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Al artificial insemination

ATP adenosine triphosphate

BSA bovine serum albumin

CASA computer aided sperm analysis
COCs cumulus-oocyte complexes
DMSO dimethyl sulfoxide

eCG equine chorionic gonadotropin
EGCG (-)-epigallo-catechin-3-O-gallate
EGF epidermal growth factor

FCM flow cytometry

FITC fluorescence isothiocyanate
FMD foot and mouth disease

hCG human chorionic gonadotropin

Hepes-TLP-PVA Hepes-buffered Tyrode solution with lactate pyruvate and
polyvinyl alcohol

ICM inner cell mass
IVF in vitro fertilization
IVM in vitro maturation
LEY lactose egg yolk
LPS lipopolysaccharide
MII Metaphase I

mHepes-TLP-PVA  modified Hepes-TLP-PVA

mPZM-3 modified porcine zygote medium



mTCM-199
MTG
mTLP
PBS
PED
pFF
PFs

Pl
PNA
PuFA
PVA
ROS
SPF
TE
TLP
UFA

ZP

modified TCM-199

MitoTracker Green

modified TLP

phosphate-buffered saline

porcine epidemic diarrhea

pig follicular fluid

FEAH AR Y 7 = 7 — v J&(polyphenols)
propidium iodide

peanut agglutinin

polyunsaturated fatty acids

polyvinyl alcohol

reactive oxidative species

specific pathogen free

trophectoderm

Tyrode solution with lactate and pyruvate
unsaturated fatty acids

zonal pellucida
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Studies on Establishment of Effective In Vitro Fertilization System of
In Vitro-Matured Pig Oocytes

ABSTRACT: In pigs, immature oocytes released from ovarian follicles can resume
meiosis and reach metaphase Il stage in culture, and the matured oocytes are
penetrable in vitro by fresh and frozen-thawed spermatozoa. However, few normal
fertilized oocytes are obtained under conventional systems because of the high
incidence of polyspermy. This was one of the most prominent obstacles to producing
pig blastocysts from immature oocytes by in vitro maturation, fertilization and culture.
This study was carried out to establish the effective in vitro fertilization system of in
vitro-matured pig oocytes.

In the first experiment, in vitro-matured oocytes were co-cultured with fresh
spermatozoa collected from Clawn miniature pigs in a 200 ul PCR tube which was
rotated at 1 rpm to overcome the high incidence of polyspermy. Some oocytes were
inseminated in the same tube without rotation as controls. The rate of total penetrated
oocytes was not affected by the presence or absence of rotation. However, the presence
of rotation prevented polyspermic penetration and increased monospermic penetration.
These results indicated that the rotation method for in vitro fertilization is useful for
producing normal fertilized pig oocytes in vitro.

Polyphenols (PFs) extracted from green tea, known to possess the powerfully potent
anti-oxidants, have been reported to be effective in preservation of mammalian cells
from various species and isolated organs. Therefore, it was tested whether treatment
with PFs prior to freezing procedure might also be effective for maintaining the
integrity of frozen-thawed boar spermatozoa in the second experiment. Ejaculates were
diluted in Mulberry 111 medium containing various concentrations of PFs (0, 0.01, 0.05,
0.1, and 0.2% [w/v]) and then stored at 15°C overnight. The semen samples were
processed, using the straw freezing procedure, and then frozen in liquid nitrogen. After
rapid thawing at 40°C, the spermatozoa were subjected to several assays to evaluate
semen quality. Spermatozoa stored in the medium containing 0.01% PFs exhibited
significantly higher degrees of post-thawed viability and acrosomal integrity than those
stored in the absence of PFs. However, no change in the mitochondrial activity was
noted between the two groups. Addition of 0.01% PFs to the storage solution of
spermatozoa prevented polyspermic penetration in oocytes inseminated using the
rotation method, resulting in an increased blastocyst formation rate after in vitro
culture. These results indicated that preincubation with 0.01% PFs prior to freezing
procedure exerts a protective effect on boar spermatozoa by preventing injuries



associated with freezing-thawing and this method is useful for producing normal
fertilized pig oocytes that can develop to the blastocyst stage in vitro.

In conclusion, a novel in vitro fertilization system for in vitro-matured pig oocytes has
been established. This system will contribute to increase the efficacy of pig blastocyst
production in vitro.
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FaEPEDOENIT, WA gL £ OBIHRIEZ B - FIH L TAS
AL TICE S 2 & CHEEL LT Z L IChhE 5, K50 FRIDLBIEICED . F
BB IT 2 BHEUBHEIMTOESR & & HI2, BRKEL - NLEK - ROV (IVF,
in vitro fertilization)s X OWMBEAE & 5 - 723842 178 L OBSRAE B 772 & %0
HEDEEFEREOMEITIHR E LOWREEZRE TS, 205 O34
RV ABEIVT v FMa EOEB/NIOU L THEATEY . £ < ORI K
Z5 8 (Gordon et al. 1980)X°2 = — U Ei#)(Wilmut et al. 1997)72 & 3MEH S 41T
W5, TN E S TUIAEEISIZE O TEEIC IVF B L OIS ERENR L L
THLE ST BTV 5 (Thompson 1997), 7 Z 123U Tl Iritani et al. (1978)23A&
STHID TR RE IR OB IC I LT, T Ok, MEMEARGE 2 AV,
RO THE 52 K RE & 1845 S & 72 3 RS R i RORS 1~ (Paviok 1981; Nagai et al.
1984), & 2V MIFEHE LIERE T2 K D I0 -~ DR AD A el R S #u7- (Nagai
etal. 1984), 7=, Cheng etal. (1986) 1% 5 T THRNHA « IVF DM %
BHE L CEFA2155 2 LI L, #\\ T Nagai et al. (1988)1 %5 fl itk + %
AW WWRICTHETFZ2155 2 ksl L7z, & 512, Mattioli et al. (1989)13 /&4
F%EZ(IVM; in vitro maturation) « IVF 3D 2~4 flifa iR 2 BT 25 Z &2k
PEFEGL IR LTS, ZHHDORERND,. 74 IVF INTBHERIZIE
WRETICETCEBET DRNEFOZ LN LN ERoT,

T, KAy oW Ka v 7 KT T#iI(PED; porcine epidemic
diarrhea) 3 & OO B (FMD; foot and mouth disease)7a & D F R Yeis 25 i FLAY
IZWATLCRY . ARIZEBWTS PED BLUFMD A REEE E 72 o7z,

IVF 38 X OMBAEIL, ARoBEIR X OVERE O Z Eblanizo,
NODOEROREEEZ S Z EaAaELE L, Fo, FFEWREEEZRA L2V
SPF(Specific Pathogen Free) K{F~DISH b HIfFSNLTWD, S HIZIFK, 7=
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— B LB E AN 22 & OB 2 -T2 R IR D A EEDS RS S Lhad
TWo, LoT, IVF BHRIREHEOTRIZT TR ZHINE REISIEHT 5
AN E LT, 2RO DOFBIN A2 TX 2 T2 EERMEL HDD 2 LATHR
ShD, MAT, BRESF—ICTHERESNLD 7 ZINRB L ORKELR EDOFS)
FH, BEERE L TOIFB IO FORMRTERE, 5% bHEESTFITT
A< ARER T2 Z LRI TE D,

IVF I ZZHESETZT T <, IFB LUK FOREL L OVERFREIE LB
BRL ., AT 27200 RFETH Y . b N OEFEERO I
RS2 20N TE S, WAMINFB X OO RRIZICEZ S
Mex RBRNTEHINOOH 50, FFMICHH SN T RWESD HZ W, 72
bbb, BELIIWVFREMWNLT HZ & T, SREEOMAZEL T, B X
ORI T 2 BRI R 2155 2 L A CT&, AR LTET T
372 < BRA RAFZER K OHEINICIS 2 Z L lifs s nd,

—Ji. 7RO BRERFICET DML R T A T A AB LT L a—1iZ
THAECTIC) SNV U HEFIC L D2 P oA (Polge & Rowson 1952)1%
M % 72 < BiAh S iz, Hessetal. (1957)7% - 95°C D 7 & B R AERE + % IV CRE
FaFD 2 LITHIO T L TLLK, AATHR 288 0 il U7 AL, 1970 4FLIKE
FELSERL, BB LUOETFERRIPIOHRE L ol T LT, AR
OB, 708 AR, BREREDOTIE, AR, AR, Zh=x
BLXOEFEREICHET D2MENM L., AT HEAR N 4 5 7= (Pursel &
Johnson 1975; Crabo & Einarsson 1971; Salamon & Visser 1974; Richter et al. 1975;
Larsson et al. 1977), 7 Z K OWAERIESIEE LTIE, Rby ME A bhr—
EBXIOT VIR Z7IED 3 ONMEINTWDR, BEEBRIZIE S HFFEICH
NWHENTWNDLDEFNL Yy MEBIUOA e —iETHD, TNHDFENHES
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. 7 ZRER O WK RAF BN IFESL TE 2L STV L (PP S 1989), LA L,
THRETOE . THREBICHEEENRE WD & ZBRE XLOE T3 B AR
BLIiZ b ~T% % Z & (Almlid & Hofmo 1995; Johnson et al. 2000; Roca et al. 2011)
MEDHAIZEY, vIOL T AREFTHH SN D T TIZIEE - TR,
AEPEBLY; T 7 2 WG BUAG - & FE LT 2 7o O LTI IE & 720 R 2 e L
SR ZM LT 52 ERFETHY BEICBNTH 2 OMEHEICLD,
BASEAR, APIRICIINT 28, 77V & Y IR KONGRS 1A B9 5 2k
BLOEREIEDTTOIL TV D,

AR &LV 72 IVF IR IER R EFICE TREET DI EAML LD [ IVF
B LUK OEE RPN AIEN TE 280K TH D Z L AVRBE S LT,
Ll 74 TIRIER 722 IVF Il z IS = TR 2 7201203, £ < O
WD, TDOHITIE, AIZIERHA A (Nagai 1996), @3 Tk Z 22k <Rk &
O K5 IR DA% 4 %R (Funahashi & Day 1997). & H121E, Y v 7 /L REI(IERT)
IR E R ZRERED /38 5 (Wang et al. 1991) = E R E G Eh b, £/-. 74
B PRAFFIR IS B W T, IR OREIME S AL - INRIZ X Y K545 (Canvin
& Buhr 1989), V& Al FE TR 1% 32 (GOT; glutamic oxaloacetic transaminase)
IR EEI09 % (Bower et al. 1973), ¥5FEAH O B 23434 % (Larsson 1978;
Pursel et a1.1978; Wilmut & Polge 1977a,b) = & 72 N RAE SN TRV . BAL R A7
CEDHFOHEEGPEZ VSTV EBMONTND, LERsT, ZhbD
Mz Tk L, 7 Z IEEZ RN Z SR ICEH TR IVF SR EHENL T 5 2 L A3K
HHID,
Z ZTAMIFETIE, ZNDHOMBERD O L ATk LUK T O B al i
(CE DB ONWTHAET 5 Z &IT LT,
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7 Z O IVF TiE 2 SLLEOREF 2 IFIIE & @E LT LE O SR 1326 & I
X 2 B SR NER T 2 BL5 1 B % (Nagai 1994; Funahashi & Day 1997), flifi
FOWFLEN T IVF ISR F2IEmR TR I 60V y, REpfEL
%72 > TV 72 (Nagai & Moor 1990), L7»L., 7 & TIZAN TSR L7ZIi1 &
e IVM RF 0 IVF TIE RN a2 BT & 205k O BRI &R
D FERICEF 2T TH LB FFZRROM LICHOO»R N2 EEH
K72 R T o % (Nagai 1996),

F7o.0 IVM IR Cld, REBER BRI F L TR > T D 2

i

EMNMEINTE Y (Wang etal. 1997), Z D Z L N SR O R A 5
ZTCNWDHEEZBILDH(Wangetal 1998), LovL, 7 X TIHANTHH-TH, £
BOR T NZREEALNAFET 256, SR04 T 5 (Hunter 1973), L
el oT, 72ICBIT LK FZRBIECHEMEIL. 4T LI Mo A7 L
TWLDOTERSKEFROER GLRDY | FEHENS FEH —INEHESHTO
K- DBA, IR IEERIZ 31T D —Refy ek T ORI, PEINITPE S 2RI L7
T OINERKB~OBEE o -JIE TOR TRBIEELE X 5D
(Hunter 1996), [FIRFIZ, SR AEHESHEED 12L& LT, IPENOIFEKD
HEHLEETHDLEEZ2OLND, ThbLL, KNTIIIITOZIE R E A%
LT L T, ZEOEHTH DIVENOREEICSUG LI TRl OB R & 23 R
FICE< 2L T, PIRMICEF RZRH T L H—HB T RBINEEY HL TV
HERTFHREIND, LIeR> T, IVF THEFZRBINEDRICER T 2729
21X, MEAERZBRNOBRENSEICR B2 b5, IHIT, ZEOHTHD
PR 13 B & OIHEEE) P EES), THLERE OER) 2 812 L 0 IERICEIWTE
D, TNOLOEBHIZTHREICKREREELRIT LbRESNLTVDS

(Croxatto et al. 1975; Rodriguez et al. 1982a) 23, Z iU 5 IZB3 D1 LIT AR 72
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<, BELTWSRERD S,

Z 2 CARMIGEITINE OFEENIE H L, INEEB O 2 A5 Z L2 L,
UE, 721280 5 IVF OZ IIHUINEIEZ F O TRFHEIREE THOSEEZ1T 9
DP—KH & SN TWD A, ARAFZE TIEERE ISR E R X 3 — 2 T
IVF Bz L, B LR 0 N —EFE T £ 67201 XK 91
ERANAVIEY S O

HAEIRAE LTe 7 2 F1d, Bib oo X5 IS MR 12 B A7 s K U2 K
ZRIBEEEZZITTLE D, BEO L Z A, HAERAEOBRE T, B8R LIS H
FHR DK 50% L EZ IR B 720 & b #dE 40Ty % (Johnson et al. 2000; Bailey
et al. 2008), ZAUTINEFIED TR Td H AEAFIAENIEE(UFA; unsaturated fatty
acids) 3 | KIS K OGRS ORAF ST AT DL 2 b L I X0 IEE i me{b 2 %
T 5 Z DR E Vb LTE Y (Fraczek et al. 2001), FFEDEEG 7 T <,
P A oA SR DI 72 EDZ < DAFE L < 2WRBLCHE D L S
T\ % (Tavilani et al. 2008), flOFFFLENY & tbig L T, 7 Z W3R ERED Y
VHREN D UFA B 23 5 < (Cerolini et al. 2000), F&HEDOHUEELAE /) 23 fth DI L
Fi & e ~FHXTEOIZ KL (Brezezinska-Slebodzinska et al. 1995)7= 12, i@fR{kIc
LG EZTROTVERE SN TS, ZOMEEFIRT L7201, FBTE
FEIRIFIRIC B Z 2 > C B L OVE (Pena et al. 2003; 2004), 7' /L % F 74 > (Alvarez &
Storey 1989; Foote et al. 2002; Funahashi & Sano 2005; Gadea et al. 2004), L-7 /v %
X 2/(de Mercado et al. 2009), L-I A7 1 »/(Szczesniak-Fabianczyk et al. 2003;
Kaeoket et al. 2010 )i L Ve — X~ I — (Rosmarinus officinalis)(Malo et al. 2010)
72 EDHFALH 2 BN 58 2% < OMENRIRE SN TN D,

% 2T, AW TIXER D 72 PIER LA & LT B LTV D kA4S (Camellia sinens

iy AR U 7 = 7 — L& (Polyphenols; PFS)IZIFEH Lz, ZRICKITDIED EHE
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BEREZHSTNDLDIERY 7=/ =L ThHY, FTHITF U HITEIREN
MELEINTWDS, FRICEEND DT X013, EIZ(-)-epicatechin, (-)-e
pigal-locatechin, (—)-epicatechin-3-O-gallate ¥ J U(-)-epigallo-catechin-3-O-gallate
(EGCG)D 4 FHIHAN K2 HOT WD, FARICITFLRE T 10~20%D 7 7 F
VENEENLTWDR, EORN5r%E EGCG Al T\ 5, EGCG IZITHRIAE
M:(Ho et al. 1992), HUZHEJFME(Shiraki et al. 1994), & (Hsu 2005).,
PLEEME(Osterburg et al. 2009)#5 L O M:(Huang et al. 1992; Yang & Wan
g 1993) DR & L < DAY RN H D, £, L, EGCG 1LANE)
H&(Hyon et al. 2006; Han et al. 2008)}5 L "5 &K (Hong et al 2010)7¢ L5
RMFREDATONT WD, S 61T, PFs [IFLENM OMidds X OWgids O IRIFIZH
HTHDEHE I TS (Hyon & Kim 2001; Hyon 2004), L7>L. ROk
BT % PFs OFZMEICET 2R RIIRTED 72 72BN TRIEEA L
F IR,

UED XS 2 mMN S AR T, BB L7727 % IVF ORBEEFRT 572
D, LTI T 2HBIZOW TR Z1T o7,

(1) IR FEALE T THRS L7 7 2 (RS SR D (RS SRS IRTL RS K OV 0%
DIEAFEAIRDL (5 2 )

(2) WRERIORAHRARY 7 = 7 —/VIRIT K D /B3 7 & ik s + O 1B
P L OMAINVSZ BRI KT 2 (58 3 &)
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[BlERIE RO T CER L2 7 % BRI+ D
RA RGN LI L E D% DS AR
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2-1 #%E

BlETHR_ZL DI BT D IVM B X IVF BIROERIZ L > T
X IR OVEH 23 AT HE & 72 > 7= (Abeydeera & Day 1997a; Abeydeera et al. 1998a,b
2000), — 5T, IVF HIZE (> 50%) Tl = 2 25 b id, Mg m EoX
X pfEEOE £ TH DH(Wang et al. 1994, 1998; Abeydeera & Day 1997b), L 7> L 72
BH, KN THLNIEZRINTIX, SEROZHEFZRITIREZ ICBE ST
\M(Wang et al. 1998; Hunter 1990), Z OEELH X HEIN S 7290 - MEN T T 5
A1, DN DRUINREE DN SR T 2 B <T2h & B 2 b TV % (Hunter 1990),

BEE TIZ, 77 WWFIZBIT DL F2AE 20 372 OISR 2 i
LN ODORBPHE ZITWD D, e 2 RITE S TR (LI et al.
2003), F7-. WEIZRFETEE Bl S TIER W IVM B LY IVE BREE TIX2 0
FZREEBRERTDHRNTH D EVvbiu T2 (Hunter 1990; Niwa & Wang 2001;
Wang et al. 2003), L7>L. IVFIZMAT DR FREZBD SED &, BIICE
2RI T 508, ThICHE-> T, 2ROZHERBEPEDT 5
(Abeydeera & Day 1997a), L7223 > T, ZFETF=MOIAELIH L T DIE
WIS Th LR IETZRINEED DI, BRERFOR T84 Kb 3 5
ZENHEETHD Wbl T 5 (Lietal. 2003),

NSRS TE, FESEENICER L EBAE I35, 4720
LYVERZIRER A2 D 7o 012, JRE WA 2 it L7221 auiE 7 7wy, BV IR
TN e ZHETE DRI DIEN R o T OHA @il T 5 2 &N TE DEML
ThD, L7eho T, JNEBEE MR A SRS B2 2 88 15 2 il 4
T 57D IR &5 2 5TV D (Hunter 1991), Z D X 9 IIKINZ KT
X, ZEOTDITHEL SNOIBFED., BLIEHINATWD

17



CHE RIS, IVF 2BV TIERRE DB ZEO ol ibh, 7
EZINTFICEIEFZRIETHEN H D L LTH, R FROBEEITEINL T
LED, LEN-T, INEOR/NRE 2T 5 Z £ TE D IVF I, &R
RZIEREWD SED Ll ZETEZRHENISTOOHBNRFIETH D
EZEZBND, KRIZBWTIIEITHELERE O L O IZF A T X v 7 i) &)
ZITHo TRV, TRREEICRKEX R LZ LT T L Wb iut Ty % (Croxatto & Ortiz
1975; Rodriguez-Martinez et al 1982a,b; Rodriguez-Martinez 1984), L 7=723-> T, {K
N TOZREDS T 208 OEENZAE B U, JNVEEE) 2 B L 7o R/ 2B
FEOHT I EERAT, TG, IVF ila Ao~ A 7 aF a—7 250
FEIOCEFELZEAL, BEEIFY—2HNT~A 7 0 F 2 —7 25 nIHE
IRSELHZ & T, ZHFXREEE, EERZETH LRI E 2R
NSRS 2 2 LN TE 2O TRV EB T,

ZZTARBETIE, 7% IVMIITO IVE 128\ T, BIERE LB N CIEE T 2
Z L RIRF- OARING I K ORI FE AR R IE T BRI DWW TIRET L7z,
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2-2 MEFB XU HIE

2-2-1 PR EHEHE-IR 74 A 4K (Cumulus-oocyte complexes; COCs) DERER

BILTIVM

FEREBEAY 2 — I ORI # OIRR AR L 7o, 7 2 138K
e HWTER Y g vy 7 2 BRIk, HJICERZ K5 Z &1
XU w7z, FEZ. BEHICINEZERL ., Mgl ~ 4 2 (100 mg/L;
meiji seika, Tokyo, Japan) & ¥l L 72 0.9% (W) A EE KD A >7250mL D 2 =
71 /VF = — 7 (Thermo Fisher Scientific K.K, Kanagawa, Japan){Z A#v. #J 33~37°C
WPRIR L7223 6, 2 BRI LA ZBR=EEICH B s - 72,

Fr oo TN 2 37T°C O AR HK THEIRIVEF 12, ~—/3—Z A /L THRBE
HIAE L TV MELAERBE KR EE2RETY | 18 77— Y DS
(Terumo, Tokyo, Japan)Z 2575 L 725 mL OfFEWEE T U > 2 (Terumo) TIN (92
~5mm) £ Y COCs Z JFAai = & WalERlL L 7=, 5| L7z COCs & Jifuiti 2 11
WE L ThOEILEICHD, #ETL5ZLI2XD COCs ik T Ew/-tk, LE
F D YA 2 B Y b & . Hepes-buffered Tyrode-lactate-pyruvate (TLP) medium
supplemented with polyvinyl alcohol (PVA) (Hepes-TLP-PVA) (Bavister &
Yanagimachi 1977; B8 1)I2 CTHRIE L O L7=1%. COCs & & Teib B % i
i > v — L-(Eiken Chemical, Tochigi, Japan)(Z# U . SZARBEMEE (2 CIN i
Wb, I E DY) —72 COCs DAz i Lz, = L 7= COCs 1%
Hepes-TLP-PVA T 2 [r], 3 BF[EILL L 38.5°C, 5% CO,, 95% Air DT TR
485 L 72 modified TCM-199 (mTCM-199;Gibco BRL, Grand Island, NY, USA; Bff3&

2)C 2 [RI¥EE#4 . 30 mm dish (#1008; Becton Dickinson & Co., Franklin Lakes, NJ,
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USA) I ERL L, #iEh-XF 7 1 > (Nacalai Tesque, kyoto, Japan) C%& - 7=
mTCM-199 (200 uL)iZ 40 ff % —#t L L CEA L, 385°C. 5% CO,, 95% Air ®

FMETIZT A2 B/ D IVM 21T o 77,

2-2-2 T 7RO, HERRER L OHIRRTEF

FEIR B RZFEAM B RSUMETRIC CTRHEERTD 7 TV RI =T X
(Japan Farm, Kagoshima, Japan), X 1 86 & U 4t 5 % H 72 FEJEi81E(Fig. 2-1)

IC, WHEH—E TN ERE LR SRIESNEERE 2 =NV F 2—7
(Thermo Fisher Scientific K.K)IZERHL L 72, £RHX L 72 0EHRIEH 32~35°C THRIE L
RISHMEE~FBIRY . OB X ORK AR %, 72—V Frayrzehzi
W& D IR IR & RIEZ L 72 Mulberry IHES &8 A BR A% 17 42 (VMD, Hoge Mauw,
Belgium)iZ & 0 ZEfEA R L 7=,

SERRL . FEIRO—H A L, 3TCOMEIRMEIZ T 15~20 431 v F 2
— N L7t W EEhE, AR, AR E B E(sperm/mL), ERE, pH 5
FORZBEOHBIZOWTHRAE L7z, 72721, pH B L REBEIZ DWW TIEAR
AT OFEHE 2 v T2, Yeste et al. (2013) 2342187 % fn /B 2L ¥ (total sperm motility >
80%, progressive sperm motility > 60%, morphologically normal spermatozoa > 85%,
and sperm viability > 85%)IZYET DIER D FHIRK DO A ZZEZEL RN K 91
1.5mL ~A 7 v J = —7IZ A, Sealing Film (BEMIS, Oshkosh, USA) CT& £ .

1I5CIZRRE L7 HIEAR 2 T, FERILE E To 1~2 HRRIRIRAT LT,
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2-2-3 IVF

IVM % @ COCs % Hepes-TLP-PVA T¥E#E L7-1%. 0.1% (w/v) hyaluronidase
(Sigma-Aldrich Chemical, St. Louis, MO, USA)#s/ill Hepes-TLP-PVA H1 T3 A L |
By T TEAEIZ X0 IR S I AR A A IS BR S Lz,

—J7. IRFIZ DOFEIR % 800 g F T 5 orfilim Lorlfite, LEAZEREL, K1
Vel (=% 3) 2 A CTHEDNTHEFR L T2t O BEE T o7, BE, LES%
PrE L7, FEEZM0 R Uiz, ez, R L7+ 20 7 = A VRN
@ modified TLP (mTLP; [ffZ 4) (Parrish et al. 1988)IZ F %l =&, —#i% 3%
NaCl 7K¥#E T 200 AR L, b —~ i Bk G 5AR 2 F O CIE R IR B 2 1E
L7=%. mTLP |ZT 2 x 10° sperm/mL {277 L 7=,

JR-f-% T8 38.5°C, 5% CO,, 95% Air D5 F CRJE Ml 24T - 7= mTLP T
4 Bl Peisth . ZUE 21T - 72 mTLP % 180 uL A#17z 0.2 mL thin-wall PCR tube
(Watson, Kobe, Japan)H'1Z 50~55 il % —Fft & L CTHA LT, FTF a2 —7IZHR
FEIE 20 pL 2§ 2 THEKS U 72 (R AR IR EE 2 x 10° sperm/mL) % | 551l oD 7% %
BIXOCO, KA IET 57912, Sealing Film (2 THE L 7=,

PR IX Tl 38.5°C IZRXE ST A v F = _X— & —(ICV-300; AS ONE, Osaka,
Japan) NIZF% & X i 7= /Ml < &3 — (IWAKI, Chiba, Japan; Fig. 2-2)(Z PCR
2—7&EEZEL, 1 rpm THER ISR 5 6 FERE#E L-, JRX T, A

(RS 24T 572 PCR F 2 — 7 & [l A % 2 _X— X —NICHE L, 6 ReffiEsaE L
2o TaB. AR I T —RE ORGSRV IVE LR | B

DA 2 Fa_X—F—N~D CO, HAZADMAII TR D> 1,

21



2-2-4 ZHREB L ORARTOBIZE

R 6 W2 12O 7% PCR F o — 7 MOBV H L, TOXE LD 7 =
A VEEGRIN mTLP FCEXRy T 4 U 7HEZAT O 2 &2V EH 4 (zona
pellucida; ZP)IZff7& L7+ LW EMifin 2 Br % L=, % modified
porcine zygote medium (Yoshioka et al. 2002, mPZM-3; {3 5)/ C 3 [E7E##4 . 30
mm dish (#1008; Becton Dickinson & Co.) EI(Z/EHL L 7=3fEh/XZ 7 ¢ > (Nacalai
Tesque) T8 - 7= [AEE D /N (50 pL) 2 L. 38.5°C « 5% CO; * 5% O, * 90% N,
DEMETTHELE,

K38 6 MR IS HE D I+ % mPZM-3 2> 5 HL Y i L. Hepes-TLP-PVA THEir
R, FEEBEWE T CHR—I~ v MERZERL, DL/ THR(=F / —/viHE
f=3:1) % it LiAA THEE L7z, IR T T 48~T72 R O EER. 1% (WIV)FERE A
Nt A IR (FER 6) %I LIABR YA ZAT o7z, Yetatl, T ¥ (AR 22 B ER
(Eclipse80i; Nikon, Tokyo, Japan) F C IVF IRILOBIE 21T > 7=, IVF OHE XL
TOXIATo T, B VMBI Z B L. 5 2 iy 1 Bl (Metaphase IT;M 1T (2
B L 72 IRT- O M B NI IAL RS 7 ERE 72 & CNT RS, £ 72 TREMERIEZ 3 BIZR S
NIZIR T2 TRAIN, S BITEH 13 JOE 2 W2 S U, ERHE I AiRZ 23 4%
1 EF OO IO F 2 BN & L. K7 K OVRENERTEZ S 2
fELL b O EEARBILE ST O & 20 T8 00 & L 7= (Fig. 2-3),

7% 0 OIRTIIFEAERT R A ke L IE0RE 2 A 1212 2~8 M c 2 L 7= O 7 D 5
EPRILE 7 B BRI R I A 8] ST BEA SR (1XT71;0lympus, Tokyo, Japan) T
THIZ LT,

oMl % Hepes-TLP-PVA TR, AT A4 KU TZ A RIS T L

0.1 mg/ml Hoechst 33342 (Sigma-Aldrich Chemicals)¥&I1 27"V & & — L (B 7) D /)N
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TIEAL T, IN=HITATHEW, 7 Az~ =%a2 TR TEE L, £
D%, HOCBME N TR ZFHI L. T OB 32 ML Ldb 5 b O & IRl &

) E LT,
2-2-5 REHFERISHT

T RAR, S EE, B rrE, INEIRE X ORI
BILClE., ST — X %27 — 7 %A U AEHE, —thiEHRIITE LT

Fisher’s LSD test Z# AW THRE L7z, MR E O g 1213 t-f & &2 VW =,

¥, P<O.05 DGEEICABENR DD & LIz,
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2-3 FER

2-3-1 [EEEREPEAZTRBICRIETTEE

RO HE Dt % Table 2-1 1277 L7z, %FHRIX (83.1%) 46 L UL X (75.2%) [H]
THTRARICHEERETRO DA, L LABD, SR T2RHERI
*THATX (48.3%) & bb~ | 5ER X (21.0%) 23 A B ARV ME & 7= L 72 (P<0.05), & BT,
B 7S R R I TR R X (21.2%) & He | B BRIX (44.8%) N A IV ME A =< LT

(P<0.05),

2-3-2 [EEEENEARECKITTRE

A IFEAE DR R Z Table 2-2 (2R L7z, *FHRX(52.7%) 3 L OFER X (50.5%) [H]
TINFIRICHERZITRO bR o 7o, W BER LR RIX (11.0.%) &
LR (15.2%) 23 < 7R o 1o, BERHFIIRAEEETRD b ode, F
7o, ERRAAREUCBI L Ch ., KFRRIX (60.3 £ 5.6)3 L UGAER[X (54.5 + 5.4)[ T

BBERETIRBDO N7,
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2-4 EBR

AREOFRERLY . 7% IVM IITO IVF 2B\ T, HHFIRFIZI1T % PCR 5 =
—7 B I OVMUEEE X Y — 2 W RIS R T, 2T ORE 2D S
B, —ELU O FRAEEZRL RN O R — RN R I G o d v
AT KD EBRENT,

IVF (B 52K F2AEORFRIOERKR & LT, HERIZR T 2 FRED
B S BLUNETFOEBMENET b D, RN TIIINER RIS ZET 28 780
80~1,000 sperm & % DIZxf L, IVF Tl3 & @ IVF 5511100 pL)iZ 30~50 fE »
P73 KUY 1fE % 7= 0 2,000 sperm DN 752 EANTHZ ENFETHDH LW
HITWS(Gil et al. 2003), AP TI3AE 11T MEAE TSR BN 2 B8 255k - HilBR
S, EEPEIZEN TS ODBNINER R ETEL TINF LT D2 &0
T&%, Ll IVF TRETFREDOHRZRET 256032 EHEL D8
FOBEITITE A LT, 1990 FFRE D | HTFOBEEM 2 =2 v a—
& fEMT Hi it (computer Aided Sperm Analysis; CASA) % VW CEHIE 45 = & 23 Al fE
& 732 o 7=(Mortimer et al. 1995), W< D DHFE T, K iEshHME & ZR56E &
O BE M IS L ONEENVRFED —E D /X T A — ZIZ K 532 HGHE T O FTREME DS RS
STV 5 (Mortimer et al. 1995), 2> L. f&FOEENRE & SERE L DIT - =
D& LB EZ R T OIXREETH S &9 % Af#E(Oehninger et al. 2000)7% & %
728 BR O &5 I IVF TS FIRE OB A TS 2855603 % 0, & MREFIC
BWTIE, EEEME ST A —Z (2SN T, ZRiEZ T2 Z ENARETH
LWV HE Y H 5 (Liu & Baker 1992) 73, 7 X K112k 1) 2 i EBNVERE & A2 KR
& OFEMIZRBIEMEII R STy, Fo, BB I ORE—#ThH-oTH, K
TR ER TIVFRRIZERALND &V )45 H Y (Nagai et al. 1990; Wang
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etal. 1991; Xu et al. 1996). Z & L7ohi R 2155 70121, #EIZ2 1 OB 7
EEBRTOMERHLEBZEX B D, L, KEIZBWTHENL S L7 RliRE:
##IVF R TIE, BRRFORBFRER S <. EBHEIC K 2BE BT T RN
LD LT T a— T EREEZIE S LWV IEFICHEMA FIEEHWAZIT T
PR TR FZRER42m LS5 2 &0l LT,

AREORERREE IVF R TIE, 02 mL EWH /&7 A4 XD PCR Fa—7%
T2 EICE-oT, T LB O T EWEAICHIR L=, IVFIZ
SEHT 288 AT 2 &k, EBEE Y ZP ~EE T D FREEE RO D
D, AR SRR ISR DR M 5 Z L1/ b, Lav L, [ElEEEEER IVF
RITZHE TR L 2 ENAREZR72D, 02mL F=2—7 X0 < O %28
ATTREZ2 0.6 £720F 1.5mML F2—T7 22 Z &2 LV | IVFEEZYEE LG
HEZEZOLND,

INFITBIT D22 T RBHELGEEO — DGR RIS N B D, ZHUTHRID
FEF2 ZP Za@im L, IRFaf & O aI1c L0 RIBRARRT L2 LT
WE D, Z OB OSITRBIERL OB S 10~15 57 ANIZTFER T 5 & i
LTV % (Wang et al. 1999; Coy et al. 2002), 3% 5 < . Z OFBHB IS DB £

(BRI FRNITRAT L LN, ZR/RFZRBOHEL BT 52K &
o TWNDHEZBEZBLND, KEDEREE IVF R TIE, Fa—T7ZRERSED

IZE DT LINFOEMBES BT 528 HDWITEBE T OIF
~ORABYESND Z R EOBANDS, BWHKIETE T £ TORMBEE N
AREIZ 72> T D EBZBND, L, RNEIIT-IZIdfEbD > TV 5 2k
FZIEHESHREN . IVM ORI i > TE LT, BFREAL THERHE X
JIENEZ DT FRAZTET LIHERICRSTWVL LW IHELH Y
(Funahashi 2003), [Al#&Es#E IVF 2 &2 AW 5 Z LI2 L 0 2R+ 2l o 72
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HHIZOWTIE, SB%BETT o0 END 5,

ZHE T, IR ML (Nagai & Moor 1990)<°8[ A ia(Wang et al. 1992) % k5 -
EHIEERTH L. o, IPEWR(Kim et al. 1996)<CUN ik (Funahashi & Day
1993)% IVM & L < 1Z IVF B5HUC VRIS 5 2 L IC L 0 7 % IVF O R EhE N s
SNTWD, ZThbOERRIT, IIENCINENOMAR Z K32 X 9 IZ&RGEHS
NTEY, ZOFRER, ZRFZHEHLIBRERDSELZ LTI LTINS,
LIALZ2D 6, 206 O CIEINE I K OWF L oMl ia ARk I 2 AE AR D~ & £
WL 2N H DT, FEFICTFHBDND, SIS, B FIHOEN
R T 2B OFEZER EOREIZ LY | WRICENEL BN RDH D, *
7o, INVEHR 72 EITAEET 5 2 L R F H AL TV S adenosine, K132 A RESE 15 A (IE
L, BRMERBIGZME T 5 Z L2k v EXZEaREET 25 fertilization
promoting peptide (FPP; pGlu-Glu-ProNH2.). 2-chloro-N°-cyclopentyladenosine
(CCPA; ATAdR FRHRIE A2 25 (RTI11HR) F I O N°-[2-(3,5-dimethoxyphenyl)-2-
(2-methylphenyl)-ethyl]-adenosine (DPMA; A2AdR 4R 52 AR EK) & IVF 52
A5 Z LT, SR TFFORELRS T LATELL@MESNATVD
(Funahashi et al. 2000)728, 216 & F 7=, AREOFENEHETH O FHM2 005,
IR ITRERIIC, REO RIS IVF RIT, FERIZ M, AR J OGS
LB L LW TIEF I HM THEN R S8 R EH) TH 5,

IVF B IIRICKHETBIISHE TR/ T TER<RO LS REELH D L
BEROND, IVF B KRR ORI IS EVIE S 2 Rk, R0 TR 5,
Z DI LTHET S IVF IS R T REME R ER SN TND EE X
SN D, WHEO IVFITFFHE LRI T TITbhs 0T, 8x6<, TONR

;

HEIL ZP fHEICHEE L TWA b D EBE X T, RETER LIINE TG

HNZ X DN WD T o 202 L0 EEPED 272 U (Rodriguez. 1984; Gimeno et al.
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1985; Langendijk et al. 2002), #&1& = H B OYNAE CTIX IR & IS -Iei # 4
TR < BHEE O m WAHBIPEIGHE 2 W, RS9 W22y B EE AR 2 &
VRS 4L TV % (Rodriguez et al. 1982), % 7=, IR O ABLHIZRNE 2 V€ v
RRFER, WF(IR) 2 L THE OB LSO RV ERE L
TED AREMEN B 5 L3 DS H & 5 (Mugliaet al. 2001), L7=28-> T, KN TIE
ZP JEiDIZERE T 2B L2 Kk O B Hm 2 A E OIRE 2 T, FE L 7-
WP bOEHENEERBRBEEIN TN LD LEEX BN, KREDRERR &
IVF R TIE, BRI TF 2 — 7 ZREESE 2 2 LI2 8> TAEL D IVF EHoH
FRICR Y BRI LR FHOROAERMHWE 2 ZP M LV L# T 5 2 L T,
IRFIXBEIR LTk 700 & O EBE BN S 1L, (KN TOSHE & ARSI
DNT U RAEFoTNDHEDEEZ BILD,

AREOREEEFE IVF R, 2RISR 22 &, ERRZKBETHLH
— R TR LS T, IVF % OIREIER L OB E RCR 1L RO
BICE DB L2 TR olz, BELL BLTDO XD REBE KRS BERL
TWDLHDEBEZBIND, 7T ZEREFZNEINN RIS ORIV TIREIL |
AR ~FEE LGS Z L RS STV b (Han et al. 1999a,b; Funahashi 2003;
Somfai et al. 2008), Z¥5 = k5INH IR F K OV — K -2 K5 90 H Sk IR i
& ORI TILREM 72 25137 B AL 72 W) A3 Inner cell mass (ICM) & Trophectoderm (TE)
DR AT RER, BT E L L TICM ORI NS SR D Evnbi
TUv%(Han et al. 19993), & 51T, kT2 REIC X % B E (%1 (@@bnormal ploidy)
B L UL 5K (poly ploidy) Z¥EIR D A7 &9, REZAGIND N ~FEAES 2 2
EDRHBEMNERoTEY, TNOITMIEE NP7 A XD/ NS0 LT
ATRE NV & L STy S (Ulloa et al. 2008), Iz T, 3 fHLL LRI

ARFOSIEINEZRILL T, LBy MIB LIz L 25, ZkEt% 40 H Tha+
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DM ZTH~D & 2 TORFIX2{EERTHY . S HICHE LT 7 X Ok
YU TNEFRD L 2MHKTH o2 & OBERWIRE 2 H 5 (Han et al. 1999a).
INEDOHENS, AEDRELEEE IVF RIS TR ICAE R EN D
NPT D, RKIZEBWNW T 20O BIZ L > T, 2T O RE ARG
DL MBEIRICRAE L0 EEZHND,

L7223 o T, AR TIEEEEEE IVF 242 HW TR LN TZIRERO ICM B8 L O
TE DHEEBH L7200 T, 4%, 20ROV TRHANTZLERS D,
F7o. BIETERR I BRI A IR BEAICRRA LERAN T 5 ik a et L, (5
HiEE 3% IVF RO HMEZ S DICFEAT 20 ERNH D LB 2 5,
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2-5 XF

Fig. 2-1 The sperm-rich fractions of ejaculates were obtained from Clawn miniature pigs using the

gloved-hand method.
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Fig. 2-2 A new IVF system based on rotation of a small tube containing IVF medium, porcine

spermatozoa, and porcine oocytes. The rotation mixer was placed within an incubator at 38.5°C
and rotated at 1 rpm.
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Fig. 2-3 Staining of oocytes 12 h after IVF with 1% orcein. (A), An oocyte normally
fertilized. (B), An oocyte exhibiting polyspermic fertilization. Arrows indicate nuclei.

Bar =100 pum.
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Table 2-1 Results of IVF in static (Control) and rotating (Experiment) systems

IVF No. of oocytes % (no.) of oocytes % (no.) of % (no.) of
Treatment * tested penetrated 2 polyspermic monospermic

Oocytes 3 oocytes *

Control 118 83.1 (98) 48.3% (57) 21.2% (25)

Experiment 105 75.2 (79) 21.0° (22) 44.8° (47)

' IVF was performed using a rolling culture method with a PCR tube and rotation mixer
(Experimental group), as described in Materials and Methods. Simultaneously, a second PCR tube
containing oocytes/spermatozoa was cultured at 38.5°C (Control group). Experiments were
repeated 8 times.

2 Oocytes having two or more nuclei/swollen heads/sperm tails in their cytoplasm and plasma
membrane were designated as penetrated oocytes.

® Oocytes with more than one male pronuclei or sperm heads in their cytoplasm and plasma
membrane were designated as polyspermic oocytes.

* Oocytes with both male and female pronuclei (one each) were designated as monospermic
oocytes.

2P \/alues with different superscripts within the same column are significantly different (P < 0.05).
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Table 2-2 In vitro development of porcine oocytes after IVF in a static (Control) and rotating

(Experiment) IVF systems

IVF No. of oocytes % (no.) of oocytes % (no.) of Mean no. of

3

Treatment * cultured cleaved 2 blastocysts cells in blastocysts *

Control 283 52.7 (149) 11.0 (31) 60.3 £ 5.6

Experiment 283 50.5 (143) 15.2 (43) 54.5 + 5.4

! Treatment is the same as described in Table 2-1. Experiments were repeated a total of 8 times.

2 0ocytes developing to 2-cell stage 48 h after IVF are designated as oocytes cleaved.

*Oocytes developing to blastocyst stage 7 days after IVF are designated as blastocysts.

*Total no. of cells in blastocysts were assessed by staining with Hoechst 33342, as described in

Materials and Methods. Data are expressed as means = SEM.

34



BIE
BAERIDOBIHERRY 7 = /) —/VBIZ X B0
7 X FAEMER T OEEER L OEAZTRRERICRIZTTRE
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3-1 #%E

K DBFERAFEAZ Q) K7 Q—EDMERIEN 72 ST R D
B IRG, J8 JUN3) A a2 (artificial insemination; Al 2 F V72 inflidk B
FHE, 263 0o0EEEAE L CTREERORFLZRET 2L b TV
(Holt 1997; Bailey et al. 2008), LU 7228 & UG BARERS 2 W ZAITTIE, #r
fERKE A2 WS VRV RS L OEFRICR 2 L RESN TN D
(Almlid & Hofmo 1995; Johnson et al. 2000),

R 2 RS RAF T D & KT LTl 2 29008 X OB b3 5] & i
Z 4 IEMERRZE Fl (reactive oxidative species; ROS)IZ L Afgfb A L AN T 5 &
W ALEs b (Watson 1995), (R 36 L OVElAR ALER FR I PEAE S 2 1l I 7o ROSIZ &
D MR BB RIA T, T OEE M, AAFRES). DNALIEH Mt K O k6E
PR TT 5 Z &EMNME STV 5 (Agarwal et al. 2004), —#RA9IZ, ML T
FAELTZROSEFRZE L. BALIRAED &R ICIRABIC B Tl 4 OFUI LW E D3 EA
S, MEEMEEHER T OBEEZ > TV A Z ENmbLN TS, LEERN-> T,
ROSIZ L (kA M L 2RKIL, MT LEREELHFLETLHHOTIERL, Ml
NOV Ry 7 ANT o AT DN EHE L 0D, LinL, 77 DI
i B A B D i 5 % (polyunsaturated fatty acids; PUFA) D& A &3 % < | B O bRz
LRI AR+, a— /L Fya vy 725N Enbit T4 (Roca et al.
2005), £7-. PUFAS A ENZ 2D, 7 X I1ZiEFEI 72 ROSHNFIK CHE & iR
fEEanRd <, BrEREELEZ LTV E#HE S Tu % (Baumber et al.
2000).

IO OB R D, R Z HEIZ2ROSH b EHRAI R LIS 5P LAl
EEURFREEN T2 28280 BREFETIZRT 2/ FOMER T 2wk T
TLAREMEARRIBES TS, LER- T, ZHOMEICENTT X IET O
FEIRAFEEH & LT, MRIRWEIR & R o Pilg (b Al (Vitamin C, Vitamin Ed X OF
catalase’ &) DA HENFH -~ 5 4172 (Gropfeld et al. 2008).

BIFRIC TR~ L DI, BALPIRALAI & LT/ 5 TV Sk (Camellia
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sinensis)?» Bl S 54 U 7 = / — V)& (Polyphenols; PFs) %, HZEEREED D hil
HATRE 2R E ) D30~40% % #E 5% L TR Y . HFLAIEME(Ho et al. 1992), HLA IR
P (Shiraki et al. 1994)3 & OYpu s M (Huang et al. 1992; Yang & Wang 1993) D %))
Rp L ZL OEMTFHIMSRE AL RO, £70, PRI O LML AR et X
WEEE DRTFICA A TH D & s STV % (Hyon & Kim 2001; Hyon 2004), &
512, PRSIZEIR T CoOMmBE ., MM, ik, BT > 7ran~s 25 BEiE s
L OVR 7 & Ok ER AT 223 5 (Hyon 2004; Zhang et al. 2004; Ikeguchi et al.
2005; Han et al. 2005a,b; Hyon et al. 2006)7%, BLBEZEWNZ &2, PFsIE5°C R
T oA XKETFOERMBRRRFIZO A TH D Z & BHE STV 5 (Wittayarat
et al. 2013),

F o RWFEDOFATHIZEIZ BT, PRSITRINRIRRAE LT X =7 Z SHHIRSIK
(BT DIRERTE OFAEREZ WA LIGDH 2 LRI Sz (8K 2001),

L7223 o TRETIL PR B 3 K ORI L2 BEN 6 7 AR T2 ki& L
3% &V O 2 REET 2 T2 O FE T 24 DPRFEDPFs 2 N L T2 R IR AF
AR L T15°C T T—BhAE 2 Lo ICHAE L, MR oL, I b=

RU T IEFMHEL LOEREFHEZ B L, S5, AiE TR L2 bliskEE
IVF% 2 T PRSESINER A7 T C O RIEE#E 23 7 2 BRE R RE 1 D RS HE dE
IZRAIETHEIZ OV TRET L7z,
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3-2 Mt L WI5ik

3-2-1 FAHhH PFs 0%

FEA D B S 7-PFsO ¥ K 1X. Pharma Foods International > & i A L 7=
(PF-TP90, Kyoto, Japan),

Hyon & Kim (2001)iZ & % & | ¥ KiZ(-)-epigallo-catechin-3-O-gallate (EGCG)
(28%), (—)-gallocatechin-3-O-gallate (11.6%), (—)-epicatechin-3-O-gallate (4.6%),
(-)-epigallocatechin (15.0%), (+)-gallocatechin (14.8%), (-)-epicatechin (7.0%)¥ X
WY (+)-catechin (9.5%) = & A L TH Y, #EINWLL ETH S,

Z DPFSEY AR %0.2% (W/v) TMulberry HNTIEME L, BRICRIT 22 & 2R L
R, FHTRREEMRA by 7ikE L, A by Z7#IIHAT 5 £ T - 20C Tk
£ L7, gz, A by 7k OPFsIREEN0, 0.01, 0.05, 0.1, 35 X 1M0.2% (w/iv)
E72 % X o icMulberry TN TATR L, EBRICHEE L7,

3-2-2 TERBEOBRE, BiEEBIOEGERT

7T %I =T A (AIREB LOB8E) NS, 2-2-2L REED TiEZE VT
JEHS S RS TR & 158 0T = — 7' (Ina Optika, Osaka, Japan)IZEREL L 7=, & D14, 2-2-2
ERERD T EZ TR E 21TV EEIES0%LL b, TERER H 2315%LL T
DFGHE 2 LU T O FEBRIZAEEA L 72,

RS CFs T2 ~2 x 10° sperm/mL)ZSTEFHO#EE [0, 0.01, 0.05, 0.1, B LW
0.2%(W/V)]DPFs % ifshl L 7=Mulberry I CEEEAIR L, KB EZESRWIOIC~ A
7 nF a—7IZ A, Sealing Film(BEMIS)IZ C#Ef L7, 15CIZFRE L7-/E
sl T, PFSONEF~OWE 2T 7o —BrFEIEE) Lz, ok, FTIC
%9 % PFs O i & B 132 2410, 0.005, 0.025, 0.0535 & 1°0.1% (W/v)PFs & 72
DR, ZIHODOXE0%X, 0.01%X, 0.05%X, 0.1%X 15 L U0.2% K & Kitd
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HZLELT,

Westendorf et al. (1975)3 L OVPRP & (1989) DREMIZHE T DIEIE A N 2 7= )
BEaHOT, FBROBELE 21T -7,

ATEE 2 1% ORFHE A 12 057800 g - 1474y - 15°C) L, A & BrE L7o1%,
T OHICITHAEI L 728.8% (w/v) lactose, 20% (v/v) egg yolkds & TN00 pg/mL
kanamycin (Meiji Seika, Tokyo, Japan)7» & fi% % lactose egg yolk (LEY) %500 uLil %,
FrMZIRFI L=, TOIBCICHAEA L7 v/ F 57 Y —+H —(ET-1IN:Fujihira
Industry Co., Ltd, Tokyo, Japan)iZ~ A 7 0 F = —7 % Aiv, 1L5RFEI T THhi & 12
5CETWMAIL =%, & BIT5C T CLRFIKERF L 72,

1% . T 95°CTH A L 7-1.5% (v/v) Equex STM® (Nova Chemical Sales Inc.,
Scituate, USA; Buranaamnuay et al. 2009)33 & 6% (v/v) glycerol (Nacalai Tesque)
ZUIN LT LEY 2 %5 5(500 pL)Inx THENZIEF%Z, EHIZ1 mLfngg Tty
> ¥(Nipro, Osaka, Japan)~7cHi L 7=,

VYU VHNORINE POICBE LIk, EBICREER 2 ANTZ R A T 1
— VR DR E R IR ER4em LICE W BEZRRIC Y Y U2, BIE A
Fu—/L DA T30 MO KIEERR 217 > 72,

30, HIWATFTr— bWV LYY v OEELICIREKERS 7
(-196°C) Iz AL, EBRICHGT 5 F THRE LTz,

3-2-3 FRRETFOREL X OFR

WKL 7 nBEY LT3V v P % 40°C DR EIZE0R RIS L C b
L7=%. EBIZTH3ITCITMIE L 7=Mulberry 11l (5 mL)Z AiL7-15 mLF = —~7
(Ina Optika)|IZ k&R A L L, 37°CICRE L HIEM P CTIR L 2 & L=,
B E DREERFRIL T v —Y A h A U —(flow cytometry; FCM)Z3 AT IZ W
DEEIE3055 M. IVFIZH WA ESAIX15~300 M & Lz, K& D&%, mO5y
@800 g « 550 & ATV, EEAEZERE LTz,

FCM®D 54 1%, modified Hepes-TLP-PVA (mHepes-TLP-PVA; Bff3£8)% iz T,
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FROMCHE LT, 15mL~ A 7 0T o — 7B L, w017 - 7=, B,
FERERE L%, FREEZBRY R LT, W%, mHepes-TLP-PVAT1 x 10
sperm/mLIZ#7 R L 7=,

IVF O5A X, BT HeEiR (2 3) 2 M T, FEcHE Lok, 1.5mL ~ A
J7aFa—TICB L, BONEEEZITo7z, BE, EBAZRE L%, FEME
ERRDIR LT, Ve, U7 oA VGO mTLP (3 4)T 2 x 107 sperm/mL

AR LTz,
3-2-4 RBTFOERNYM

A FERFR O IAFREE AT, B HED DT 21T 72, T2 N0 E

FZRIEKOPFH SN TIILL T L 9 1T - 7,

*SYBR-14 & Propidium iodide (PI): LIVE/DEAD Sperm Viability Kit:L-7011,

Molecular Probes, Inc. Eugene, OR, USA

W AEFFRE ) ORI IZSYBR-14 L PI% W7o Z“H Y EIEIC L > TiT o 72
(Garner & Johnson 1995), SYBR-14(3 1E % Ze fllaf L 0 e Ic % L, B2 bk
EAZHOE YT DR A R o TV D720 RS F DAEFMETIC V72, SYBR-14
% Dimethyl sulfoxide (DMSO; Sigma-Aldrich Chemical, St. Louis, MO, USA)|Z & fi#
L T1 mM stock solutionZ {ERL L /INyiF L CHERR T 5 & T-20°C CHEE RS PR
f£L7-, 1 mM stock solutionZ f@fi##% . DMSOIZ T50 pMICAIR L7 D%
working solution & L T #ricfiiil L7z,

PIUESYBR-14 & 72 v | AR D HEAG O JF BN D 1L HL Y GA F A7 VFREL
7RGt T 5, LovL, M EEL2Z T ERHIEZEH TE 5 X 21220,
BaREIEN AT DR FF o T D, ZOREZFIH LB gL ik &
L CH\ 7= (Garner et al. 1994; Garner & Johnson 1995), P17% Ji 7% B K\ Z ¥ i L
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T2.4 mM stock solutionZ {EHE L | /N3 iF L CTHERRT % % T-20°C THEOLHGE R AF
L7,

EIE « BT F CTRE(2.5 x 10° sperm/25 plL)Z0.6 mLF = — 7|2 AfL. SYBR-14
working solution (1 puL), PI stock solution (1 uL)3 & U'mHepes-TLP-PVA (25 puL) %
WML T, [FIBREE T C200 M F#E . mHepes-TLP-PVA (200 uL)Z¥RANL T, 18
MLNIC 7 g —H A h A —=Z =% ]\ ToHtr LTz,

*MitoTracker Green (MTG): Mito Tracker Green FM, Molecular Probes, Eugene,

OR, USA

b RY T EEEOFMEIL, MTG EPIE AW e ZEHEPEAEIC K > TT-o
7o TOMTGRIEEI, HERBHMBNEL LOFCMIZB W T RMNICAVW SIS
I b3 v R TR S AL T 5 5 (Garner et al. 1997; Scorrano et al. 1999;
Vizler et al. 2002), MTGIZ X k= > R U TRENEEZFEOMEO I h=a > RU T
PEBIZED IAE AL, FREICHEEREAT DR AR > T\ D, MTGIZDMSOIZHA
fi#z L C1 mM stock solutionZ /ERL L /N3l U TS 5 & T-20°C THEOE BT
frfF L7z, 1 mM stock solution% @fi##% ., DMSOIZT50 pMICAR L7 b D%
working solution & L THHTICHEA L7-, =SRiE - BEAT F CHE(2.5 x 10° sperm/25
uL)%0.6 mLF = — 7|2 A4, MTG working solution (1 uL). Pl stock solution (1 uL)
F & U'mHepes-TLP-PVA (25 pL)Z AL T, [RIEREE T T2 M FFE % .
mHepes-TLP-PVA (200 pL)Z %0 L C, 1RFEUNIC 7 a—H A F A —%—%H]
WToT L,

+ Peanut agglutinin-fluorescence isothiocyanate (FITC-PNA): L-7381; Sigma-
Aldrich
Chemical
¥R IER PEORMIL, FITC-PNALPIZ W “EHPEEIEIZ L > TiTo
72(Cheng et al. 1996), K& JeuitaBlZ IZPNATHEBI TE B NFEE L, FRE
M3 K OV RO IE % 70k IZFITC-PNAIC Y S e, L L, BUREIK
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BLOEENENEEGEST 2L, BENOWENPFTC-PNATEGE SN D
(Mortimer et al. 1987), FITC-PNA % phosphate-buffered saline (PBS; pH 7.4,
Sigma-Aldrich Chemical)(Z ¥ f# L 10 ug/mL stock solutionZ /E&L L, /N3t LT
3k 9 % £ T-20C THEWALEAFE LZ, HIE - BT F THIKES x 10°
sperm/25uL)% 0.6 mLF = — 7 Z A1, FITC-PNA stock solution (1 uL). PI stock
solution (1 pL)# & O'mHepes-TLP-PVA (25 pL)Z ¥ L T, [FBREE T C2045 M
&% . mHepes-TLP-PVA (200 pL)Z¥IN L C. 1RERILINIZ 7 B —H A h A —%
— &R\ Tor Lz,

7238, SYBR-14+Pl, MTG+PIE L OFITC-PNA+PIZ K » CTHta LK+ %
Fig. 3-1IZ/ R L7,

3-2-5 FCM 4347

FCMZ43#fti%Coulter Epics XL cytometer (Beckman Coulter Inc., Miami, FL, USA;
Fig. 3-2) & VT, Graham et al. (1990)35 J (*Métézeau et al. (1991) D FiEIZ IS
WA T2 Tce A—Z —ITHEHINTNDIEmMWT LT - f A L —H—(3488
nmTEIfESE, A n 757z L7z, SYBR-14, MTGE L UFFITC-PNA
DEICE R T D72 OFL-1 % —(525 nmD g 7 ¢ V¥ —)%& | PIO#E %
BT 272 DFL-4t o —(670 nmOEHK 7 + L2 —)E W=, £72, 1%
JWIZ->&E100,0001 X b DT —H ZUEE L, S HIZHY T OXIRIE D
TR hkFEEk L, Ta—H A M A=Z =L NTe T — Z IR MR
BILOBHEMSOT — X BRI 572912, Expo32ADC (Beckman Coulter Inc.)
gt 7 N ERWTCHSTEITo T,

"ol T —2IE, Bt Sz s eHREE R (SYBR-14 vs P, MTG vs PIES &
Y FITC-PNA VS P)IZ W TS HEI S 7 Mz R S v,
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3-2-6 IVF, RBAERLIORERTOBEE

COCs £-HUI XV IVM 1 2-2-1 LRI D 5iEE W T T 72,

IVF 13 2-2-3 L [AERDTTEEZ N T T2 72, 7ok, TRABROR RNG ., KT
DEHEPEE A 1 x 10° sperm/mL IZFH#E U7=, 7=, FAERRB L ORARRO
BIE2T 2-2-4 L RBED ik E A WTITo 1=,

3-2-1 EBRT I A v

RERL  RBIRRFRTICRIT D PFsD IR EE 2N BRiE BfER O FHERICRIEY
2

RS 1E120, 0.01, 0.05, 0.135 X 180.2% (W/V)PFsZ #s N9~ 5 5X % #% 15 7=,
¥, KT D PFsORAIR LI £ 41240, 0.005, 0.025, 0.053 L 10.1%
(WNVPFs & 722 273, 2416 DX A0%[X, 0.01%[X, 0.05%X. 0.1%X 35 L TM0.2%
XERELTHIE L LT,
ZNENDRFRIRATIR T CTRIMEE S U2 R IS HOR MR U 72 H 7 ORIk 2 el 9~ %
e, 7r—H A NA—=F—FHWTAEFRE, I b R TIEFML XY
KIEFEMEICOW T 24T - 72,

AER2 RIS O PR BRFS MRS F ORI RIETRE

RERLOFER DD | FEIRRAFIRIZ03 £ U0.01% DPFs & s~ 52K 2 3% 1 7=,
72 BRI T D PRSOBALIREEIXE 21035 £ 10.005% (WIV)PFs & 72 5 73
INHDOXZ0WXF LT0.01%X EERELTHZ EE LT,
ZNENDOURAFIR D THIETE LIRS Wk AR U 76 1 O IRS S G RE 2 Leilge 4
H72, F2E TR L EHRERIVER 2 T, IVMIBFHIZEER L. K&
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AR, BT ZHRB LR MR, S, Gohex kil
ZbEEE U CONEIER . IR AT AR d6 L OV fa il o 25 & bge L 7z,

IRE . FIRIFAABRBIAGEFIC 7 Z BOMEA AR RICTILE Lo, 7 X ADFFIED
FrZe RERICH W,

3-2-8 HERHFRISTHT

FCMDO T — X (=R, 2 har KU TIEFEER X OVREEFE)ILEY +
SEMTH/ R LT,

FCMDOE%T — ZIZB L TET — 7 A o AEHL I — JohLE 5 B ir 2 H
WTHRE LTz, MFRAE, 2R, B—RFoE, IIEERB L OWR
MERTE LR D% T — Z IZB L Cld, 77— 27 A AR — Jull E oy sy
Hr¥ K OfFisher’s LSD testZ FWTHUE L7z, MVRRMIAEL D LB | 2 VL t-1E %
MWiz, 728, P<O.OSOBEEITHAEENHD & LT,
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3-3 R

3-3-1 RBREERTICBT 5 PFs ORENSFREBAEZ OB HRICERIETE
&

PRSI EE X T, Al ONE FEBNMEIZ LA DIV S To(RFERT —
#)s FCMOHTAE ITFiQ.3-312/ R LTz, F7z, £EFE, I bar R TIEFTER
KOG IEF M ORE R % Table. 3-11Z/R L7,

AL, 7XABLUBOWTIUIZE N TS, 0.01%X(A: 42.1 + 1.1%; B:
54.1 + 1.1%) A3 % PR IX (A: 36.5 + 1.4%; B: 46.6 = 1.9%) & [L#k L CHEICE VMEE
% L72(P<0.05),

2 har RYTIEEMEZ, 7 #BIZBVT0.01, 0.055 K 100.1%X (54.8 + 1.9%.
51.6 + 2.5%. 44.5 + 1.9%)I3 kI FRIX(49.4 £ 2.3%) & Ll L CHBERZITRD O
einolz, LU, 0.01%XKI3 R & il L T RN AT, F
72, 0.2%I[X(37.6 + 1.5%) (3%} Ff X (49.4 + 2.3%) & LL# L CTHEIZIEVWMEZ R LT
(P<0.05), [AEIC, 7 ZAICB\WT H0.01, 0.053 X 1°0.1%[X(51.6 +0.7%. 47.2 +
2.1%. 44.8 *+ 3.1%)IL %I HRIX(44.3 £ 35%) & [ L CTHEZRZITRD ST,
0.01% X/t X & bhilig U T < 72 DM 23 A~ H AL, 0.2%1X(35.3 + 3.0%) I35 Hit
[X.(44.3 £ 3.5%) & Ll L TH EIZIR VM Z 7~ L 72 (P<0.05),

SARIEF ML, 7 ZBIZHV 1 T0.01%X(52.2 + 0.9%) 13 %t X (44.5 + 1.9%) &kt
1 L CHBEICEVMEA R L(P<0.05). 0.1%X(36.9 + 2.8%)3 L 10.2%X (37.2 +
2.5%) 3% BRIX & blg L T~ BICRVWME 2 78 L 72 (P<0.05), FIERIC, 7 #A
28T $0.01%I[X(39.0 + 1.3%) 1T xR X (34.2 + 0.9%) & LL#E L TH EIZHEME
%71 L(P<0.05). 0.2%[X(26.5 + 1.8%) I xt X & thig L CHEIZRVWVEZ R~ LT
(P<0.05),
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3-3-2 FEIRIRTFIRT OPFsH AR T DEA R IC ST &

IVEOFEH & Table. 3-2127~ L, KA A OfE F %4 Table. 3-3127~ L7z,
B, RERBAMGEFIZ 7 ZBREHARICTHLE L), 7 XADRERO I %R
L7z,

1= AT, 0.01%X(61.0%)F L TN0%X (71.1%) M I A B2 =T FE D H i
MmoTo, LdL7enn, Zh I, 0.01%[X(24.0%)730% (X (53.1%) & LLik
L THEITEVWVE A 7R L(P<0.05), H—HT k31T, 0.01%X(76.0%)730%[*.
(37.5%) & Lk L CTHEIZEVMEZ 7R L72(P<0.05), 2tk DIFEIZRIX, 0.01%X
(38.4%) 35 L 0% X (38.4%) M IC A E AR EITFRO N oz, LInLARRS,
AR R 13, 0.01%1X.(20.2%) 730% X (12.1%) & thifg L CHEIZEmWVMEE R~ L
72(P<0.05), WA fafMAnEIL, 0.01%X(68.9 + 11.2)F L OV [X (54.6 + 5.6) ]I
BRERETRO NI T,
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3-4 BE

REOFR LY | FRRAFIR~0D0.01% PFsOIRINIL, 7 % BHERITH T O 1E
HHMERHICAR TH D Z R ENT,

FIEB IO EIC TR L5110, 77X BHARERE I, B rEOEME
WAl LOUNEIC KV R D | BRI K OV O i FE TR IS8 T H 723 4
M5, FFEEHORENEMT 2 Vb Tnd, o, M3 EEEL S
DOIiE, X Fa FU T OATPAEIBREENLE TH DA, £ Diafe TROS,
FRIZA—/N—FF ¥ K7 =4 2(0, " )& AR S 41 5 (Storey 2008), ROSITHEHE H
O A MERIC K-> T EH S Fu(Aitken et al. 1992), FFIROREME AL T SE 5
EWVpiL T 5 (Zalata et al. 1998), = . JFIEEBEAPUFAZ B EI2E AT
% (Cerolini et al. 2000; Parks & Graham 1992)7= . 7 #}& 1-IZROS D | F 4=
XV IREEER L S o9V (Halliwell & Gutteridge 1984), L2 L. PFsICIT Bz
IBERDZH Y | K02 T2 Z DX D R EA MLV AZBWEA RN E 2 5
o,

PFs ST E — o Fa. Mlast~ YU v 7 286 LU0~ OfifaEL & 7 »
CRHICRIN SN D 2 ERABILTWD, L7ei> T, KIS PFs 23
WIS D Z 2L > T, ROS ICXk vl EnsIREROERRL (Hyon
2004) 234 SAUTAE R, B K ORI K DG SR MRE S T
RMEREZ DN D, LALARNRL, KEOFRKR L VIERRFE~D 0.1% (W)
VL ED PRs IINIHRE 112 FeHE A 52 22 E0VRB STz, Zhud, PRs (TR
F7eARIAY & D & 5 & (Wang et al. 2007)I— T DR L e o 7=,
AR, 70%LL O 7 2B W TRIROMERG NGB b, €DZ <1377 A
YR TH D Z s S, BRE% . FRRFER T IS Wi E
WK THEMERET D EICLY., FONEHE TH D lipopolysaccharide(LPS) 73
B S AU, EORER. FFOWEN KDDL, 7 X FIZBW T, 15 R
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® LPS Hl CHIRPEIZEENH R I, ZAPNEFBRFEREICL TN D
(Okazaki et al. 2010), Z D Z x5, PR IIHLEMEICIN A, LPS O Fk % hfn4

HIEREZ FFo TV D HREED B X b,

0.01% PFSOIRNINIZ., FFRARITHELZ RITT 2 L72< . S FREROM
DPEBLIOHE B TZEEOM E2 b0 L, TO/ME. IVFE ORI R
W LTz, L LW 6| FEIRIRAFIR~ D PFSUS AN BAH RS - D IVRIZ 5
ZHAH=AANF, LIS TH RN, BZ 5L, BHEREEIVFRIZE D
NG TSR DIV BTN A PRSHSBIARIE 1% D FE 2 1@ i O G+ D & 9 72
RIBICHERF S E 22RO LIk b0 B BND, Lo THE,
0.01% PFsDIRANAH 23057 LL_E3E 38 U 72 SRS B RAS 1 D KERE I BT
WEIZOW TR LIZWEE X TV,

L. PRSI D EDRGWIRITHDLDONERET DI ENNETH D,
it L 7= X 9 & . PFs | EGCG . (-)-gallocatechin-3-O-gallate .
(-)-epicatechin-3-O-gallate, (-)-epigallocatechin, (+)-gallocatechin, (-)-epicatechin
B L O(H#)-catechind X 5 2 W< DDy 2 G A TWDH R, HFTHLEGCGDHE
BENEV, BRRNZ &1, Hix OJREDEGCGA RN LIZIVFES T 7 # i
AR T AR LT 8 2 A, 50 uMOIRINC X 0 =R AZRE L O 1 1E#)
’%ﬁﬁibt%wmmmLmﬂk%ﬁ@%ﬁ;PR@ﬁb@KHﬁG%%ﬁ%ﬁ
HRIZHM L7258 I bR FIRO IEF PR SN D O 2 i~ Z L%, HHE
ThbEExD, Flo, 0.01%DPFsZ I L 72 MR IR AFIR CRITETZE L 72 SRS Al
fRFE TSRS 57 2 NI, FETICE CRAELG A DRGET 5 Z & b L
Th b, THARIZE DT, BAGERAFE(LEY) ~DPFSYIN & 3 I 72 5 153 7258
EBRH NI oTle, BELL, BHICK > THLRRBERLI DO LEZ BN
Do

A IR DORIBEHEIFICIIPFs L B4 2 U COMBEDLENFHTH S &
WrhE STV B (Wittayarat et al. 2012) 2 & L0, 7 X2V T $0.01% PFs & it
DOHRLA(E X I C, EXZ I VEBL T NAF AU e fllArtbEsd Z
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CIZED ., B T OEFEMEE I BIZMEISEDLZENARETHDL EE X
HivDH, L L, PRSOMERIRFHIMIC 1T 2 b A N L R 72 E & B REED A
B =X MIHE TR L FUEBMLAIDRE 7125 2 2 80IE ). S
FORERR G2 EZI b= 0, IEFICHEMETH 5, T b OVEREF O
(T4 % DR T IRFHEN OBEICE LSOO EEZEZBND,
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Fig. 3-1 Representative photograph of fluorescent stained sperm

Live spermatozoa remained unstained by PI, but exhibit SYBR-14-derived green fluorescence, as
depicted in Fig. 3-1a (arrows).

Spermatozoa with a normal mitochondoria express green fluorescence in its mid- piece, as depicted
in Fig. 3-1b (arrow).

Spermatozoa with an intact acrosome have no fluorescence, and spermatozoa with a damaged

acrosome exhibit green fluorescence, as depicted in Fig. 3-1c (arrows).

WORKSTATION
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e TR
2 ’.‘_f’f;,f,f, CEAs
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Fig. 3-2 Representative photograph of Flowcytometer system
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Fig. 3-3 The results of flow cytometric analysis of sperm after pre-incubation with semen extender
supplemented with various amounts (0, 0.01, 0.05. 0.1 and 0.2%) of PFs.

Data shown are one of the three consecutive trials. Viability of sperm was evaluated by inspecting
the percentages in the C4_quadrant.

Integrity of mitochondrial membrane was evaluated by inspecting the percentages in the C4

quadrant.

Acrosomal integrity was evaluated by inspecting the percentages in the C3 quadrant.
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Table. 3-1 Effects of preincubation of boar semen with various amounts of green tea-derived PFs

prior to freezing procedure on post-thaw sperm quality

Adult boar  Concentration (%)  Viability Integrity of Acrosomal
individuals of PFs in semen (%) mitochondrial integrity
(age)* extender membrane (%) (%)
0 36.5 + 1.4° 443+35° 34.2+0.9°
0.01 421+1.1° 51.6 +0.7° 39.0+ 1.3
A 0.05 37.4+0.1% 472 +2.1° 33.3+1.2°
(3 years) 0.1 38.3+21% 448 +3.1° 349+17%
0.2 28.7 +2.4° 35.3+3.0° 26.5+1.8°
0 46.6 +1.9° 49.4 +2.3% 445+ 1.9°
0.01 54.1+1.1° 54.8+1.9° 52.2+0.9°
B 0.05 515+ 1.7% 51.6 +2.5° 49.6 +1.7%
(8 years) 0.1 39.0 +3.2° 445+ 1.9° 36.9+2.8°
0.2 375+ 25° 37.6+15° 37.2+25°

'After thawing, sperm quality (viability, integrity of mitochondrial membrane and acrosomal

integrity) was evaluated by flow cytometric analysis. Mean percentage + SEM of each parameter
for sperm quality is provided for different amounts of PFs dissolved in the semen extender.

Experiments were repeated 3 times.

¥ Values with different superscripts within the same column are significantly different (P<0.05).
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Table. 3-2 Effects of preincubation of boar semen with 0 or 0.01% PFs prior to freezing procedure
on the fertilizing ability of post-thawed sperm

Concentration (%) No. of % (no.) of oocytes % (no.) of % (no.) of
of PFs in semen oocytes penetrated® polyspermic monospermic
extender' tested oocytes® oocytes’
0 45 71.1 (32) 53.1%(17) 37.5%(12)
0.01 41 61.0 (25) 24.0° (6) 76.0° (19)

' IVF was performed using a rolling method with a PCR tube and rotation mixer, as described in
Materials and Methods. Sperm used are derived from the boar A shown in Table 3-1.
Experiments were repeated 5 times.

2 Oocytes having two or more nuclei/swollen heads/sperm tails in their cytoplasm and plasma
membrane are designated as “penetrated oocytes”.

% Oocytes with more than two nuclei/swollen heads/sperm tails in their cytoplasm and plasma
membrane are designated as “polyspermic oocytes”.

* Oocytes with both one male and one female pronucleus were designated as “monospermic
oocytes”.

2P \/alues with different superscripts with in the same column are significantly different (P<0.05).
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Table. 3-3 Effects of preincubation of boar semen with 0 or 0.01% PFs prior to freezing procedure
on in vitro development of porcine oocytes fertilized with the post-thawed sperm

Concentration (%) No. of % (no.) of % (no.) of Total no. of cells
of PFs in semen oocytes oocytes blastocysts in developing
extender* tested cleaved? developed? blastocysts’
0 99 38.4 (38) 12.1% (12) 54.645.6
0.01 99 38.4 (38) 20.2" (20) 68.9+11.2

L IVF was performed using a rolling method with a PCR tube and rotation mixer, as described in

Materials and Methods. Sperm used are derived from Boar A shown in Table 3-1. Experiments

were repeated 5 times.

2 0ocytes developing to 2-cell stage 48 h after I\VF are designated as oocytes cleaved.

¥ Oocytes developing to blastocyst stage 7 days after I\VF are designated as blastocysts.

*Total no. of cells in blastocysts were assessed by staining with Hoechst 33342, as described in

Materials and Methods. Data are expressed as means = SEM.

®y\alues with different superscripts are significantly different (P<0.05).
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ARWFFRIE. 7 Z IVM B0 IVF ([ZB W THISE T 5 ZHE 152k 2 JVE B o
I R VR L. 2RI E AR A5 5 2 LB LU, 7 X FEiR O
RIS T 2 2K F OREG 2B L, WM ERIEZMER2 2 & THRMIZE
N LU 2 EH T 2 Z L #MEt Lz, ZoOE2@m T, B RIORT
LR 2O0FMA AL Z LITIILT,

2, 7 X IVM IR0 IVF IZBW T, BRI T CRET 2 Z ik
ST, WBTRAEE —EL EITRLAN O B OHEZ B S, EW
REIETH D HE—NETZIEINE ENBOND Z &R L5 2 #),

12, 0.01% PFs IRIMSIRIRIFIR CRIEEER T 5 2 L2 X - T, 7 X ilhm
FRNG F DAEAFRE N B L OEREFRELZ MR T2 2 E R E 2D | ZORER,
B L ORAERNZ2UEE LIED 2 LN L o T2 (5 3 &),
UTTIEEETHELNEMBEICOWNWT, EBLREZEREIToT,

F9. —FHOMAICEAL TEET 5, F2RmITIBV T S L7z BlIHRET
IVFR Tld, W TIEE2 x 10°sperm/mL & £ <, dEENWEIC X 5538 H1T7 - TV
BNZHE PO LT, Fa—TEREERIE D L0 D IEFICHM R TEE VD
72T, B EBRB L TH R a2 m bS5 2 EITmS LT,
o, BElZeMia, AR K OREE A B L L7220 TIER I B TR 72
SR CTH D, UL, LLFIZET D X9 REABH Y, & 5722 D RGEEN
WETH D,

OF FIRENBD T 5 LHEkD IVF Ak, ZRRMETT 5,
@HEMIB KO, [ —HE T ORFERIUE [ TRV RS REICER - DI D,
@I FV—DEESEEZ EIF5 &, BEBONCLVIFFBIOE R T =2 —7%

IR FE Y . SR FZEROBANIORN LR,

56



OG5 O T AZWNT 2 70T O KE 2 — RO T IEN

VETH D,

OB LUCOIZE L T, MBRRZ 720, 16RO IVF R EFRERICS 572
LN ETH 5,

@IZE L TIiE, THABRORR I D . IIFRRE0NITE T 28855 L 512
EIEAEEE 2 1 rpm (ZERE L7 A, U OMR & & I ATz Aol 2 it
TLOMEND D,

@B L TiE, BT TIIFR L2 x 10° sperm/mL DFEF & @ 6 Hifi] o
WEER AT o), ZRINEHED Z e N T TRAETHZ &0
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ft5% 1. Hepes-TLP-PVA D#EEL

Components g/L mM
PVA 1.000
Amikacin sulfate 0.100
0.5% Phenol red solution [1.000 mL]
Hepes (Na salt) 1.300 5.000
Hepes (free-acid) 1.920 5.000
NaCl 6.660 114.000
KCI 0.240 3.160
CaCl; - 2H,0 0.294 2.000
MgCl, - 6H,0 0.100 0.500
Na lactate [1.850 mL] 10.000
NaH,PQO4 - 2H,0 0.057 0.350
D-Glucose 0.900 5.000
NaHCO3 0.170 2.000
Na pyruvate 0.0012 0.010
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Bft3% 2. mTCM-199 DHHFR

Components g/L mM
TCM-199 9.500
PVA 1.000
Amikacin sulfate 0.100
D-Glucose 0.550 3.053
NaHCO3 2.100 24.705
Na pyruvate 0.100 0.910
L-cystein 0.100 0.570
eCG 10 IU/mL
hCG 10 IU/mL
EGF 0.01 pg/mL
pFF~ 10% (v/v)

“The pFF was prepared by aspirating follicular fluid from antral follicles that were 3 to
7 mm in diameter from prepubertal gilt ovaries and collecting the supernatant after
centrifugation (1,900 g, 20 min). The supernatant was then filtered and stored at -20°C

until further use.
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fitsR 3. FEF iR DR

Components g/L mM
NaCl 9.080 155.423
BSA (Fatty acid free) 0.100
Kanamycin sulfate 0.100
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B3 4. mTLP DRERR

Components g/L mM
Amikacin sulfate 0.100
0.5% Phenol red solution [1.000 mL]
NaCl 6.660 113.769
KCI 0.240 3.219
CaCl, - 2H,0 0.334 2.272
MgCl; - 6H,0 1.000 5.000
Na lactate [1.850 mL] 10.000
NaH,PO, - 2H,0 0.057 0.350
D-Glucose 0.900 5.000
NaHCO3 2.100 25.070
Na pyruvate 0.0012 0.010
Caffeine 0.389 2.000
BSA (Fatty acid free ) 3.000
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2% 5. mPZM-3 DHLER

Components g/L mM
NaCl 6.322 108.000
KCI 0.746 10.000
KH2;PO4 0.048 0.350
MgSO, - 7H,0 0.099 0.400
0.5% Phenol red solution [1.000 mL]
L-glutamine 0.146 1.000
Hypotaurine 0.546 5.000
Na-pyruvate 0.240 2.181
Ca(lactate), - 5H,0 0.218 2.000
Basal medium amino acids [20.00 mL]
Minimum essential medium
nonessential amino acids [10.00mL]
Amikacin sulfate 0.050
NaHCO3 2.106 25.070
BSA (Fraction V) 3.000
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Bz 6. EEYefa AR A LA K DMK

Components g/L mM
Orcein 10.0
Acetic acid [450.0 mL]

ft% 7. PR L e 68 B IR D RAEL

Components g/L mM
Hoechst 33342 [100.0 mg/L]
Glycerol [900.0 mL]
PBS [100.0 mL]
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B2 8. ¥5F ¥ H mHepes-TLP-PVA #& DRERL

Components g/L mM
PVA 1.000
Amikacin sulfate 0.100
Hepes (Na salt) 1.300 5.000
Hepes (free-acid) 1.920 5.000
NaCl 6.660 114.000
KCI 0.240 3.160
CaCl: - 2H:0 0.294 2.000
MgCl: - 6H.0 0.100 0.500
Na lactate [1.850 mL] 10.000
NaH:PO. - 2H.0 0.057 0.350
D-Glucose 0.900 5.000
NaHCO: 0.170 2.000
Na pyruvate 1.000 9.088
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