE S U7 S 5E0R (UL
T VM) & PA iR EAD (LLF PAB) % RIRFIC 10 B3> 84 (B 20 &) L7=[X (WMI+PAB [X)
7T AMURTE LT (RN A S TR ER D A% 20 B L 73X (W X) , £ 24 5 58
FTORERBLZ U IR ICEAE L PA IROEIRMBI I RIS\ TRET LTz, T OfE R,
ZRRERIL, ZHE 4 83%(4/5) 72 5 TNT 60%(3/5) T, W XD 1 BAAS 4 BEOFIRA 3tk L, 4
BN 20%(1/5) Th o7, BREEOFWEBIXIZN T 42.5 BB X UN27.0 BT, W+
PAB X% WM X & bbis: U CHEARBAM 28 RV META 2R L7 (p = 0.08), ZDZ &b, PARRZ
EBET L2 LT, SBEETEL RN, ZHRELSLOHEYMZIERE T 20801 H
LT ENHALMNE RS, AFRICE D . RE NCSU-37 K2 FHV THRIMERL - (RS kE
s X OMRAN AR - ERRIBIC & D NARTEMECAERIR 2 AR T 5 2 & T, BEMIC
(RAEFERRTS KON PA IREOAERIS FIBE L 720 | 20D D% AV CTRIERANIE R 2BV E
ZRFOROAEENFRE L Teo T,






7 ZIC BT BRI EERRRIENT & BREBIFOBR

7 BB BRI EREREA L, (ERLE CLT, (RIMRE - (RAM SRS - (AN EE D 3 o
DILENGRD, BRSO &% SNTZHKROIREND | RAFAINT 2B H LIRSS ThE
#LUTHRASEDEIE, INF LT 2B TR S LHNZH. ZRGROZEINE
BRATHEET HHRNMEETH D, ITETIE, &EPE TIEARL AR IaINF% 5
fff (OPU) 12 kW IRFZEREL L, RAMEERZERS 53 bIThiL T\ 5, 1980 0%
VBRI ARONVEEIR 2 ZIRRICBAE T 5 2 L CETF 255 Z EAAIREIC/e Y Matitioli et
al. 1989; Yoshida et al. 1993; Funahashi et al. 1996; Funahashi et al. 1997;
Kikuchi et al. 1999), 4 H £ TEZ OB LINEIMRA, HIVZHE, FIERE X
OMESMERERR ) D DET DRI OWTHIEL T& 7, LarL, TRHDE T H b
59, ERELNIMICELZEEL TOWRVWONRTRKRTH 5,

ZOHBE LT, FROEEEINPRATHL ZENET oS, RIMVEERZHEEIC
EFETREIEHEDITIE, BHETLIZMEORBEZFRMILL, BHET OIIROFRERT
—VELFENRELZADELLERDHD, Z0D, FRIETBET BT, BAE
FEMROER E SMKOHEL —EITOMERH D, SHICFERNIIREZBIET L7201
X, AMEEICRRIEFINZ L TRE L RITHIER 67206 Th D, L LR oindE, K
SNVEREMZ T T AMERAFE L. EZRFRIZINE L CTHWD FIER. ke T —T v 2 v
TRAMEFMTEFIIEARRIC T T 2k OIMER (RNF L OMERINVERER) 2B 55
L3 BA%E S (Fujino et al. 2008), EMEA~MIT TORLIMTONDL LI/ >TET
[AY



7 ZITBIT 5 BRI A REREATOBIR

AAMEBEMERIEIRIC B W T, VBRIV A HAER T ORE N EVWSEAICIIER
ZRERCMBIFEAERPLE LRV E W BN TS 5, KRS, 77X OENAZBITB N
TER/FRARPEZONT VI EORAERKRTORERE 2> TS, LonLgnb, B
ZHFEAEROIERIZ W TIR, BAVEE DI F 2 B FOEME L MR T2~ = b —/HRW
TEIFNBIC L5 NBTEECLET 5 Z & TIRBEAELEITIELZENRAETHY . B
FORBOEELZ T2V, HEMREENRERTHL EBAEIN TN D,
Kurebayashi et al. (1996) 23MESAREA L72ORF-7~ 5 PA RO 2 ERLL TLUKR, £<
DIFFEE D2 T AR & AER U TR ARG B SR OMFT 21TV, S SITHIHIARIC
RIS HEE TOEBEITH R E, AMBEAETESHF CTOMRICANLNTE L, —7,
Kawarasaki et al. (2009) (%, FrfEfn 1 {8 & B2 FEAERR 20 8 4 FEHC 9 BHICRAET 2 2 &
T, THEAXZMRG - SR L, T 1EOFRREROESZHL5 2 LIRS L TS,
D LB, PARRITLERNCREAEENFRETH Y, 7 1 — £ (Oonishi et al. 2000;
Shibata et al. 2006) °FT7 AT x==v 7R, Wi/ T ZbmAE - @i/ INE% O£
FORNAT =V O E, Db BORE PARZIRBHET L2 LT, ET2E52 &

INHRED FIREMEDN B D 726D =AY I BIEFIE L L THfF SN T 5,



RIREFR DT BRI/ IR X OBHEORE R

BRSO ER REOIIEPEEINTEY  JFERERICIVEZERIT 5 Z &n
AIRETH D05, ZDOHN G ARINTHEFRI AR LIRS R, oG E 2~ T, IR $ T3
BT DT EEO 10~40%FRE TH Y, FRELZIIROMEOCRERERRICL Y | AR
TFOEBRWOOND, o, FIMNEEMISERE TS Z L T, MR RIMEERREOERE
T TR AERS, BEERO FR~OFEEFERENEL Lo TLES MER® S,

Fio, IR Ay NEALTERMT 570, BB LEEROBKRORBENEL <, BEHIC
BN EERZFE LTIROERPRETH D, T E TIZ, IIBRABRE L - MK % R E
T DT, DS IIF A B LSV PERR 2 fE L 2 3B M T ot TV 5 25, 1 BED
52 [HDIRE LRI TE 2Rz BREUHR 5 IR T4 (R 10~40 i) AR5 TEY , £
DEDOIEIOBEROENTLE D 20, BHEEBOMERSHRAR o> TLE D RED
H D

I BT, BT 256 ITRINVEEITERE/ T 7 ZbmE L CRIKERTT L TR 2 &M
(RPNAERERD & b L CEL < | B/ RS OELEEDNRV O T, Bl TOBRENEA &
%, ZDIH, ZWKOFRNVE SR E O & | RIVEEMOER % RIRFIZ Ehi
Ladide o3, Z< ORER® D, £/, ZIVE TOMRINEERBROET X, BAETF
ATV FERNICBAE T 5 2 & TR - HAEDAREE 70 D DT, FIFESLFINE
72 CHRFERIR R E R R e IR DS D L T AT UNEMTE o7z, L LN G| T,
Rk 1 7 — 7 V&2 W TGN/ R 2 ESMVBHY IS A 3 2 HIED B3 S 7228 (Fujino
et al. 2008; Nakazawa et al. 2008), BEEHNI VT —T NVEBAT DO, VT —T /v
IEATERVWERSS, BT — T VRO EIESA OMRNEEL <, LZEERRICH D
DONRBIRTSH %,



LS

UboZ & XY, RFIE, 77 OBIRHERERO Y 4 — FTOFIERZ BRI L L
T, AVEERE AW T 2 OBFEEIR ORI 2 B L. LTOEREZIT -7,

1) FIVZRER ORBREUDIROSER LOTHRA~ORERENCE 2 D8

ZHET, AR OENEERMBNIER T 5138, BORESCIBRREAER, FK
~NOFEROERTVRBDONTND, £IT, BINGEREEZEX D LT, BROMEIC
B2 DRI OWTHEE LTz, FrIZ, HAVERITENIZRE L TRINERRRZ IR L7z
OSE LR UTe, Fio, BOAZRBHRER ISR LR E . HIVZBR% IS
TEERICSMKICBE LIRO TE~OBEREHFHE LT,

2) BR2 IRTEIERR D RS FE T a F O To RSNV RE 1R DR E & BERE SR DRy

EAZ RN DR OZED, (R EERO RIS AR JOMaEIC 5 2 5%
BERMEL., REROEBEVEFZHWZERICEN T, IOABRFZHRETT 52 LT,
RO SEWENFIRETH L DDA Lz,

3) HAFEMDE & BAERFIR & O LB R

TR EEFAERT, BT LRI LW TIERITE B8, IRIMVERE LT IRSMVERER &
D E0E Z i LTEARFEIT D 700y, £ 200 RS THA L72INED B NF 28R L
IEAIC 2 DI C, HARERE KON EERAZERL, ZOMEEZFE L, -,
77 AGEH - BIRIR R LI HROZERIT, IME% OEFES L OBHEE OFET
NOFEBFBROBRNZ EDPWME SN TNDLED, T OEFBAERL T HAIAER L L
3252 &T, Zh - PHEBIOEF~ORERL M LS5 2 ERFAREMRE LT,



BLE AABROBERFMGPBEOGER L TFE~DREBENCERDIRE
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(RO X OMEAN G ST 7 Z RO AT, (RAMER R ICZIKOFENICE A
B LT, FRICETEET DOV T R TERA SN, #iE STV
%o ZHIVE TIT, (RIMERE - SZHER RSN T 1~2 B RRIMEE U 2~4 fIIR (Yoshida
et al. 1993; Funahashi et al. 1996; Funahashi et al. 1997; Kkikuchi et al. 1999)
0. 8MIAHIIED HEEFERR (Day et al. 1998), I#EAI (Kashiwazaki et al. 2001; Kikuchi
et al. 2002) MK LET /B0 Z LIZHIILTND, WS O0O®ETIE, &
NEZERES DIEAERIC K > T, MAVEEROSENEDLD Z ERRESNTEY ., K4T
P 1~2 BRBET LT T, MRREEERLFHE~DEBFERIMETLTLED
(Kikuchi et al. 1999), —fRMIZ, IRTORRA MBI TRER T D L. TDFHEFRENIL, KA
THE LTI L iR LT %5 & F T 5 (Kashiwazaki & Shino 2001; Nagai et
al. 2001; Kashiwazaki et al. 2001),

%2 < OPFEICIBN T, RIMEEIRIC Na—Pyrvate & Na-Lactate ZiNIN$ 25 Z & T, &
VB E CRAESE T, BIMEBELHINSEDL ZENHKRDL Z EDRESHLN TV D,
THRIZBNT S, (KN THEE LA A5 T Na-Pyrvate & Na-Lactate & A7 HEEHK
THET D Z & TR ZERT 5 Z LTI LEDR & 5 (Wright 1977; Davis & Day
1978; Menino & Wright 1982), — . NARX —0w 7 A 7 X BICIBUW TR EEE I
BT 7 Va—20RME, HETHL Z ENHRE SN TVDD (Kikuchi et al. 2002;
Schini & Bavister 1988; Ankrah & Appoah—Opong 1999) ., FRA T — RS FERROPLAE L D
EAEBBIICBN TV a—2F, 2XAF—JHE LTLETHDLEORERD D
(Flood & Wiebold 1988; Sturmey & Leese 2003), % I C, BFEAME2S%ET LD,
NCSU-37 & HW T2 ARHME R IZ B W\ TRSMNEERRTH (0~2 R) 272 —ZA DR Y I Na-
Pyrvate & Na-Lactate Z ¥R L, TNLIEED 4 BRI (2~6 B) X7/ a—2AZ N L CThe®
THUWER NCSU-37 Z V25 Z & T, ROESINTORE L RRANCUE L, I L2 ZIRK
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IR LIRS 5 2 SICaE L7z (Kikuchi et al. 2002), 7=, 2001 FECHAIR 51X, &
SRR - (RAAVSREIRZ B F 1L, MEIRICEET52mWVEENEE L TR, ERICBEL
7ot 6 BRIZHUEINT 5 Z & T, BN BEoERAZEINTEZ L 2HmELTWD,
LR G, (BB L OEINTHE LB O FIRA~OFEEFRE IOV TH LT
S TR,

ARFFFETIE, ROMEEL - OV O A (RNEREE (SZIRIRICHE) 35 L O R NCSU-37
EHAWEAEREE T AL LT 6 BREEEIE T, MBERICKEE T 218 LU MK

B, BELESEOFHR~OEERIZOWVWTHE L,
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BFZE 1-1  RARE - AR ROBERESKROREICEX 2EE

1. B®Y
(RILR R ARINZ R O RNERES T O RE TS H DL LLIF6 BEIREIHE T,
A LT O SE 2 LT,

2. MRS L Ok

1) GRF DRI & RS R

PREITERLIESG LV | EIC=0RERK (7 FL—2, RI—7 v —REWIT 2 n
> 7 DB B AEE ST 7> HERER L . JRF RN TIRfe 2 A 2 THIBH L YP i
RSN FEA R EZ BRI LTz, IRFEIURICIZA T ¢ 7 A 199 #RIZ 10% 7 TR 7 (fetal
calf serum LAF. FBS). 20 mM HEPES, HFIAEME Z WM L7 b O % FH o, JIFREIE NCSU-
37 (Petters & Wells 1993)(Z. 10% JMI@#E. 0.6 mM A7 1 >, 1 mM dibutyryl cAMP
(LLF, dbcAMP) | 7R/ > Fl & LT 10 TU/mL equine chorionic gonadotropin (eCG; Peamex,
Sankyo Lifetech Co., Ltd., Tokyo, Japan) 7z & N2 10 IU/mL human chorionic
gonadotropin (hCG; Puberogen, Novartis Animal Health, Tokyo, Japan). HUEW'E % ¥
ML, 20~22 FEfESEE L, D%, dbeAMP, F/LE L FIZED bRE 24 BERIEEE Lz, §
TOEFEIL39CITT, bWlEE, 5% LKL 5 NT 90%EFREOKHME T TEM L 7=,

2) RSERFRIN DRSNS NG

HOVZREICIL, L LT v FL—RFEOREMROEE LE» OB 2L, HH R
F LU F 2 T, B IZRf#% . PHT. 8 ICFH%E L7- (Nagai et al. 1988) A5 1 7 L
199 % (with Earle’s salts, Gibco, Waltham, Thermo Fisher Scientific Inc., MA, USA)
T 38°C. 15 RIS 21T WA W T, (RN G I 1, Pig—FM 554 (Suzuki et al. 2000;

Suzuki 2001)128 mM ¥ b/ L, 2 mM EAEVERFT RU DA, 2 M BT =14 0B

13



F 5 mg/mL 7 IMiET V7 2 (bovine serum albumin, Fraction V, Sigma, LA,
BSA) & VRN U CHEFEIRD 3 B, B TIEZ 0.7X 10° /mL OERESRM:ChAZE LT 12,
3) (RHENE - (RAVSIBIN ORI L OVENIR & o5 7 ik

RINRGER - (ROVERE LTI A BT 5 ZMIRIZIL. 7T~8 » Al e MO RIRFER &
Wz, 1,000 TU eCG ZFFAIMNEELE- L, 72 B2 500 TU hCG Z &5 L CTHRFRBL
(Fujino et al. 2006) L 725 FRIK O & £ Seim D YNERZRERZ PP 71 7 —7 /L (3. 5Fr, &
TFETEM)) 2AVWTHEEBME L, BE%K S AR L U6 ARIC, 1% FBSHMA Ly
2 ) R E AP AR K (Dulbecco’ s Phosphate buffered saline, VAT, PBS) % T+
ERNZER L, A E L2 ET-vivo IRX & RS « ROV 0 F £t B NCSU-37
ZRWTIERNEE (T o7 IVC IR D 2 KIZ/HT 7=, oMEEERIT 2 fEERL L, 5% 0
~2 HH % T%, IVC-PyrLac (50 pM B -mercaptoethanol, 4 mg/mL BSA). 0.17 mM Na-
Pyruvate 72 5TNZ 2.73 mM Na-lactate Z ¥ L 72 NCSU-37) CHs#E L7z, 2 HHH 6 H
B L<IZ7 BB ETIX, IVC-6Glu (50 pM B -mercaptoethanol, 4 mg/mL BSA 7 & TNZ
5.55 mM Glucose Z¥RANL 7z NCSU-37) THE#& L7z (Kikuchi et al. 2002), X TOiE#E

1% 38. 5°CIlZ T . 5% BEEE 5% R (bRFE/ O NN 90% BEOKHE T TEME L7~ (Figure 1),

4) ROFM

ET-vivo it & IVC AR, BISZEAMER T CHRRIMEIRENRO b TV D b0 4| IRl
ELTHEL, ~A 7 A= —%HWT, EED 180 um A 2 PR, 180 ym LAL
R R X O (PERERE S &) | B R R O 4 SIZ B LT, F7e.
AE R 36 AR 3R 4 L UM A ZEBRMEE T Cfila a1 v v bk LTz,

5) #HLETALER
IR S ARV FREHEATEINC T — 2 A ZEH#A L (Snedecor & Cohran 1989) . i

fads & & 312 Statistical Analysis System (Ver. 9.2, SAS Institute Inc., Cary, NC,

14



USA, AR SAS) # W, 43894t (analysis of variance, ANOVA) 2 FHWNCHEEHALER L, £
TIVCHEBZEPRE SN -5E . Tukey’s multiple range test TYHMEDZL HHERE %

1To7=,

3. FEBRXERE

1) ZFEROFE

EANZ RGN NG T OZAER A TMT 2 72 (BRI RERIZ IVC-PyrLac #RC 7 e 5%
LB, DV THREEE - =X —) =1 : 3) THEE - BilEk. 16lEEA LA T
yuxF UGB LN L ETRAR L BETERERIZOW T AR EBEME L VB LT,
2) EAE L OEIMNERDPIROFKEIZE 2 HHE

RIMERE - (RSB IR L ORI TR A 1538 L2, IMEIRAER, BEAT
— . BOEIZOWTHE L=, &5 4,457 [HOE%E 18 BEDOZIRKICAMEHAIC IR L
(Figure 2), BiE#% 5 HBH L<IZ6 HBICFEAZ AN LEILL /2 ET-vivo R &, £ D
FFERNTEHD LIL6 HFEEE L7z IVCHE 2, 762 fEIZ DWW TR L7,

3) RINE X OMEINEEDBIRO B IZE 2 58

(RO « (RAMVZAEZITRNT S B L< 1L 6 HEREE LINMEIIZHE LTz ET-vivo IR
ZFNEN 68 IS LTI E, 5 B LI 6 HEEICTRE LIMEIICEE L7z IVC IR
ZHER 87 ks KO 89 EIZ DOV TEISZEAMEE T TR L £ LD AT — Y DR
IS Lo, midi@ Y By TIRCREE - Bk, Bt LA ik Ccrav T
Yetn 20 U, (AHZEBEMEE 2 IV CRllR Sk & bl U 7=,

4. FER
1) ZFEROFAM
RAREEEE L= D 95 76.4% (84/110) SEREAL . FD 9 5 44. 0% E—RIKTS X

15



O TR 2 LT, 44. 0% 5 5 70. 3BT HEMRTEZ OTERE D EED B, [ER kR

1% 56.8%Td o7~ (Table 1),

2) EAE L OEIMERDPIROREEIZE 2 HHE

Table 2 (2R3 & 360 | Ft 2, 703 {EDEIEE - RINZIEIL A 10 BHOSZ RO JIE |- Bl

L. 5 BRICHEUL L L Z A 10 BB EF 2, 190 [HORZE B L 7=, FROEYLET 81. 0%
(2,190/2,703) TH o7, 2, 190 D H 5 453 {EA PR F CTHE L, PRI AL I 20. 6%
(453/2,190) T, MERIDFEE AT — DVIIHHARER D & B H VR AD £ TR H v, N
BITEERA CH 0 MRS Do Te, o, WL OO W TERIKICHT 7 A
WKOFFEW DT O bz (Figure 3),
—7. 4T 5 BREIERE L IROMERRE A =1E 8. 2%  (97/1, 211) T, FEF AT — VI3
RS L OER ChH -7z, AT —VOWBIRBARIL, FIHIEES X O ®HR
IZBWTAHEIZ ET-vivo IR & L LT IVC JR23E < (3.6 %72 5 ONZ 6. 0%, P < 0.05; 79. 4%
725 TNT 91.8%, P < 0.01), REAE (15, 1%72 5 TNT 2. 2%, P < 0.01), BiH A I8EAw (0. 8%
ZRBNT0.0 % P < 0.05) 3 K ORIAEAD (20. 6%72 HTNT 8.2%, P < 0.0DIZBWTHE
IZ IVC DMK o 7= (Table 2),

WA, B 1, Th4 EDORIERE - RN ZHEIR A 8 BAMEIE 7 % DI IZHHE L, 6 B #ICER
Liz& ZA THEND 145 [EORA R Lz, ROBIRERT 42.5% (745/1,754) Th -1z,
745 ED 5 B 178 MR E L, MRIaF AT 23. 8% (178/745) T, MO E
AT — VI ) O AR E TR O bivTe, KAV T 6 B REIREE L7C RO IV fa
AT 21. 2% (328/1,551) T, HE AT —UHHIMERE L ORER CH 72, £AT—
T ORISR AR, PR X ORI B W CTHEIC ET-vivo IR E B LT IVC
RS < (3. 6%72 5 TN 11.9%, P < 0.01; 5.8%722 HTNC 9.3 %, P < 0.05), BiH PiriEi
(1. 8%72 HTNZ 0. 0%, P < 0.01), MiHAREERD (12, 5%72 H TN 0.0%, P < 0.01) B L UHRAR
BERZ W THEIZ IVC FRMED > 7o, MRS L OVEERCAEEZITR O bz o
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7275 (Table 3), IVCIRIZFWTEMEMIfEA 2 < 38 b7 (Figure 3),
3) RNE X OEIMEBRPIRO MBI 2 5 55

Table 4 D/rF &30, 5 HE D ET-vivo JRI L OV IVC IRICIS 1T 24 a . IREEREEs
X ORI oM BUI A EIZ ET-vivo B3 Z 0o 7o (£ 44. 6 72 HTNT 21. 0, 89.2
72 B TNT 25.0, 72.8 7B TNZ 22,1, PK0.01), 6 HEH® ET-vivo ¥ LN IVC IIZE T 5
WA A B ZITFR O bR o 7oy, IR X ORI o/, A ET-
vivo RANE o 72 (L FH 94,4 72 HTNT 49.9, 78.7 72 5HTNT 39. 7, P<0.01) (Table 5,

Figure 4),
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Cumulus oocyte

complexes (COCs) were

collected from follicles.
In vitro maturation

\

The COCs were
fertilized in vitro
(IVF).

IVF-vivo embryos

In vivo culture for 5 or 6 days.

—

Recovered

Transfer oocytes into the
oviducts of recipients
(Day 0).

A
\

IVC embryos

Cultured
In vitro culture for 5 or 6 days in

the modified NCSU-37 solution.

(38.5°C, O,, CO, and N, adjusted to 5%, 5% and 90%.)

Compare the rates of
blastocysts and cell number

No recovered

Improved o
abilities to the blastocyst and piglet
stages ?

¢ developmental

The pregnancy diagnosed
by ultrasound sonography

-

SN l“
Transfer of blastocysts
by surgical operation into the
uterine horns.

Compare to the
developmental
abilities to piglet.

Figure 1. Materials and methods.



Figure 2. Surgical embryos transfer and recover.
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Table 1. IVM/IVF of porcine oocytes.

No.(%) of penetrated oocytes®

Total No. of No. (%) of
MPN*
oocytes examined matured oocytes® Penetration Monospermy*
formation
110 84 (76.4+4.1) 37(44.0+3.5) 26(70.3+6.0) 21 (56.8+15.1)

Four replicated trials were carried out. Percentages are expressed as mean + SEM.

a0ocytes at the metaphase-II stage or penetrated oocytes with one first and one second polar body.
bPenetrated oocytes with one first and one second polar body.

‘MPN; male pronucleus(ei).

dWith both single MPN and female pronuclei.
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Table 2. Development of IVM/IVF oocytes to the blastocyst stage on Day 5 after transfer to recipients or culture in vitro.

Total No. of Total No. (%) of embryos that developed to
No. (%) of
transferred No. of
Group Early Hatching Hatched degenerated
feultured collected Blastocyst Total
blastocyst blastocyst blastocyst embryos
oocytes oocytes
79 329 18 27 453 1737
ET-vivo 2703t 2190
(3.6+0.99 (15.1+2.89) (0.8+0.39 (1.2+0.9) (20.6+3.47)  (79.4+3.4%)
73 24 0 0 97 1114
IAY® 1211% -
(6.0+£0.49)  (2.2+0.4b) (0.09) (0.0) (82+05P)  (91.8+0.5)

Percentages are expressed as mean £ SEM of total number of examined oocytes.

"Total 0f 2703 IVM/IVF oocytes were transferred to 10 recipients on Day 0 (in vivo culture) and embryos were recovered from 10 recipients

on Day 5.
*Total 1211 IVM/IVF oocytes were subsequently cultured in vitro without transfer until Day5 of IVF.

Values in the same column with different superscripts differ significantly (*°P < 0.01, P < 0.05).



Figure 3. In vitro-matured and fertilized oocytes were transferred to recipients and recovered (ET-
vivo), or subjected to continuous in vitro culture (IVC). Blastocysts after collection and culture were
then evaluated.

A) ET-vivo blastocysts recovered on Day 5 (Day 0 = in vitro fertilization). An inner cell mass in
some blastocysts was clearly confirmed (arrows).

B) ET-vivo hatched blastocysts on Day 5 (arrows).

C) ET-vivo blastocysts on Day 5. These had adherent external glass-like material (arrows).

D) IVC blastocysts on Day 6 had degenerated cells (arrows). Scale bar = 100 pm.
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Table 3. Development of IVM/IVF oocytes to the blastocyst stage on Day 6 after transfer to recipients or culture in vitro.

Total No. of Total No. (%) of embryos that developed to
No. (%) of
transferred/ No. of
Group Early Hatching Hatched degenerated
cultured collected Blastocyst Total
blastocyst blastocyst blastocyst embryos
oocytes oocytes
26 41 13 98 178 567
ET-vivo 17547 745
(3.6 £1.5% (5.8+1.19 (1.8+0.7%)  (12.5+3.1%) (23.8+2.5) (76.2 £2.5)
180 148 0 0 328 1223
IvC 1551% —
(11.9+1.2%  (9.3+£1.29 (0.0 (0.0%) (21.2+1.8) (78.8 £1.8)

Percentages are expressed as mean £SEM of the total number of examined oocytes.

"Total of 1754 IVM/IVF oocytes were transferred to 8 recipients on Day 0 (in vivo culture) and embryos were recovered from 7

recipients on Day 6.
iTotal 1551 IVM/IVF oocytes were subsequently cultured in vitro without transfer until Day 6 of IVF.

Values in the same column with different superscripts differ significantly (** P < 0.01, 4P < 0.05).



Table 4. Embryo quality on Day 5 after transfer to recipients or culture in vitro.

Mean number of cells per blastocyst (No. of oocytes examined)

Group
Early blastocyst Blastocyst < Total
ET-vivo' 44.6 £ 17.7% (25) 89.2 +37.3% (43) 72.8 + 38.22(68)
IVCH 21.0 +7.8° (64) 25.0 + 8.8°(23) 22.1 +8.1°(87)

Cell numbers are expressed as mean + SEM.

TIVM/IVF oocytes were transferred to 10 recipients on Day 0 and the blastocysts were recovered from
10 recipients on Day 5.

IVM/IVF oocytes were cultured in vitro until Day 5 of IVF. Replication was performed 8 times.

“®Values in the same column with different superscripts differ significantly (P < 0.01).
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Table 5. Embryo quality on Day 6 after transfer to recipients or culture in vitro.

Mean number of cells per blastocyst (No. of oocytes examined)

Group
Early Blastocyst Blastocyst < Total
ET-vivo' 25.5+10.7 (18) 94.4 +47.1% (61) 78.7 + 50.8% (79)
IVCH 29.4+10.3 (44) 49.9 + 16.0° (44) 39.7 + 16.9° (89)

Cell numbers are expressed as mean + SEM.

TIVM/IVF oocytes were transferred to 8 recipients on Day 0 and the blastocysts were recovered from
7 recipients on Day 6.

HVM/IVF oocytes were cultured in vitro until Day 6 of IVE. Replication were performed 10 times.

“®Values in the same column with different superscripts differ significantly (P < 0.01).
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Figure 4. In vitro-matured and fertilized oocytes were transferred to recipients and recovered (ET-
vivo), or subjected to continuous in vitro culture (IVC). Blastocysts after collection and culture were
fixed, stained and evaluated.

A) ET-vivo blastocysts on Day 6 (Day 0 = in vitro fertilization).

B) ET-vivo hatching blastocysts.

C) ET-vivo hatched blastocysts on Day 6.

D) IVC blastocysts on Day 6. Scale bar = 100 pm.
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BF1-2 BHERE - EARBR OBRBEL RO FR~DOREBENICE X 578

1. HHY
(RINEREA « (RANVZNER OB A IRNERER LA RE T 6 AMRBEIE T, B4ELEZR]
MR 2 Z IR L FIR~DORBRES 2L LTz,

2. MERLUOGE
1) IR DEUT & RS L ORI
WTZE 1-1 & RIARIC 320 L7z,

2) ET-vivo JRE LY IVC IROFHE

BAET 2 IRICIE, T~8 7 Al D = e 28O KRR ER & Vo, RN - RAMVRE
E£ O ET-vivo I&I%, 1,000 IU eCG ZfIMNIRE L, 72 FF#]#£1Z 500 IU hCG 245 L T
ZIE R (Fujino et al. 2006) L7232 IRMK O 5 A Seim D INE IS RERIZ PP 1 7 —T L
ERAWTEME L, 6 BREMER 2TV E CRA L IVC L, BERSE L
HCG #% 5% 5 B BICZ IR 75 M 5eimiBiZ PP 0 7 — 7 L& AW TR A BAE L7z,

3) LAt

SRR 3 L OVERHA R L OEFEICBET 27 —Z 12O\ Tid, AR FEERIC SAS % H
VY ANOVA 24T o7, BT /L8 A1X. Tukey’ s multiple range test Z1T>7-, %
FRBRICET 22T — 21220 TR, x*MEFB L Fisher’ s exact test (T & VT L
72,

3. EBRXEE
D) ENE X OEANEEE R DO FE~DFRERET
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ROMRE - ROV REERICZIRRICBIE L-5A L. R4 T 6 AMEEERZICBE LS
B DFE~DIEERES) DEFEWVIT DOV THET L7z, hCG %5 44 KfEf21C, 3 BEOSRIK DN
BIBINZREE L OIR A 24 200 T O/NEHEIIC A L 72 ET-vivo K & hCG 5% 5
H B2 6 BREIER LR 50 B> % 3BHOZ KO = AICBAE L 72 TVC XIZD
W, SR - iR, ETR. FHTRIEE, MRS L OFERA~OFEERICON T

L7z (Figure 1),

4. FER

1) SR

Table 6 D L339 | RIEIN - (KAZIEIRES L OV IVC IR% 6 B (Z NN 3FET D) D3
RICREAE Lo R, T Ts - otk L. 31 32 BHO TR % 0t L7z (Figure 5), (B4hAK
B (RN LU IVC RO FIRA~DOFEERIT, THLEN2.65B8L V2. hTh-o7, *
7o, FROARKER IO, MIRHEICAEZEITRD bR o7,
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Table 6. Production of piglets derived from IVM/IVF oocytes (transferred on Day 0) and blastocysts cultured in vitro for 6 days.

Total No. of Average body
No. of Total No. of  Total No. (%) Total No. of Gestation
transferred weight of Developmental
Group transfer transferred of farrowed piglets period?
IVM/IVF piglets at birth? Rate® [%]
experiment blastocysts recipients farrowed [days]
oocytes [kg]
ET-vivo 3 600 — 3 (100.0) 16 1.2+£0.5 116.0+2.4 2.6
IvC 3 - 150 3 (100.0) 16 1.5+0.5 117.3+£23 2.1

Three recipients farrowed 5, 5 and 6 piglets in each group.

*Values are expressed as mean + SEM.

®Developmental rates were calculated from the total number of piglets per the total number of the 600 IVM/IVF oocysts transferred (200

per recipient) and 150 blastocysts (50 per recipient) that were cultured in vitro from 756 oocytes.



Figure 5. Piglets 10 days after farrowing. These were derived from blastocysts that

had been transferred after in vitro culture for 6 days.
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RETIE, ENE L OEIMERRE S IVEIR AL L O TBRA~ORERIICERZEN
N LRINT, LOLARR D, BORESLRKEE AT — VIR RO EMEIC X
WEIND Z ERENT, Kikuchi et al. (1999) 1%, (KRAMEERORWAEGFRCEGE M
AAEBBRBEORHEAICL Db DO TH D EHEE L, 2002 FITHIVEEMRDIRIMNEE T iEE
R L7, ZTHET, BAEEEICHWGNTE 72 NCSU-37 iR & BT, FIMEEO LR
ZORICHIT T REEO~2 BETH VL a— 20 Y 1T Na-Pyruvate 35 L (XNa-Lactate
WAL, 2~6 H £ T, Na-Pyruvate 3 LU Na-Lactate Z BV fr& /b3 — A 20007
D HETH D,

WFFE 1 Tid, B NCSU-37 Z W TIRAMER T2 2 & T, ANERETHRE LZIRE 6 H
HOMBRR AR IR LN Eb b e o 72 (23, 8%72 HTNT 21.2%), 2D Z LiX, 4t
BRERICEELZZITHZ L EFRZHBLIZRA9.2%) D013 L A PRI R T ik
HZEERLTWD, LML, MilaEkicB W TIIENE KO CERZE 78. 7 fEF LY
39. T TH -7,

Kashiwazaki et al. (2001) (. &SMEkEA - (RIMEREZROKZ 6 AMEAREET L Z
& TR R AR NEIN CTRERE L7254 D 20. 1%05 37. 1% L L, AR 38. 4 0
5 I2EIZHMULIZZ LAME L TWDR, ZTOROEFESZFRIL 6.3 ThHoTe, 2D
Sk, BRI AERNRKE S IEFRZREELBZ T D, Nagai. (2001) X, TR L
RSP AE L T 5700, BB ARICITETSRE LR & SR8 LICIRN
BIELTREELTVWADTHEETALERH D EHE L TWND, Z(EELL EORITHBAHE L
THEFETEELRNWCD, MBHEICLVEFEBLZOIZE. ANLSEFOREICE
ST RIZRERME RO HTLENH S, £, MRV TR Tl ET
5 2L TIRAMREEITH N 1,98 % (78.7/39. 7). Kashiwazaki et al. (2001) D#REICHB T

4.7 f£(182/38. 4) DN E TR D BT,
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IRESTEANIL, BPRARSSE, ERE THEETL2HHTHY . RIZE > THET D
DICRKIERERE ThH D, A TIL, ZIKIZ T~8  H lin O FEFE BRI O RBEPEK 22 F
TUW5 M, Kashiwzaki et al. (2001) /X AN LHEHE LIEAR S 45 H BIZ PGF2 o & VT A
THREE S VTR e I W20, JVE B L OFEANREY . ARBRTHWZZTR
KEVEPREET HDITENTWIAREEN S D, £70, BIEL - (RN Z OR L 8
HFHEIN SN D LA DA A —BEICBIE LTz 720, MR OIS HIG S L v b7 ds- 72 a]
REMED R S NT-, F7o, ANEEE 5 HE ORDMENESE 6 H B OROEIE LV mho
72 BL%72 BTONT 42.T%) Z &b (FANESEHIRI LD D 1 & M H IR IL 23 5 R AT O ek &
OFAEAERIZ XV ERIC KV EIRTE T, MR 2 2 EBnHRRnro7Z 8, 6 H
BIZERE I SMAE AN L e o e RR O —272 & b5, Fujino et al. (2006) 1%
hCG # 5% DIRDFEE AT — VITOWTHE LIofER, 5% 164 R (6.8 H1%) ITHR
JaRfE SNz EHE L TEHY ., Hunter et al. (1967) 1%, REEFEMKIC hCC B EZTT ) L |
42 SRR ICHEII N E Z 5 Z L 2 ME L T D, 2D &b, HEINEICINFNMENZ
L. ZOEEFENTREPMRIDE THE T 5 DI oI 122 K (5.1 B) A% T
o LHETE D, REBRIZIBWT, BIVEEL - (R B A (RN T 120 K (5 AR #F
SED IR FEA L, IMERZIT O L ERIEIE 144 FFE (6 BRE) BICRAEL T
ZEmDH, BRI ERT ZE THROEFTAL — NI, ARAZEREFECEFTA L — FIZ
DN IV CTEERT D & 24 FIRRERERENE D 2 LBEoTo, 2D OFFERIT
BHONCINERTENRENBROREEEL YR — N TH52 L E2RLTWVAED, ZOREICD
WCIEA B O TH LR o7, 2R E T, I8 BN D RERT &7
5% < DERBE O WRCEAE TTIRE O FRE 72 & HREE VO #RE (Bureau et al. 2000;
Kouba et al. 2000) 23825, XHIZENLOBERICOVWTCHAET H2MLERH D, (KNEE
FRE G U TIE & A EOERINVEREIRIT, FEM & B2 XAT 5 2 EBRE LW, Z LT,
RO RO ERZEENICIE, UE UIREEBRAED b d, b OZMMRIL 2
T 5 Z ENHRARW D, FER L TN Y ST LEWY, Mlaa R S
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DIRRE 725, A%, WAMVEERIZI W T Z O X 5 RZBMEMRS HE T 2 00 dfE %
TTOLMEND D,

WIZ, ROV HREEE O & RS T 6 ARMIEES LR & IR 3 859703 6 BHICAE L 7=
LA, TRTUPZBBLIODEL, EL6HY 5.3 BHOFKRE MR Lz, AVt
FREA - RANZABRED HETF~DFEBFRIT, TNLN 2.6%FB LV 2. 1% TH Y, ET-vivo FED
AR Ao 56 AR 22 (23. 8%) 2 b IR A 3 E 32 & 600 [EDMEA S 142. 8 HD IR AEARIC
7o Tz EARGE L2356 ORI T 5 FIRA~OFEEFEHFRIL 11.2%& 720 IVC T 10. 7% & 72
Do ZHVETIZ, Kikuchi et al. (2002) DFHR~DIFEFRIZ 11. 0% THHIEFHIL 5. 6 BA,
Marchal et al. (2001) CHE N 2. 5% CTEE T4 2 BH, Yoshioka et al. (2003) DFHE
U THEHIEF N 5. 2B TH o7, TNHDRERIT, BIE LIZERENSZENENERY |
THEADREEENEL THDHZ L AR LEDN, ZRNETOREDORTIZEWTC, FYET
L 5.6 BHUT THLD, BEDONLEEIZE > TAEENLIEFERL VDRV, SEHRE
FHUIBIET 2RO & BEMEN R < | BIET 2OB AL L THEFELHEOT I LT
HkZeholzb D& Bbohd, ZOBRRBIZONWTELICHET OLENRD L,

2P, AEIOERTHENEEEZ 6 HEB I o> T, FHRA~ORFESICHIERM, F
BIFETH L OVERREZ, ANBEREED LW ERH LN T,
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(BRONVEFEIR T, EASHIRE S D@ WEIER O BFEAE 70 DAERN TE | KEICKEERE
PAREL 725, LinL. MAVZEREOIEF SER) RIS AERSL DR OEF~DF
BRICEERER THD Z ENHEINTND, 1 EOERTIT, 1 BHOMEK HEREL
ToRER BRI T 2 AR W s, RBER B IIRBIERICRB I TRV,
RRI% DFET DAETFMENLE LTV 575 (Rath & Niemann 1997; Kikuchi et al. 1998) .
EENPOEGITITREN TERVWEWIRANRH DH, £ 2T, @HOEFEEH CHW DO
RAERN DRI L 723 HORSTR 2 SRR L. ANV T 2 BN S 5, L, S
FEROAEFE L, BECT 2 O, Fle IRl VR Wb HEMEDE N
bDHZENEL —EIZE LIV TV D (Pelaez et al. 2006), F—fEETH > THEEF
I X O TREMER RV | WA - AR OEFELEL Or Yy ML -oTRR D,

RETIX, BT 50 ORI AT L , Wi - B I RAVSRBICHN S Z & T
R T Y N OBNP IR ARG 2 DB AR Lo, Eio. IMBRaZs AR O
HEEFICB O TR ZRESRG2RE T 5 2L ©. ERZRBROMSEIEAERLH ESHE
DT EBERENE D DT ONWTHIRET LT,
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B3 2-1 iR & RTEEERR D DIREX L Ie R+ RSN EERORAERICE 2 DR

1. HHY
TR & IR AERER O SRR D D AERL U 72 RS 72 AWV T Fl— O RE SR TR &
FERAZERLL . IR AERICE 2 DB B LT,

2. MRS L Ok

7 4R AR F5 K OV RS R O 1
1) R ABRIR O VR

R, BRD (1992) O FIEICHE Lk BET FiE AV, Zba—2 152 nMl, 7
T =7 U T LKA 23.5 oM, EERRERKFE T B U 7 A 12 mM, EDTA-2Na 6.3 mM,
J UK 13.8 M, FU AT I ) AKX 46.6 mM, RY ¥ B 100 TU/mL, 7>

<AL UmEEYE 100 pg/mL (2 X D /ERIL 7=,

2) RS 1 (NSF-1) D ERY

BRI, FEPI(1989) 38 L UM Kikuchi et al. (1998) D FFIEICHE L THERL L 7=, 80%
(v/v) D310 M 77 b—Z_ 20% (v/v) OIIEL LOHAEWE % 1,600 X g T 15 53[H
D BELER U7tk B A A NSF-1 & L7z,

3) BREIENE 2 (NSF-2) O Ef

92.5% (v/v) @D NSF-11{Z 1.5% (v/v) Equex Stem (Noba Chemical Sales Inc. Scituate,
MA, USA).6% (v/v) 7 V)&V B IOTEWEZIRIM L7t D% NSF-2 & LEERE LT,
728, FREE L7- NSP-1 8 X OYNSF-2 13X —80°C THRIF L, fEARHZEIR (25°C) IS TRl L |
TNZENIBCEB LN CTHWE,
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4) FEIREREL & S 6 X ORAR 515

R ORI, MRBIE LR NN—7 v —fE 5 B, 2 RL—XE 18, K
S—7 vy —fE18H, 72wy 7 1D 8#A AWz (i, WK B-1, B-2,
B-3. B4, B-5, L, W XU'D & L), FEEIZLY. BTREORVEREETNZNLO
RN OERL, ®BA Y2 (FEIL MEOREE 0.75 mm, EXE 66 mm X HS
30 mm) Z HWTBERM A BRE Lz, I8 LR FITRBIRARIKE 3:2 OFIE TRAER., 2 FF
#1727 T 15CE THmAMR, 10 2 800 X g TIELDHELELL, EEREZRELL, €D
#%NSF-1 LiRE L 1.5 2T T HCE TR T S /1R NSF-1 L FE&ED NSF-2 Z{RE L.
RIS TRELZ 1 X 100 /mL LT, 0.25 nL 77 AF v 7 A b —|CFE L, T
RTHOA P —FRRE L CEHEA LIRBEREE Ldem DL ZAICHE L, AKFTI10
ST IREE Lcte, BERERIRER RN LERBIRT Lz, BAEFIEIT, RIEERTND
A bhar—EOHL, 9<EF BCORGHIC 10 BEIRE LB L 7=,

5) #HLEHALER
AR R 5 AR 2R X B EIRE SRR EHEMT R 7 — 27 YA 25 H#2 L. SAS % AU ANOVA 247 -

7= MEFET AR EBERE AL, Tukey' s multiple range test #4777,

3. EBRXRE
1) FEMEIR O B RAFAG T & W T2 (RO SR 1R D IR J6 A2 =R

RO EN, RSNV RE R K MRS R AT 1 EOMIE 1-1 OHFIEICHE U, 8 BHOTEE
B DB LGRS PR LT T2 T, BERERRR 3 R, 1 7 = A IRAE 2 mM, KSR
FE1 X 10° /mL, OERESMF THINZEZATV, (A (AR EZ 0B L L72) % 6 H

H O3 AR ICHOWTHE L,
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4. FER

(FOEE# 6 H B D 8 EEOTEMEK ) HERE L B IRAF L 72T 2 31 3, 910 fEDIRF &
TR HE U TG SR, IR a3 AR 2RI 1. 4% (FERERK B-5) 2~ B 21. 4% (FERERK B-4) £ THg 2R
Doz, R B-2. B4 BIOWIZBW TEWIMERRAERZ R L (ZREH 19, 5%,
21. 4%72 HONT 20. 6%) . FERERK B-1, B-3 BL D IZBWTHREOHAFELRL (ZENE
15, 9%, 12.5%72 5 TONT 15. 0%) . FEIER B-5 BL O L ICB W TRWRARZ R LZ (Th
ZAL 1 A%72 HTNZ 9. 0%) , ZFALENDFEFIZ L 2R FARIZIL, Table 7 DT LB
WHEZENRD I,
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Table 7. Development of IVM/IVF oocytes of using frozen-thawed semen from several boars.

Total No. of
No. (%) of No. (%) of
Boars”  Replication cultured
blastocysts degenerated embryos
embryos?
B-1 6 518 84 (15.9 +3.5 %) 434 (84.1+ 3.5 ™)
B-2 6 538 106 (19.5+ 1.0 %) 432 (80.5+ 1.0%)
B-3 11 480 50 (12.5+2.6Y) 430 (87.5+2.6)
B-4 8 348 66 (21.4+4.0%) 282 (78.6+ 4.0%)
B-5 7 512 10 (1.4+0.9°) 502 (98.6+ 0.9°)
L 4 268 23(9.0£2.0% 245 (92.7+ 2.0 %)
W 7 546 108 (20.6 + 2.0 %) 438 (79.4+2.0%)
D 7 700 111 (15.0+ 1.9 %) 589 (85.0+ 1.9%)

Percentages are expressed as mean + SEM of total number of examined oocytes.

"B-1, 2, 3, 4 and 5; Bhaksher, L; Landrace, W; Large White, and D; Duroc.

“Total 3,910 IVM/IVF oocytes were subsequently cultured in vitro until Days6.

Values in the same column with different superscripts differ significantly

(#€:2¢P < 0.01,*°P < 0.05).
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WF3e 2-2 RSNV DDA EEERDORERICE X A S

1. HHY
R IERFOBRESMEEEZ D52 LT, A—EHEB T2 HWESEICIEESER, ik
fadARE L OO BB IZEEN D 5 et LT,

2. BB LOFHE

BEHD N— 2 oy —FEOFELERR (B-6.B-7 72 & TNT B-8) /0 b FEMEIC L W ISR A FEL L .
W - AR EIIFITE 2-1 IO CEM L, Ei. MOMERISER S, EHSBERO
FERR., MMERRAER, MOBERAT —URMEFMIC DWW TIEE 1 EOME 1-1 D LB

1To7,

1) HEEHLEE
IR 38 A R IL, Bl RIRR IS RHEENTRINNC 7 — 7 YA 28 #2 L, SAS Z VY ANOVA 2475

7o ETADEEREAEIX, Tukey s multiple range test Z1T7- 7=,

3. FEBRXERE
1) BERESRUENZERICE 2 D

RN AEREOEAESRAE & UCHIZE 2-1 Tid, GRS 3 e, U7 =1 IREE 2 mM, 4%
FIRE 1 X 10°/mL THRANSZRE AT o 7223, AAFFETIE, 126 [HOIPF 4 FV T, BERERERH
SHFM L LS IZ 5B, I =A VBE2mM b LIE5 M, BFEE L X 10°0/nL % L<
X1 X 10°/mL THEfE L, AR 7 RFRRIC LV THETCEE - Bk, FEEA /L&
A RTr m~xTFUoRELT L, MABEBEBEET T, R, EFZHEERLIZHET

BARIZHOWNWTHRE LT,
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2) BREGEPIERRERICE X DR

1, 726 [EDIIF-% FV T, BEAERER 3 BERT S L IE b e, W7 =A VIRE 2 mM b L<
X5 mM, KEFIEEE 1 X 10°/mL & L<IiX1 X 10°/mL THEME L., AAZKE% 6 B H O
FaFAERICHOWTHRA L7,

3) BRSSO MIEIC 5 2 D

KA 6 A BICHEEIRE CTRE LI (ZRFSNE ETOER < 180um kB
FOMREEM G 180 um) IZHFE L, WV THRCHEE - BilEte, FEEA LA K Tr <
F ot a i L, (AR ZEBRMER T CRIRRE A IE L CHOR SR s M fa o B 2 D BT
WTTHRIAE LTz,

4. FER

1) BRERGDNZERICEZR DB

Table 8 @ & 35 V) FEREMK B-6 OAFIK 2 H L7 EBRIZIS W CTREFEIL 70. 1% Th o 72, 1
FEREM 2 5 BT 2 2 & TIERZHEERDN 0.3%0 5 11. 3% LR A @Em A7 Lz, £7-.
BT 2 A VREOHBITRD SNRPo B TRELZ 1 X 10°%mL 12352 & T, EW
RGN 1L 2% 5 14, 3% TN 2MH [ 2 7= LTz, ZHEFREAFEOEIMITABD b ipdo
7= FERERK B-7T 128\ T, FIU < BFASEIX 70.6 % T, BERERERIZ 5 BEHICT D5 2 & CTHF
FARAZED 12. 5% 5 3. WA T T 2 M Z R LT, £/, W7 oA VREZ 5 aMIZT 5
LT EEZHEEBIOZHEFARAERN, LA 11 1%005 25. 0%, 3. 7% 5 6. 2%(2 =
AI2EmEZRL, BFEEZ1 X 10°mLi27T5Z LT, SHIZEFSHERBELOEHE
FARANENEINZET 25. %55 28. 0%, 6. 2%7>5 8. 1%IZ BRI 2@ m %R~ L7z, FERERK B-
8 IZER\\NT, BRI 72, 8% CHLFERFE & 5 BERIC L C b EF HERZE TRARICE(L
RO N oTe, Flo, W7 2AVREZS5MIZT 52 LT, EFEZHEELLOLE
TARAFEDZINEI 0. 3% 5 7. 8%, 0. 1%0°5 4. 1% LR T HEMZ R L2, B HREEL
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1 X 10°mL 2952 & T, ZUIBO N7,

2) BRESIEPIMERREERICE X HRE

Table 9 @ &IV FEMEMK B-6 (23T, BAFHRH 2 5 BFfIC T 5 2 & THEIZIENEZ
AEZRIS 0. 4% 5 16 BTN L7=2s, A7 = A VIREB LR TREICLI2EEEITRD
B odo, FEEER B-7 I8\ T, BUBIERZ 5 BRI L C b IR R A SR n L e
MoTeS, BT oA VBRERS MIcT 52 & T, IVERRAERIT 11, 1% 5 16. 2% =
(ZHEIN L7, FEEERR B-8 IC3BUW T HIRRIC, HAFRERZ 5 BeIC L C b IR R A 313 H
BICHIMUIR o=y, B7 oA VRER 5 M 12952 & T, MBI ATRIL 0. 6%20° 5
6. 2% ZEINT DA 2R Lie, $£72. FEMEK B-6, B-T B LUB-8 BT, BTiREA 1
X 10°/mL 1295 2 & T, IERR AR EINT @R 2R LD EEEITZRO btk o
7=

3) BRSSO M B 2 D R
Figure 6 (/RT3 &30 | FIHIRAE I L O OMIEE L, ERERFRB L0 7 =4
VREIC XD EBEZTT, BTRENE 2D 2L TR EEICES 2o

72 (P < 0.05),
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Table 8. IVM/IVF of porcine oocytes of several [VF-condition.

| Matured [VE-Times Cafteine Sperm Polyspermy Monospermy

Boars"  oocytes® late M) concentration  concentration late late
(%) (mM) (1x107) (%) (%)

3 2 5 0.0 £0.02 0.3+0.32

5 2 5 34+£0.5° 11.3+2.1°

B-6 701 5 5 5 32412 112433

5 5 6 3.6+£1.3° 143 +£3.6°

3 2 5 12.5+2.8° 8.3+£2.2°

5 2 5 3.7+£3.3b 11.1+£2.32

57 706 5 5 5 6.2+3.9° 25.0+8.2°

5 5 6 8.1 £5.4% 28.0 £9.4°

3 2 5 0.1 £0.4° 0.3+£0.8

5 2 5 0.1 £0.3? 03+0.72

B8 728 5 5 5 414210 7.8+3.8"

5 5 6 3.0+ 1.6° 7.0 +£1.8°

Percentages are expressed as mean + SEM of total number of examined oocytes.
"B-6, 7, 8 ; Bhaksher, frozen semen indicated of low development late of the blastocyst on normal IVF-
condition (IVF 3 h, Caffeine 2mM, Sperm concentration 1x10° sperm/mL).

Values in the same boar and column with different superscripts differ significantly (*° P < 0.05).
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Table 9. Development of IVM/IVF oocytes to the blastocyst stage of several IVF-condition.

Total No. of ) Cafteine Sperm Developed
. IVF-Times ) i
Boars' cultured M) concentration  concentration blastocyst
embryos? (mM) (1x10") (%)
249 3 2 5 0.4 +0.8°
148 5 2 5 10.1 £0.5°
B-6
160 5 5 5 8.8 £6.3%
200 5 5 6 15.5+4.6°
125 3 2 5 7.2+£1.0°
72 5 2 5 11.1£3.4°
B-7
130 5 5 5 162 +3.6°
125 5 5 6 17.6 +£10.3%
161 3 2 5 0.6 £0.8
96 5 2 5 1.0 +£0.72
B-8
130 5 5 5 6.2 £3.8%
130 5 5 6 10.0 +1.8°

Percentages are expressed as mean + SEM of total number of examined oocytes.

'B-6, 7, 8 ; Bhaksher, frozen semen indicated of low development late of the blastocyst on

normal IVF-condition (IVF 3h, Caffeine 2 mM, Sperm concentration 1x 10° sperm/mL).

Total 1,726 IVM/IVF oocytes were subsequently cultured in vitro until Days.

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



3h  Sh X100 X 105 X 10° x 10
Early Blast arly Blac act Early Blast Blast

IVF time Caffeine concentration derm concentration/mL

a,b: a,c P<0.01, b,c P<0.05

Figure 6. Effect of blastocysts cell number after several IVF conditions.
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AFFE 2-1 12BN T, ARIREL « (RS IS IR R B T D e 1L, AW D -
BURRE T OBEWCEELEZ T 5 2 ERH LN E 72572 (1. 4%~21. 4%, Table 1), T H D
FERIL, WL OO REOHE & FFEETH D (Wang et al. 1991; Selles et al. 2003:
Suzuki et al. 2005), EHE ., ZHHAOHEMEK L L THIE T, AKRSCEKAEEDZOIZHR
RERCALEARBICHNOGN TV AROFIRIZ, 2L A EDGRE, R TR SN TE
. A - AR OEFMESZRERE I OFHE N S TRV D THERIED &R 1% £
T HREHER DB BT O TRV, D70, Bl O EFEERLZEROIR ST 2 1
AZIBIZRAWD &, IR AEEMET L TLE D (Pelaez et al. 2006), £z, HHE
RITHEELIRAE LTV DD, BIEORENBNZEIREL 55 L MER SN TND
(Rath & Niemann, 1997), =62, BIOHEM & L TiX, Gil et al. (2008) 1%, RAMZHERE
DFETIRER EOBBERERAVIBEAICEEG L TR Z L& EFTns, Zih, &
IEAERE DA 70 S DM FEIR DR AERITHE 2 723 m—v 3 UNVEE D ERIR & 72
S>TW5, HifE « MR T2 AW ATREICBNTH, #lx ORI L > TLIZ LI
RRBERBRVPFEINTEBY . ZRBPLEFRICEENTND, T b OMEL R
L—oDEE LT, BREEEFZHWDHENH S5 (Kikuchi et al. 1998), FEE L
EEHER L2006, BT 2720 OENCEHRPLE L 0D, £, %< D
Bh. HHBRE RO 5720, £ 2T, %R 2-2 Tix, RENGEA L-ER
FIRE I DB TN — 7 o —FERERR > & SRR 2 B L . RSV RISV T IR R g
AEENRHE D B RPSTREFICRNT, BREIERFTT 52 LT, ERSEE, g
fa3g =R I L OMIRE D | BT 2 25t Lz, ZORR. Hx OB FICKVERPRRD
ERNME LN, BRI IERET 25 2 & ©, IMERBEARNE EL, £-EARNRIEK
NEZREOFETHLMELROETICBW L, W7 =/ VRE, BTiRES EF52 LT
AR AN LT AR EZ R LTz, L L2RnS, 7oA VBEBIUEFHREEZ
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EFp L. ZETEAEN EFRTHHEAAETR L2720, Nagai (2001) B#HE L= L B0,
“fEEUEOREB—EDREDO AT —VE T, EEZELIEMEREL THEAELTL 5HHE
HERHVEENLETHL EEBbs,

ULXD, BP0 ZRKRRIZS & HTEAZERORESREZ RO HSZ LT B
R AEROBEVEF CTHORAERLZM EIEL T ENEEERY, ANEANAREE D
ZEWNTRBE T,
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FIE THIHBREMETER LI EIaEIR OBR%
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AR, 7 X OZEIN/ IS ERM S SEICER L, BERRBEERORE - BEBES,
Wl BEEROEN, 72—V KOANDOEFNFEROBLEFRERDOEERE, i
BECIEAIND LI TE, LnL, ZREFHEESL TCINULOREERL
TH BHEEOFHRAFEET DRIV VIELS . ENETOENNHERE 25K TH S,
D DAV IRIRIE ARSIV RERR T o VIR ORI EREBR TR TG/ 7T 7 ZALIm EAL
~Afru~v=abtl—Ta VERIE HDOWVIIERIMNRREERSE O OFBIZ LY FIR
DAL, ZHR LICKWEERO—2127>TEBY, ZbOROZE - otk sm Lt
LHEDRBRRARNPRO LN TND

T H OZ R OEBME L REELY . FERNIC 4 BEUEOBPAFEELRNEE
R UR 2R CE a0 EHE SN TV 5D (Polge et al. 19665 Oguri 1990), Z X 9 7¢
AEFREREHIC LY . CNECTEERRE —EICEZ BB LARTER R0, i
DI E BT D 2 & T AROERRZIMOZNG - AR — b7 5 2 &0 MR- TX T,
Kawaraski et al. (2009) (%, RS 118 & BHAFAM 20 (84 RIRHC 9 BHICEAE L, 78
MHENEN 1 BT OOFBEMESROEF 255 Z LTI LTc, ZOMERIL. PRk
DERB L OZREEOMORBE YR — 52 L 2RIOR L, £, BAFARI
PEFIZE THB L7272 (Kurebayashi et al. 2000), I LY EESHEFROE
EFERIN LI\ e EORER D D,

—J7. WiE/ T ZCEED - @R/ INRR O E RO LML, RO Zh & g LT
HKHDHZENMBNTEY (Pollard et al. 1994; Beebe et al. 2002; Cuello et al.
2004; Ushijima et al. 2004), FR~DFEFHRGLENZ &> 5 (Berthelot et al. 2001;
Misumi et al. 2003), RWH., ZDOAT =Y OROERRBIEFIEORFBERHFRFINTE
7o

ZIZ T, AETIH, ERARAREZERL, 1 ETHE LIBREINMEE T IEE AV
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T, IVF IR EFAROMEL T DL &bz, BEFELEMNT L2 LT, 6 - i
LI EROZI - iRz LSE5 2 LR TREN T LT,
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R 3-1  BHOVERER & BARARD BB B

1. BHY

1 ETHE LICMANERERE AW T, SERL7ZIRF A EERIC 2 70— 250310 The
DIRSNVERER L HARAERAIER L, ZOWBIREARLS JOWRROME L T 5 2
& CHARAEMDFEEIZ OV THRAE LT,

2. BB L UTIE

1) RSMERERE O VERL
EONVEERRDEINZIEITITHE 2 BOWISE 2- 1 TEWVIMBIRREAEREZ R L, RFARDE
WR S —7 vy —TEDOEMGEIR 2 Az, £z, BONVEEIRERTTE, IEW B ROMER.

RIS AR, MOBEBE AT —JICOWTE L EZEOME 1-1 DB VIToT-,

2) HBIEAMOKER

HARAEMOIERIL, Kawvarasaki et al. (2009) H D HEALE L TITo 72, IR
Z 48 BTV, STEMEZ e 7 v n =X —BUEB X Oy T ¢ v TEETEME LT
%, 0.28 mM <> = b —/LiKH CEZANL (150 kV/cm DC) 12 K BIEHALFHELIE AT - 72,
D%, 5 png/mL YA b AT B EIRM LT IVC-PyrLac T 2 BEMEE#%, @E O IVC-
PyrLac T2 HEHETH#EL, 2 2D 6 HE T IVC-Glu THZE L, WBAIZHA LR
H &AL Lz,

3) ARO>FHAM
ROMEREM & B2 ZE AR, BISZEREE T Tld > & 0 L IMBIEZEOBO TN DL H D
ZERE UTCGERI L, B 180 nm A 2 AR, 180 um LA b 2 VA (LRI i

ZEle) D 2 DICHELL, £, BOSREORREERNRHEIC W T, EREEMES
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(International Embryo Technology Society) ®~ = = 7 /L (Robertson & Nelson, 2009) (2
ESXSELU ML (BWEHEAR : Code 1~3, Code 1 R bENT-AaT), IAEIZ

AR L OMIAHZEBMEE T Crlflatiz b v > b Lz,

4) FEEFHOLER

AR e 8 AR 2RI, BT [FRR IS

=i}

HENTRTIC T — 7 A 8 L, SAS & FH V> ANOVA 21T -

77e BT IADNEEREEIX. Tukey s multiple range test Z{T-o77,

3. EBRXEHRE

1) RAMEEERR DS ISR

IV NI T O REE 23, AT IVC-PyrLac iR T 7 BERRTE L 72
%, v THCREE - Bk, B4 LA Vi Cra~F L RE L, H-BLOE
ROMHER, BHREAREFIZRERICOWT, MHAEEMREL AV THE L,

2) IRIMEFERR & B 2438 AL IR VB R 58 A SR 0D P

(RONVEFEILZ IVF 7V —7 BHARERE PAMT V—T L Uiz, (KOVRE, RAVSER
K OMBAMNEER FIEILE 1 BEOWMSE 1-1 OFEICHE L, KRI—7 vy —FE1IEPOERL
BREPRAFE L ToAEF 2 - TG IR 3 IR, 0 7 = o IR 2 mM A FIRE 1 X 10°/nL,
DEAESM THRIZIEZITV, (RS2 HE% 6 B B OB AERIC OV THRE L (IVF 7
N—"T) o PART NV—T 13 RS RRER (BRI & D NARTEMELRIE 21TV, RS
# 6 A B OMBERREAERIZOVTHAE L,

3) RIMEREN & BB R A RO ot B T
IVF 7LV —7" & PARZ V—T ORERIE, FIIIRRAD & IO 2 SOFE AT — VI

SHEL, SOICHESIFEMEE T CHEFMiz— K& LT, Code 1, 2725 TNT 3ITHFELT-,
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7o, MOERE~A 70 A —Z—TEHHIL7=, . PIEARAE iR ES K OSREE R A T
— TN T TEE « A%, BieA VA ViR Cra~T o 4u L, (FHZERR
WEEE W ClilfaskaE o v b LEER L 72,

4. FER

1) RIMVEFER DS IER

EORBRIE B R OIN T2 EAZRE LI 2 A, 76.7% (109/145) BRZkEL, £DH 5
76.1 % (39/51) ICHEMERTEZ DTERLANFE D B v, IEESZKERIL 56.0% (29/51) TH -7

(Table 10),

2) (RHMEFERR & B AT AR O PR RE T A SR 0 g
Table 111ZR$ &R0, & 914 EDOIFTF 2 HEINEEREZER LI- & 25 72 [HOYH
AR & 79 8 ORI OFE 151 B ORISR A L= (IVF 7 v—7), F+ 1, 001 {HD I
. BRI K DIEMEALRRE B 21T o 7o R, 120 [E ORI BRI & 77 [E o IR id o
A1 197 (E OIREERGN FE AL LT (PA 7 V—77)  WIHAIRAE NG 0D FE A= 381 PA IR 7 /L — 7778 IVF &
TN—7 L HE L CHEIZE NS T2 (ZNETL 1L T%72 5 TNT 8.3%, P < 0.05) , F#Efa,
Y L OB RO AERICEBEZITRD bk h o7z,

3) (RSNERERR & B2 FEAEAROD 5 L

R RE OO SV R = — NI, IVF JR 27 L— 7" & bl L C PA IR 2L — 7 I8 E & T Code 1 D
FEDS S5 7035 1= (47, 9%73 & TNZ 62. 8%, P < 0.05) (Table 12, Figure 7), ¥7-. Table 13 ®
EBY MOERITEDHEEAT —VIZBWTHLHEEBEZEIZ 2o 723 filadic ST,
WIS, MERES X ORIMBAR O T R CTORE AT —VIZBWT, BEIZ IVF it/ v
— 7MW PART N—T LB L TE Do 2 (FNEFN 30. 4 H2 B5NT 25. 7 &, P < 0.05;

50. 2 fE 72 &N 37. 4 (&, P < 0.01; 39.1 &7 & ONC 30.6 &, P < 0.01) (Figure 8),

53



Table 10. IVF status of frozen thawed boar ejaculated sperm’.

No.(%) of penetrated oocytes®

Total No. of oocytes No. (%) of

Sperm
examined fertilized oocytes? MPN¢ formation Monospermy*
penetration
145 109 (75.7+3.3)  51(46.7£3.2) 39(76.1 £3.2) 29 (56.0 £4.1)

tSperm from a Large White boar was used

In vitro matured oocytes were inseminated, cultured and fixed at 10 h post-insemination. Four
replicated trials were carried out. Percentages are expressed as mean = SEM.

a0ocytes at the metaphase-II stage or penetrated oocytes with one first and one second polar bodies.
bPenetrated oocytes with one first and one second polar bodies.

‘MPN; male pronucleus(ei).

dWith both single MPN and female pronuclei.
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Table 11. Development of IVF and Parthenogenetic (PA) oocytes to the blastocyst stage.

Total No. of No. (%) of blastocysts No. (%) of
Group cultured Early degenerated
Blastocyst* Total
oocytes blastocyst' embryos
IVF-Day 6 914 72 (8.3 £0.9%) 79 (8.2+0.9) 151(16.6 £ 1.1) 763 (83.4+1.1)
PA-Day 6 1001 120 (11.7 + 1.6°) 77 (8.9 £ 1.3) 197 (20.5 £ 2.0) 804 (79.5+2.2)

Percentages are expressed as mean £ SEM of total number of examined oocytes.
TEarly blastocysts diameter are < 180pum.

‘Blastocysts diameter are 180um < .

Replication were performed 10 times.

Values in the same column with different superscripts differ significantly (*® P < 0.05).
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Table 12. Classification of blastocysts on Day 6 in culture.

% Early Blastocysts' % Blastocyst*
Group
Code 1 Code 2 Code 3 Code 1 Code 2 Code 3
IVF 7.0+4.1 43.1+5.2 499+52 479 +4.7° 463 +4.2 5.8+3.1
PA 13.4+4.0 42.6 £7.7 44.0+5.5 62.8 +7.0° 355+ 6.9 3.1+1.7

Embryos lank are expressed as mean + SEM.
TEarly blastocysts diameter are < 180um.

Blastocysts diameter are 180um < .

The quality lank (Code 1, 2, or 3) is based on IETS embryo classification. Code 1 is the most excellent.

Values in the same column with different superscripts differ significantly (*° P < 0.05).
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Table 13. Diameter and cell number of blastocysts on Day 6 in culture.

Mean diameter [um] of blastocyst (No. examined)
Group

Mean cell numbers per blastocyst (No. examined)

Early blastocyst' Blastocyst* Total®

Early blastocyst' Blastocyst* Total

IVF 1624+ 1.2(55) 191.4+1.5(54) 177.2+1.9(92)

PA 162.8+0.9(91) 192.1+1.7(48) 177.9+ 1.9 (92)

304+ 1.9°(50)  502+1.9°(39)  39.1+1.7°(89)

257+1.84Y@45)  374+23°(33)  30.6+ 1.6°(78)

Values are expressed as mean = SEM.
Early blastocysts diameter are < 180 um.

!Blastocysts diameter are 180um < .

$Total 92 blastocysts (48 in each stage) were randomly chosen before calculation.

“bValues in the same column with different superscripts differ significantly (** P < 0.01, ¢ P < 0.05).



Figure 7. Putative zygotes (IVF oocytes) and parthenotes were cultured in vitro for 6 days
(Day 0 = in vitro fertilization or parthenogenetic stimulation).

A) IVF blastocysts

B) Parthenogenetic blastocysts

C) Code 1 rank IVF blastocyst

D) Code 1 rank parthenogenetic blastocyst.

E) Code 1 rank IVF early blastocyst

F) Code 1 rank parthenogenetic early blastocysts. Scale bar = 100 um.

58



Figure 8. Putative zygotes (IVF oocytes) and parthenotes were cultured in vitro for 6

days and fixed, stained and evaluated for cell number.
A) IVF blastocyst (56 cells)

B) parthenogenetic blastocyst (28 cells). Scale bar = 100 um.

59



3R 3-2 H T AMURTE LB BERZEFER (VML) & PA RO EBEIZEORZE « Siic 5
Ry 2

1. HH

WL 3-1 TBE%E L7 PAIRAZHWT, ALK CHRNSZRE LEERE THRE LY 7 2w
H - BIEKIRERFE LR EEBELZITS 2 & T, ZNETHFHEADEEFRMENE 73
BAT—VORNG, THRESD Z ERATRED R LTz,

2. BEHB L UL

PA IRDVERIFIRIT, YL 3-1 ICHE U T,
1) ENHRZEERD T 7 2R FR L OINME A E

(AN SR ER OB 7IEIEL, Fujino et al. (2006) O HFIEICHE L CHEM Lz, 7~8 »
A OBEFZERBFTO T > N — A& WV CRLE U F CREIIFBRAE 21T\ 1, 500 1U
D eCG BIFIH E-4% . 72 BEfI#412 500 TU O hCG BF 245 L, ATEREL2ER LT,
2 COMRIE hCG # 54 140 FERIZ AR 1 mg/mL BSA ¥sHI PBS % VT, A4 5D
FEAZER LUMZREILL, F£EMOAL%E Fujino et al. (2008) BEHFE LIZ A X /LA v
2 AW BOEN T AMURFFIERWTRE LT,

OB EIR, AZ NV A v v 2 ZREERPOIV L 0.5 mM Ly —XZ [ 20% FBS
AN PBS 2 FAVT, 37°CT b pfliRIE L 721, 10% FBS Z¥f0 L 7zgk B NCSU-37 Z HV T 5
T2 EEE LBEIZH W,

2) MEAETTIE (ET)

PA IR KL O 7 2GR A « BIRIERT L RE R L BMET 2 ZIBKITIE, 7~8 » Al D
7V R L—AFEOREREREZ A=, 1,000 IU eCG ZFAINKS L, 72 BFf#(2 500 1U
hCG Z 45 L CHRIERBUL Fujino et al. 2006) L7=ZIRIKD = f JEimEhic PP 7 —
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TNV ERWTIREZBHE LT,

3) ZIRHER G LR X OVEE A ORIE

SRR, /U = BB LUK 24 B BB EREBRZEEE (U-1000, Fukuda
Densgi, Tokyo, Japan) ZHWT, IX-X 0 LIRROMERH RIS OEIEREZE LT
(Figure 8), ¥7z, VP BIZRWTIE, WMERFORER S L IXEE0 5 Ol Y & iR
LB E L, BESEIRLEEROT — 2 % iz,

4) HEEHLER
Nt NRART — X1, BIRFEERICHEHENTRIIC Y — 27 A & # L. SAS & v
ANOVA 24T 572, BT ANEELREEIL, Tukey' s multiple range test Z{T-o7-, E7-.

T =2 DO—EX, x*BEL LW Fisher' s exact test {25V fENT L7,

3. EBRXERIE
PA IRIEREAE I S D AEHR - Sy hfteiBh b

BN T T ZMCIRAFIR AR U 7o RN A RE L 72 ER & PA RO IMERD A £ £ 4 10
83> &S RN, b BEDSZIRIR O F = & SEmih (CFAE L7 (VML + PA [X) , &fRRIX & LT,
H T AMCARTFS AR U T RNAERE L2 2 3E0R 20 8 £ FIRRIC 5 BHO T 5 A JEmimIc B L
7= (VML [X)

4. AEF
PA IREREAELC X D IR - il Bhh

ZREFRIT, WMLAPA XEB L OVVWL K THEEITRO b o 7o (FZ£i 83. 0%72 TN
60. 0%) (Figure 9)7%, VML XIZ3WNT L EADSENG - o L7c, — . VML+PA X3 L UM VML
XOWE R X, WLPA KOAFEICIEE T2 Z LB oo (FNEh 42.5 B2 HTNT 27.0
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H, P = 0.08) (Table 14),
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Figure 9. Pregnancy was detected on 24 day (ultrasonic diagnosis) after embryos

transfer (arrows).

63



9

Table 14. Pregnancy and farrowing after transfer of vitrified and warmed morula (VM) with or without co-transfer of parthenogenetic

blastocysts (PAB).
No. of transfer Total No. of Total No. (%) of Total No. (%) of Average of abortion day
Group
experiment transferred embryos pregnant recipients*  recipients farrowed + SEM
VM + PAB 5 20° 4 (83.0) 0 (0.0) 425+ 7.8
VM 5 20 3 (60.0) 1% (20.0) 27.0+1.7

TEach of 10 VM and 10 PAB stage embryos are transferred.
Pregnancy was detected on 17 day (no return estrus) and 24 day (ultrasonic diagnostic) after embryo transfer.

%4 piglets (1 males and 3 females) were delivered.
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BB IC W T 7 2 ML OB FE & & b B2 5513, FRFIZZ ORZBE L 21T
NERBRVWETHD, D7 &b 4 HULEOIRMRERT S Z &N, RO ITEE

i

]

=

T 5 (Polge et al. 1966; Oguri 1990), ZHHOMEETIC, ZTNETIZ, %< OHFE
S, B/ T AU ED - @R/ MRS O A B L, ET 2857201, tho RF—725
AR L 2B 2D 7e< &b 4 B EBE L Tz, LirL, BEERKREBET S &
[FEIRFICIRZAERLL . HBBHET 5 2 SIIMEEFIRE L THIEFITEMET, 2 A b0 o T
LES,

F T, REAENTRETH HIEIMEERSCHA R AR A LBHICF AT 2 L2E %
Too IERZREEMETOR Yy MIEVEWRHDL ZERHALILIZD (28, KRR T
(TR EHNZZHRE L (Table 1) FRICHE T D2 O @I IR 1 fEEH 288 A7 (Table 2),
A58 3-1 Tl&, IVF fE L PA RO~ DFRFREN B L7z & 2 A, FIHIERIC IV
TIL, PAMMOFERROFE LSRR Em Do T2y, R X ORIVERE OFE A RITEB W THXIZ
BEEITRO LN oz, REBRD PAROMAEAIF AR 20. 5% T, ZNETHESN
TWDHEAEI DKV (Hou et al. 2015; Sangho et al. 2002 ® 2 #TiE, 29.6%L Y b
EWRPRE SN TND), MEIZEZ > T AJHEWVWRELL0OHBO 1L LT, 4FH
DEBRTIZ, RBINFOREZENT D2 L7 INEMia-IiF-EEaEE Az, ROV
RECHMEALER T 5 LB IRNA . — T, BIROBIZED R\ T2 D RN - 0 7 A 1 ]
TLHLIELIIARFRETH Y, TNOHLSORBEAIIFHLEENDTZHEEZEZDLNLINGTH
Do TIVD DYRFIXHEIRARD HIARTNTBORT 5, £72, BIOHB L LT, KEERZH
WO, HSRBIIIT-% 7 B ERIMEERZIT o B R, 20%O IS5 A Lz (FA S RFE
). b L., BERIIT REGER TOIWEIRETE 715%) O X2 RH LT, FOZHEEITH L L&
BT, PIMERBIFAAIERT 52 LT, 2N E ToOHE L RKROWERBERNBEOND
LD LHEETE D, Hou et al. (2015) Hid, FHMEE 8 A B DRI & PA RO
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Bl L& 2 A, BEITKRIEERORIEED PA IREVD £ o7 (71,2 {#72 BN
53.3 M), AFEBRIZIHWTH, WIMEEROMIIEDS PA L Y £75o 72 (50. 2 72 5 TNC
37.4 &, Table 6) Z &b, ZOMEDREIL, 5% b PARZIBIEIZH N HRFOH R
TARERTHDLEBZOND, —F, BEFORGEFMICI T, (EIVEER S PARE
LB L7 & 2 A, Code 1 DIRAS PA RO T30 o e (L ALEI AT. 9%72 H TNT 62. 8%) 73,
MOERIIBNTHEEIRD O oT2, T DHORRIT, PARITEENERL TV D
7 (Figure 7)., MEOEZED IVF REFR LA XTHL20, 1 HOMIIORE SHAKRE W
EEZDBND, LL, ZOFEMITOWTITA LT HRR) > 7, Clay et al. (2012)
X, ATHEE% S L ILBEKHNEE O, 1IVF I3 XU PA EOWIHASEIN 24 BRI LINICH
AT HRITENZI(BL %7 HNT 31.9%) TIEFEALRL Thole Z & 2HMELTEHY
RERIZEBNT, IR EILIEDOIRDIEFT AL — K23, IVF ROFHRENZ L Z2/R LT
Do FTo. PAMOMRRFARIT, THARICHEMLIEZ 0D (29%; T 6. RER).

PA MO EIAE— FiZ IVF & e L CES . MRIZIL, BUW 2S5 bDEEX Ll

Pl E& 0 REFFECIE, SR &4072 NCSU-37 & F\W\ 2 (RIS 28 0715 TR ERINC PA RO 1E
HNFRETH Y, BEELECBAERDER VI ZBIET RIS 5 Z & T, iR X
OFBE~DOHEAEZMTH2Z ERETHL LD EEbiLs,

PA PRIZHTEEARS> IVF BB & e L C, EBAEICHW D DICKREEN TV %, Kurebayashi
et al. (2000) 1%, PARZ M 29 B HIZ, Kawarasaki et al. (2009) %, 1&ME(LOEE%
30 H BICHEE L, BENEZ L ME LTS, ZOHETIE, Bt 1 8- PAKE
LB LoD, Hihtzic, BERORBROFKE REEDOBORBTE CHT 5 LE
RN, IVF PRIZE PIALERG > O INE 2 BpF LEREL L 720072 W5 DT, ff & 72 i fE DN R
CoTLED D, RODLMNBIAELIZFKD ENRODBIFZBT D 0ERH TS
LB ThDH, ARERCENM L7 PARE AW B TIEITEE 22BN D OFIRAEEICH
HATHY, T 2AEmEN - IR L7 RFEREZBIET 522 & THIRL, BFICET L2 &
DNHIBR L 72,
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LB E LT, REROT 7 ZLmAED - IE#Z OAFRIT, BRERT LR X 0K
W ERHE SN TED (Pollard et al. 1994; Beebe et al. 2002; Cuello et al. 2004;
Ushijima et al. 2004)., F7=FHR~DFEBFHRGE (Berthelot et al. 2001; Misumi et
al. 2003), AEBRIZITWNT, 10 BOT T AEEINE L72ZEM L 10 80 PA R4 i HE
LIZRFIRZED 2 L ITHORR o723, FEIRD A 20 8 2 F4E L 72 X2\ T 1EEDS 4
BEOFREZAERE LT, TO/RRIL, B LIEOREMEI LTS IO I 5, —77, £
L2V T, ERPECLHEAIZH D (42.56 2 HTNT 27.0 H, P = 0.08) Z &»
5. PA RICIHERMM 2 T RRH o b0 L Bbh s,

ZHETIT, PARROILBIEFABR & L, Kawarasaki et al. (2009)1%. 1 EOHEELD
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HEL, £7-. King et al. (2002) 1%, 3EOHEROILE L 55~60 &5 D PA i % 6
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Ji. AEOREBRTIE, 1.0 (10/10) LEEIND Z &b, ERBIE L2 PARDOE D D72
T FREMED R ST,

EBE T D OHUL, RO R T — VOB D DNEAEIR 2 DD TREENE D - TL
LERONDN, AEIOERTZEOL V MR3GE LIz, IR LTEEFERD L% 20 EBMH L
feay hr—)LXKIZBWT, BN ABEOFREZ DL Z LG FIRA~DOFHEF T 20%
(4/20) £ 72 %, & L. PA RO 72 LICERERZ 10 [BA2BE L2 IRET D &, 2 8 (20%)
DIENAEZFEL D EBZLNDHDT, HIRAHLSE 57212, S 612 2 HOFRER

MWERTDHDVLEND D, BIRD L B0 | 1 {EORDOIEYR 2 PA IR THER S 2 72D 121% 20 &
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(RAMERFABEIZ A 7 h =2 (Shi et al. 2009), L-#/L=F> (Wu et al. 2011), X BIT(IH
VIR F LV~ =7 AOYSHN (Bunhye et al. 2015) 72 &3 PA RO SWE W ECH RN H 5
ZEBHMEINTN D, MNEEROREELZURTDH, HLWVEZV 2R+ 52
L (Miyoshi et al. 2014) LIThbHL TV 5,

iz, o7 7a—F & LT, PAROEREFRFbRE SHIfFSN 5, Hongsheng et al.
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AR RITIUER RN, 70—/ RTIEHZIREOREERIULS 5 F 0y
GEICRLERT 5, £070H, o AFR U EIMVEERNERIZ /25 L0 ) 2 pd
TR LD, L LN, RFETIER U oIS R - RAMEH%R D 0~6
AE CRBEAZEB2DTICBEN AL 2570, ZIREOBRENIEN Y . AREH
NERE L 7p oz, A, BEREBLETOEARE T 4 —)V RCAEMZERATHZ LT, I
DR PRS- CER O Z RIS A 2R TR BN ATREIC 22 b0 L b,
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