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Abstract

Vitrification of oocytes and embryos are crucial for preserving desired genetics of
living organism including human and animals. The aims of this study were to develop a
device and improved techniques for bovine matured (MIl) oocytes and blastocysts
vitrification.

In experiment 1, bovine blastocysts at D7 and D8 were vitrified using Cryotop
vitrification. The results found that the survival rate of vitrified D7 and D8 blastocyst was not
significantly different from control group but D7 vitrified blastocyst showed superior rates of
hatchability than those of D8.

In experiment 2, MIl ooctes were vitrified using Paper device and Ctyotop vitrification.
There was no difference in the rate of oocytes survival and blastocysts production after
vitrification of oocytes using Paper or Cryotop devices. Oocytes could survive from the 2-
steps method but the blastocyst rate was significantly (p<0.05) lower than that of the fresh
group. Therefore, the 3-steps technique for oocytes vitrification was developed. The results
showed the blastocyst rate in the 3-steps method of MIl oocytes vitrification was higher than
that of the 2-steps but was significantly (p<0.05) lower than those in the fresh group. In case
of blastocysts vitrification, it did not show any significant difference in both cases.

In experiment 3, bovine blastocysts were vitrified using Paper device vitrification with
2-steps and 3-steps technique. The results found the survival and hatched rate of vitrified
blastocyst was not significantly different from fresh control.

This experiment can be concluded that the developed paper device gave similar
results with modern standard Cryotop device, and 3-steps vitrification using paper device

was suitable for bovine MIl oocytes and blastocysts.
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sandh waedidhrseavdanmvinaransgs frduiedanudndulunisinduiBnisuargunsaflunisud
wdsfidisandunuiazinaild Jagtuiinisldgunsniwdudsnarevia 19u Open Pulled Straw,
Cryotop, Cryoloop, Electron microgrid Wa¢ Hemistraw Hudu ashqlsﬁmuqﬂﬂiaiﬁméné’qﬁ
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AEIB Vitrification
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1.3 YaULYAYNLATINTIY

yhmsuandseulalasiFufauslunasauia uasiieeulaszozuatalndaiiony 7 uay
8 Fu uhnsududanazAnuidnsenndenisviazane ielimiueigvessnseulaiivunyaly
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ffu Cryotop wagWaLmAlANSWIudemes vitrification WUU 2 Tunou Wag 3 Tunau
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A1INUNIUITIUNTIU

nsutudalduazfigouiies vitrification JwiSnsiiliidnseandinisazatuas (Vajta
and Kuwayama, 2006) uazgniunldiuegraunsuagludnivaievila wula (Martino et al,
1996), gn3 (Isachenko et al., 1998), 111 (Hurtt et al,, 2000), nszUs (Dhali wagmtuy, 2000), mgws?
(Kuwayama and Kato, 2000), i3 (Murakami, 2004), khg (Isachenko et al,, 2001) wazkne
(Begin et al, 2003) Yadefidwananinudnsalunisutudasigds vitrification Uszneusie n1s
Benldansuruda (cryoprotectant) wanzauduyin vosldviefseu uazaunsaiflilunisududs
Mnmenuieuniing wuirdgunsaivarevieildlunisuiudslduasfooudeds Vitrfication Tu
dnivlinf199Uu3s Open Pulled Straw (OPS; Vajta wazmmz 1998) Cryotop (Kuwayama ey
Kato 2000), Cryoloop (Mukaida, 2001) Electron microgrid (Cho wazmedg, 2002) Hemistraw
(Vanderzwalmen wagaale, 2003) Cryotip (Kuwayama wazaade, 2005) Cryoleaf (Chian wagay,
2005) Rapid-I (Larman &g Gardner, 2010) &g Hollow fiber (Matsunari Wagaady, 2012) ag9lsh
mugUnsaiianaadismmeutegs Aesdninnnanyseme waggldanudssdiauduigluaiue

lan3afgeuseninan1sutudnazn1sinazaly endieg1au Cryotop Judugunsalugudandl
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I

UszAnBnwgs d5ieuszann 1,050 vmsesy wagdesiniianuszmadiu Tunismeaesdiide
wwvhnismugUnsainisutuds Tneldnszasladesangnuasmdolddne Taonseawly 1 wiu
(1A AG) iy 4 U aunsodeuddldidugunaaindudeda 100 Fu FanisAnwiadeiiasu
Uszlomilunisududalauazieou wazanunsativansiunulunisudala
Tutlagtiunisududslindedseusaeds vitfication vhlnenisuldniesseulutien
wtudeiftansusudeidanududugdunadudy mufensangumgiogsniilaeguasly
lulnsiauman 1nsesdsorountib wui msldasududsirnuiduiugosduiviedseu
FattunsTiisgouagluthenliiiu 60 Jurfivietesnd (Shaw wazane, 1992; Hunter uazAmy,
1995; Chung uagmay, 2000; Wu wazAni, 2001; Yoon uagamy, 2003) N15anMnglee195ns,
srrefinsnssenvesliutudmdinisvhazaty (Stachecki wazamiz, 2008) agslsiniu s1891u

sanandnwludlissussezvataladaniauniniwazidunisanesnsisenvaslindinisvitazane
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anmduveudendiowid arsugudiaudutugsidonldlunisutuledieds vitification 1auA
dimethyl sulfoxide (DMSQ), ethylene glycol (EG), glycerol (Gly) wag polyethylene glycol (PEG)
Faflaududusgszau 3.5-5.5 ais (Mullen wazamz, 2012) agrglsiaunisldasugudnd
[ 7 a @ a 1 cal o [ = . 1
ANUTNTUEIIEANULT U wABlad N SWILTY 21NN15ANYIVDY Saito uazAny (1994) WU
nsiesuansUsztamimasslulutheviangazdigindnssenndinisvinazaisvesiiesu auulu
nsnaaeInsaiazyinisunlduasdigeuluiiewduds Ndarsugudiananududuniligs (A
Wntuag 30 Fud) wagvhmsarangluieninglaaauidudugaluin Fuasdieudssansamly
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3.1. BWnsandiumside wazaauiivinnisnaassinudoys

fa o

livinananesaudidomaluladisounaziwadauinin uninedemeluladgsuns
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3.2 nManeaedil 1 navetangisaulastazumalndaiiidasnsiseandsnisinazatevdausuds
a8335 vitrification
yhmawansseulasisufauslunasauds antuthdseuszesumalndadifieny 7 ua 8
Funvhnisusudedaeds Cryotop wuv 2 Funeu vitrfication fhoouivhnsududsazgniiulilu
Lulasaumnaiuiy 1 Whou windaIunagany AsI19daudnINsonkasn1sasyiulnvediigau
naINNSiazane
3.2.1 naidsdlalignlunaaaudn
Fusslalaanlssednilasuliludindevasind o foRnns udldiduruia
186G saffunszuendnenvuin 10 ml galviaingalaifiduriuguinans 3-8 uu. innsAmdonledidl
%gumaéﬁa%é’aﬁaﬁ:uaﬂwﬁas 2y Yndrsluhen modified Dulbecco’s phosphate buffered
saline (MDPBS) + 0.1% polyvinyl pyrolidone (PVP, Sigma, P-0930) Aoudinzthluidssduten
ﬁm%’uLgaalﬁi%ﬂﬂmﬂquﬁmé’ha mineral oil (Sigma, M-8410) 1aesludnaau 20 1u/100 pl then
Fosliusznausie TCM199 (Sigma, M-5017) fiiiudae 10% FBS, 50 1U/ml hCG (Intervet,
Netherlands, CDN781851), 0.02 AU/ml FSH (Antrin®, Denka Pharmaceutical, Japan) uag
1pg/ml 17R-estradiol (Sigma, E-8875) wlaluideslugimzidesiigamad 385 °C meldusseine
Tl 5% CO, in air Wuran 23 Falug (Parmnpai WazAgz, 1999)
3.2.2 nMswsenagddmiuujausluvasaunia
imindelautudanyiezans Tastheanutnnialulasiumaniisliluenadung

10 il naenuuinadly water bath figaungil 37 °C W 30 U wdWhANETEIRAIULEN

=

waeAme 70 % ethanol ndudavaeatiioliilreiazaoudilaaiasn eppendorf UaInA

' (%
Sa o a

Judelulidunass conical U9 15 ml #5118 TALP USunes 1.5 ml warunlulnades 45 a6

' [
aadaaa 1 =

lugougaumail 38.5 °C meldussenniand 5% CO, in air U1 30 Uil LeliegINiFIndney

FuuureRaten (sperm  swim-up) aq%ﬁmumzmumié’mdn%Lﬁmmmw%wﬁm%’umi
UfausTasfianuannsalunisiadeudida (hyperactive) waziinamndiadu (capacitation) vivl
Lﬁmé’mwmimzmq (penetration) %guﬁuawaaéﬁ'gyjé’auaz zona pellucida (Dode et al.,, 2002)
sdsniugeirendauuu 1 ml Ul luvaen conical tube Aifitnen TALP 5 ml udatilutiud 2000

a ¥

sousipuiluiaan 5 wiil ntugeuiendlaiundeliionisegdiniuvasn \Weseadlame



then TALP Tiiannadaduresesd 12 Suiaeedd udahlunenasuuanudsnsadouia 60 mm
(100 pl/ven) wddade mineral oil wdnhlulilugeufigumgil 385 °C aeldussenieadil 5%
CO, in air ifieseufaudruly
3.2.3 nMsufauslunasauia (in vitro fertilization, IVF)
ilefidsensu 23 dlus WMInwadAIyaa 8nuedIu 698 0.1 % hyaluronidase
Tivdowadfydadonseultifies 1-2 $u udahlrundafothen TALP 2 ads niannduiilad
el 20-25 v wildlunentheniifeadfnioulilude 322 uduhluudliludoudoasadd
gaumadl 38.5 °C meldussenaiiil 5% CO, in air um 10 F9lug
3.2.4 nalasaiisaulunasnuia
devuliuazeaddefuasu 10 $alus drldluideslutien modified  oviduct
synthetic fluid with amino acids medium (mSOFaa, Gardner wazmug, 1994) Tudnaiu 20 Tu me
¥en 100 ul ﬁqmmﬁ 385 °C neldussennIAnia 5% CO,, 5% O, 90% N, 1Wutian 2 Ju udn
fndendseuszey 8 wad Tudesutuadyviewlalaluinen msoraa Tudndiu 10 Tu dethen
100 pl flgaumnfi 38.5 °C melfussenadid 5% CO, in air uaan 6 Yu in1swdsutemn 24
Halus uagtuiinnsadyiulavesingounn u
3.2.5 nsududeiasaudleds Cryotop WUU 2 Tunay vitrification
théhseuszerumaladaeny 7 uag 8 Ju wvhnsududs Tasthdseumndrslutien
TCM199 Hepes (Sigma, H-4034) + 20% FBS (BM) ntuhdagounudlutiel BM @l 10%
dimethylsulfoxide (DMSO, Sigma, D-1435) + 10% ethylene glycol (EG, Sigma, E-9129) w1y 1
udt vsntutiluudludien vitrfication FsUsznaudas BM + 20% DMSO + 20% EG + 0.5 M
sucrose (Sigma, 5-1888) 1uiaan 30 3undt (2 Fumou vitrification) niuthiseunguay 2-3 Tu
Meuula18vd Cryotop teninluduadtululpsiaumaiuil wawinistaaseutans Cryotop
ndudeeuiiutundsludiviululasoumaniung 1 ieu udnhsouinduds
uvhnsazans Tnethuaneves Cryotop Jl3luihen BM + 05 M sucrose 2 ml Tusudeawad
1A 35 mm 7 38.5 °C 11w 5 it wdFsdeiseuluddlutien BM 5 adt Tnsusasadaneiing
goulutheuunauaz 1 1
3.2.6 INIINTILIIYVDIATOUNAINITIINATAY
ihseundtannsvhazangludnsluthen mSOF+BSA 1w 3 afs wdudedly
thendesndeuuny 1 d2lus mntunsiegeudninseninegsuinavessiseu Mntuidssingen

polUuNU 48 Fl19 LINDRTINE0UINTINITIAS VBRI 0 UNAIINNITTINaTaY



3.2.7 MIAATIZHNSEDR
SnI1TEALALINIINSIAS UB B UndINsUILTLaYhavate Tsgilagnien
ANNLANANINIeEDA 1aeleis ANOVA aaalusunsy Statistical Package for Social Sciences

(SPSS”) TneRnAIALLANANNNSERRAT P < 0.05

3.3 nsnaasi 2 Msutuddldeds Cryotop vitrification WUV 2 Tunay
ihlafsdianlumaeautaunu 23 4alus w1utudefaeds Paper device TasiTouifivuiy
75 Cryotop vitrification wuU 2 Funeu uar 3 suneu antutildutudaninazats udatiily
Ufausluvaenuni LazAnwdnsInisiasyvesiisou
3.3.1 N15W38Y Paper device
FanseAuwly (NSeawluuna@nasansm Ad, 90 wASY, U. ALaYLREEININEN, UTLLnd

= v 1

Tne) Inglrdanudu n319 8 mm 817 12 mm kaziidulatednsuielinsasioau N9 3 mm

813 15 mm lagA1ue1Iiananues Paper device Wi 27 mm #33U71 1 9101wl Paper device

17%1N159 LR lRe NI ULAIDans I latan U 30 W

AN 1 Paper device

3.3.2 Msutudela

ynsidssldlianlunaeauiianids 324 nduiildindidaeadfayda oon
U #2801 % hyaluronidase Tndeiwadaydadensouldiios 1-2 du wdnildudslu
e BM arntuthdnseuaudlutien BM #ifl 10% DMSO + 10% EG w1u 1 wiit wasantuiily
wluiien vitrification solution 89Usznaufae BM + 20% DMSO + 20% EG + 0.5 M sucrose 1iu
a1 30 Jundt (2 Fumew vitrification) 3o utluihen BM il 5% DMSO + 5% EG wiw 30 undi
wdanduiluudludien BM ifl 129% DMSO + 12% EG + 0.25 M sucrose w1 30 3unit udn
thluuglu vitrification solution tfuan 30 Fufl (3 Funeu vitrification) antutilanguay 4-5
Tu MeuuUaneves Paper device %50 Cryotop wantluguadlululasiaumadiuil wd Paper
device ldaslulu Cryovial 38 Ynnseulans Cryotop menaainneunulululasiaumanduna

1 ou



3.3.4 msvinazanglay
efugudanuu 2 Suneu szvhnsaranalnevaneves Paper device 38 Cryotop
TUlluhen BM + 0.5 M sucrose 2 ml Tuanudensadouna 35 mm # 38.5 °C uu 5 wiit udss
theilalugndlusinen BMm 5 ass Tasusaadsaeinlludeuauay 1 und
I9fugudanuy 3 Funey axvinsazanelagianewes Paper device wie Cryotop
1lusien BM + 0.5 M sucrose 2 ml Tuamudsasaduuna 35 mm 7 38.5 °C uiu 2 w1t uda
reluudluthen BM + 025 M sucrose w2 wiit antudelgluugluthen BM + 0.125 M
sucrose WU 2 Wit wdSednelulugdlutinen BM 5 ads
3.3.5 35n57980UN1IRAYRslIRAINITAZATEY
n§nharanswazidedluiiendedd 1 $lus laggnasivaeun1ssonlneIsnis
foude fluorescein diacetate (FDA) m1aisuas Morh way Trounson (1980) Tnauglalusinen PBS
ifl 2.5 pg/ml FDA uag 5 me/ml BSA 71 38.5°C uw 2 unt (lalvignuas) andudndlurinen pPes if
5 mg/ml BSA 3 Ay uduhludeagnigliuas UV lufiSesuasdidonas fulafieeddin uasdnaniy
gl lunsvaaesiely
3.3.6 n1sUfauslunaanuiauaznmaissisouluvaanufia
lafiFinmufauslunaenufuasiiewineeunsisde 3.2.2-3.2.4
3.3.7 nMsfausasauriiatiusiuau Trophectroderm wag inner cell mass
iefnwinaunnvessiseuinaald diseussezuaraladaundouiietudiuiy
trophectoderm (TE) wag inner cell mass (ICM) TasU§uuseisnisdesansisnuiifndeunthi
(Suteevun wazAnz, 2006) naAe gsstldensisausanlasully 0.5% protease (Sigma, P-
8811) antutiiisoudildiilUden (Zonafree blastocyst) valu 10% rabbit anti-bovine
spleenocyte  antibodies 18u2a1 30 Wi anduildvaluiiendid 10%  suinea  pis
complement (Sigma, S-1639 ), 10 pg/ml propidium iodide (Sigma, P-4170) waz 10 pg/ml
Hoechst 33258 (Sigma, B-2883) UNU 30 U Wa3Ininfsauvualanianie glycerol (Merck,
4094) Ynstuseusiu cover slip udrsniludesdusauwad TE Gadun) uas ICM @Eadiicu)
nelduasnansililowan
3.3.8 MIAATIZRNIEDA
931500 BRIINNSLATEYVOTLUNAIYINazaNy WayduIU trophectoderm (TE) uag
inner cell mass (ICM) U99A180UIZYzUAALATA IATIZRLABIIAIANULANGAIININEDR Laeldis

ANOVA $8TUsunsa SPSS. 1ngfnaauuan@1anIsaaan P < 0.05



3.4 n15NRResH 3 MIuTudfseuda833 Paper device vitrification WUU 2 Junau uaz 3
Sunou
ilsdsdlianlumsonufuiy 23 lus wufauslumsenuia anduiindigeussesy
andlada (e1gfanyas) wuudednes Paper device Tnld 2 duneu wag 3 Jumeu vitrification
sheeuiivhmsududaazgnifulilululnsoumaiui 1 oy uddniunazats asaaeudassen
warnN SIS YRUlAveIRIoUNaIIINNITIINaYaIe
3.4.1 naasdlalianlunaaauia msufauslunasnuia waznsidesindeulunasauda
yhmadedllfanlunaenuts mufausluvaenuds uaznadssssouluvaonuia
M1UIDUe 3.2.1-3.2.4
3.4.2 Msududeiisou
thiheeusrezumaladaegiivinyay (xnsiuldannismaassil 13.2) avinisud
Wi Tnehshseunnddluiien BM anuhdgeunudlutiien BM 73 10% DMSO + 10% EG
wiu 1 it vdmnuildugludien vitrification solution @sUszneusae BM + 20% DMSO +
20% EG + 0.5 M sucrose futaan 30 3unit (2 Sume vitrification) w3e uvluthen BM A 5%
DMSO + 5% EG 1y 30 3unfl ndsnduhludlunien BM #fl 12% DMSO + 129% EG + 0.25 M
sucrose w30 Fwii wanhluudly vitrification solution e 30 Swidl (3 Fumeu
vitrification) 7 ntutheeunduay 23 Tu avuuUaieres Paper device wihluguadly
Tulnsiauwadiudl uwaah Paper device ldadlulu Cryovial AewAulululasiauwandunan 1
\hou

3.4.3 A1SNNATANYAI8Y

]
| a

fgouiiutudauuy 2 Jumeu axvhnisavanslnetihlaneves Paper device T3y
¥1e1 BM  + 05 M- sucrose 2 mllusiudeswadoutn 35 mm 7 385 °C uu
5 wift whdedesseuludndluine BM 5 s Tnsusazadsazindseulutheurumauas
1 U

frseuiintuduuy 3 Suneu avinisazarslasiiateves Paper device UMy
¥1e1 BM  +05 M sucrose 2 mllusnwdeswadouin 35 mm 7 385 °C unu
2 il uErdheluudluthen BV + 0.25 M sucrose w2 unl andudnesseuldudlutien BM +
0.125 M sucrose w1y 2 il udrssneshseuludndluthen Bv 5 ade

3.4.4 9RTINITIIYVDIAITOUNAINITNNAZAY

Biseundnnisiazatgludrdluinen mSOF+BSA d1uau 3 ase ududeslu

thendesndeuuny 1 42l mntfunsieaeudnnseninegsuinavessseu Mntudewhseu

palUuu 48 Il LN TIAEIUSNTINTAYUIFIBUNEIINATINaYaY



3.4.5 ANSIATIZUNEDA
PM3190A ORIINITLATEYVOLUNEIYINAzae Lazd1UIU trophectoderm (TE) uas
inner cell mass (ICM) U946189US8LUANELATE ILATIZILALWIAIAINULANAINNIEDR taelddD

ANOVA $728TUsunsa SPSS. Ingfna1muuan@1anIsaan P < 0.05



uni 4
NANISNAAILAZIANTA

4.1 HAN1INARBY
4.1.1 navesegidgoulaszuzuanalndadiinesnsnsanandinisinazatendududefioois
vitrification
NnansaaeIutuissnseulassezsuanaladaiiony 7 Yu (O7) waz 8 Yu (O7) feds
Cryotop vitrification WUV 2 Sumau nud1 Snsnseavesisouninhazas (Vitrfied) lundudsou
o1y 7 Yu (97.1%) uaz 8 Yu (85.7%) LiflanuusnsstumsaiflowSsuiiouiunguaiunu
(Fresh; 100 waw 100% ML) (31971 1) uagnendadesiasouuiu 24 $2lus wuii Snsans
193y UeIRIBowdNgsvey hatching lungualuauganInguAlsoustudagelideddgymiadn
oglsfiny Smsnsasnuesinsouingsyes hatched lunguingouiifieny 7 fu ganiingush

doudilony 8 Tu vslunguaiuau (57.1 vs 38.2%) uazngudiseuutudandainazale (48.6 vs

21.4%) AUa1eU

A15197 1 9RS150ALaENTILRSILAUIATEIRIB DURIIINN T NaYaUVAILTLTIMIETD

Cryotop vitrification WUy 2 Tunau

Hatching rate (%)

Embryo No. of Survival
Day 24 h 48 h

type embryos (%)

Hing Hed Hing Hed

D7 Fresh 35 35/35 13/35  20/35 2/35 33/35
(100)° (37.1) (57.1)° (5.7 (94.3)°

Vitrified 35 34/35 6/35 17/35 3/35 29/35

o717 ar1® @86 (867  (828)

D8 Fresh 34 34/34 21/34 13/34 6/34 29/34
(1007 (618"  (382°  (176)°  (85.3)

Vitrified 28 24/28 6/28 6/28 2/28 20/28

857" (19  (Le’ (71 (71.0)

b, [y | aaa
> anelu Column WeIfL, AMUWANANYERAT P < 0.05

Hing: Hatching, Hed: Hatched
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(%
LY 1 v =

nsuAwden83T vitrification WuiSasududelunazieeu Waw1dulae Rall and Fahy
(1985) Uszanarudnsalunisududeiigouny laen1sududaiieisainanazedendnnisan
gampfimsunnmelulasiaumaiifigamgien (-169°C) uazans CPA iflaududugs azvinlilidl
a = 3 oa X ¢ a' Lo = N = 3 e X ¢ 2
nsiianandndadunegluwad TuvasNinisusudawuuaue) azinaniud@unieluead Jady
suwmaddgylun1sianewadvefiieauann1sve1efiiainagaty (Moreira da Silva uag
Metelo, 2005) Laga1NNAN1INARBINUIIFISULTLISTIEnIIToRNenaINSYasaIuogigeds 85.7
- 97.1% warlifianuuanaadielUSouisuiunguAIuAN daRARBIRUITILIUNITNAABIVEY Inaba
wazany (2011) Aildvinisuduideieseulaszazuaiala@anieds vitrfication wasnuINgnsITanves
v 1 =2 VIR A [ ad e . N o [ o PN
AIBUEINN 94.3% TIAIDDUNKNIUNITWIUTIETT vitrification Hdns15eandenisinavaleias
Hasnnluituuleiifiaanudemenowaduaznsiuasunlaigusnwesgadniendinisazale

[ ' [ Y 1

ffon wazuenaNEUIUI AU Tenguasisouduiiaudifysie Snisenvedagen
Mendsnsutudaziinazats (Massip wasansz, 1995)

Mevdudssfideundsitazansde wuidnsinaaiyevesiideudngszes Hatched
Aends 24 Falas lungusngeueny 7 Yu linadnsmsiasqidulaiiganiingusngousiy 8 Ju 7
vhuutuds uagdgouszezuaalndaeny 8 Tu fid1uau inner cell Apuninflowdsuiiisuiud
goulasqithgszosumaladai 7 Ju Fed1ury inner cell Usuanfaguninuazaiuaansaluns
Wiguiularaluresiesu (Saha way Suzuki, 1997) Laz@onAaRINUAISANYIVEY Mezzalira tag
ARy (2004) Anuindgouszezuaantaeiy 8 Tu fisnsiniseiayiuladngssey hatched 7

LANFINANNENB YD

[
=

agalsfnu fnaasanuindnsisenvessigunautuluazyinazateldldiuiusgiveny

Y 9

YoIMmsauimhnsutuds winidadeergvesdiseuniuutudaiuiinasednsinisasyiivle

o

PRIN WAz viazae

4.1.2 NaYIID Paper device vitrification WUy 2 %guﬂau hay 3 %’umau fDNINTOALAZNNS
ww3gyiAulnvadlindeududnazitazany
nnstnlefideslvanluvaoaudaug 23 dalus w1utudedie9% Paper device lng
W3uiieuRuds Cryotop vitrification anntutildugudanshazats wuin sassealiuansnaiy
ymsadRlunga Cryotop (89.2%) Paper device (90.1%) LayngNAIUAN (99.1%) (M51971 2) a8dls
AN Nevas IVF nudngnannisasyiiuladngssey cleavage lungu Cryotop (48.0%) uag Paper
device (90.1%) liiumnsnaiiu udsndnlunguaruay (74.3%) egnadideddymaada wulfeaiu

gnsMsasiulangssesuanaladanlaiwnndneiulungu Cryotop wae Paper device WAfiINg1

Y

lungueuauegrelifedAyneadd uaraun nvesiigou (M15199 3) 31N TE wag ICM Tuy

analada wudbifieuwsnansdunsadanaunguutudawaznguaiuny
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A15197 2 dpTseanaznsiyiulaveslunTiaraenadudeds Cryotop uaz

Paper device vitrification

No. No. (%) No. No. (%) Oocytes develop to
No.
Groups oocytes oocytes (%) No. (%) BL at day
IVF 8-C 16-C Mo
IVM survived CL D6 D7 D8
109 81° 50° 40" 3¢° 8 23" 29°
Control 110 109
(99.1) (74.3) (459) 36.7) ((31.2) (7.3) (21.2) (26.6)
100 ag®  23°  22° 18" 4° 9 9°
Cryotop 112 100
(89.2) (48.0) (23.0) (22.00 (18.0) (4.0) (9.0) (9.0)
100 5 22° 21 1" 4 8 9°
Paper 111 100
(90.1) (54.0) (22.00 (21.00 (17.0) (@0 (8.0 (9.0

a,b,c o ] aaa
ety Column WEINY, AINULANANNINEDAN P < 0.05

CL= Cleavage, 8-C = 8 cells, 16-C = 16 cells, Mo = Morula, D = day

A19199 3 31uu TE waz IcM Tuvanaladaainlyainnisiinazatendantudesdaeds Cryotop

Hag Paper device vitrification
Differential staining of BL
Groups Number of cells
No. BL evaluated

TE ICM Total
Control 14 68.7 26.1 94.8
Cryotop 13 46.6 21.7 68.4
Paper 14 50.6 22.8 73.4

7b: a % 1 Aaa
> Anglu Column sy, ANUBANEISNNEDAN P < 0.05

BL = Blastocyst, TE = Trophoectoderm, ICM= Inner cell mass

wazannsiluiaesianluvaonuiiuig 23 609 W utuderieds Paper device Ly 2
TUADU kAT 3 TUMBY vitrification WU Sns1senavedlnduduluazvhazanslidunnsneiunisada

vidlungs 2 Tunou (91.4%) uay 3 Tunew vitrification (93.2%) uagnauAIUAN (100%) (A5197 4)

a a

WarA1Enas IVF nuingnsinsiasaiuladigsses cleavage lundy 2 dumeu vitrification (42.3%)

o

Hod1AN19edA [wuRIfusnsIn1sesyRulangssuzuaidln

Y

I =

ANINGUAIUAN (70.2%) BE14d

Fanony 6 Ju lungu 2 Yumeu vitrification (3.8%) AnInguaruau (10.8%) agraildedfgymni

a0n uazdnnssaaulangsesuaaladaneny 7 u war 8 U lundy 2 Tuneu uay 3
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Jumau 2 Yumey vitrification (6.7 uag 8.62% MU&1RU) AININANAIUAN (17.5 Uag 26.3%
AINAIAU) UALAMAINVBIAITOU (151991 5) MnT1WIU TE wag ICM luuaralada wuinlifiany

LANANNAUNINEDR

A1919% 4 dnsiseanarnisiasqiavlaveslUainnisinazatenaiuiudwiaeis Paper device

vitrification WUU 2 TUADU kAT 3 TUADU

No. No. No. No. (%) oocytes developed to
No. (%)
Group oocytes oocytes (%) No. (%) BL at day
survived 8-C 16-C Mo
IVM IVF cL D6 D7 D8
114 8o’ 477 40" 36" 12° 200 30°
Control 114 114
(100) (70.2) (41.2) (35.1) (31.5) (10.8) (17.5) (26.3)
2 104 ae® 18" 160 130 4 7
; 114 104
YUHDU (91.4) (42.3) (17.3) (15.3) (12.5) (3.8) (6.7) (8.6)
3 110 60 42 32 260 8° 11”15
; 118 110
YUHDU (93.2) (58.2) (33.3) (29.1) (23.6) (7.2) (10.0) (13.6)

a,b,c

Aelu Column HgINL, ANULANANNNEDRT P < 0.05

CL= Cleavage, 8-C = 8 cells, 16-C = 16 cells, Mo = Morula, D = day

A191991 5 97u9U TE way ICM luvardla@avesliannnisvinasarendiuduienaeds Paper device

vitrification WUU 2 JURBU LAY 3 TUADU

Differential staining of BL

Group Number of cells
No. BL evaluated
TE ICM Total
Control 12 72.3 239 96.2
2 Supen 11 463 208 67.1
3 Sung 12 523 224 74.7

b, a 9 ! aaa
> Anglu Column wRENAY, ANULANENNNNEDAN P < 0.05

BL = Blastocyst, TE = Trophoectoderm, ICM= Inner cell mass

nsAnwiieatunsududslyludninateaioiiug vislu 32 (Albarracin - wazmnz, 2005;
Morato WagAale, 2008; Sripunya kazAnle, 2010; Zhao LazAnle, 2011) Lagdans (Somfai LazAne

, 2007) WUIERTINSSYRUlnRINsuILTsuazynazaela e Ut FIn1TWAILIITATIILD
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iy nsAnuduneunsuudiuazshazans szevina gunsaivie CPA ansaiiiudnsIsonuaznns
Wigdulmvdimauduiasyinavansld mnsesunountnd wuindgunsaivarevieildlunisud
wislduazmeoumeds Vitrification ludmiudingnee 1wu 35 Open Pulled Straw (OPS; Vajta uay
Ay 1998) Cryotop (Kuwayama ihag Kato 2000), Cryoloop (Mukaida, 2001) Electron microgrid
(Cho wagmauy, 2002) Hemistraw (Vanderzwalmen iazAgde, 2003) Cryotip (Kuwayama bagae,
2005) Cryoleaf (Chian wazang, 2005) Rapid-I (Larman wag Gardner, 2010) wkaz Hollow fiber
(Matsunari wazamz, 2012) agalsfinugunsaifenanidsmaeudiegs desdndrainssuszme
wazlunsinunilldvhnisieudiounisurudedaeia Cryotop way Paper device &1 Cryotop @@
Hugunsalusudslinasseuiilasuanuiesildlusywiuasdand (Kuwayama and Kato, 2000) 3n
galdaudng wararusaudulsliwaziisoulddiuiuuin widindsings daunisududeines
Paper device W3811INNTEAWLY WaganAsANYILUSBUiBU nuItons1senveslundiuguiuay
vhazanevessassildfianauand ety fady 35 Paper device Fullugunsaiftannsalunisud
walala

TunnsenwiilévhnsiSeuidiounisududadeds Paper device Wuu 2 Jupeu uaz 3
funou vitrification 1 Wshssenuarnmaaiapiviadngssorvanalndaiilaiunneiefu uddnsn
maaiquivlndngdsrasuaalatafiony 6 uag 7 Ju lungulafiududs vitrfication uuu 2 fumeu
Tinasninflewieudisutungulufiuguds vitrification wu 3 Funeu wagnguauau d1udnsng
Wiiulndngszey cleavage uaruaaladavoslduindmdsiararslunisfnwidnuindsnags
nimangnsAnwIABin35189113 (Martino WagAMy,1996 ; Chen LazAME, 2003; Albarracin
warAng, 2005; Morato wagmmg, 2008, Sripunya hazAme, 2010) o1atdunsensld CPA 130
Funoumsutudwazinaraneiiuandsiulunsaznsinm Fuuidudlatefiddalunszuiuniswd
ufs Befmaneadeduneunsudufauarninion cPA Tumsiaransfisindiazansansenuain
audufives CPA uazauSEnaNNsangamifiaieaudemeseleadle \Wu metaphase
spindle (Shaw uwagAty, 2000; Hwang Wag Hochi, 2014), mitochondria kag endoplasmic
reticulum (Fuku WagAtdy, 1995; Sathananthan, 1997 and Khalili wagag, 2012)

uarluduvesnunniseusrszuanalada fansanaindiuau TE uay ICM Aldanlafikiu
nsutuderneds 2 dunou way 3 dunou vitrfication wulsifiauuens1susEninangunaaes
LazNguAIuAY Beaenndasiunanensinuilunisuudsly uiddinadudnmeginmalagaunin
fgeauilifinnuunnsineiu

4.1.3 HAvD93S Paper device vitrification WUU 2 TuRBY Was 3 YuURBL ABSAIITEN
wazn1stasiulnvasiigauszazuadlndandududaziinazany

Mnnmsihiseulaszerumalndauududefneds Paper device vitrification WUy 2 Suneu

Wag 3 Tupal WU 8n515eALaEN1TRSILAUIAIINEI EY hatched Ya9MBRUTEEUAALATANAS
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msutudeuazyiazane lungunsutudedngds Peper device vitrification WUU 2 Tuneu (76.6 way
60.0%) WUy 3 Tumal (86.7 wag 73.3%) Lufimnuusnsaidiaieuiisuiunguniunu (100 way

86.2%) (M15797 4)

M19197 6 BRTINTTTDAATNITIIYAUTAVDIAIBIUNAIIINNTINAZAENS IUTUTIR8AT Paper

device vitrification LUU 2 UMDY WAZ 3 VUMDY

Groups No. BL No. (%) survival at 24 h No. (%) hatched at 48 h
Fresh 29 29 (100.0)° 25 (86.2)°
2 Suneu 30 23 (76.6) 18 (60.0)°
3 SRl 30 26 (86.7) 22 (73.3)
a,b,c

“ melu Column Wi, Anuuanensn1eaddi P < 0.05
G1= grade 1, G2= grade 2, BL= blastocyst

Tumsvnaesi {Ateldldmaududsingeulasssruanaln@aseds vitrfication neld Paper
device MwSonannszansly FaflsnsaumsidnSusnlang Kim wavaue (2012) lunisududefseu
szazuaaledala laglavinnislSeuiisuussansamussgunsalutudaniln Paper device waz EM
orid Aadnssen nsasaivlnvesuaialadaududinnudainasane Selvnaldunnsneiu uaz
Uszanaudnsalunisndngnladeniséhedinfeseulaslisisoudiiiunisududsie Paper
device Fufudsifuduliingunsalutudeniia Paper device fuszAnsamlunisududeuaylv
nadwiLisuviunsldgunsaluudeilesuniseausunasiannsg i og1avu EM erid
geusravuaaladaUsenausiiewad uay blastocoel Jauioulaiiouveavailufigeu
warlunszuauntsududady nsangamniiiieutudsazyilsivesvarlusseunatsanmdunin
drudeuaradrenudsmslitugadiuisdutunsunisuduiuasvhazats fofuiledfiudas
soAkazn1saseyLAvlnvesisaunaLtLdsLazinavans nsneaesiadldvnsinvdisudiou
Fumeun1sutudesaes vitrification WU 2 Yuneu way 3 Tunou GﬁaﬁmaaaL%a'j'lﬁﬂ’jumaumﬁl,miuéﬁq
wazhazanetuinatensanUSinaesvmniglumad anlentanisiiandniiuds aneudemne
Rolwadlnuseu wavtheiiudassonuazn1siaiaivlavesnssundtuduazyhazany

LAZAINNANITVAGDS WU SHTINTINITTEARaENITaT L RUTId I azae0efsauTiug

- . & & v a o | ) | = ) -
YR80 vitrification LWUU 2 YUNDU LAy 3 YUNDU 1MNaVl13JLLGmeﬂu LGUUL@EJ'Jﬂ‘USLUﬂTiﬂﬂU']GU@Q
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naba wazAE (2011) FmsiUseuifisutuneunisududssidoudaeds vitrification wuuwane
funeu warlinanissonvesiidounduntuduaziarareildunndsiu uaiflowSoudisusu
N15ANYIT09 Machatcova kagmuy (2006) WUINPRIISONUBIMBoURaILTLdInaysiazaeluns
naagaiiganiriinannldfinwlifeasin uenaintladedutunounisutuiauagitazans Tu
n3AnwIes Bruyere wazams (2012) ldvin1sdnwnisifivansdunsisiaindsudn’ (synthetic
subtitition; CRY03) Tutheududs nuithefiudnssenvessnssundutuiawasynazans

n1sAnEITed Yavin wazani (2009) lésreaiunisandiuta CPA Tuthetugudesaufunis
fiusnsinsangamndl vi3e cooling rate 1uisTitisanmmdufivues CPA desfseu uazilnasie
n13TeALArN1ssRulnve s aundudLlsasinavaly warn1sAN®1vee Saragsty Wag Arav
(2011) levhnsAnwdadeves cooling rate mmiauazUSinamehoududdunsutud s ou
Faniadduiinadenistostunsfnmnudemerefseunaznis senvosfseundutuduay
Mazang

Tuduvesdadeiidmanonisasuiulnvessseundinisiazats lunanensdnundein
ANETatuNTASYRulavesigeurainazae Gﬁuasujﬁ’ummmmum’amiLLdeL%waWT’;éau
FeRansanainquawingey JUTLazoIgfdeuNidentududs (Fahning uag Garcia 1992;
Balasubramanian wagAmy 1998; Machatkova Wagame 2006) uaaudnsalunisududeieeu
liléduogifivaudsinuagunsal tuneu wisddeunitu uwididafoniinus uazarmdiug

Yo UfURIY (Saragsty uaz Arav, 2011) NWnadSaviaeiu fwdinnarldgunsalagignisdeniu
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5.1 a3UNanIsIY

5.1.1 9ngvssiaulassesuamaladaliiinasiadnsnsenveiigou walnanan1sasyiulnnas

[ o & o A aa [y &, N o [
nsududanazyinazane Jamoeulassezuaaladaniony 7 Juilusserimunzaulunisiiuniinis

[
WL
1 @ aa . e . . [ 1 Ly 1

5.1.2 NMIUILUIID Paper device vitrification anunsaldlunisududelinaziooussuzuaidln
Falale

513 dnsnisasgiivladngseesuataladavreslundiunisututwieds Paper device
vitrification WU 3 Tumey g9NLUY 2 Tunau

5.1.4 dasiseauazn1siasayiAvlanddudsiazyinavansvesiiseussruadlnda fieid
Paper device vitrification wuu 3 dumeu geaniuuy 2 Tunau

5.1.5 Nsuaudeeds Paper device vitrification kU 3 duneu [uisNumnzanlunsuaunds

lduwayzssausyazuaalada

NaN15I8ULATUNISANUWLUINTAIT Animal Science Journal saiisieasidensall
Paul, AK, Liang, Y., Srirattana, K., Nagai, T. and Parnpai, R.* 2018. Vitrification of bovine

matured oocytes and blastocysts in a paper container. Anim. Sci. J. 89: 307-315.

5.2 YaLaUBMUL
5.2.1 Wialunmaiamiwasysulsunafianisududslunassirgdounanysal msinisfnuidade
Tun g sdu wiu YdakazAututurad CPA Tulnen vitrification wazszazalunIsuuLds 34

MulAlinasen1sTeatInLaznsasyRvlsveslLazfgauy
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ABSTRACT

In the present study, we aimed to determine the applicability of a paper container for the vitrification of in vitro
matured (IVM) bovine oocytes. In experiment 1, IVM oocytes were exposed to vitrification solution (20% dimethylsul-
foxide (DMS0), 20% ethylene glycol (EG), and 5 mol/L sucrose), using a two-step method, for 30 s; loaded onto either
a paper container or Cryotop; and stored in liquid nitrogen. No significant difference (P < 0.05) in the survival and blas-
tocyst formation rates after in vitro vitrification was observed between the paper container and Cryotop. In experiment
2, IVM oocytes were exposed to either a two- or three-step vitrification solution. The three-step vitrification solution
was not significantly different from the two-step solution in terms of oocyte survival, cleavage and blastocyst rates. In
experiment 3, in vitro produced blastocysts were graded according to the manual of the International Embryo Transfer
Society (grades 1 and 2) and vitrified using the two- and three-step methods. For grade 2 blastocysts, the three-step
method showed significantly higher (P < 0.05) survival and hatched blastocyst rates than the two-step method,
whereas for grade 1 blastocysts, no significant difference was observed. In conclusion, the paper device and three-step

technique are suitable for oocytes and embryo vitrification.

Key words: blastocysts, oocytes, paper device, vitrification.

INTRODUCTION

In the field of reproduction, vitrification is one of the
methods that replaced conventional slow-freezing
cryopreservation. It is frequently described as being
inexpensive, fast and simple (Stachecki et al. 2008).
However, when choosing to adapt a particular tech-
nique, it is more important to consider its improved
performance resulting in higher survival rates and an
average increase in calving rates, as well as enhanced
and ensured safety for the animal. Nonetheless, rapid
freezing or vitrification has been the focus of
research in recent years based on a growing number
of reports in the literature (Mandawala et al. 2016);
in many instances, it is the preferred method. The
idea of vitrification, or achieving a glass-like state,
was first conceived in 1860, as described by Luyet
(1937). It was not until approximately 50 years later
that Rall and Fahy (1985) mentioned the idea again
and designated ‘vitrification” as a potential alterna-
tive to slow-freezing/cooling.

© 2017 Japanese Society of Animal Science

There are several cryodevices used for vitrification,
that is electron microscope (EM) grid (Steponkus
et al. 1990; Martino et al. 1996; Cho et al. 2002), Cry-
otop (Hamawaki efal. 1999; Kuwayama & Kato
2000), Cryoloop (Lane et al. 1999), nylon mesh
(Matsumoto ef al. 2001), Cryoleaf (Chian et al.
2005), plastic blade (Sugiyama et al. 2010), and Vitri-
Inga (Almodin et al. 2010). In the tubing system—
which includes the plastic straw (Rall & Fahy 1985)
—the open pulled straw (OPS; Vajta et al. 1997,
1998), closed pulled straw (CPS; Chen et al. 2001),
Cryo-Tip (Kuwayama et al. 2005a,b), Rapid-i
(Larman & Gardner 2010), and hollow fiber (Mat-
sunari et al. 2012) are effectively used for the vitrifi-
cation of oocytes and embryos from different
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animals. In 2012, Kim et al. reported a new, easy to
perform, simple, inexpensive, and successful method
for the vitrification of bovine blastocysts, using a
paper container.

Since the vitrification of oocytes and embryos
became prevalent, several new ideas have been
developed, including: (i) exposure to the final solu-
tion with the highest concentration of cryoprotec-
tants should be reduced to 60 s or less because high
concentrations of cryoprotectants are toxic (Shaw
et al. 1992; Hunter et al. 1995, Hong et al. 1999;
Chung et al. 2000; Wu et al. 2001; Yoon et al. 2003);
and (ii) the faster the cooling rate, the better the sur-
vival rate (Stachecki et al. 2008). The two key con-
straints of vitrification are: (i) the toxic effect of
cryoprotective agents (CPAs), which damages the
micro-organelles of oocytes and cells of embryos;
and (ii) the duration of CPA exposure, which could
result in ice crystal formation if not properly timed
(Katkov 2007). This study was designed to investi-
gate the potential of using a paper container for the
vitrification of bovine oocytes in comparison to using
a Cryotop container.

MATERIALS AND METHODS
Chemicals and culture media

All reagents were purchased from Sigma Chemical
Company (St. Louis, MO, USA) unless otherwise sta-
ted. TCM199 medium, supplemented with 10% fetal
bovine serum (FBS; Gibco BRL, Grand Island, NY,
USA), 0.02 AU/mL follicle-stimulating hormone
(FSH; Antrin, Kyoritsu Seiyaku, Tokyo, Japan),
50 IU/mL, human chorionic gonadotropin (hCG;
Chorulon; Intervet, Boxmeer, Netherlands) and
1 pg/mL estradiol-17f, was used for in vitro matura-
tion (IVM). Modified synthetic oviduct fluid (mSOF),
supplemented with amino acids and 0.3% fatty acid-
free bovine serum albumin (BSA), was used for
embryo culture (Gardner et al. 1994). Tyrode’s albu-
min lactate pyruvate (TALP) medium (Bavister &
Yanagimachi 1977), supplemented with 1 mmol/L
caffeine, 100 pg/mL heparin, 20 mmol/L penicil-
lamine, 10 mmol/L hypotaurine, and 20 mmol/L
epinephrine, was used for sperm preparation.

Preparation of the paper cryodevice

The paper device was cut from translucent tracing
paper (Staedtler, Bleiweil3steftmacher, Germany)
(Fig. 1); its dimensions allowed for easy loading into
a cryovial to be stored in liquid nitrogen (LN,).
Before vitrification, the paper device was exposed to
UV light for 20 min for sterilization. During loading,
the oocytes or blastocysts were placed onto its tip,
and the excessive CPAs were removed before plung-
ing it into LN,.

© 2017 Japanese Society of Animal Science

Collection and IVM of oocytes

Bovine ovaries were obtained from slaughterhouses
and kept in 0.9% NacCl during transportation to the
laboratory within 4 h at room temperature (24—
25°C). Cumulus-oocyte complexes (COCs) were col-
lected from follicles measuring 2-8 mm in diameter,
using an 18 gauge needle connected to a 10 mL syr-
inge. Groups of 20 COCs were cultured in 100 pL
droplets of IVM medium on 60-mm culture dishes
(SPL Life Sciences, Yeoju-si, Gyeonggi-do, Korea)
covered with mineral oil in a humidified atmosphere
of 5% CO, in air at 38.5°C for 22-23 h. After IVM,
the COCs were partially denuded and surrounded by
2-3 layers of cumulus cells.

Vitrification-warming of IVM oocytes or
blastocysts

Two-step method

Vitrification and warming (V-W) of IVM oocytes was
carried out as described before (Liang ef al. 2011)
with partial modifications. Groups of four to five
oocytes or one to three IVP blastocysts were washed
in TCM199-Hepes + 20% FBS as a base medium
(BM) before being placed in BM containing 10%
dimethyl sulfoxide (DMSO) and 10% ethylene glycol
(EG) as an equilibration solution (ES) for 1 min.
They were then exposed to BM containing 20%
DMSO, 20% EG, and 0.5 mol/L sucrose as a vitrifica-
tion solution (VS) for 30 s at room temperature (24—
25°C). The oocytes/blastocysts together with <1 pL
VS were placed on the top of the Cryotop or paper
device before being plunged into LN,. After vitrifica-
tion, the Cryotop or paper devices were warmed by
direct immersion into 2 mL of BM with 0.5 mol/L
sucrose for 5 min on a warming plate at 35-37°C,
transferred to BM for 5 min, and then washed five
times in each.

Three-step method

Groups of four to five oocytes (one to three IVP blas-
tocysts) were washed in BM before being placed in
BM containing 5% DMSO and 5% EG as ES for
30 s. They were then transferred to BM containing
12% DMSO, 12% EG, and 0.25 mol/L sucrose for

27 mm

15 mm

Figure 1 Size and shape of the paper device.
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30 s. Subsequently, they were transferred to the final
VS (BM containing 20% DMSO, 20% EG, and
0.5 mol/L sucrose) for 30 s at room temperature on
a warm plate 37-38°C. The oocytes/blastocysts
together with <1 pL VS were placed on a Cryotop or
paper device and then plunged into LN,. The Cry-
otop or paper devices containing the oocytes/blasto-
cysts were warmed by direct immersion into 2 mL of
BM with 0.5 mol/L sucrose for 2 min on a warming
plate at 35-37°C. They were then transferred to BM
with 0.25 mol/L sucrose for 2 min, and then BM
with 0.125 mol/L sucrose for another 2 min, before
being finally washed with BM.

Evaluation of oocyte viability

The viability of oocytes was evaluated by fluorescein
diacetate (FDA) staining according to the method
previously described by Mohr and Trounson (1980).
Briefly, oocytes were treated with 2.5 pg/mL FDA in
PBS supplemented with 5 pg/mL BSA at 38.5°C for
2 min in a dark room. Then they were washed three
times in PBS supplemented with 5 pg/mL BSA and
evaluated under a fluorescent microscope (IX71;
Olympus, Tokyo, Japan) with UV irradiation using a
U-MWIB# filter with an excitation wavelength of
460-495 nm and emission wavelength of 510 nm.
Oocytes expressing a bright green fluorescence were
regarded as viable and were subsequently used for
experiments.

In vitro fertilization and culture

One straw of frozen semen (0.25 mL straw,
25 x 10° sperms/straw, Holstein Friesian breed) was
thawed in a water bath at 39°C for 30 s, and then
100 pL of thawed semen was placed at the bottom
of a snap tube containing 2 mL of TALP for 30 min
to obtain swimming-up spermatozoa. Then, the
supernatant including the spermatozoa was col-
lected in a 15 mL conical tube and centrifuged at
500 x g for 5 min. The resultant supernatant was
discarded and 3 mL TALP was added for washing.
The sample was centrifuged again, and sperm con-
centration was calculated using a hemocytometer,
and then adjusted to 2 x 10°/mL (Seneda et al.
2001). Finally, 10 oocytes were placed into each
100 pL drop of sperm suspension and co-incubated
in a humidified atmosphere of 5% CO, in air at
38.5°C for 13-14 h. The presumptive zygotes were
further cultured in mSOFaa medium (20 zygotes/
100 pL) under a humidified atmosphere of 5%
CO,, 5% O, and 90% N, at 38.5°C for 48 h. On
day 2 (in vitro fertilization, IVF was considered as
day 0) the cleavage rates were recorded. Thereafter,
embryos at the eight-cell stage were selected and
co-cultured with bovine oviduct epithelial cells in
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mSOFaa medium under a humidified atmosphere of
5% CO, in air at 38.5°C, as reported previously
(Parnpai et al. 1999), for 6 days. Half of the medium
was replaced with fresh medium during the embryo
development observation. The development of IVF
oocytes to the blastocyst stage was recorded on days
7 and 8.

Evaluation of blastocysts by differential
staining of inner cell mass and
trophectoderm cells

Differential staining of inner cell mass (ICM) and tro-
phectoderm (TE) cells of pooled blastocysts was per-
formed by the method previously described by
Sripunya et al. (2010). Briefly, blastocysts were
simultaneously treated with 0.1 mg/mL propidium
iodide (PI) and 0.2% Triton X-100 dissolved in Dul-
becco’s phosphate buffered saline for 40-60 s to
make the membrane permeable and stain the nuclei
of TE cells. The embryos were then treated with
25 pg/mL Hoechst 33342 (Calbiochem, San Diego,
CA, USA) dissolved in 99.5% ethanol for 5 min,
mounted on glass slides in glycerol droplets, flattened
using cover slips, and examined under UV light with
an excitation wavelength of 330-385 nm under a
fluorescent microscope (IX71; Olympus, Tokyo,
Japan). The nuclei of TE cells appeared pink or red
when they were labeled by both PI and Hoechst,
whereas the nuclei of ICM cells appeared blue when
they were labeled only by Hoechst. A digital image
of each embryo was taken, and the cell numbers of
both cell types were counted using the National
Institutes of Health Image J (v. 1.40) software
(Abramoff et al. 2004). The numbers of ICM and TE
cells were counted separately in embryos that had
clearly distinguishable populations of red and blue
nuclei.

Grading of blastocysts and evaluation of
their survivability after V-W

The IVP blastocysts were graded according to the
manual of the International Embryo Transfer Society
(IETS); their development and the quality of ICM
and TE were evaluated. First, the blastocysts were
categorized as blastocysts (the blastocoel volume is
more than 50% of the total volume) or expanded
blastocysts (the blastocoel occupies the entire volume
inside the zona pellucida (ZP) and has started expan-
sion, leading to thinning of the ZP). The blastocysts
and expanded blastocysts were then divided again
into grade 1 (Gl: ICM contains many small com-
pacted cells and the TE appears clearly made of
many small cells tightly attached and forming a sin-
gle layer of epithelium) and grade 2 (G2: the cells in
the ICM are still separated and poorly compacted
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and the TE is made of few identifiable cells). The re-
expansion or development to a more advanced stage
of vitrified blastocysts with a clearly visible ICM after
24 h of warming was an indication of survived
blastocysts.

Experimental design

Experiment 1: Effect of container type (Cryotop vs.
paper)

IVM oocytes were divided into three groups: (i)
oocytes without vitrification (Control group); (ii)
oocytes vitrified using Cryotop (Cryotop group); and
(iii) oocytes vitrified using paper (Paper group). After
warming, the survival rates were evaluated by FDA
staining. Surviving oocytes were fertilized and cul-
tured in vitro for 8 days, and embryo development
was recorded and compared. The quality of the
obtained blastocysts was evaluated by differential
staining of ICM and TE cells. Five replications were
performed for this experiment.

Experiment 2: Toxicity test of the two- and three-step
methods

IVM oocytes were divided into three groups: (i)
oocytes without exposure to any V-W solutions
(Control group); (ii) oocytes exposed to the two-step
V-W solutions (two-step group); and (iii) oocytes
exposed to the three-step V-W solutions (three-step
group). Oocyte viability was evaluated by FDA stain-
ing. Surviving oocytes were cultured in IVM medium
for 2 h, followed by IVF and in vitro culture (IVC) for
8 days, and embryo development was recorded and
compared. The quality of the obtained blastocysts
was evaluated by differential staining of ICM and TE
cells. Four replications were performed for this
experiment.

Experiment 3: Vitrification of oocytes by the two- and
three-step methods using the paper device

IVM oocytes were divided into three groups: (i)
oocytes without vitrification (Control group); (ii)
oocytes vitrified using the two-step method (two-
step group); and (iii) oocytes vitrified using the
three-step method (3-step group) using paper
devices. Survival rates were evaluated by FDA
staining. After culture in IVM medium for 2 h,
surviving oocytes were subjected to IVF. The
development of IVF embryos derived from the
vitrified groups was compared with the develop-
ment of those derived from the Control group.
The quality of the obtained blastocysts was
evaluated by differential staining of ICM and TE
cells. Five replications were performed for this
experiment.

© 2017 Japanese Society of Animal Science

Experiment 4: Vitrification of blastocysts by the two-
and three-step methods using the paper device

IVP blastocysts obtained on day 8 were graded and
divided into three groups: (i) blastocysts without vit-
rification (Control group); (ii) blastocysts vitrified
using the two-step method (two-step group); and
(iii) blastocysts vitrified using the three-step method
(three-step group). Survival rates and hatchabilities
were assessed and compared. Seven replications were
performed for this experiment.

Statistical analysis

The data on oocyte survivability and embryo devel-
opment after the different treatments were expressed
as percentages (%) and analyzed using one-way
analysis of variance (ANOVA). The correlation
regressions (R? value) between oocyte survival rate
and cleavage rate were determined by curve estima-
tion, using the Statistical Package for Social Sciences
(SPSS®) software (version 16.0; SPSS Inc., Chicago,
1L, USA). Differences were considered significant at a
level of P < 0.01 and P < 0.05.

RESULTS
Experiment 1

When IVM oocytes were vitrified using the two-
step method, similar (P > 0.05) survival rates were
observed among the Cryotop (89.2%), Paper
(90.1%), and Control (99.1%) groups (Table 1).
However, after IVF, the oocyte cleavage rate in the
Cryotop group (48%) was similar (P > 0.05) to that
in the Paper group (54%) but both were signifi-
cantly lower (P < 0.05) than that in the Control
group (74.3%). Additionally, the blastocyst forma-
tion rates in the Cryotop group were significantly
lower than those in the Control group, but were
similar to those in the Paper group. Interestingly,
there was no significant difference (P > 0.05) in
the TE and ICM number of blastocysts among the
three groups.

Experiment 2

No significant difference was found among the three
groups in terms of oocyte survival rates (Table 2).
However, after IVF, the rates of oocytes developing
to cleavage and eight-cell stages in the three-step
group (65.6 and 38.7%, respectively) were signifi-
cantly higher than those in the two2-step group
(48.9 and 25.0%, respectively). The blastocyst forma-
tion rates of the two- and three-step groups on day 8
were not significantly different, but they were signif-
icantly lower than those of the Control group
(P <0.05). Nevertheless, the blastocyst qualities
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(ICM, TE and total cell numbers) were similar in all
three groups (P > 0.05).

Experiment 3

The oocytes survival rates were not significantly
different (P > 0.05) among all the groups. The ZP
broken rate in the two-step group (1.7%) was signif-
icantly higher (P < 0.05) than that in the Control
(0.0%) and three-step (0.7%) groups (Table 3). The
cleavage rate in the two-step group (42.3%) was sig-
nificantly lower than that in the Control group
(70.2%). The blastocyst formation rate on day 6 also
showed similar results in the two-step and control
groups (3.8% vs. 10.8%, respectively). The blastocyst
formation rates on days 7 and 8 in the two-step and
three-step groups (6.7 and 8.6%, respectively) were
significantly lower than those in the Control group
(17.5 and 20.3%, respectively). Interestingly, the cell
numbers of the blastocysts were not significantly dif-
ferent among all the groups.

Experiment 4

The survival rate of Gl blastocysts after V-W and
their subsequent hatching rate were not significantly
different among all the groups (Table 4). However,
in case of G2 blastocysts, the survival rate after V-W
and the subsequent hatching rate in the three-step
group (75.0% and 41.7%, respectively) were signifi-
cantly higher (P < 0.05) than those in the two-step
group (36.0% and 12.0%, respectively), whereas
they did not differ significantly from those in the
Control group (100% and 60.9%, respectively).

DISCUSSION

The cryopreservation of oocytes and embryos by vit-
rification offers a better and more feasible approach
to their storage than slow freezing/cooling tech-
niques. The refinement of previous methods involves
the use of different containers or devices and a rapid
cooling rate that coincide with a marked increase in
the survival rate of oocytes and blastocysts. Here, we
applied the newly developed method of using a
paper container for the vitrification of bovine IVM
oocytes and IVP blastocysts, which was first described
by Kim et al. (2012).

The paper device was cheaper than Cryotop, and
the survival rate of oocytes as well as their subse-
quent development after IVF was not significantly
different between the Paper and Cryotop groups
(Experiment 1). Because the paper device absorbs
some of the vitrification solution, it may minimize
the volume of vitrification solution surrounding the
oocytes or blastocysts and, hence, increases the cool-
ing and warming rates. Our results are similar to

© 2017 Japanese Society of Animal Science

Table 3 Comparison of two-step and three-step method for oocyte vitrification by using paper device and assessments of embryo quality

96.2
67.1
74.7

Number of cells
ICM Total
23.9
20.8
22.4

Differential staining of BL
TE
72.3
46.3
52.3

No. BL
evaluated
D7 D8
20 (17.5)° 2 12
8 11
1 12

No. (%) BL at day

D6

13 (12.5)°
26 (23.6)°

No. (%) oocytes developed to
Mo
36 (31.5)°

(15.3)°

16-C
0 (35.1)°
2 (29.1)®

4
16
3

8-C

47 (41.2)°
18 (17.3)°
42 (33.3)®

No
(%) CL
80 (70.2)°
44 (42.3)°
64 (58.2)%°

No.
oocytes
A%
114
104
110

No.
(%) ZP
broken
0 (0.0)
2 (1.7)

1 (0.7)

No. (%)
survived
114 (100)
104 (91.4)
110 (93.2)

No.
oocytes
IVM
114
114
118

2Within a column letters represent significant differences (P < 0.05). Five replications were performed. ZP, zona pellucida; CL, cleavage; 8-C, eight cells; 16-C, 16 cells; Mo, morula; D, day;

BL, blastocyst; TE, trophectoderm; ICM, inner cell mass.

Group
Control
Two-step
Three-step
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Table 4 Comparison of two-step and three-step method
for blastocysts vitrification by using paper device

Groups Grade No. BL No. (%) No. (%)
survival hatched
at 24 h at 48 h
Control Gl 29 9 (100.0)? 25 (86.2)7
G2 23 3 (100. 0) 14 (60.9)°
2-step Gl 30 3 (76.6)° 18 (60.0)°
G2 25 9 (36. 0)b 3 (12.0)°
3-step Gl 30 26 (86.7)° 22 (73.3)°
G2 24 17 (75.0)° 10 (41.7)°

*"Within a column letters represent significant differences
(P < 0.05). Seven replications were performed. G1, grade 1; G2,
grade 2; BL, blastocyst.

those in Kim'’s report (2012), where the paper device
(5 x 5 mm) was considered a successful container
for the cryopreservation of bovine blastocyst in terms
of the high survival and hatching rates after warm-
ing compared with the EM grid, OPS, Cryoloop and
straw. Kim et al. (2012) also found that their paper
container and EM grid were equally efficient in vitri-
fication of day 8 expanded blastocysts, and they were
able to obtain live offspring from the blastocysts vitri-
fied-warmed using a paper container. Therefore, the
paper device might be considered as a standard along
with the Cryotop device.

Previous reports regarding the vitrification of IVM
oocytes and their post-warming embryonic develop-
ment in bovine (Albarracin et al. 2005; Morato et al.
2008; Sripunya et al. 2010; Zhao et al. 2011) and
swine (Somfai et al. 2007) revealed very low rates of
development of oocytes after V-W and IVE. Fuku
et al. (1995), Sathananthan (1997) and Khalili et al.
(2012) reported that the high concentrations of CPAs
inhibited and damaged the micro-organelles, espe-
cially mitochondria and the endoplasmic reticulum.
Therefore, most researchers obtain good survival
rates of oocytes after V-W but not good cleavage and
blastocyst formation rates after IVF. In this study, we
hypothesized that a rapid, stepwise vitrification and
warming technique would be less toxic and stressful
than the standard technique.

In our experiments, both the two- and three-step
vitrification solutions had similar effects on the sur-
vival rates of vitrified-warmed MII oocytes and blas-
tocyst formation rates after IVF. Moreover, the
quality of blastocysts was not affected by the vitrifi-
cation protocols in terms of ICM and TE cell num-
bers. The results of experiment 3, in which we
vitrified MII oocytes using the two- and three-step
methods, were similar to those of experiment 2. The
cleavage and blastocyst formation rates in our study
were higher than those in other reports (Martino
et al. 1996; Chen et al. 2003; Albarracin et al. 2005;
Morato et al. 2008; Sripunya et al. 2010). Although
the exact reason for these high rates is not clear, it
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might be due to the different concentrations of CPAs
as well as the technique used.

To increase the survival rates of blastocysts after
vitrification-warming, we compared the two- and
three-step vitrification methods for different grades
of blastocysts. For G1 blastocysts, the survival rate
and hatched blastocyst rate were not significantly
different between the two methods. However, for G2
blastocysts, the three-step method had significantly
higher survival and hatchability rates; this could be
owing to the effect of gradual warming (Mtango
et al. 2001; Isachenko et al. 2004). Thus, exposure of
bovine blastocysts to the two-step vitrification
method is perhaps not sufficient for low quality blas-
tocyst cryopreservation. In this study, the survival
rate of Gl expanded blastocysts was similar to that
reported by Inaba ef al. (2011), who used only Gl
embryos for a different vitrification technique, but
was almost double that reported by Pereira et al.
(2007) and Machatkova et al. (2006). Research on
factors involved in post-thaw survival of embryos
demonstrated that the cryotolerence of an embryo
was dependent on its morphology and the develop-
mental stage at the moment of freezing (Fahning &
Garcia 1992; Balasubramanian et al. 1998; Machat-
kova et al. 2006). However, we are in agreement
with Massip et al. (1995), who state that in addition
to the morphology and developmental stage of
embryos, the kinetics of embryo development and
their age before freezing play important roles in
embryo survival after thawing.

Conclusions

In summary, paper devices are an inexpensive, effec-
tive alternative to Cryotop for the vitrification of
bovine IVM oocytes and IVP blastocysts. Moreover,
our three-step vitrification method may be better for
vitrification of oocytes and blastocysts.
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