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UNANED

nsuansgaulurasawiIanlumAvaInTauulaeds OPU watdsauludennlilafisu

avansanAngnlaiauannniinisuandienléd 10-20 wih msiteduadu 2 nameass g
naapsdl 1 vn1sieifulidieds opu Tulauu 10§ Taeviinn 7 Sufindedu 8 ads veadiAa
urgugnans 3-8 mm. insranusiavan 932 Tu ansnsansivlgldlafmun 657 Tu (70.49%)
Tunguiflddhidelsivenne I¥fdoussosuaaladannnisiiufauslumasauds 23.5% Fegands
nauilldinidousning (13.19%) nansthdseusres vanaladalugrenlilaiiu nauillddnidol
LONNATISRIINTSRaTDa 41.6% (25/60) %aqandmdmﬁﬁﬁu%@lmwﬂmeﬁaué‘ﬂﬁaa (38.7%,
12/31) Tngnguilliindeliusninaiignanen 96.0% (24/25) Tasiidiuutiagn 1 wastBugnine
45.8% (11/24) uaziweidly 50.1% (13/24) nguiildvndeusninelasasuynianasngnasulsifing
urie lagnine 8.3% (1/12) wagineidly 91.6% (11/12)

Msnnaesil 2 fngusrasdiiiednuimsthuanalaidlesfiusniannsseulaluilsasiuusiaaa
udilides Inendsuisudvihvanalndesdlaiduuviaaaluideduszuu Well-of-Well (WOW)
lemteyanisiaigvesiisounarauamueiiseuszeruaalnda Bulneihiseusseslelngly
Heluuvieaa 1% agarose e 1% calcium alginate douhluidss delddnsnisasyvessdouls
uanFsfuszEsinenauitilslunviana waznguauan dadenisnsilslunviaea 1% calcum alginate
Tldinsmaaessie nuinguinenuanaladiosldmseuszezumaladauinnindseuilailiuen
vanalailes lunguiluenvanalailes (szee 2 uaz 8 1wad) WOW uaz 1% caldum alginate et
Froauszazuanaladaliunnaneiu sniusswinesses 2 waddefudiddu 1% calcium alginate
waz WOW dwisuliannnssi OPU udthanudniiseuudausnuanaladesfisses 2 wad mades
Tuszuu wow leiseuszezuanaladaganinnguitldldusnuatalaieseesildoidysada ns
naaesiazuldimsisluaiibu 1% calcum alginate ansnsavilfuaalmdefiuenansgon
sve 2 uay 8 wad 1wisoldld vonvamadansildumaannsaldnauwminsidecsuaalndles

Tusguunsideawuy WOW



Abstract

In vitro embryo production using oocytes collected by OPU and transfer embryos to
recipients will produce calves born more than artificial insemination 10-20 times. This
research divided into 2 experiments. Experiment 1, collected oocytes from 10 dairy cows
every 7 days for 8 consecutive times. The total 932 follicle diameter 3-8 mm. could collect
657 oocytes (70.49%) by OPU. The blastocyst production rates were 23.5% in normal semen
group which was non-significant different from sexed semen group (13.1%). The pregnancy
rates after transfer embryos were 41.6% (25/60) in normal semen group and 38.7% (12/31) in
sexed semen group. The calving rates were 24/25 (96.0%) in normal semen group and 100%
(13/13) in sexed semen group. In normal semen group had male calves 45.8% (11/24) and
female calves 54.1% (13/24). In sexed semen group had male calf 8.3% (1/12) and female
calves 91.6% (11/12).

Experiment 2, this study aimed to examine how gel embedding compared with the
Well-of-Well (WOW) system when culturing bovine separated blastomeres, in terms of
developmental competence rates and blastocyst quality. We first optimized the gel-
embedding method via culturing intact zygotes in either 1% agarose or 1% calcium alginate
gel. Gel-embedded groups and control did not differ in development rates, but the 1%
calcium alginate group was selected for subsequent experiments due to higher blastocyst
recovery. The separated blastomeres group had higher potential for blastocyst production
than the intact embryo group. Among separated blastomeres (2- and 8-cell), WOW and 1%
calcium alginate did not differ in blastocyst formation rate, except between the 2-cell 1%
calcium alginate and WOW groups, with the latter exhibiting the highest rate of blastocyst
formation. Within the WOW system, the separated 2-cell embryo resulted in significantly
higher rates of OPU (ovum pick-up)-derived blastocysts than the intact 2-cell embryo. In
conclusion, the 1% calcium alginate gel can support cell growth of separated 2- and 8-cell
bovine embryos during blastomere aggregation. Moreover, the gel-embedded technique is a

suitable replacement for WOW in producing blastocysts from bovine separated blastomeres.
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MITLSINIRARlAUNTUEAAIENSAREontAuLTINaREn U utgezinulianeds OPU wWietily
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msternsaseuladionsiisususd 1970 flowsnunile (Betteridge, 1981; 2003) o

[y ;Y

nserulamealeiugimegailuuielinnliuinndt 1 lu udvhnswauiigumeyngelaiugnisy

[

A viaeaniu 7 Tu vihnsveaneigeusreruaaladaainuagniitevinnisinerndgeuludsladiiu
o % I o o a Ay 1 oA X Y ! v 8 v
Maseuld udnuiukazAunImeiIgoussesuaaladaila lini Yuediunisanlyvasladale
S o - 1% v 5 o q vy a w1 Yy aad v ] a
LaruNATIFIgauntea1slatinun e Mlidununisnandigeunie slaeudiags deuing
Waunisuaneaulunasauiilagldligniuainlaniiddn wasilisumesuludrernliladisu
Ieignlaiinun (Brackett wazmaniy, 1982) lull 1987 Callesen uazanz Uszaumudnsalunisiang

IQJ aaa ¥

Wulvannsalulandadidine1e35 OPU a7ntuludl 2006 Xu wazane Unldnazidulaainlameile

' 1%
v 6l e

ANl gy sy jauslunaesauiilagldunieusninalaginias Flow Cytometer Sy
Headgeulunasauii faeisnsiaunsondngniaummadienlrusunaiungld 8nvsnisvi
oPU Tula @wnsavinls 2 assreduasifnseiudunia 2 weulaelidwmadaseszsuvduiuglu
Aeuas (Aller wazaguy, 2010)

maunlul 2011 Presicce wagAmy MN1snTeRulamalilisnegasiu Follicle-stimulating
hormone (FSH) niaun13911 OPU wudndgeulandinisufjauslunasnumlsgldingouennaiula
v oy a N o a | =~ o v oy o " I3
Alaanlada FSH 9n5nN139sgseesuanaln@aainiisigouiilaainianlila FSH usagelsn

ac Koy a Yy yy v a Y A a Y

madsmsdsliaunsauszendldluganisale Wesnduyunisudndeudigadiefisuiunisueay
= 1 I3 a v 1 av v o ¥ .:4' = v v 1 av oy ) 1
ey agalsfinnuuSunadigeunlaainnisvin OPU deellawisuiudisaunltaainluniiuainlsee
o & A a a v & a 9 ! [y ] & [ J J Y
doifinaanusunalenidufsssusunandieiu nisiiladdesdungy nauag 20 Tu dnsins
WIdsreruaala@ageninnsiidesiiesdiersetasndn (Donnay kavAy, 1996; O’Doherty
wazAMy, 1997) Wasnnlallelidnuiuneadidauinnitlauy ngadewainisyin OPU 1 ass lule
Weaglabiuszuna 18-25 Tu Tuvaeilauulaliuszunm 2-10 Tu (Pontes wagmny, 2011) Tud
2007 Takawa wazAy vin1snangnlaunawiaindigeudfauslunasauiiainly OPU laeuen
uanalallesludigeussey 2 wad WisuguiunMsaniigeussusuaaladanuinsaesisanunse

WARANLALAR 83.3% WAz 75% AUIRU Lopes-da-Costa Wagame (2011) wuin Tufudl 42 wdams

grai1nfoauNlaaInNnIsAnASIUatdladd@a ulsawa U kasivuInindualaaun bilade



uenNtuAIsauralfansanaslusiu pregnancy-specific protein B (PSPB) aanulaiumangng
fuseeunlilasndnaie

¢ =

dosnUsnalefiangldannisin OpU Feenirlafiiuldaindlalsseindnd Jedamasie
Shrmaaiguazaunmuesseuiiededurasauti n1Uszendldinadia agarose embedded
helper embryos Tngtfgeuiildann OPU undsssaufufussouiinanainlaildanlsseinda i
Hal3lu 1% agrose nuddammaiasndsvozuaaladavoswinsou OPU ifindu Shandmufivanzay
3¥NI19A2190U OPU AU helper embryos fig 3 69 7 (Senatore hagAtdg, 2010) uenaniliigeu
svazuadladaainty OPU ﬁlﬁﬁ@mmwﬁﬁmﬁmﬁEJUﬁ’Uﬂ']'ﬁL?ﬁyméf’;éauLLwUﬂa (Deb wazmey,
2011)

Wisdunaliasiieieruanysegnaldsiuiuazainsaiiuysednsamni suangnlauine
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= =

Fedusaunnlusseznanduduld Sdunsmeasteiiazinunmsniziuliieds opu et
Tsvhnsufauslumeenufuuisudieunsldhideusninade wasiidoliuening winiiseu
ugeshnlilflaunsudiogdoyanisdwiesuaznisnaen uenatniagrnisfnyinavesnisuen
uaalaflefvesiiseulasze: 2 wa 8 wad Aldnnisufauslunaenuisulailéain OPU wax
WWinzanivlifiivanlsendns waeisnsifessseunsnuaaladloslunasaudliliseey
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BMIadumsiNe wazaauivinmnaasyiudaya

3.1. Wnsandiunside wazaauivinnisneasviiudeya

livemnansaudidewmalulagisounaziwanauiiin uinedemalulagygsuns

3.2 n15nnaasdl 1 nsAnwinisaizinulaleeds OPU et lvuvitnasufauslunasauda
wWisuiisunisldundauennaiisuazunvelivening ualirdigauludne
dnllauudsuiinegdayanisneviasiaznisnaan

3.2.1 Tadali mswiziulyuazibedldlignlunasauis

thuslausdisignanuda 1-3 fh uazegsewingdauy $1uau 10 & Faflmsdanisiaes
g n3liomns waranmiadoufieadu uvhnmsaegaldlngs OPU vnqduami 1au 8 et agll
finsansesluulaqiilatowneful lnswisivanreadifafiivunnsening 3-8 Sadiuns N5y
OPU Lmzaﬂlslifmﬂ%laaaLﬁa%h’ﬂ,sﬁﬂmq (Cova needle, Misawa Medical, Tokyo, Japan) Iagld
1A3995an31%17% (Prosound 2, Tokyo, Japan) ffi¥eu 7.5 MHz convex vaginal transducer §19
furdeagaaynia 120 mmHg lalaiAvlfazedlunasannass vuia 50 ml Aiflarsazane
Lactate Ringer’s L@ufa8 1% calf serum (CS, Gibco-BRL) waz 10 1U/ml Novo-Heparin injection
1000 (Aventis Pharma Ltd, Tokyo, Japan) sumgﬁLﬁﬂg@@iﬁﬂﬁﬁwmi%é’wﬁaLﬁméf’wmiazmsam

=Y

wiglinneg 2 wiil ndinasgaizluaiadu druinelauinsesiieyanses (Emcon Filter,

(% [
Y

Spring Valley, W, USA) vinmisfnidenluniduwadfyaasgieioy 2 tuuldidesduthendesly
Wianlunaeaui FeUanguingimie mineral oil (Sigma) tagsludadiu 20 Tu/100 pL vredesly
Usgnaunig TCM199 (Sigma) NHuRIe 10% Fetal bovine serum (FBS, Gibco-BRL), 50 1U/mL
hCG (Intervet), 0.02 AU/mL Follicle Stimulating Hormone (FSH; Antrin-R 10; Kyoritsu Seiyaku,
Tokyo, Japan) wag 1 pg/mL 17R-estradiol (Sigma) lnadieslauliludeuidessadfiaungil 38.5°C
Aeldussenniaiil 5% CO, in air \Wwiaiuu 23 Flug
3.22  mMswssuwaduviauily
<@ | o 1 1 v | o A [ 1 v o
wuveunlyainlseindgn) viednlumnulafessnunisyzateniainuazenly
d1582a18 0.9% NaCl Wneuglududswazdndmesfdfinig anturiinisdauenilodoineiiu
¥ ) ¥ ) 1 ) (% g:v @ I3 1 ) 1
20N UaUNIa1IANNAzaIn1EUeNYBNlIRIY 70% ethanol 2 ASY UTIUTIMAGYYIBINLY
IngldunAvyaganannigluvietliesnunasmenier mDPBS 3 ASY iaidnirunznouinlily
waduviotildoan a1ntuansluiien TCM 199 931 10% FBS 2 a5 anduvinisidedlaedeldly

100 pl vigminen TCM 199 751 10% FBS Tuanudsseadun 60 mm uddanausng mineral oil



)]

wneiaganglugeuiieawadnaungil 38.5°C neldussennianil 5% CO,in air wanyvieul i
Be Uil i@ msuri co-culture Audisau
3.23  nawsedagIdmsuuausluvasauia

o

Pudelaunliuanne wazlkenmAlRnIzweALlensIas 1 nan uvinazaty tagun

a

Fuanandslulasiaumar fsilusiniadunan 10 3unil ndewnduguasly water bath figamad

Y

(% '
=) =

37°C 30 3wl wawhAuEzeIRuLenviaend s 70 % ethanol anntusanasmiieliinded
azaneudilnaamasn eppendorf wddwmhidelulifunasa conical tube Afiten BO medium
Ffndae 2.5 mM caffeine wag 100 pe/mL heparin (Suteevun uagAniy, 2006) Usums 1.5 mL
udnilunades 45 ssalugeugaunil 38.5°C neldusserniaiill 5% CO, in air utu 30 und
Lﬁ@iﬁaq%ﬁﬁ%‘imwaﬁué’mummﬂaﬁ’]m (sperm swim-up) wé’dmﬂﬁ?u@mf’lmﬁwuu 1 mL W

(%

Tuviaen conical tube ifii1e1 BO 5 mL udahlutiudl 500x ¢ Wuaan 5 Wit 9ndugatiiendiu
Tafundeliianzeadfidunasn \Feaseaidilddeiend nsuuiaus (B0 medium fiiudae 4
me/mL BSA) Wlimnududuvesedd 1-2 §1ui/dd udrhlunenasuunuisaeadauin 60 mm
(100 uL/men) udrlnsae mineral oil wdlulludouiigamadl 38.5°C aeldussenniaiid 5%
CO, in air titesoufausiuls
3.2.4 nsuauslunasauin
ilafiunsidsduihendeddfaniunaeauds indreiehendmuufauslu
magauia 3 A ndsniuiilafinienly 20-25 1o wldluneathenfifoaifinieonlilude 3.23
wdninludilugeuineadiigamgd 38.5°C neldussenmaiia 5% CO, in air wu 10 F2la
3.2.5 nalasefsauluvaanufia
Souulduazeadsauiuasu 10 Falus dilvludreirethenissiseu (modified
synthetic oviduct fluid, mSOFaa TiANSA8 3 me/mL BSA, mMSOFaa-BSA). uditwaTuasmanes

(% (%
v

as el Feqduasivadiydaiiogsouqldeantviunian udiludeduiendehsouludndiu
20 Tu/100 pL 1w§auﬁqmmﬁ 385°C Meldussennaia 5% O, 5% CO, uay 90% N, tHuan 48
Falua ndsndurfiseusser 8 lwad Aedluting) mSOFaa-BSA fifllwadyvietild co-culture
Tneidesoouludadau 10 Tu/50 L Tudeuiigamgd 38.5°C meldusseaniedid 5% CO, in air so
8nilunan 5 Ju udniudoyadsouasyisssazuaialnda
3.2.6 msterinasaulinlagaiu

Fnswienililauvandudawazanlddaenisaen CIDR (DEC International NZ
Limited, Hamilton, New Zealand) 13lutssnasnla waydnsosluu £, wdeaniu 8 Suasis CIDR
8N WAIRAMTBSLUY Prostaglandin Fuq (PGF,q, Estrumate®, Vet Phama Friesoythe GmbH,
Friesoyth, Germany) #8431n2a PGF,q 60 Fluwzdngesluy Gonadotropin Releasing Hormone

(GnRH, Fertagyl®, Intervet International GmbH, Unterschleissheim, Germany) #&331n1u 7-8 U
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FaRTIYIALAYAIINTIININVIDIBNATIT 80 Fundsdrenindgeu waziiudayamevasgnlafiin

3.3. N1IMAavei 2 n1suenuatalallesvasiidaulaszes 2 uaz 8 waa Niaannisufausiu
Y o 1y v ad T o ¢ =
waeauinulunldain OPU uazdsnisiaesidgaunenuatalalissaudaszey
uanalads

3.3.1 nsznulvlalaeds OPU wazniswsauldlaannlseaindn

1%

fusalalaanlssandadliludnge (0.9% NaCl) vausidmieaujians THauues

' v
raa o (3 v a

19G doffunszuandaenvuin 5 ml aalufituwasfydaruainveadfaniidurigudnas 2-6

UAALUAS

dmsumaaniulalagds opu wilaitheseuunfiogsznindauy uaylldgnnszdu
shegesluu szgninnziivlvaneadidaiifidusiiguinans 2-6 mm feidu OPU wum 17G x 500
mm (Cova needle; Misawa Medical, Tokyo, Japan) Tneldinseadansie1as (HS-2000, Honda
Electronics Co. Ltd, Toyohashi, Japan) #8928 7.5 MHz convex vaginal transducer #i9 Ay
ir3eagaanaInTe 120 mmHg lalafiAuldezoglunasanaasivuin 50 ml fiflarsazans Lactate
Ringer’s LAUA28 1% calf serum (CS, Gibco-BRL) thag 10 1U/ml Novo-Heparin injection 1000
(Aventis Pharma Ltd, Tokyo, Japan)

drlalafiuldanlsdndnfuazis OPU 11819 34 ade lutineq Dulbecco’s
phosphate buffer (DPBS, Gibco-BRL, Grand Island, NY, USA) 1fugne 1% CS ¥nlufilddns 3-4
ads luthededlaiiuseneusie TCM-199 (Gibco-BRL) Minsae 5% CS, 0.02 AU/ml FSH (Antrin-
R 10; Kyoritsu Seiyaku, Tokyo, Japan) mﬂﬁuﬁﬂiﬁdé’haaﬂuﬁﬂmLgaauuaﬂuLgaaL%aé%a%ﬂqu
dhendae paraffin oil (Nacalai Tesque, Kyoto, Japan) desludnaau 20 1/100 pt ﬁﬂiﬁLgaﬂiuﬁaU
figaumail 38.5°C neldfussenIAnil 5% CO, 5n air W1y 20 Filug

3.3.2 nsufjauslunasauituaznisiaenisoula
nswssuUed usul fauslurasnuii imudunauwed Imai kazany (2006) lne

ﬁﬁﬁaaﬂ‘j’]L%@Iﬂumﬁ&ﬁﬂﬁué Holstein mazawluﬁwqmmﬁ 37°C wu 30 Jundl Favaeminide
MUAAIUURIYEINEN 45-90% Percoll gradient (GE Healthcare, Uppsala, Sweden) 4 ml vty
Wiesi 670 x guu 20 Wit antutaznevldadiutine BO (Brackett and Oliphant, 1975) iy
§8 10 mM Hypotaurine (Sigma), 4 ul/ml Heparin Juwilesdl 543 x guiu 5 undi ﬁmzﬂauaq%ﬁ
Ialuusumududu 3 Srusa/ml faetien BO Miiudae 5 mM Hypotaurine, 4 ul/ml Heparin
uag 10 mg/ml BSA (Sigma) ﬂﬂﬂﬁuﬁﬁlﬂl‘ajﬂﬁﬁuauwaaﬂLLﬁDﬁUlﬂjﬁQIﬂLLé”J Tudnaiu 20 Tu/100 pl

lidesludeuionmail 38.5°C Meldussenansl 5% CO, in air wiu 6 Tl



lonsu 6 $lus théhseulaiiinunsyausudundesieadmydasenlaelitiunuin
thlUda 3-4 ads luthendosindeu CR1aa iRudae 5% CS (Rosenkrans wazAmy 1993) TNy
ihiseulagoadlutinenissuunuiisweaddstanquineide paraffin ol iesludadiu 20
Tu/100 pt ﬁﬂm??sﬂug’fauﬁqmmﬁ 38.5°C Ael@UsTEINATS] 5% CO,, 5% O,, 90% N, U1 7-8
Fu ndsUfausuiu 31 wag 51 9alus fMdoulaszer 2 1wad uag 8 Wwad awdwy luidungu
muaulun1snaaewsioly
3.3.3 nsilesngeulaasluuviema
3.3.3.1 Widk9a 1% Agarose
N15LATBILAA 1% Agarose T1MATNTUABUYDY Senatore wazAMY (2010) TntIna
Agarose ¥if low gelling wag low melting point (Takara Korea Biomedical Inc. Seoul, Korea)
avaneluansazane PBS vhliUsimainiodeds autoclave antuiluiulifigamgdives (25-28°
0) luguvuveands Wedesnsthdseulailsatian tivafiguugiiviesnvinliazasifuveanan
delulasian 600 T0d w1u 90 Fundt Andusesugumianaunie 39°C tdideuln 5 Fiseu

o |

ey zygote E1easluungl 1% Agarose wazganausmigUiunuii antuiidigaulanegluus

a

wasdewiolutenieaiisou CRlaa iudae 5% Cs iluidedlugeuiigungd 38.5°C neld
U587AATET 5% CO,, 5% O,, 90% N, U1y 7-8 Ju
3.3.3.2 Wi9kaa 1% Calcium alginate
N19IMILNLIE 1% Calcium alginate ﬁmm%umawum Kobayashi agage (2006)
WIBUAITALa1Y 1% Sodium alginate Tawane Calcium alginate (Gibco-BRL) 1 ¢ azanalu
d1588a18 0.9% NaCl 100 ml waglm3suansazaly 0.1% Calcium chloride Taguue Calcium
chloride dehydrate (Wako Pure Chemical Industries, Ltd, Japan) 0.1 ¢ azatvludisazany
Lactate Ringer’s 100 mU iladasnisiisesaulailsanaa thsegeula 5 frdousses zygote H1uaq
Tuansazans 1% Sodium alginate aniughefgoulaadly a1sazats 0.1% Calcium chloride Wile
ahafuuviaen dmsoulafiegluwiseanidesieluiisnisscou CR1aa fiiiudae 5% CS
ﬁﬂmgﬂﬂué’auﬁqmmﬁ 38.5°C aneldiussennafia 5% CO,, 5% O,, 90% N, w1 7-8 Su
3.3.4 Msinseudlsaulanenuandladios
nswssusseulaLsnuataladied vmuduneuves Nagai wazamy (2013) Tneth
fseulaszey 2 wad way 8 Wwad mdsFauslunasauia 31 wag 51 H2lus mudiv) ldasly
a15a2a18 0.25% Protease (Kaken Pharmaceutical Co. Ltd, Tokyo, Japan) Wuan 2-3 il Lﬁa
fdndenvosiisou anduusnuatalade Svasiiseulagiedidauts Tnsuenddoulaszey 2
wad wonidu 1 vanaladies 2 ngu uaz fMoeulaszes 8 wad 1Wu 4 vanalawdles 2 ngu 7
punniivies tiiseulawsnuaaladlesuasiseutniluidsduaudssfivs WOW (hduaauau)

et lUHsluuiaaa 1% Calcium alginate (nguvaaes) Andutdgeuladeadlutiendesuy



a

MuABNYaETdanquinedae paraffin ol ldsdludndiu 5 1u/50 pl iludsdugouiionngd
38.5°C neldiussemefial 5% CO,, 5% O,, 90% N, U1u 6 u dmsusnseulpszey 2 1was uas 5
Tu dmsuseeulaseyy 8 lwaa ANaIAu
3.3.5 nMsUszliunanmiigaulassezuanalnded
nsUszdiunmuniwinseulaszazuatalada viautuneuves Thouas uazAmy
(2001) Tnetirsseulassuzuataladauidndluaisazats DPBS ffiusae 0.1 me/ml Propidium
iodide (PI), 0.2% v/v Triton X-100 w1 1 wadl andudendisdeulnsvezuatalnda Wuan 5
U9 Ay 25 ug/ml Bisbenzimide (Hoechst 33342) ﬁazmﬁagﬂu 99.5% ethanol ¥1f289ulA
svazuanalndaridondudaluddluiien slycerol anntutilunsuunszanaladuaslngae coverslip
mnﬁ?uﬁﬂﬂﬁaﬂﬁﬂé’aw@aaLﬁamwﬁ (Olympus, Tokyo, Japan) Wietiusiuiuwad lnefiead
trophectroderm aziududuns uaz inner cell mass azdiududiviisy

3.3.6 NNSIATIZUNEDA

1

AATITVTeNanIy one way ANOVA laglglusunsu SPSS 17.0 for windows (SPSS

Y

Inc., Chicago, IL, USA) vin1sideudeyaesidusidy arcsine nowrin1simsisianuunnenemia

admiamn P Waenin 0.05
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NANISNAADILAZ I

4.1 NaN1INnaag

4.1.1 NaN15NAABN 1

a o w a

1nM15197 1 msietiulleg?d oPU Tulauw 10 f ididsdaun Tngliinnsdngosluy
Taqlngsimn 7 Jufadedu 8 afs 9nrleadifawdurigudnans 3-8 mm. finsranuvienun 932 Tu
anunsaiuleldlaiomn 657 1 (70.49%) lunissi OPU fitladenanseafiiadestums
Aulgldunnuietios Tiunwusla Sallssnuilaiudiueses SuduladodosdouasiieadiAaluss
lnnaileiugdu vilviAuldlngds opU Tdunnndilafusdu (Monteiro uagany, 2017) wonanni
TaunfifdsinunagldldtesninlaundlsléSau (Vieira uazaniz, 2014) n138A GnRH Aauyi OPU
48 413 ﬁﬂﬁt,ﬁuiszﬂé’mnﬂdwﬂzjmﬁlajﬁﬂ GNRH (Ogata Wwagmuy, 2016) 1518974711152A FSH Aau
A15%1 OPU Iuiﬂum‘iﬂﬁlﬁulﬂﬁmﬂﬂdmajuﬁhiléfﬁﬂ (Vieira wazAy, 2014, 2016) ASI89IUVDS
Barboza da Silva waganug (2017) Favih OPU TulauuitlaiFeus wuinnisdn FSH Yuas 2 ada 2 vie
4 $u Apun1vi OPU Srunulaiiiulalaiumnsinsainnguitlallédn FsH

1nm1eit 1 lunduiiliindoldusnine Téssousyeruanaladaannisiujausly
masALia 23.5% Faganinguilliindeusnima (13.1%) aumpiindeusnnalidiseuaiad
szpvuanaladamenazdosuninlunssuiumsuenineinidodeinias Flow cytometer Yidoas
oglutheniiiid Hoecst 33342 agstion 6 2l Feaglufinavhlidnsinisufausuassnsmaaiy
yasidouananieisusuindedlivening Js1a1uduiivh oPU uazinlglukiufausly
vaenuildssousyaruatalnda 33.9-34.2% (Monteiro wazAmy, 2017) daunisldidenenine
lafppUsTaTUMAlATESE1I1 23-26% (Barboza da Silva waay, 2017) %aqaﬂ'ﬁwmiwﬂaaaﬁ

A3 1 wamstsseusserumaladaludronnliledasu nquilldinidoliue nined
SHTINNTRATTY 41.6% (25/60) %qqﬂﬂ’hﬂduﬁisﬁﬁﬁﬁalajLLaﬂmeﬁauﬁﬂﬁaa (38.7%, 12/31) lng
nquiliidelsivenmaiignaaen 24/25 (96.0%) Tnsfidasuutiagn 1 61 uazidugninag 45.8%
(11/24) uazwnedly 54.19% (13/24) nauillidndeusninelagiuyninaangnasulaidnisuiis ¢
gnunAR 8.3% (1/12) uaginaldly 91.6% (11/12) Ogata UagAniy (2016) Teumsdrenindiseula
fil#arnnnsrin OPU wazsifauslunasauda 9nadaries 42-57% dauseeues Viera uas
Ay (2016) Iddnsn1sarion 33-60% Tuseauiinisldgnlammdiofinannslddndousnna

91.6% aglunaueiunsgu Falweuenmeazlignlaumeidle 90-95% nasn1sinHaL Ty



M151991 1 wan15vi OPU ivlala nisvidfauslunasaui waznsinerndaseuliladisu

11

Type of DonorID  Follicle No. No.IVF  No. (%) No.(%) No.(%) No. (%) No. ET  Pregnancy Calving Male Female
semen 3-8 mm.  oocytes veP Cleaved® 8-cell® BL Day 7° calves calves
collected®

1 88 66 (75.0) 58 57 (98.2) 5 (61.4) 14 (24.5) 6 (10.5) 5 2 (40.0) 2 (100) 1 1

2 109 63 (57.7) 52 52 (100) 0 (57.6) 10 (19.2) 9(17.3) 9 4 (a4.9) 4 (100) 2 2

3 90 70 (77.7) 66 66 (100) 4 (51.5) 25 (37.8) 11 (16.6) 9 3(33.3) 3 (100) 1 2

Non-sexed a 117 86 (73.5) 77 76 (98.7) 6 (60.5) 40 (52.6) 29 (38.1) 27 12 (44.4) 11 91.6) 5 6

5 76 30 (39.4) 30 29 (96.6) 7 (58.6) 15 (51.7) 11(37.9) 10 4 (40.0) 4.(100) 2 2

Total 480 315 (65.6) 283 280 (98.9) 162 (57.8) 104 (37.1) 66 (23.5) 60 25 (41.6) 24 (96.0) 11 13

6 74 60 (81.0) 56 54 (96.4) 3 (42.5) 12 (22.2) 6(11.1) 5 2 (40.0) 2 (100) 0 2

7 89 74 (83.1) 61 60 (98.3) 31 (51.6) 21 (35.0) 9 (15.0) 7 3(42.8) 3 (100) 0 3

Sexed 8 104 81 (77.8) 77 77 (100) a (44.1) 29 (37.6) 8 (10.3) 6 2(33.3) 2 (100) 0 2

9 98 79 (80.6) 75 73 (97.3) 35 (47.9) 30 (41.0) 10 (13.6) 8 3 (37.5) 3 (100) 1 2

10 87 48 (55.1) a2 40 (95.2) 22 (52.3) 18 (45.0) 7(175) 5 2 (40.0) 2 (100) 0 2

Total 452 342 (75.6) 311 304 (97.7) 145 (47.6) ~ 110 (36.1) 40 (13.1) 31 12 (38.7) 12 (100) 1 11

49 of total number of follicle diameter 3-8 mm.

® 9 of No. IVF
€ 9% of No. IVC
9 96 of No. IVC

€% of No. IVC

NaNTSNAaRlUTANUWANAIN1EDR
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4.1.2 HAN1SNAABIN 2

4.1.2.1 HAYDILYINAA (1% Agarose kA 1% Calicium alginate) AiadnN3IINITLATYVDIAITIU
3%8Y zygote
91NN1INAABINUIBATINITRUIRINazN ST Ruladusisaussazuatalada Tunqu

NAaenHefigauTEey 1-9ad adluuviada 1% Agarose uazlyialaa 1% Calicium alginate fiungy

v 1 Y

mmwlmlmﬁhmaauiz v 1-@9a8 adlulyiaaa Lwsnananueg1eiivadn

[

UNN9EDH (F15199 2) way

o

£%

fmudninamninvesiiseuszeruamaladadldanniia 3 nau iefinnsanandiumeadiamuaudi

ldupnansiuedrafidoddneadd (m51e7 3) Inefisnsadsvesnissgivladuiissussazu

aalada ves 3 nau egNuszutuiovay 30 31NN1IVAABINNUIILAIRINTARTTY 2 vila L

q

daraldesiadnINITHUIILAEANNINVBIMI LT EEUAALNTETIL 9anAFRITUNANITNNABIYEY

Kobayashi kagamue (2006) Laa1nn1sANEIASI nuitmindesn1suiaeeusyesuadladanianain
oA o | | v a = w1 N

nauieitgouadluniadn 1% Agarose Ivdwwaliminaudsmenedigeussesuaaladady

pg1911n Tunmeassdnluadenlduriaaa 1% Calicium alginate unlglunisnaaes

4

4.1.2.2 NAYBILYINLAARDINTINITAIYVIAITIURENUAE AT

¥
a v I

IR 3 NUIFIDBUTLYY 8-LWAR MAUIIUIIULAYIAIBDULUY WOW 8751115

Wihulndudiseussezuanalada aindndnsoussey 2-wad Mdedlaensiliiisauatlunriaag

Y

1% Calicium alginate 8819818d"

[

ueEdd willoSeuieudnsinssaiulanenaniungy

]

Y [ o 1

Sugnuinliusnsnafuegnadfoddamneadn venandfmusnidiuuadiiseusssuaalnda

o

Adannsdesngeusvey s-1vad luanudssiseuuuy WOW S5nuwadimunuinnintdsey
svevvanalndaildanniaessideussey 2 wad Tnonistefiseuadluuiawa 1% Calicium alginate
Bnene

NATNARABINUIIANEITETUNTHARMBoUT Uz UandlnTaussfisouusnuaialaiilys
genddnseudndflilsvihnisusnuanalades uflumenduiuduuadiseuszosuaalndadils
nnsseulndililduenvanaladles geninguiinenvanaladles (ns1eil 5) iefiarsanenzngy
mssuusnuataladies nuidnsimsasyiuladuisoussesuaialadaaindsounen vaals

Y

Wlgsveeingausey 2-9an Mdedagnisiladluuvaan 1% Calicium alginate A1Nd1NgUYBIEY

o w

dounenuanalalissnauans) egrditedAynead egdlshoudmudni dnsniswsaduladu

o

Y

ND9UTLULUANALATAVDIAIB UL NUAALAITIINAIDDUTEEE 2-088 LALLAEIIUNULAYFIDIU

WUU WOW gafigaidlaiuSeuimeunaunguaus
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Basuonuanaladeslusseuausafindnnnsuanisoussozuanaladaligainiins
FeageusuuUnd uisuieaduesiiseuszsruaalndaiildavantosas woswinnisuen
vanaladleslushseusenuiiesiu vliusinaeadisuressseuanautuiu dwdenadosiuna
NINAABIVDY Tang wazAny (2012) ﬁv‘hmiwmaaﬂuﬁaéauw ez Tagawa azAy (2008) fivin
nsnmaesluigeuln :nnsvaaesinuidasmsesaivindusideussesuaaladadildannd
soungnuanalaflesvesingouses 24ad uay 8-1vad eidssenuidssisounuy WOW 1ie
Aeslaenisilafiseuasiuuriana 1% Calicium alginate lifinruuandisiy sniulungy veed
sounsnuanaladesldanideuses 2-4vad Tnsideadensilangouadluuiaaa 1% Calicium
alginate Fanuindiniingudue NANISNAADIHADANEBITUNANITNAREITDY Tagawa WATANY
(2008) LUy

Tnsasundinisilaiisouadluuviaaa 1% Calicium alginate fgeuilsagluuraaads
annsasasivlamuund wedeiannsatsludesnsfiudanmumuuiulunisdessoula
AunATlEINMRIAU L3 OPU wdhinnufauslunasauiald Tuvsadaduaulafiany
Fulgiusinados ilvsaseumuuiulunsidesiiseuanas dwalisnsnswdadulndy

LY I

) | w s Yo 1 av v o & i
7 auawzumah%ammmumu ﬂimuaqll'ﬁﬂi‘?]m']@Quml@"\]']ﬂI‘N"ZﬂﬁG]’JiJ']E]QaQIULLVNL"i]ﬁ 1%

' '
=~ a

Calicium alginate iaLiNERIIANUMUILULYBIIBOUTLA TR UsBaunlaann1sianzAulely

1Y
aa &

wenteld e?fﬁﬁumuﬁﬂmuﬁamﬁaLﬁmé’fm'}mwwmLLﬁuﬂJmﬂﬁL?ﬁymﬁaéauiﬁagiuizﬁuﬁ
wazay yenannsidauEsgouLuy WOW Zeilsieiiunendn udeehslsinudmudamly
Suneunsilefisounenuatalaiesaduuvisaa 19% Calicium alginate 13U N1SULENAI99NAINAU
vosumaladesfiuonooninisoussey s-wad lurasflaniie Cacl, fletugiluuiaan dewa
T numadiomavesshdeussevuaaladailanassn lunisnaasaoaiomaresszuunsiaes
sheeuiildannisiasivldlinguamidels opu Judenldfsoussey 2-wad wagnisdoei
gaufaudssiiseunuy Wow lunsinw
4.1.2.3 NamaagﬂLL'UUmslﬁyaeﬁqéauﬁiaﬁmﬂnﬂﬂﬁmﬂmﬁ'qdauszﬂz 2-1wad fldannsieiv
lilannnnianeds OPU
nnsnziiuldudlaaaiug Holstein aaunniaaeids OpU taglilaldesasiuulunis

[ o

nsrAUNITasyaseadfatusely 1Wudwu 12 a3 nuddledwu 145 lugnufauslagunie

[
a o

wolAwduds andnuuldnguamddu 172 Tu ndswinufausilunan 31 $alua levinisuus

Y J Y J

fgouszey 2-wad sanlu 2 nqu lnefisousses 2-wad 91w 46 Tu vinisuenuaialades
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¥ 14 4
N A

nazigaussuy 2-waa 91w 45 Tu deadunguarunuund Taevis 2 nquil wedluszuunisides

'
Y 1 [ [

1 a U dy % ! 1 = = § a a
19auRgInuluIUAEFIgRUIL UL WOW ‘W‘U’Nﬂ’sjﬂJVWl’]ﬂWiLLEJﬂUa’]ﬁIGlL%JEJﬁ 4 G]ﬁ?ﬂ’ﬁL‘-UiQJ}LG]UIW

[ Y 1 a v

Husiseussozsuaraladanasnitnguaiuauedsfifoddan1eada (115197 6) udegrslsing
Fauwadiiseuszezuaraladadiliannguaiuaugsnitnguivinnisuenuanalaideseded
Toddnymeadn (11519l 7) uiillefiansandnsdinvesdiiusad ICM Tusiseusseruanaladad
1o wudnlaiumnsinstuszning 2 nguansmnass deaonadesiunanisnaasses Johnson uazAa
(1995) war Tagawa wazAme (2008) I1NNITANWIABUNTIINUIIFIsoUTEEsUAELATaT LA NG

2UBINUANALWLTYS w198 TIIUIUYAANINUATBENINAI8aUUNASB8AL 50 LASIAN1SAHNGD

gouluuilalvigniinlaniuund
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A1919% 2 LAAIANINENNNI0LUNISRSYBIgaulaTses T-wadnlaainnisuausluvasnui

pasnilasngauadluLiala wazirluideselurasnnia

snsNsuleAvesia  mssyiuladudiseusses

. 3UIUA2B0Y . L o
NEUNAReY , dau (% ARl + vandlada Jui 7-8
5202 1-19ad o
SEM) (% Anaay + SEM)
. 86 48
NgUAUAY 100
(86.0  5.6) (48.0 = 3.7)
nquiiilefngauadluuriaeg 72 44
100
1% Agarose (72.0 + 5.8) (44.0 + 5.8)
nguitilsigouaduusieg 85 49
100
(85.0 £ 1.6) (49.0 + 5.8)

1% Calcium alginate

Joyatruuanadu Anade + SEM warlinuanuunnisegsdiduddymnsain Wevaaeusie one-way

ANOVA

a ° Yl ¢ S Ay a a 9]
M99 3 LLﬁ@QSLu?\]qu’]u¥ﬁaaﬂum3@@u5388LL@ﬂ%LLWUUaWﬂI@“@ﬁmi@If\Nﬂﬂ’]iﬂgauaiu%a@@uﬂﬁ

ANl auadluLLIaazinluReIRsluviaanLn?

INUIUATIUTLE Fuauilades + SEM
NGUNARDY uadladd \wag . LA
)= \wad TE 3
MR ICM VT
. 35.7 £ 87.8 =
nEuAIUAY a8 1235+ 3.2
5.0 a9
nguililsisauaduusiaea 382+  1155+%
a4 153.7 + 13.9
1% Agarose 39 153
nguililsigauaduusiaeg 358+ 926+
a9 128.5 + 15.2

1% Calcium alginate 4.9 11.4

Joyadreuuanadu Anade + SEM waglinuanuuwandsegadfed Agvnsadn Wenageusie one-way

ANOVA
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M99 4 UAAIANAINNTOTUNITIITYVOIRIODUTLYE 2-1988 LAz S-1waa Nin1shen

yanalsuileswazliunen anntutn ludeeweluaudesiioaukuy WOW 138 Laaelae

Hadaoouasdluuyiaas 1% Calicium alginate

. p FIUIUAD nsaseiulmduiidouszey
SYHLUDY sULUUYRY AnvazNISAes | R g
.. o oL gounlelu  vandla@a Juil 7-8 (% Anade +
290U 290U 290U -
NMSANEN SEM)
28
fraaunbilanen (56.0 + 2.47
vanaladies 1% Calcium 50 23
firgauUTTYY Alginate (46.0 + 2.4
2-19a8 61
. WOW >0 )
A2DIULLYN (125.6 + 4.2)
vandlaiies 1% Calcium 50 41
Alginate (88.3 + 9.6)°
34
o wow 20 .
fnsaunldlaunen (68.0 + 2.0)
vandlaiies 1% Calcium 50 30
fBausTes Alginate (60.0 + 0.0%°
8-Luaa 56
. wow RO )
NDDULLN (115.0 + 10.6)
uanalaiies 1% Calcium 50 55
Alginate (111.7 + 5.6)°
a,b,cd

Prasuanaduaade + SEM

uanIeANLANANEE sl Td AynIadalan P < 0.05 laevadaudie

one-way ANOVA uagdaya
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M1319% 5 wandluinuuwadlumseuszeziandunuuaialadailaainnisufausluvasauivesiioau

SYUY 2-LA8 haY 8-buad

[V
v A o

YRNNINTLYNUAE

foauwuu WOW #3e taeslasileiioouaslunniaas 1% Calicium alginate

Tadeswazlunen antuinldidesnaluaiuaes

5 IUIUAIB0Y duauilafed + SEM
EREAILN JUNUUVDY anwanIg .
} ] v . seyzUanalnds USRS
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ARTICLE INFO ABSTRACT

This study aimed to examine how gel embedding compared with the Well-of-Well (WOW) system when culturing
bovine separated blastomeres, in terms of developmental competence rates and blastocyst quality. We first
optimized the gel-embedding method via culturing intact zygotes in either 1% agarose or 1% calcium alginate
gel. Gel-embedded groups and control did not differ in development rates, but the 1% calcium alginate group
was selected for subsequent experiments due to higher blastocyst recovery. The separated embryo group had
higher potential for blastocyst production than the intact embryo group. Among separated blastomeres (2- and 8-
cell), WOW and 1% calcium alginate did not differ in blastocyst formation rate, except between the 2-cell
alginate and WOW groups, with the latter exhibiting the highest rate of blastocyst formation. Within the WOW
system, the separated 2-cell embryo resulted in significantly higher rates of OPU (ovum pick-up)-derived blas-
tocysts than the intact 2-cell embryo; however, the latter had more total cells than the former. In conclusion, the
1% calcium alginate gel can support cell growth of separated 2- and 8-cell bovine embryos during blastomere
aggregation. Moreover, the gel-embedded technique is a suitable replacement for WOW in producing blastocysts

Keywords:

Blastomere separation
Agar embedded embryo
Bovine

Embryo development

from bovine separated blastomeres.

1. Introduction

The combination of in vitro production (IVP) and ultrasound-guided
ovum pick-up (OPU) are more effective at producing progeny in cattle
than multiple ovulation and embryo transfer (MOET) (Pontes et al.,
2009). In 2014, approximately 614,464 bovine embryos were produced
through in vivo-derived methods, while 630,202 embryos were pro-
duced through in vitro fertilization (IVF), with the number expected to
increase in the future (Perry, 2015). Oocytes for the commercial pro-
duction of bovine embryos are typically performed through OPU-IVF
because the procedure can be repeated on donor cattle (Boni, 2012).

Despite the widespread use of OPU-IVF, oocyte retrieval rates are
fairly low: 5-25 oocytes in Japanese black cattle, < 8 in non-stimulated
Holstein cattle (Merton et al., 2009; Sugimura et al., 2013) and 3-20 in
superstimulated Holstein cattle (Senatore et al., 2010). Furthermore,
embryos cultured individually or in small groups resulted in lower
blastocyst yield and quality than large-group cultures (Gopichandran
and Leese, 2006; Senatore et al., 2010).

However, considerable advantages exist for using small-group cul-
tures when producing separated blastomeres from intact embryos

* Corresponding authors.
E-mail addresses: rangsun@g.sut.ac.th (R. Parnpai), imai@rakuno.ac.jp (K. Imai).

https://doi.org/10.1016/j.livsci.2017.11.010

(Vajta et al., 2000; Tagawa et al., 2008; Tang et al., 2012). Early em-
bryonic cells (zygote to morula stages) are totipotent stem cells
(Schramm and Paprocki, 2004) that can differentiate into any cell type
and even generate an entire organism. In cattle, separated embryos
have produced twin (Tagawa et al., 2008), triplet (Willadsen and Polge,
1981), and quadruplet (Johnson et al., 1995) monozygotic calves. In
humans, these methods involve generating separated blastomeres, a
technique that also contributes to studying epigenetic reprogramming
(Chavez et al., 2014) and generating embryonic stem cell lines for
preimplantation genetic diagnosis (Klimanskaya et al., 2006). The zona
pellucida must be removed for blastomere separation. Though tradi-
tionally achieved through micromanipulation (Willadsen and Polge,
1981), the expense of specialized equipment and the technical skill
required has increased preferences for the more recent technique of
removing zona pellucida through proteolytic-enzyme treatment
(Tagawa et al., 2008). However, zona pellucida removal can result in
the failure of separated blastomeres to aggregate properly (Tagawa
et al., 2008). The Well of Well (WOW) culture system mitigates this
problem through providing microenvironments with a very low volume
(approximately 0.1 pL) of culture medium around the embryo; this
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condition allows the establishment of autocrine and paracrine factors,
while creating more constant and suitable conditions for embryo de-
velopment than the original wells with 20 pL of medium (Vajta et al.,
2000). These studies indicate that separated blastomeres should be
grown in small cultures (Vajta et al., 2000; Tagawa et al., 2008; Tang
et al., 2012).

One technique that addresses the suboptimal performance of in-
dividual or small-group cultures is gel embedding. Inserting embryos
into materials such as calcium alginate gel (Kobayashi et al., 2006) or
low-melting-point agarose gel (Senatore et al., 2010; Deb et al., 2011)
appears to improve the developmental competence and quality of
small-group-cultured embryos, with embedded embryos capable of
becoming blastocysts (Tagawa et al., 2008; Nagai et al., 2013). We
hypothesized that the reason for this improved performance is because
the gel material functions as an artificial zona pellucida.

To the best of our knowledge, no reports are currently available on
the efficacy of embedding separated blastomeres in gel material. Thus,
our objective was to investigate the developmental rates and quality of
separated bovine embryos produced through blastomere separation and
gel embedding.

2. Materials and methods
2.1. Animal management

Non-lactating Holstein cows were used for OPU donors (n = 3;
parity = 5.0 * 1.0; body condition score [BCS] at start of experiment
= 2.4 = 0.1). All cows were housed in a loose housing barn and fed a
basal diet according to the Japanese Feeding Standard for Dairy Cattle
(National Agricultural Research Organization, 2006). The BCS was as-
sessed on a 5-point scale (1: extremely thin and 5: extremely obese)
with 0.25 increments (Ferguson et al., 1994).

2.2. Oocyte collection and in vitro maturation (IVM)

Bovine ovaries were transported from a slaughterhouse in 0.9%
sodium chloride solution. Cumulus oocyte complexes (COCs) were as-
pirated from follicles (diameter: 2-6 mm) using a 5-mL syringe with a
19-G needle.

Ovum pick-up was performed on non-stimulated Holstein cows
using an ultrasound scanner (HS-2000, Honda Electronics Co. Ltd,
Toyohashi, Japan) connected to a 7.5 MHz convex vaginal transducer.
COCs were aspirated from follicles (2-6 mm) with a 17-G X 500 mm
disposable needle (COVA needle; Misawa Medical, Tokyo, Japan).
Oocyte collection was performed under high vacuum pressure (120 mm
of Hg). Follicular contents were aspirated into 50-mL conical tube
containing 5 mL of Lactate Ringer's solution, supplemented with 1%
calf serum (CS, Gibco-BRL) and 10 IU/mL of Novo-Heparin injection
1000 (Aventis Pharma Ltd, Tokyo, Japan).

Both slaughterhouse and OPU-derived COCs were washed three
times in Dulbecco's phosphate buffered saline (DPBS, Gibco-BRL, Grand
Island, NY, USA) supplemented with 3% CS. Next, COCs were washed
twice in IVM medium, comprising TCM 199 (Gibco-BRL) supplemented
with 5% CS and 0.02 armor units/mL follicular stimulating hormone
(FSH, ANTORIN-R 10; Kyoritsu Seiyaku, Tokyo, Japan). Twenty COCs
were cultured in 100 pL droplets of IVM medium covered with paraffin
oil (Nacalai Tesque, Kyoto, Japan), placed in a 35-mm plastic dish.
Culture conditions were 38.5 °C under a humidified atmosphere of 5%
CO,, for 20 h.

2.3. Invitro fertilization (IVF) and in vitro culture (IVC)

Sperm preparation for IVF followed procedures from Imai et al.
(2006). Frozen semen from one Holstein bull was thawed at 37 °C,
placed in the top layer of 4 mL 45-90% Percoll gradient solution (GE
Healthcare, Uppsala, Sweden), and centrifuged at 670 X g for 20 min.
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Sperm pellets were re-suspended in 6 mL BO medium (Brackett and
Oliphant, 1975) supplemented with 10 mM hypotaurine (Sigma Che-
mical, St. Louis, MO, USA) and 4 uL/mL heparin (Novo-Heparin injec-
tion 1000; Aventis Pharma Ltd, Tokyo, Japan), then centrifuged at
543 x g for 5 min. The resultant precipitate was re-suspended in IVF
medium (BO medium supplemented with 5 mM hypotaurine, 4 U/mL
heparin, and 10 mg/mL bovine serum albumin [BSA]) and adjusted to a
final concentration of 3 X 10° spermatozoa/mL. Droplets (100 uL) of
sperm suspension were placed in a 35-mm plastic dish and covered with
paraffin oil to prepare the fertilization drops. Matured COCs were wa-
shed three times in IVF medium before 20 COCs were added to the
fertilization drop and cultured under a humidified atmosphere of 5%
CO,, at 38.5 °C for 6 h.

After IVF, presumptive zygotes were denuded through gentle pi-
petting using a fine glass pipette, and then washed three times in CR1aa
medium supplemented with 5% CS (Rosenkrans et al., 1993; Imai et al.,
2002). To act as controls for comparisons of developmental competence
with gel-embedded embryos, 20 presumptive zygotes were cultured in
100 pL droplets of CR1aa medium covered with paraffin oil; conditions
were a humidified atmosphere of 5% CO,, 5% O,, and 90% N, at
38.5 °C for 7-8 days. After 31 h post-insemination (hpi), intact 2-cell
stage embryos and intact 8-cell stage embryos (51 hpi) were collected
as a control for subsequent comparison with separated blastomeres (see
Section 2.5).

2.4. Embedded bovine embryos

2.4.1. Agarose gel (1%) solution

Preparation of 1% agarose gel followed procedures from Senatore
et al. (2010) with modifications. Agarose powder with low gelling and
melting points (Takara Korea Biomedical Inc., Seoul, Korea) was pre-
pared in phosphate buffer saline (PBS), autoclaved, and stored at
25-28 °C as a solidified gel. To embed embryos, agarose gel was melted
in a 600-watt microwave oven for 90 s and then cooled to 39 °C. Using a
fine glass Pasteur pipette, five randomly selected presumptive zygotes
were transferred to the agarose solution and embedded as a sausage-
like structure. Embryo gel chips were transferred to CR1aa medium and
covered in paraffin oil, then cultured in a humidified atmosphere of 5%
COs, 5% 05, and 90% N, at 38.5 °C for 7-8 days.

2.4.2. Calcium alginate gel (1%) solution

Alginate encapsulation was performed following previously pub-
lished procedures (Kobayashi et al., 2006). First, 1 g of alginate powder
(Gibco-BRL) was dissolved into 100 mL 0.9% NaCl solution. Next, 0.1 g
calcium chloride dihydrate (Wako Pure Chemical Industries, Ltd.,
Japan) was dissolved into 100 mL Lactate Ringer's solution to generate
0.1% CaCl, as a cross-link solution for gel formation. Embryo en-
capsulation was achieved through placing 1% sodium alginate solution
containing five randomly selected presumptive zygotes into the cross-
link solution. Alginate-encapsulated embryos were cultured in CR1aa
medium supplemented with 5% CS and covered with paraffin oil, under
the same conditions as the agarose-gel-embedded embryos.

2.5. Blastomere separation

The following procedure for blastomere separation was performed
as described by Nagai et al. (2013). Embryos at the 2-cell (31 hpi) or 8-
cell stages (51 hpi) were immersed in 0.25% protease solution (Kaken
Pharmaceutical Co. Ltd, Tokyo, Japan) for 2-3 min to remove zona
pellucida. Using a tapered Pasteur pipette, embryos were then gently
separated into two single blastomeres (from 2-cell stage) or two
quadruple blastomeres (from 8-cell stage) at 25-28 °C. Along with the
intact 2- and 8-cell embryos (Section 2.3), a pair of each blastomere
type was cultured in handmade WOW produced with a push pin
(control) or embedded in 1% calcium alginate gel (treatment). Control
and treatment intact embryos and separated blastomeres were placed in
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a 50 pL droplet CR1aa medium (5 embryos/drop) supplemented with
5% CS. Cultures were covered with paraffin oil and grown in a humi-
dified atmosphere of 5% CO,, 5% O,, and 90% N, at 38.5 °C under
paraffin oil for 6 days (single blastomere) or 5 days (quadruple blas-
tomere).

2.6. Assessment of blastocyst quality and embryo developmental
competence

Blastocyst quality was evaluated following procedures from Thouas
et al. (2001). Expanded blastocysts were washed with 0.1 mg/mL
propidium iodide (PI) and 0.2% (v/v) Triton X-100 dissolved in DPBS
for 1 min. Blastocysts were then stained with 25 ug/mL bisbenzimide
(Hoechst 33342) dissolved in 99.5% ethanol for 5 min, washed in gly-
cerol, mounted on glass slides, and flattened with cover slips. The
trophectoderm (TE) and inner cell mass (ICM) were counted under
fluorescence microscopy with UV light from a high-pressure mercury
burner (Olympus, Tokyo, Japan). Respectively, ICM and TE appeared in
blue and red. Cell cleavage, blastocyst formation, and total cell number
were also determined to measure developmental competence.

2.7. Statistical analysis

Cleavage and blastocyst formation rates are shown as percentages.
Total cell number is represented as means + SEM. All data were ana-
lyzed with one-way ANOVA in SPSS 17.0 for Windows (SPSS Inc.,
Chicago, IL, USA). Significance was set at P < 0.05.

3. Results

3.1. Effect of gel chips (1% agarose, 1% calcium alginate) on the
developmental competence of intact embryos

Cleavage and blastocyst formation rates did not significantly differ
between embryos embedded in 1% agarose, 1% calcium alginate, and
the control (Table 1). Total cell numbers also did not significantly differ
between embedded and control groups (Table 2). Although blastocyst
developmental competence and quality were not different between gel-
embedded groups, approximately 30% of the agarose-embedded blas-
tocysts were broken after removal from the gel chip. Therefore, 1%
calcium alginate gel was selected for the following experiments.

3.2. Effect of gel chips on the developmental competence of separated
blastomeres

Blastocyst formation rates (Table 3) of intact 8-cell embryos cul-
tured in WOW were significantly higher than intact 2-cell embryos
embedded in 1% calcium alginate, but did not differ between other
groups. Moreover, intact 8-cell embryos resulted in more blastocyst
cells than intact 2-cell embryos.

Blastocyst production potential was significantly higher in sepa-
rated embryos than in intact embryos. The total cell number in blas-
tocysts derived from intact embryos was higher than in those derived
from separated blastomeres (Table 4). Among separated blastomeres,
the single (2-cell) blastomere embedded in 1% calcium alginate had
significantly lower blastocyst formation rates than other groups.

Table 1
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Table 2
Cell numbers in expanded blastocysts of IVF-derived intact bovine blastocysts after cul-
ture in vitro.

Group No. blastocyst No. nuclei = SEM
examined
ICM TE Total cell
Control 48 35750 87.8x49 123.5 + 3.2
1% Agarose gel 44 38.2+39 1155+153 153.7+139
1% Calcium 49 35849 926=*11.4 128.5 * 15.2

alginate gel

Data in parentheses are presented as Mean + SEM. No significant difference was detected
among treatment groups at P < 0.05 using one-way ANOVA.

However, single blastomeres (from 2-cell) cultured in WOW exhibited
the highest blastocyst percentage.

3.3. Effect of culture type on the developmental competence of 2-cell OPU-
derived embryos

After 12 OPU cycles, we collected 172 OPU-derived oocytes from
three non-stimulated Holstein cows and successfully fertilized 145 of
them with thawed semen.

At 31 hpi, 46 separated 2-cell embryos were cultured in handmade
WOW, and 45 intact 2-cell embryos were cultured in the same condi-
tions as a control. Separated 2-cell embryos had significantly higher
blastocyst formation potential than the intact 2-cell group (81.8 + 16.5
versus 24.4 = 5.1; Table 5). However, blastocysts derived from intact 2-
cell embryos had significantly more total cells than blastocysts derived
from separated 2-cell embryos (Table 6).

4. Discussion

Our results demonstrated that 1% calcium alginate gel could sup-
port cell growth during blastomere aggregation of separated bovine
embryos from 2- and 8-cell stages. Embryos are traditionally cultured in
an optimal embryo/volume ratio to maintain appropriate autocrine and
paracrine signaling, thereby maximizing embryo development rates
(Gopichandran and Leese, 2006). Recently, a co-culture system using
gel embedding was developed that could maintain this embryo/volume
ratio for even a small number of embryos (Senatore et al., 2010). In the
present study, embryos embedded in two gel types successfully devel-
oped to the blastocyst stage. Further, embedded and non-embedded
embryos did not differ in developmental rate or total cell number.
These results are in agreement with studies showing that encapsulation
with 1% calcium alginate gel was harmless to embryo development
(Kobayashi et al., 2006), and that agarose-embedded embryos had si-
milar developmental competence as normal intact embryos (Senatore
et al.,, 2010). Gel-embedded embryos are effective in separating in-
dividual embryos from each other; this has applications as helper co-
cultures in systems with limited numbers of OPU/IVF oocytes (Senatore
et al., 2010; Deb et al., 2011).

This study is the first to successfully generate blastocysts from gel-
embedded bovine blastomeres. Our blastomere-separated embryos
(from 2-cell and 8-cell stages) resulted in a higher proportion of blas-
tocysts than intact embryos, corroborating previous reports in mice
(Tang et al., 2012) and cattle (Tagawa et al., 2008). We found that

Developmental competence of gel embedded IVF-derived intact bovine zygotes after culture in vitro.

Group No. oocytes inseminated No. (% Mean = SEM) cleaved embryos No. (% Mean + SEM) blastocyst on Day 7-8
Control 100 86 (86.0 + 5.6) 48 (48.0 + 3.7)
1% Agarose gel 100 72 (72.0 £ 5.8) 44 (44.0 £5.8)
1% Calcium alginate gel 100 85 (85.0 = 1.6) 49 (49.0 = 5.8)

Data in parentheses are presented as Mean + SEM. No significant difference was detected among treatment groups at P < 0.05 using one-way ANOVA.
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Table 3
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Developmental competence of intact and separated 2-cell and 8-cell embryos when culturing in WOW and 1% calcium alginate embedded culture method.

Stage of embryo Type of embryo Culture type

No. of embryos cultured No. (% Mean + SEM) blastocyst on Day 7-8

2-Cell Intact embryo WOow
1%alginate

2 single blastomere WOow
1%alginate

8-Cell Intact embryo wWOow
1%ealginate

2 quadruple blastomere WOow
1%ealginate

50 28 (56.0 + 2.4)*
50 23 (46.0 + 2.4)°
50 61 (125.6 + 4.2)¢
50 41 (88.3 + 9.6)°
50 34 (68.0 + 2.0)°
50 30 (60.0 + 0.0)™
50 56 (115.0 + 10.6)¢
50 55 (111.7 * 5.6)¢

ab.ed pifferent superscripts in the same column indicate significant difference at P < 0.05 using one-way ANOVA. Data in parentheses are presented as Mean = SEM.

Table 4

Cell numbers in expanded blastocysts of IVF-derived intact and separated bovine blastocysts after culture in WOW and 1%calcium alginate.

Stage of embryo Type of embryo Culture type

No. blastocyst examined

No. nuclei + SEM

ICM TE Total cell

2-Cell Intact embryo WOW 28 22.1 + 1.6° 80.1 + 2.2¢ 102.2 + 1.3°
1%alginate 23 29.3 + 2.0° 106.7 + 1.7¢ 136.0 + 1.0¢

2 single blastomere WOW 34 16.0 + 0.4% 53.7 = 0.9° 69.7 = 0.6"

1%alginate 13 17.7 + 1.3 49.4 + 2,0° 67.1 + 1.0°
8-Cell Intact embryo WOW 34 33.0 = 1.0¢ 115.2 = 1.2° 148.2 = 1.1°
1%alginate 30 35.5 + 1.44 123.2 + 2.5° 158.7 = 1.7

2 quadruple blastomere WOW 27 16.0 + 0.4° 51.0 + 1.3° 67.1 + 1.6°

1%alginate 20 15.5 + 0.5 45,5 + 0.5% 61.0 = 0.5

abedef pifferent superscripts in the same column indicate significant difference at P < 0.05 using one-way ANOVA. Data in parentheses are presented as Mean + SEM.

Table 5

Developmental competence of OPU-derived 2-cell intact and separated bovine embryos after culture in WOW.

Stage of embryo Culture type

No. of embryos cultured

No. (% Mean + SEM) blastocyst on Day 7-8

2-cell 45

46

Intact
2 single blastomere

12 (24.4 = 5.1)%
38 (81.8 * 16.5)°

@b Different superscripts in the same column indicate significant difference at P < 0.05 using one-way ANOVA. Data in parentheses are presented as Mean * SEM.

Table 6
Cell numbers in expanded blastocysts of OPU-derived 2-cell intact and separated bovine
embryos after culture in WOW.

Stage of Culture No. No. nuclei = SEM
embryo method blastocyst
examined ICM TE Total cell
2-Cell Intact 12 31.5 +2.0° 88.5% 37" 120.0 = 4.9*
2 single 36 14.5 + 0.4> 451 +0.5° 59.6 = 0.8°
blastomere

@b Different superscripts in the same column indicate significant difference at P < 0.05
using one-way ANOVA. Data in parentheses are presented as Mean + SEM.

blastocyst percentage did not significantly differ between 2-cell and 8-
cell separated blastomeres in either culture system, except the 2-cell
separated blastomere in 1% calcium alginate. These results are gen-
erally in agreement with research showing that blastocyst formation
rates are similar between WOW-cultured 2- and 8-cell-separated em-
bryos (Tagawa et al., 2008). Our data also support studies indicating
that the total cell number in blastocysts derived from separated blas-
tomeres is only half that of normal embryos (Tang et al., 2012; Nagai
et al., 2013). Moreover, the total cell number in blastocysts derived
from 8-cell alginate-embedded blastomeres was lower than other
groups. This outcome can be explained by our observation that quad-
ruple blastomeres disaggregated from each other when transferred to
the CaCl, cross-link solution (this phenomenon was not observed in the
2-cell group). Despite this decrease in cell number, we believe our re-
sults clearly demonstrate the effectiveness of 1% calcium alginate as a
gel-embedding alternative to the WOW culture system.

28

Factors such as donor identity and hormonal treatment influence
total oocyte number during OPU retrieval (Presicce et al., 2011). For
instance, OPU-IVP in Holstein cattle (Bos taurus) results in lower em-
bryo yields than in Nelore cattle (Bos indicus) because the former breed
has a smaller number of viable follicles suitable for OPU (Segerson
et al.,, 1984) and a negative energy balance (O’Doherty et al., 2014).
Our results revealed that the number of oocytes retrieved differed
across three Holstein donor cattle (data not shown). This finding cor-
roborated a previous study indicating a donor effect on OPU-collected
oocyte number (Su et al., 2009). However, cleavage, 2-cell formation,
and blastocyst formation rates did not differ among the three OPU
donors (data not shown). In addition, the formation rate of OPU-de-
rived blastocysts from separated 2-cell embryos was higher than the
rates of intact 2-cell embryos. Interestingly, the ICM proportion in
blastocysts did not differ between intact and separated 2-cell groups,
even though separated 2-cell embryos had a cell count that was ap-
proximately two times lower than intact 2-cell embryos. This result
corresponds to previous reports demonstrating that blastocysts pro-
duced from blastomere separation had only 50% of the total cell
number in blastocysts from intact embryos (Tagawa et al., 2008; Nagai
et al., 2013). Thus, blastomere separation techniques generate a half
embryo that can develop into a full blastocyst after transfer, exhibiting
the same developmental competence as an intact embryo (Willadsen
and Polge, 1981; Johnson et al., 1995; Tagawa et al., 2008). Taken
together, our findings and previous studies all confirm that blastocysts
generated through blastomere separation can successfully produce
offspring despite a lower cell number in the resultant blastocysts, a
standard indicator of embryo quality.



T. Juanpanich et al.

5. Conclusions

Our findings indicate that 1% calcium alginate gel could support
cell division during blastomere aggregation of separated bovine em-
bryos. Despite the fact that embedded separated-embryos had slightly
lower developmental competence than WOW separated-embryos. In
addition, gel embedding culture system could be an alternative method
to apply when getting low number of IVF-derived embryos from single
OPU session.
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