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Cloning of bovine embryo by using ear fibroblasts as donor cell
: Comparison of pregnancy rate after transferring fresh and

frozen-thawed embryos.
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: Comparison of pregnancy rate after transferring fresh and
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Abstract

This project was divided into 3 experiments. In Experiment 1, the objective was 1o
examined the efficiency of cloning American Brahman bull using ear fibroblast as donor cell and
tested the pregnancy and calving rates afier transferred cloned embryos to recipients. The fusion
and blastocyst rates were 84.7 and 31.8 %, respectively. Sixty two cloned hatching blastocysts
were transferred to 39 recipients resulting 14 (36%) recipients pregnant at 60 days. Four
recipients aborted 4 fetuses during 200-240 days of pregnant. Ten recipients (26%) gave birth to
11 calves (1 twin calves), 4 calves died soon after birth whereas another 7 calves survived and
had normal development after birth.‘The DNA microsatellite analysis showed that cloned calves

and donor cells were the same pattern and obviously different from recipients. In conclusion, car



fibroblasts of American Brahman bull can be reprograﬁlmed after cloning and produced high rate
of hve calves born.

Expcriment 2, the objective of this study was to determined whether the hatching stage of
cattle cloned blastocysts affected cryosurvival after vitrification, and whether addition of linoleic
acid-albumin (LAA) to the IVC medium and Ficoll to the vitrification solution improves
cryosurvival. Ear fibroblasts of female Holstein Friesian (HF) were used as donor cell. Fused
couplets were activated with ethanol and cycloheximide-cytochalasin D (day 0), and were -
allowed to develop in mSOFaa medium presence of 0.3% BSA or 0.1% LAA + 0.2% BSA.
Hatching blasiocysts were harvested at day 7.0, and classified into one of three categories,
according to the ratio of extruding embryonics diameter from zona to embryonic diameter inside
the: zona. The blastocysts were vitrified in 20% dimethylsulfoxide (DMSQ) + 20% cthylene
glycol (EG) + 0.5 M sucrose, with or without 10% Ficoll in TCM199 + 20% FBS, using Cryotop
as a cryodevice. The post-thaw survival of the blastocysts was assessed by in vitro culture for 24
h, When the LAA-supplemented IVC medium and the Ficoll-free vitrification solution were used,
cryosurvival of the early-hatching blastocysts (77%) was not different from those of middle- and
late-hatching blastocysts (74 and 80%, respective). Inclusion of Ficoll in the vitrification solution .
did not improve the cryosurvival of cloned blastocysts (54 to 68%). Early hatching SCNT
blastocysts produced in the absence of LAA were sensitive to vitrification procedure
(cryosurvival 56%; p < 0.05 versus 80% in the late-hatching blastocysts). The full-term
developmental potcntiél of cloned blastocysts was proven oaly in the non-vitrified control group.
In conclusion, bovine cloned blastocysts, regardless of their hatching stage, were relatively
resistant to vitrification by the ultra-rapid cooling procedure when the blastocysts were produced
in the presence of LAA.

Experiment 3, The objective of this study was to compare the effects of concentration of
EG and DMSO in the wvitrification solution on the survival rate of cloned bovine blastocysts
vitrified by micro-drop technique. Ear fibroblasts of female HF were used as donor cell. The
embryos were cultured in mSOFaa medium + 0.3% BSA for 7 days. Cloned blastocysts at
middle- and late-hatching were vitrified in V833 (16.5% EG + 16.5% DMSQO) or V835 (17.5%
EG + 17.5% DMSO0) using micro-drop tcchnique. Embryos were warmed by directly placed
micro-drop into 0.6 M sucrose at 38° C for 5 min and washed in 0.4 , 0.2 and 0 M sucrose for 5
min in each step at at 38° C. The post-thaw survival of the blastocysts was assessed by in vitro

culture for 24 h and differential stained with 75 ug/mL propidium iodide + 100 pg/mL Hoechst



33258, The cryosurvival of blastocysts after culturcd of V833 (86%) were slightly lower than
V835 (94%). Cell numbers of vitrified blastocysts were 130+50 and 128430 in V833 and VS35,
respectively. The pregnancy rate at days 60 of fresh and vitrified embryos were 15.8 and 11.8 %,
respectively. Only pregnant recipients from fresh embryos gave birth to live calves. In conclusion,
bovine cloned blastocysts were successfully vitrified by using micro-drop technique in V833 and

VS35,
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[} 1Y [
uazdonawiz 1Rl 17 polar body 11219 1 11011107%T 5 pg/mL cytochalasin B uagiirlida
thnfsaeannigldndesgansienhiandy hdsvee 200 vi) Tagld micromanipulator Tag
Jalvidwmiia 1¥ polar body agfidmms 12 wiim vimhuldiduudda zona pellucida Hiog
1 :’, 5 '
miie 1" polar body 9101IUNATR 1% polar body uaz 1y Tanatada (10%) HaABBANININ zona
L4 ] L L
pellucida 9w lvid et andeandannde 5 afaluile1 Emcare holding nazseou
o a o g
NFENIRABAARULLL
= 4 ¢ :‘l’ w ¥
2.3 A15aa Weuwadd U INAzN 1 THIR 108U
1% micromanipulator famadAutyuFURIgUENT IR 14-16 um sxgnidoadh T
S v e ane Hoieo o o =) q’; e 1 L :
UFIIY perivitelline space Vo< lufifdatiundvasanuda vmntiuiih e Iilutien zem
msemradauuuLnes lundtalinadvaeenudnddisduseld fusion electrode Ino
daeg Idfinszuanss 2 859 (2.4 kV/em U 15 ps; electrodes R 110 pm) Tagld
AFBuTBYAd SUT F-1 naseniimsivemradida 1 92 lnadaestiufinhiimsdenduis
» [ v
pils eimfuiuawe ladenradduie laszquiminanisuisdalurirer Emcare holding
] & » ¥ ]
18l 7% ethanol UM 5 u vInul iliaesaluriter mSOFaa + 10% FBS 9l 10 pg/mL
cycloheximide + 1.25 ug/mL Cytochalasin D 1a8186349 5% CO, in air 8L 38.5°C UMW 5 7
18 14 9 [ » 1
Tus mimiuidaseu 1idos1uii1e1 mSOFaa medium #ii1 0.3% BSA Taoifisad 5% CO,, 5%
0, 90% N, 9aM il 38.5°C w1 2 Fu (20 A2881/100 pL) MiuAIBUITY: 8 (HAdIzgMIT
¥ 1
Tuigessmnurieniriuln (bovine oviductal epithelial cells) fi 5% CO, gUUQA 38.5°C U 5
13 L]
* ¥ ¥
Tu (10 #80u/100 pL) szldouiiwuniesn 50 uL uaziherlvailulSinenviiuyniy
2.4 mafhasdndlsen
9z1i1A390u Ta Tnauileszoz hatching blastocyst 915 7-8 ulufeding@aiuTng3s
liirda Tagezdierhn 1-2 deeumaty Tarezihdaseu lillassindaredlaungnduil
[ ) - [ o4 = o 3! ar = [ - - °
arzan lvvesInamvieoi lnfigamilenididudauesidludaawsssund msmileni
MW ladudairidlaonista 500 pg U041 PGF,, analogue (Estrumate; Sherling-Plough, New
¥ v [ L4
South Wales, Australia) tiazvzasrensamsdiaslfiniosgaasianadluiufl 40 vesnisds

Hy ) o 'S v A A w - & &
Nod “azﬂgﬁ’qqggﬁ?ﬂﬂ’l?ﬁﬂﬂﬂ\ﬂ”?ﬂ“ 60 1 120 U9INTITAINDUNBHUIUNTBDNATIVUS
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2.5 115370 DNA goinlnauiis

msafn DNA windeavesiaduuuy golaleavils wovladasuezldwaada
“Perfect gDNA blood mini, for human and animal blood’: 0INUTEN Eppendorf A13A57% DNA
microsatellitc 9219 Primer 2 %A fi8 MGTG 4B (5" GAGCAGCTTCTTTCTTTCTCATCTT-3")
il PCR product U@ 134-164 bp daumﬁamﬁ‘a TGLA 126 (5 TTGGTCTCTATTCTCTG
AATATTCC-3") i PCR product YM1a 106-137 bp 1oz 14 PCR cycle &4iiAte initial denaturation
# 95°C w5 Wit oniues A cycle A 1 Tao5uid1919uM5 denaturation A 95°C U 1
Ul ﬁ anncaling step 46°C H1U | TN cxtention‘ﬁ 72°C W4 1.30 U ﬂzﬁw‘%{mm 40 cycles
Tuseugatuszasgungdd 72°C een'ludn 5 i 1My PCR product 7 1Kozgrifiu 137
quugil 4°C vl PCR  product 'ﬁ"lﬁ'muanﬁ1m1mmn9i1ameﬁu1§nssuﬁ"w 6%
Polyacrylamide gel electrophoresis (PAGE) mnﬁuﬁam gel ﬁl]ﬁmgﬂn silver staining mﬂu:'u

MnmsifSeudsunou DNA fsingsenisladuu galalaauiianazniTndasy

¥
HAN1INARDY )
waams InauiisTaslfinsoudomaad SUT F-1 1ddaimisweumsadansy 84.7%

uazmseS Ay lavesdaseu Tnouiieszos blastocyst 31.8% (A15199 1)

:; =y o a1 P
5197 1 manTydu TalunasandiussdrgouTalanuil

Fused Embryos Cleaved S-ceil Morula Blastocyst
(%) cultured (%) (%) (%) (%)
" 464/548 451 393/451 292/4:51 1737393 125/393
(84.7) (87.1) (64.7‘_) (44.0) (31.8)

f

1
.
3

nasnnderdndiseulalaauiiaszes hatching blastocyst 11w 62 Arveuldingd
: fi ¥
FUSIUIU 39 A2 (@1319T 2) WuImdeIndamneh 60 JundewmniludaiiniIndaias
] »
14 1 (36%) TladaTunisgninodfianus 4 #1 sendn 200240 Jundailuda uazlingla
o v e W o e e A o i
$1uau 10 A2 AraiesunsENInaBa (26%) Wy Tanamesgnuda 1 @1 (@13190 3) Ta
[] ¥
A[UANBARNATNAWTITNTIABDALY 1 AITuTuR 25 qmAaun 2546 iniminusnna
¥ . '
32.5 An. fiquaiudaus i 1dsunnaaden quaw 2 Tadaiuvinoay CB 17 asufvua
o +4 L £ o LN & ot 1Y 1
aaoauads hilleimswiouaasaivimsriaainasads ldgnlnsenniidiaeg 14 15 i

i » [l »
@eF3a nisandual Tadrsuanaagaianualimandeagnlaniiddaienm 7 47 (quam
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2-8) uazusilad@fuNIATIeINs e DNA microsatellite  WuTguanmazgnln laauils
¥ f] [l
quATIL 7 7adl DNA mfloudunnisemsiaznnnaieein DNA veailadasy (31U 1) ga
* |4 [ » ) .
Talnautisguaniia 7 42 (gUf 2) hminusmidamae 41.21 nn. TasgnlaTaauisqua

. ¥ . ' .
A (guaw 2) naeresnniiminusniiaveefiqa’ (325 an) uazgnlalaauilsgy
o A sy o - o ‘A4 A o 2 -
WA 4 (guat 5) hminusnifageiiga (46 an.) WeMounugn InTaauilsguanma

787 :

t 3 ]
5190 2 wanisdsiesndedorndagen Tnlnauilessee hatching blastocyst 81 7-8 1 §

uyIndasu :
i S dunumiTudies (%) Sruruisu
swow | ?
L. @ 60 180 200 220 240 260 AaRARA
f51 Ju T Sy - s Tu Yu (%)
39 62/39 14 14 13 12 11 10 10

. (
(1.6) (36%) (36%) (33%) (31%) 1 (28%) (26%) (26%)

e e

- -

T
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[ 3 - v
M99 3 wazPeansnaea minusniia vesgnlaTanuils

Hua

sHTIa

HU.

Y 2y viiaves . amumn  TOIHAN
s adl.naea Asties msnaes  MIN0A - Haqiu
fv v Hlan3w)
CB13  259.M.2546 276 SITNHIR 325 i¥3a %70
CB17 26 9.1, 2546 281 H1RA ! 455 w15 A ;
, naInaDA
BG24  25W.4.2546 276 FITUTIA | 450 1%7a ¥
BG47 30 W.0.2546 276 FITUBIA < 445 1%3a 1i%7a
CB52 11%.9. 2546 281 BSSUMIR | 440 a8 20 $2Tas .
| niInaen
CB69  125.0. 2546 272 FITUFA 19.0 ATERTR N -
99000
5ITUEA 250 A6 15 U -
| ARG
CB23 24 1.0.2546 283 TITUNE 460 1¥a IEET)
CB20 287%.9.2546 290 5SINNE L 40.0 153 1¥n
BG30  5u.A. 2547 292 FISUY TR 425 1%3a % n
CB5  7u.0. 2547 286 FTIUNA - 38.0 %30 LRl
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CB BG BG CB CB BG CB
Tt T2 13 T3 24 T4 47 T5 23 Te 20 T7 30 T8 5§

| MGTG 4B |
CB  BG BG CB CB BG cB

TL T2 13 T3 24 T4 47 TS5 23 T6 20 T7 30 T8 5

TGLA 136

1 . ¥
JUN 1 HONI5ATI9 DNA microsatellite 90 1A IAAUTIgUAMNL 7 @utoudugua laduuy

uazusiladaiu Tno T1 fie DNA A lR0ngua Taduuuy; T2-T8 fie DNA veagnln

] »
= = o4

Tnautisquaridansneudedanl 7 #1%3e; CB ey BG awdioaamvfionuiomy

Uyzdnulaasu

* . ¥
g 2 gnlalaauiequatune 7 @1 oogdvasiiong1d 12 fou

mn*ﬁ’auamsm%‘iynﬁ‘uTwum::ﬁa'lu'mhumrmqnTﬂTﬂauﬁ‘ﬂuszuz 6 1FBU (P15139
gy wuignialaauiisiisanmswsudulamis 920 nfuAu Fegandiauadenas giuves
Tevufusriiuludszmelng f5van lasguiisunshyaiuidaidmannas (730 afw
Tu) é"mm'lsm?tuuzﬁuimmqnTﬂiﬂﬂuﬁd“lu'i:ﬂzriaumhuwudﬁfuﬁ'ummrrm15n‘lums

¥ ¥ r
AR TULYRAIAISY @IS Dvesgua 5 dUSmanhnisonuasuadug il
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oaT NI TAU Tavasgua 5 doontiguandldu egniney 11-12 @ou (314 3) gn

TaTaauialigunimidians synda

MmN 4 Sasnseiadu Tavesgn Ialnauilsdaminasuisery 6 fou

vmin (on.) DRIINTG
Tnlnawils  _ . B . B u u Iy le

e 1i@eu  2feu  3APM 410U SIAPU 6 1w y

(hA./3U)
quaw2 325 610 1045 1365 1700 1985 2270 1.08
quawl 450 785 1095  147.0 1765 2100 2290 1.02
QUA A 445 610 91.0 1400 1400 1815 2010 0.86
AUATNS 460 595 81.5 1150 1150 1290 1460 0.55
QUATNG6 400  67.5 96.5 1570 1570 1845  202.0 0.90
AUAIM 7 425 785 1075 1590 1590 1830 2060 0.90
qUAINE 380 895 1180 1860 1860 2100  240.0 112
wuefs 412 707 1012 1486 1576 1852 2072 0.92

59 3 gnlalaautiguaiumii 743 meglynsliongld 11-12 dou
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J0150iNaNITNADRY

yinransvanesiuaas iyl ndeadousad  SUT FI findaTaouminmas
maTuTadgsui Wransmaasdi liduonnieufemvaddronszua lifhiidedsFoon
anlszme Geasse uazang, 2543) uazmminnﬁﬂgnTﬂTﬂauﬁmaanaanmﬁ%ﬁmaﬂ'lﬁ’
fla 7@ minmans msdharhagasenTaaudiei TAnawaddunuy Tadleiugadon i Tadasu
avteanuda 220 Suludangendifinwanunuaziisannsiitindidsemmsude
A (Hill 1agame, 2000)

Jumsnanssiildwaddunnluszey G1 Swanarsnnnis Tnauilsungaonaseld
iradauuuyluszey GO 915109 MYes Wilmut HazAne (1997) wuduvaddunvuamsegly
seoy GO el fiwadduuuniiants reprogram Rawysal 1ATUN1SNAABVOS Parnpai 1Az
AMz (2000) WuTuradAuuuiiegluszey GO iemadizezGl (cycling stage) §18ATINTS
19505202 blastocyst luuARAIY uanmnﬁyﬁ’qﬁﬂmmm Hill nazAme (1999) lag
Zakhartchenko LAZANZ (1999) wm’waﬁ‘]uizﬂz cycling stage NoATININTYFIvay
blastocyst §ININFARTLLY GO

Jmﬁ’mismﬁmmgnTﬁiﬁauﬁqqmmwudwﬁffmﬁnﬁauﬁwmn TagihinnTusn
ifamae 41.21 nn. 5’1ﬁu€ﬂm?ﬁ’um1ﬁﬁunzﬁﬁ’mﬁ'ﬂum!ﬁﬂm‘ﬁiﬂ 30 NN, (htp//www.vetku,
ac.th/library-homepage/db_directory/ruminant/lg_rum/cattl e/cattle_i:raman.htm) o8 l5Aauiis1o
auidseufidoslunasaudanazdiseulnauile  sxfinTfudeeiiminusa@ann
NIHITOUATNEITINYIA (Behboodi LAZAMY, 1995; Garry HIASANE, 1996; Wilson LAZAMNY,
1995) tugae 3 Lﬂ“auusmmqmsﬁvqﬁmw:m'mﬁﬁa%’uﬁé’mmm;ﬁqﬁqa finrsfny WU
aungiRansuielusziznmdman cumaianannufadnfvenisadusnuesgndad
Tnauits 15y Hydroallantois, Edema, #13iainazeninuey Cotyledons firadnd (Hill uaz
AME, 1999, 2000, 2001; De Sousa HazAMe, 2000; Stice UTLAMT, 1996; Wells LInLAY, 1999)
FalugninnfesiitSuna Cotyledons 70-120 Sy KOEFNUARILA 58 M (Kennedy and
Miller, 1993) HAISAONINUI 24% ﬂummsmﬂ«umqnﬁ'ﬁﬂﬂﬂuﬁwﬁ’aﬂﬂeﬂlﬁﬂmnmmﬁﬂ
1Jﬂﬁmmswunf‘i’msé&ﬁymuinnw {(musculoskeletal system) FesatamRalnAvesdy
Buiitadarznitdede wdemnmsnzasisdenvesialaouiiterg 2 I nffoudovivla
dndnuilifieufisdndlag  Adsenfinwinlndveslalaauils (Wells tazaw,
2004)  diswauesrevusmuiadndaniv 141uTa Tnaudisdenrmiadnfvesden lnila
(Renard niazanz, 1999) nsanulunmyduins Inautiudszugdduiuesdinimulnd
(Ogonuki tazamz, 2002) ualulninauiialuilswaumnmalnddoyuednd (Lanza

narAme, 2001) HazdinsnAassnu A UARUNAYBIVLIUNTS reprogramming dIHa 1HING
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- oo & at T e 1 v ar v
AUARUARABYLIUNTT DNA methylation Feiin s uuden1sianwesdicey uazium
vmd g lunsalugunisuaaieanvedBud,  X-chromosome inactivation, - genomic
. .. . . . & ' N o ta -
imprinting, chromatin modification ¥¥liNadsvuIuMsainIauazasnTwArlnifalnaves
dvou unzflurumalfidenisutaiazaisvesinlnautls (Li nazame, 1992; Okano iax
AN, 1999)

dw o o v - o &
pneantsnanesiuaashiiugl  misTeaviisansoiiniFlumsiuswaunaz

A o d:{d ar dt:i U J n’: dy - =
as Pidsdaintiugnssudion]d Flunnanesnsaianunsoniagnialaauilsquan’ld

ar :de = Qs o Gi: 9 ar g + A =t  ar 9/
7 @2 uenoniidedi IndzsuRideios 220 Tuludasigeniniuneiisisanan uazlidasimsuds
a1 eI AeIfY (Hill tazamy, 20000 daiuma TuTad Inauiisdauihunuanmg

& a =y 4{ W o o Y
winlumsinSnaladlewufadionTasdmuaiugnssu ldamdens
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MINARedIN 2 Bntwaved LAA huheudwedieey, Ficoll Tusheuvuds uaz
hatching stage AednIITEAVAINIBOUIAINAUNINEIDINUYNDS

1ae38 vitrification Tagly Cryotop

unin
v od - . A o + g ' @ - A acaas

msusuialaedt virification WhiainsilFlunsusudsliuazdrdenvesdsiidin
~diefazifusou 13 1Hluewea l@fuszeznariionu. meldaungiidunng (19600
é -, U " ¥ b J g 1:’\ 1 a - Qs 'y .
#3733 vitrification i1 Rall taz Fahy (1985) ldAeduiumefiszusuisdsoudaiinogndas

T Y . 3

wn hAtusude hihiFfandnindalaoldmsiifinnduiudedife  205% )
DMSO, 15.5% (w/v) acetamide, 10% (w/v) 1,2 propanediol, 6% (w/v} polyethylene glycol Tas
equilibrate A2goulumsazarenNarduduyes cryoprotectant sz 25% Ngunpiives

w1 15 uh ntiudedremn BBluthomiinamdudu 50% Agamgil 4°C w10 wid 1dada

r
i

r ¥
ol T3 Remdudiy 100% Nguwgil 4C w10 WA 9INTTUTIR vimification Taaguas
& T =4 . - : ar o o= P
luTasiouman deunlull a.a. 1986 Massip tazpuzifluinIngsnaasfunsaitszauain
s o .. . ar ¥ { o ar
du5alun1svi vitrification MaseuTauazilufausaidszauniudiiolunsiredndaseu
e L, . 1w e A :y o qyt|n ynd:dé’ r oA
M vitrification ud i Ta@afuiimsasies T5n1silee i liifarimiudduluszndd
o =4 a ar :’ 9/ o
anguu il sazvziimanlfvunlasdasuzmamenwveno linaedluue wdeii
dnvuzlandoud nadmeinmnuautidvosvsavad ¥ ldusnlasudneazneamontnon
o e [ n‘: o : o ] 1 o 3
dnyazvaunan Iifluvewdaviniu as hidarimivdassoiiisad lildTusuaswiil
- ¥ o4 d o o QW . . . . e e Y oa
amguonnantiwis indaduvesnisdirly viification solution liifaniadrendntimda
{#in15angUNNIveN vitrification solution A0ENs AT AAzNsIFa iU cryoprotectants
& [ e .v o o ° o : 1
gzl hifandninds sasufresnsonguugiifiesibifimihudailandonds 14
¥ <y Q{ug =) as L] L o -
lnhufgniiussdesanguugilasdiedasidiedindes 107°cAud Jaeziilfifailsng
¥ ¥ [) * r
AIniilld Aaudededld vimification solution YSumndesy efvehlfidan sy
gl (heat transfer) 1@ 2015 ¥ A
Hopufimsdnmnisusudsdroeulnlagids virification Ausddeiiiosuilogiuil
nsfafumsuziazaUnsalime l¥lunsusuds 91Wigu electron microscope grids (Martino
iagnue, 1996) open pulled straw (OPS, Vajta uazfiie., 1997) cryoloop (Lane Nasamy,,
1999) hemi straw (Vanderzwalmen {10zAMS., 2000) gel-loading tip (Tominaga and Hamada,
é o o~y o t
2001) uag flexipet-denuding pipette (Licbermann 0gAm., 2002) HaNNIpUUANAUAAINATT

¥
Tl umsnsudsdivounaudszey 1 iradoudeszos blastocyst 18
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Frvoulnfinaalagis laoufisesfsfivsnau/fonly (zona pellucida) Fudaoin
viuntsiisaiandeasenan’ts  MilddseulalaoutiaimsWanndigssez  hatching
blastocyst 1%‘::n'hé’ha'auﬁﬂﬁﬁuﬁﬂm'ﬁ:smnﬁﬁ?aHﬁwTﬂﬁ%ﬂﬁauﬁunaaﬂuﬁ’a Hagzil
zona pellucida fiauysal 11l 2000 Nguyen tazaniz Wininemaasfuusafisvauniy
o lunsusudedsoulalaauiis Taolduasanaadnvuia 250 ul fumsuzfildluns
ugiemaseu Taoldihnusifefivsznoudan 40% ethylene glycol (EG) + 18% Ficoll + 0.3
M sucrose (EFS40) Safiuthemsuieftiisosnnnidalan Kasai unzaaie (1990) 991834013
ngudemaseu nfindnTaomslfausluvasauf mﬂqmﬁwwﬁmﬁmﬁu Gong HAZAME
2004) tszaumwduiolumsnangnTnTnauiisirmunsusudsfasouTaoTs virification

Snufo U msaeEssulnheiiEsy sevilidaseuRanisar e lusiu
muluradga uamnEsssaseuluthei hildfussrehimseunusentsusudadaies
vnfSue luiuhusadiioo (Massip unzANY, 1995; Yamashita HOSAME., 1999; Abe 1A
AN, 2002) 51 unsaturated fatty acid-conjugated BSA (linoleic acid-albumin, LAA) 1141:1:"1
g1 IVM, IVF (Hochi 1azAme, 1999) 11ag IVC (Tominaga HASAME, 2000; Hochi HAZANY,
1999; Imai HAZAME, 1997) sxtanlimseudmmum AT afimnndy

Tuntmaassiideemsiny1aninaves LAA Tuthofosdaseu waves Ficoll Turh

U - S V) . v oo ot -~ [ (-] Ll
gMFUUIAITOU 1AL hatching stage ADOATITOAVDIAIBOU 1A InaUTlaHAININUTIVITABIT

vitrification A& 1% Cryotop

IEmsneany
R
1. Msnigaziilylun1smanes
aday A o4
mnadildmiauluntinaasi
2. MananMIvanlnanils
- d
2.1 Msasaagd
¥ ¥
aarumrialuy Taunamduwsdios o 2 Fu vuwilssum 0.5 ¥u. uazdwiums
ABIFUREINUNITNAABITN 1
2.2 maesaslainvare
AutiumsivileunIsnaaed 1
= .s' d -:'; or
2.3 N5 Wemsadd uuuvLazn 16N 10U
1T mswwasfunIsneaesn 1 uasudsomirlvaiFemgaddnd ondarexir 1y
¥ w » "
nszAu e1niuh Iidesre lutie) mSOFaa + 10% FBS 91 10 pg/mL cyclobeximide +1.25 w

g/mL cytochalasin D Taaidnai 5% CO, in air gUYMQI 38.5°C Uty 5 42119 Itinhiddeu
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YuioeTutiien mSOFaa Al 0.3% BSA %30 0.1% LAA + 0.2% BSA Tavidsh 5% CO,, 5%
0, 90% N, auWHi 38.5°C wM 2 Ju (20 #798U/100 uL) mmfuﬁ'mﬁ‘anﬁaﬁiauszn:
8 o hWhdveswAuwadyveritlilaf 5% O, in air guugd 38.5C UM 5 Ty (10 &2
88U/100 ul) szilAnutigienn 5o ul uamﬁm‘ivwflﬁﬂuﬂ?mmmﬁunn’i’u

2.4 HENNIIAAIEBNAIB8UI20L hatching blastocyst HBUYLTIIAEIT vitrification

@208u A0y 7 TU1N3A 1 UDLINTA 2 ﬁﬁmmvﬁwﬁszux hatching blastocyst 92111
dwam QUR 1) nziisiaseuseniiiu 3 ngu FudammuinaveansedyAulavesda
gouFunfionsenen zona pellucida Iasiardurguinatefigoudiniouseninen zona
pellucida (D2) Agidurhguinalsuedd1aun1slu zona pellucida (O1) Tasninmaues D2/DI
=0.01-0.70 9xdalvegdlungy early-hatching stage; 11NRAYBI D2/DI = 0.71-1.00 ssdalviog
lunqy  middie-hatching stage 1Az WINKAYSY D2UD1 = 1.01-1.70 $aldeglungy late-

hatching stage LAMINHATBY D2/D1 11AN31 1.71 wiediguniwdroz itinnldlunsnaaes

{D2:h + D22

gUR 1 A) MIBBUITOY early-hatching stage: D2/DI = 0.01-0.70; B) @789UsTHL middle-
hatching stage: D2/D1 = 0.71-1.00; C) #298U32 82 late-hatching stage: D2/D) = 1.01-

1.70; Scale bar = 50 pm.
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2.5 msusudalng3® vitritication Wnel#3% MVC uazmsazmodasou

msuvudalan?s vitrification lneld3s MVC

eouszgmit 11T cquitibration Feulszneudau TCMI9IHEPES + 20% FBS
(MI199/FBS) ﬁﬁ 10% (v/v) ethylene glycol (EG) + 10% (v/v) dimethyl sulfoxide (DMSQ) 1y
2wl figaungdl 22°C nntfufroiaseu il virification $tlsnoudae M199/FBs
3 20% (viv) EG +20% (v/v) DMSO + 0.5 M sucrose §lta'12ii110% (wiv) Ficoll 91ntfusida
gou 1-3 lulthwuulaisues Cryotop (Kitazato Supply Co., Tokyo, Japan) TaoTdihiren
vitrification tMAoegUY Cryotop MWhieefign (<1 p) wisendasevegluninn viriication
A5Y 30 I 111 Cryotop ut luluTasioumaasiud

nsazasdIseuIazn sIRBIde NS0 Naza L

ﬁaéauﬁm&u%auﬁ'nzgnazmaiﬂamﬂmn Cryotop vughnieon 0.5 M sucrose 7
azatelu M199/FBS ﬁ'aeiamzagi‘lmfwﬁmu 5 uth figuingdl 37°C simiuszdhel 13l
e 0.4, 0.3, 0.2 1Az 0.1 M sucrose ANA 9 heag 5wt enhuesidasen Tdelinh
61 mSOFaa 7l BSA %30 LAA + BSA (Fuihowiie@nrfuiidsedasew) uaziillidoesay
fuwadyviemliladl 5% CO, in air guingdl 38.5°C ww 24 $3Tua (1-5 FavoUAE 100 1)
wiwinazmeigeuudansgiuiiifidnuusivnanie i uazndanIndodedn
24 F1Tuedean mndasouamsansydn Tnde ldiaashdiseuseannmsuguda

2.6 msfhedndrseu

weoulnlnauieigniliusudwazarmonds 24 $2Tue vudaussgnbreding
wisviiludanmds 7-8 Julaetlumdn Taverdhorhn 1-2 Mseowdaiy Tavemi,
goulihldes i flmeilnungndrsiifinsanldvesTaaovSemila  figamilsnihiiiuda
wazRifludaasssund  mamienhidadludai18laonsia 500 pg ves PGF
analogue (Estrumate; Sherling-Plough, New South Wales, Australia) ﬁ";dauiﬂauﬁwzﬂ:
hatching blastocyst 81g 7 Jufi i lRusuisezgairerhngisidfusu@endu (quaiugu)
uﬂ:ﬂzmaﬂﬂ]iﬁgaﬁaﬂﬂﬂ‘l%’m?mqamwnéﬁui’uﬁ 40 vemsRaeAzarAImI 19N
ditaaluiud 60 uoz 120 vosn1sRIRoaTes T UNAB AT Ml

2.7 MTIATIZIM DA

mmﬂamazgnﬁ1§1ad1eﬁ’auna§uaz 3 41 Samizenvesdaseunsudelnauiie:
Fin51e¥ 1ae ¥ Chi-square test AU s anida 124 Fisher's exact probability
test édsﬁumsﬁmamTﬁtﬂ‘?ﬁﬂmnm StatView program (Abacus Concepts, Berkeley, CA,

USA) 1872 10LANA 1NN T 0AIZAANAT P < 0.05
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3. HAMVNABY
! W infimsailandoasend s ehaiiiu 86.4% (1614/1868) uaziousad v Tusvara
fuliduSodndiu 85.4% (1136/1330) ndsnmiviaseuTaaviiel@oeum 7 Ju @16 1)
wuiaseuiiiaos il LAA (40.7%, 246/604) Weud1gzoz blastocyst Thganda (
<0.005) Tuni1en? hifl LAA (31.8%, 125/393)

l:-‘)”mﬁammﬁadﬂﬂﬂaufiqmq 7 Yuitszos hatching blastocyst HAS0INUFUTUID
avar lfuand Blumniedl 2 uasgudaseudiseandennazasudadsdlinds 24 $2Tu

uaa 1 lugii 2 wdannusudsazazmediseunuithiidseugamie dioidiseud

I

@salunhond s LAA tazvimusudshnio virification 5 Fileoll WuT18AT 178N
VINAYAWAIB9UIUNGY early-hatching blastocyst (77%) 1ATIATMHIANAIIINAGY middle-
hatching blastocyst 102 late-hatching blastocyst (74% 11a 80% MUTIIAU) VINRBNTINADDIWL
i1 Ficoll MAvaslhe viwification Tamnseseiiusasiseavesiasenlnlaauiisld
(54-68%) 1Az N3 19280U Tn TR0z early-hatching blastocyst FiRselinhe i Laa
ﬁmm‘nwmﬂ'aﬂmufnz%aﬁ’auniwﬁafiamzﬂ; middie-hatching blastocyst (i8¢ late-hatching
blastocyst .
Sasinsaavasnzaneandnirndseu TnTnauiie ey hatching blastocyst
019 7 Su uaaslumsd 3 wdsndeshadaseuinTnnuiisdignuduiunzazaweenn
@ABeun 24 $2Tue1mau 25 FaseuliIndasus Iy 14 &1 Wuird 40 Fumdeniiudad
Frtudatios 7 2 (50%) naanindrerhndseylaauiien i ldusuded o 37 dseuliln
F3us0u 27§ HuTReesd 40 Tudou 11 # (41%) doasremsdaied 60 u wu
’hél”a%’uﬁﬁmMnﬁadauufu%aﬁqﬂagﬁmagi 4 % 910 7 d1 29%) nazlunguTafinatesda
a'auﬁ"lﬁ‘lﬁlvﬁnLﬁqwuhﬁﬁemﬁimﬂﬁmaﬂ 7 &1 00 11 §1 26%) wazilifivegn TaTaauiis 3
& (11%) vansedhndissuaafinaeaninladafu 3 @ golaresdimendeninanea i

iy 12 FaTua uazdl 1 & (1R 3) fdansiiFinegoudivmz@ionswan



23

[] - v ¥ v +
M3 1 6anInsnsyAuTavesiisouln lnauiishdsslnheiiuay il LAA

Culture Enu. Fused Cleaved 8-cell Mor. at Blast. at
Medium (%) (%) (%) (%) D-§ D-7
919/1068 671/782 604/671 485/671 297/604 246/604
(+) LAA
(86.0) (85.2) (90.0) (72.3) (49.2) (40.7)
589/691 465/548 393/541 292/451 173/393 125/393
(-)LAA
(85.2)

(84.7) (87.1) (64.8) (44.0) (31.8)

4:; s a1 - . as d'r (- |
MIT19N 2 DRI1T0RYBIAIBU TR IANUTINTLEL hatching blastocyst 81 7 JUNHIUNITUBUAS

[ ¥ ¥ v
HOZAZANY: HAUBY hatching stage YesfBoURBslitonAssdIgouRninas 15l

LAA tasusudaluiiies virification (VS) 111 Ficoll

No. survived/no. examined (%)

LAA during
Ficoll in VS Hatching stage
IVC —
Early Middle Late T3
+ - 23/30 (77} 20/27 (74) 24/30 (80) 67187 (17)
+ + 23/24 (68) 15/28 (54) 19/32 (59) 57/94 (61)°

15/27 (56)° 2030 (67)"  28/35(80)  63/92 (68)*

Py

‘101 Column 1R3IAY, ANUUANANNNATAN P<0.05

*m1¢1u Column 1REINU, AUANANIADAT P<0.05

*n1elu Row 897U, A1MUANA NN NADRN P<0.05

101U Row Bg3fu, a1uuand 19n e dan P<0.05
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jUf 2 UdgeuTalnauilsszes hatching blastocyst 81g 7 U v nusudumsazaivean

g 2
wuasslunasaufaum 24 2 Tue Scale bar = 50 pm

3U7 3 gnlalaauils 3462 MiAaonarsdredindigeuda
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- ar u’/’ 9 o Q1 4 a A v oa o 1
MmN 3 ﬂﬁ‘ﬂﬂ'ﬁﬁﬂ‘ﬂﬂ@‘"ﬁﬂﬂ'lﬂg'lUFhﬂﬂ?ﬂB'HTﬂTﬂﬁNUGﬂ!l‘MWd!lﬂz‘ﬂ'Jﬂﬂ'uﬁﬁ

No. embryos No. (%) pregnant”
Groups transferred/recipient _ .
Day 40 Day 60 Day 120 Full-term
females
Vitrified 25/14 7 (50) 4(29) 0(0)° 0(0)°
Fresh control 37/27 11 (41) 7(26) 5(19)° a1y

L
" fa5UNNEIA0IgNAARAY?

*118 71U Column IREIAY, ANVUHAFNNNTDA P < 0.05
* 110U Column (R&IAY, ATVUANAIINNADA P < 0.05

o ey =8

* gnln 2 Mmondsnaoa huiiu 12 $2Tug, gnln 1 AiiFTaseadeilegiiu

J015dman1maang
-1 o 1 - & T 3 ar
nransneastndazazmedsoulalaauiielaoly Cryotop wunldsan
soage  ludlegiiuiinsAedugunsaldldiilunsuzdmsunsusudsdirsouuas lidms
1
ﬁﬁ‘i&ﬂmﬂﬂﬁ’?ﬂﬂuﬁ?mﬁ vitrification Ma1UFUA BI1VUBU electron microscope grid (Martino
HazAME, 1996) OPS (Vajta HnzAME, 1998) nylon loop (Lane lHAZAMY, 1999) [Iay Cryotop
< o § . - >
(Kuwayama (lagKato, 2000) Fegilnselianuasanuyuuuiiesiiiuiinanien vitrification
maeeefiganeudiszgaiir b B luTesioumanie WifansdomguungiidiSfiga
4 -~ ot 1 a0 ar o =, [
msfaymaaesadFoudsumeusilFlunisusuisaisouludadnatoriie wu Tauazuny
282 morulae 1192 blastocyst (Kelly (1azAnLe, 2004) 52111 OPS 1AL Cryotop AIDDUNTEAIY
0% pronuclear (Hochi tIazAnE, 2004) 1oz 191Ua11Ws2o2 germinal vesicle (Iwayama Ly
4 ’ . - e s .
AME., 2004) FI0IHONITNAABINLIIN Y Cryotop 1HOAT150ANANTT OPS taziisroarud
fimsnaanald Cryoop lumisusudisdasougnsluszoy pre-hatching (Ushijima uazemiz,
2004; Esaki tazane, 2004) Tiiaz@1esunyyd (Hiraoka lazam, 2004; Katayama HAZAME,
2003) Kuwayama a2 Kato (2000) fuininmaasnguusafisrwaiunis1é cryotop Tums
. 4 H - . i
nEudeTagds virification Fal¥aududuves cryoprotectant (CPA) Turiven vitrification #1
» v »
Weoad (30%) uadulszneuveniie virification N 1% lunsnaassiiiidaulseneumiiou
Tunisnanesii 14 OPS fedl 40% CPA (Vajta azAME, 1998) '
n‘/’ - a8 P4 ¢ < @ . - & I ) =
Yunsunisnandreoulnauiliecdeaily zona pellucida Hagoszisaiiuafion
pon Jihi IidI8oussEy blastocyst 11a5202 hatching blastocyst 1AITIATIEISBUANTATIN
oy, - o ¢§ = a ' ::;::!. =) 1 al ° Y ar 1
aslfauiawsssund danrsnaadageuniiinisia DNA 1183 pronuctear si1lid280u

1 o [ | ar 1 as ] ar .t o
1g5202  hatching blastocyst 1A uTwAGIN  uaswuImdInusuded2doun  zona
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pellucida Qﬂﬁ'ﬂﬁlﬁﬂﬂﬂmq 7 u 1Ao7 conventional freezing 118273 vitrification WUIT9AS
'R6as1s0afid (1o tazany, 1998) oo Isfnwiinsdnyiniri@ageussoy blasocyst 0
6 Su fimmmumdenisusudiosnidasevery 7 Ju uensiniiiinisusuiedaseuTad
raaTao3Tufauslunasanfaeiy 7-8 Tu szes blastocyst AiintsHuvaddaseusen'liny
iidasisen 78% (Ito uAzAmME, 1999) 1AL 86% (Vajta lazAME, 1997) NMIANHI
uﬂilﬁ?qﬁ'faa’auTﬂﬁwﬁﬂIﬁﬂmsﬂﬁt’ru%’iuﬁaaﬁuﬁquﬂwzf‘i’nﬁadauﬂmuﬂqnTﬂ HANTS
NAADINLIIA9BUTEYL expanded blastocyst ﬁmmwu‘mm]’anmniu%mmﬁqa (Massip,
2001) Kelly tazAfe (2004) o0 msusudsmsou Tauazunsiinaalunasantalnold
Cryotop lla¥ OPS Aﬁuqﬂnm‘fmﬁumsmfuﬁﬂﬂﬁ%‘ vitrification f280UNAIINATAINLL
ANNSANAUNIGIZoz  hatching  blastocyst ‘Ié'uﬁuifumna1q11mﬁ'sdawﬁgnﬁmmﬂiwﬁa |
Amarmath uazany (2004) 14noaddisouTalnauiisszos blastocyst 819 8 Jufigaviin
ugudiaTaods conventional freezing 9xAMIONAUUGIGIZY hatching blastocyst 1dgandtia
89UTLHY early blastocyst (86% vs 14%) mnﬂamwaamﬁwuﬁﬁaﬁiauiﬂTﬂﬂuf}aszuz early
hatching blastocyst fdselniedlid LaA ﬂﬁmﬁaﬁﬁaﬂniﬁaéauﬁﬁwuuﬂﬁjizﬂ:
middle 11 late hatching blastocyst l@wnndtesnaiifodfameada (56% vs 80%, 13144
2) #10r0fnentSunwadueifa8eus ey early hatching blastocyst fis1urutteufnlyl
fanaflsafnfunavesns@y LAA adlwhoudsedasoulnszer 1 wad
(zygotes) ﬁwﬁﬂTﬂﬂ?‘ﬁﬂﬁﬁuﬁwnﬂﬂuﬁ"m'1mmsmﬁné’ﬁﬂmﬂuﬁ'@nwuﬁﬁa‘iﬂﬂﬁ
conventional freezing (Tominaga HasAME, 2000; Hochi uazAM, 1999; Imai taxAue, 1997)
Tumgnanesiivuinisiasseulninauiischnhndil  LAA  wsohidseuszoy
early-hatching blastocyst fisassemnniy @319 2) msAgsisouTalunasaudaey
mitaavi %A intracellular lipid droplets (Yamashita IA¥AME, 1999, Abe [AZANIZ, 2002) 39
danalddIgougny (Nagashima uasAME, 1995) iar1n (Ushijima Hazamg, 1999) Ianunu
mudensuguianiesas  uenvnfiguamuesiaseuiiidiuddnfiiiudwaendms
wannuaslfueedisey  mnananemuimsatdsoulini iz Wi LAA
qummiser hiflamuanaeiu 1 LAA esaeldiseumientsusudeldailag
Laa uzfaulasdautlsznenves tipid Tudeusaddeezsielimandeufivesiesn
pmaddalgasy  mhinsusideidssAnsnmdtwilessniithimdeslumadien
dmiuludaseugnissiuTinames tipid droplet figeluszosusnvesmswannvesiaseu
FuPuaumglidmseugnsiinmmudenisusudeiinend1ad1 (Nagashima tazauy, 1995)
1INN1NADBIYDY Hayashi nazAny (1989) WUIIMsUBUYIRIBBUGNTTLO2 expanded 1Ay

hatching blastocyst 1A83T conventional freezing HA491NA¥ABAIBOUA M ITAONAIUIND 18
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1 v » [N v
mamiifudnlunie vitification VewileniFudnaad 18 uavwiiadhiannsodudrg
3 o N K] ' & v P : .. R 4
wad ia wie mn uiledsdyRdwadesasizeavesdiseu Fnio vivification ¥e
: d’d L ] T v oof a0 ~  ar ] g5
EFs40 nhediins Idedrumsnanlunsusudsdrgeunyiuing, aseare, &, Tn,
v v
NT%’, qnsg ua:nu'yt‘f Tastldoun1n1imia sucrose r‘ﬂu trehalose (Kasai, 1997} UNUIMY94
] ] »
cryoprotectant Siiaf lyaunsedudgisad lanSeas Tuanalugflaasluiien vitification
T »
91T polyethylene glycol, polyvinylpyrrolidone, percoll, Ficoll, oz BSA #ildasluiiun
. W [ »
vitrification  sxgasvlfiAanslasuane hiluveads aludsdhifindmiudsegare
j 1 - H 1
Tu) 185 mazdiu uazseaanduiiufiuves cryoprotectant iFudGivad 140 ndae Taowy
[} ¥ ¥
91 Ficoll-70 Hamuiuiytiosnin polyethylene glycol dialdasluine vitification #ifl EG
» » »
Wiy 40% (Kasai, 1994) uannn1sane1luasafinudins@y Ficoll-70 Tuiion vitrification
#1ii 20% EG, 20% DMSO (az 0.5M sucrose auninguliensisoavesdarsoulnInouiis
c; J ‘é 1] L] A) ' ar L] ar
5302 blastocyst (AuAU1E ¥ Ficoll envaziidutnudndeonss hifinahiidrgauiisns
' I 4 _ . e 24 |
58R 1AUINVIaY F931091un13 14 Ficoll wudwz 145 mi U101 vitrification Ml 30%-40% EG
138 40%-50% glycerol (Kasai, 1997)
o W 1y ya woa o .
Tuatsnanedlundeil i ldfnyounsisd 0o uiaUI9UEBN0IN  zona  pellucida
Y A o 1 a T A :/’ % ] -4 +
wiannazae fesaindaseud ldenih ludwshagisimisidulnemnasuile Fawuh
at ) o A t od B oA vuﬂ':sf& a2 :
wisnndedhndiseu Inautlsiicunsusuds il TadasuRaied 120 Ju Faaungnisas
fiee linsusunszsnasnsireInnwAatndvesmsadesnvesdigeuTnauils  iins
. 1 : 1 19/ a7 ar 3 ‘& - o,
Anvmuiiiugae 3 @euusnueensdstemudmudriulioas imsutefigy Fenrwhaind
ﬂ'd c; T ~ - o’ A:'. &1
Afiswaulugninlnauiisldun anvdeladvesmsvmuvessn gnlialnautislivinanay
» .
Wminfiinnn1Un@ (large calf syndrome) ¥hlvinaoasia uazaignasnasa (Cibelli nay
AL, 1998; Hill unzAe, 1999; Wakayama 0% Yanagimachi, 1999; Wells Unzanis, 1999;
Hill uazamz, 1999, 2001) nazwUI1snvedgn Inlaauiieeziilsum Placentome Yaaninulng
LAZWU Placentome xiivutalnaindnnd Hill tazanz, 1999) msvanfiralndvusssn
plunenINTTUdMdaNAnlnA M30ENTHAYOY epigenetic/imprinting gene NAAUNA
(Young i@tz Fairburn, 2000) imprinting gene HMYMAIUANAINTYAYIA MINAUIUEIA
J s aJ q‘: & o o ool [ =) ] T - o= o
gouvsIdAdiAgINAIoUNTWNITNAIY Failnargdudnnudufansiumamieiianiia
waam ImsWannvesdiseuTaauilanazsndalnd (Lau azate, 1994; Guillemot 1AL
AME, 1994; Leighton UATANE, 1995, 1996) aunaAmnadInadsdas Isinyduls as
alfoulasvuiaveseimentelufifelndll  wesfuaungidssuluassdmenaziia

msuneluadenn (Farin tazaue, 2001)
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1 4 } N o
onmantinaasdluasatinun  msfedndlseuaauazArdeunsutalisnsnisda

o a1 1 t ar S & w o T+ d -
Mg hiuanadumitadd  galalaauilsdmsniichumsusudwazgnéadngdafuiing

Ftequazaasaluil 2003 (Tecirliogh HAZARLE, 2003) Gong LIAZAMEY (2004) T1E91UIMS
thehndagouTaauiisfikmumsugudedran o Fdeu giasu o M wuiift 60 Sundeen
twrhnilfaiudertes 3 @ uazldgninlnauiinnensenin 3 #1 uassinistrerhadasen
Thauiie 8 fageud limumsusudeginidaiu s & wudid 6o ufidaudaes 2 &3 uasd
gnlanaea 2 @7 Tecirliogly UAZAME (2003) rorhndavouTnauiieszoy blastocyst 'ﬁgn
wsufednmy 53 Mseuldfu 14 @iy @ 40 Suilladasuies 6  uazie 6 Faffesey
ﬂﬁﬂﬂ'lﬁ'@ﬂ'lﬂiﬂau{’iq 6 %2 vimuluntsnanesdein Tecirlioghn (IAZAME (2003) M 158e
thndrsouTnauiisn lignusudesnoy 7 MsougTadmsumuin i Tndsudiosou
n3zsienneaing Fedasnautivesiiseulaauiiseifadeudagelusas 36 Wounsnves
AsdeTiad Funafudamdwmsunswiadisouialaaudialuilegdy
vimamsnanssrunsaaglI§nsusudiiseua Tnauilasoz hatching
blastocyst fdnlnhe@ndasoudin LAA wiimumummigsrumsusideiase T
ﬂs%yuag'ﬁwmmm hatching stage 1% Ficoll Tuhousuidasenifinadesasissands

MUYz azate
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= P Y o 3 a3 a as .
MInaaesi 3 msuvudasazfochnioeudlrssulnlnaniislne?t vitrification

LU micro-drop

Rall Az Fahy (1985) (ufinininewnaasfmsnvesTanfidszaunauduialuns
usufeiagermyTasit virification ndadhorhnlfinidunaziignnyfady et 1987
flszaummdnislunisugudefadoulnTasit virification (Massip unzame, 1987) unxdl
msﬁﬂﬁ'um'ﬁuzmiqﬁ"m'auuaz‘i"ﬁ'nwﬁ‘l%nﬁui’iaﬁun1nmﬂ (%Y electron microscope grids
(MartinoliizAIt, 1996) open pulled straw (OPS, Vajta !Iﬁ:ﬂﬂlz, 1997) cryoloop (Lane LAY
e, 1999) hemi straw (Vanderzwalmen NA¥AME, 2000) gel-loading tip (Tominaga and
Hamada, 2001) 1in flexipet-denuding pipette (Licbermann [azawe, 2002) nsurudeiasou
§103% vitification RfalszaunTwd e uausndralaclidnfifennd st
(Mukaida (1229, 2001) A1INAABWTUVIAISBUZHTUTUIDZT ALY Lﬁaamﬁﬁ'ﬂm*jmﬁq
mnmhﬁ'iq‘luﬁynnmin1%4ﬁﬁmmn’fuﬂmmmsﬂaaﬁ’umsm&u%qqa vilnaden s
drvouniohi 1ull 1999 Park uazame uFudedrdoulnszoe blastocyst 1aold electron
microscope grids M&9NATAWWUII 24 Fluadimisazardaseuseatanun 7 48 ¥
Tus d380U300 73% HATAISOUANNTANAITUBBNYIN zona peliucida T4 67.8% Tul 2004
Kelly 102AMY (514548180U528Y blastocyst 1r8ld Cryotop ndeonazaronufidnyuenie
uonUN@ 97% HarWRILPUNTLHIBBATIN Zona pellucida 67% uﬂzuanmnﬁ"ﬁai‘]n1wﬂam
ﬁﬁ"lﬂ'ﬂuﬁu‘ﬁuﬁduﬁzﬂzmﬂllﬁ‘.lllﬂg‘lﬂﬂ'lﬂ‘lﬁ’l!ﬁﬁ'ﬁ'ﬂlﬁﬂﬂﬁ'ﬂﬂﬂ‘liﬁi‘}ﬁmuﬁxmiﬂﬁﬂﬁ Tl
1996 Saha uazAmz  wanswyudeiieeuln 5 daveulunasanarafnuuie
0.25 ml udathodhauiindeninazaieli@ady 5 @1 wuniiaasy 3 dmesounasauaz1d
gnImfiau 3 §2 Ao Vajta nazAmuz (1998) nanssugudelduazdrdeulnTasld ops nas
0ndorndagouszey blastocyst MuidifuldgnTmda 3 @1 uazliquamudaused Tud
2000 Pugh UazAny uvutedgeulasess morla Az blastocyst laslévaeanarndnvuia
0.25 ml MA3AzAWNLIEIBUTEOY morula 1AT150AT 24 33 Tnandeazaetosnddagen
5282 blastocyst minﬁﬁ’uﬁﬁﬁﬁd (24% UAz 75% AWAWL) tazfi 48 F1luaudInsazatoda
90UsToY blastocyst Waruud1gszo2 hatching blastocyst 181INN31EI88UZEL morula (15%
10z 59% awddy) nianderndseunisamsaematendioding 0 Fuves
fesunauazalgsuusude Julinnuuena1eiu (50% uag 55% muda)

AU virification 1A835 micro-drop swsadausniag Papis HOZANE

' 1 a " sy = ) L. 1w
(1999)  Tagusuds i Tauaziwrhfausluvasaufidamuiifaseudmisontieda 149
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76% uaztei @y Taidgszoy blastocyst 30% s lsfmmnrsusuaun vitiication Tag
micro-drop #4 Wifiswaumdeulunsusuidiseulnlnauiia
Hegiiugansiimsfnumevannnsusudiagoulnlaedt virification 11831dD
u'izm (Nguyen tinzae, 2000; French ttazane, 2001; Tecirlioglu tarame, 2003; Gong (AL
A, 2004; Laowtammathron itazAME, 2005) Tuduneunts Inauilssdesisatiundeasen
Fetumoudananozinhl zona pellucida nﬁﬂgﬁu ﬁ'm"’uﬁaéﬂuTﬂauﬁwzﬁmsﬁmum’}"lfj
5505 hatching blastocyst 180T IeeUAWIEISUT AT zona pellucida Aauysal fians
nanoaludl 2005 Tau Laowtammathron HAAME NAABIHANIZNLYBIVIAVEIAIBOURTY
90NUBN zona pellucida 143202 hatching blastocyst WUUUIAYBIRIBBUTTUOBNTIN Zona
pellucida hifinadesasinssenvesiidenlnlnautisiiusudedaeds viification laold
Cryotop il 2000 Nguyen tiazaaiz usindnewnanifusniissaunanudnielumsus
ufisaseulnlnauiisTaslduasanaradnug 250 pl Humaugildlunisusudsiisou
Taoldihmusudeniszneudan  40% ethylene glycol (EG) + 18% Ficoll + 0.3 M sucrosc
(EFS40) FudurhomsuSsitnenundalag Kasai nazane (1990) ¥l lunsusudieda
dauhﬁwﬁmiﬂﬂmsﬂﬁﬁu'fi“luﬂneﬂuﬁa mﬂqesmivmwﬁm?mﬁ'u Gong (tasAME (2004)
UszaumwddelunsuiagnIaTaaudsfirunsusudedaseulnes vicification odsls
famde hifissaunsinnsusnddsoulalrauiis a1t virification T1a814 micro-
drop Sotulumsnlunfefozinsdnnauidaiaseula Tnauis TaonFoudiou
aamiduuyes EG oz DMSO Turiien viification Aesasnssenvssiaseuninnuiis

v 82 hatching blastocyst

e
I8n1sNAaY
o oo 4 AT - o ' o3 ﬂ
asiail 350715 Tpaute nmsdseseu miloulunisnaneeil 1 aduadduuiiu
ANRIINUATTNANDIN 2

1. MUY 901
@g8Uey 7 uoy 8 U MY hatching blastocysts IN3A 1 1AL 2 §1UU 1-5 AI8BY

ﬂ:gnmm‘lﬁ"luﬁm equilibration solution (7.5% EG + 7.5% DMSO in TCM199 + 20% FBS)
vty 3wt wazdro T HBhaiien V33 (16.5% EG + 16.5% DMSO + 0.5M sucrose in TCMI99
+ 20%FBS) 138 VS35 (17.5% EG + 17.5% DMSO + 0.5M sucrose in TCM199 + 20% FBS)
w30 3w fgamgdl 22°C mmfu'l%’ﬂsﬂmuﬁaﬂﬂﬁvmum:ﬁ‘aﬁaumua:ﬂdaﬂﬂvm

. »
1-2 yl widrgeunslululasmumar Tasase vt libfuluds luTaseumalde Ty
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2. MsazEdloeu

micro-drop n::;}nazmﬂﬁaﬁmanm‘lﬁ‘luﬁm 0.6M sucrose figmumgdl 38°C 1y
5 UM mmfuﬁm"lﬂ"lﬂuﬁym 0.4M sucrose, 0.2M sucrose 118y OM sucrose Tu TCM199 +
20% FBS unanududuaz 5 wiit figamgl 38°C wiiminazmondanzdunadaunzng
usnvdIsouINinAnTe 1 mn‘ﬂgumﬁ'qaiau'lﬂaﬁymhuf’fuwaﬁuﬁaﬁf]qﬁﬂ"luﬁ’m
mSOFaa 1 24 $2li udadainniufinnanismanesidisaserlulathefiommaniy
wulade 14
3. msdenddIoeu
- wisnazaiediseunda 24 F1Tuszthdrseufionnsmeoudv Tade i finges
zona pellucida aanTﬁmwmaau"lu 0.5% protease HaYAAITBUNGOE zona pellucida 8N
gt mSOFaa mmhnidaseu i il 10% rabbit anti bovine spleenocytes
w45 w1 mfudhe T T oaheds 10% guinea pig complement + 75 pg/ml propidium
iodide + 100 pg/ml hoechst 33258 U 45 WA udNnhwrsumsvunszona laduaslaiy
#10 glycerol uaznszenilaalad vimiuiiui 1awead ophectoderm (TE) 10z inner cel
mass (ICM) 71014 fluorescence microscope
4. msfhadind0au

mierlunsmaaesd 1 laefaseulnlaauiisfigmiTlusudelnie vs3s oy
agmoud? 24 92 Tas vadmezgniurhagdasuuy lika
5. MIINTIZFMeaaa

Sasreavesiiseuusudalnauiiszdnnsilasmsnmauanaiminiaee

1453 ANOVaA TaoldTa5unsu SAS TAERAMIANULANAINWTRAR P < 0.05

HAN1SNARDY |

rnousudaiasouTaTnaufieszoy haching blastocyst 819 7 3u 1A micro-drop
udaeBlums it 1 TaosassenvesdasenlnauilmdsnnusudaTaeldiier vs3s uas
VS§35 wuhﬁm’am‘ffaﬂaqﬂdnsaﬂ‘\ffwuﬂﬂﬁ’mza1aﬁ=§1Tm‘ff’; 0 FI89UHAININALNIBIBNNT
13~t_]nmmmm‘lunaaﬂuﬁ"mm 24 FaTug mwummaaummmﬂﬂﬂ‘nu1sn V835 ii9ms

iﬂﬂ‘Llﬂﬂﬂ')'lﬂ?ﬂﬂllﬂ!!‘liu‘tlﬂuu‘lﬂ"l V833 (86% vs 94% ﬂ']iJﬁ'lﬂ‘U) L!ﬂ'ﬁﬁ\?ﬂ'lﬂllﬂ‘ﬂllﬂi'l%ﬁ
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M19199 1 Bn5150AvIAI90U TR IAaUTINT2UL hatching balstocyst HAIDINNTUTI TAETT

»
vitrification 198731 micro-drop 1ag1#1i1e1 vS33 n5e VS35

Normal morphology and survival rate

Vitrification solution

0 h (%) 24 h (%)
VS33 99/99 (100) 93/99 (94)
VS35 98/98 (100) 84/98 (86)

» 1 E
HAWINAITOUYNATATBUOLBEIUTY 24 T3 139 AI8OULNAIUMINTIABINGUILYN
vinndey TE uay ICM ieginnuradvediseu nisnnfouradudanuidnumad
» » [y
YaedaBounIMiNITeIrila lulin mand st uneada @1suf 2) edilsiaunwui

dasiEIUYRIT MU ICM:TE Ivadusedlssufiusudslu vsis finmar vss3 (1:3.9 uay

1:3.2 a1udAy)

M9 2 ST AAIRRUDS TE 1AL ICM 1A%SAT 10UV TE tay ICM 1844389y

Taautlnszoz hatching blastocyst

Vitrification No. ICM TE ICM:TE  Total cell
solution embryos
V833 25 31+18 99+4] . 1:3.2 130450
V835 25 26+8 102+28 1:3.9 128+30

navonfnedinda0euaassoy hatching blastocyst 81 7 U $14IU 39 AIGBUYAIT
19 &2 Wy i 60 Pundenindiudaiidasudstoesiuay 3 & (15.8%) ﬁ'm'auﬁgnu“ﬁuﬁﬂmﬁ
01 V833 $1uau 30 Argeugninehngdasy 17 &2 NI RFS IR 2 @2 (11.8%) (A1519%)
3) TaogasIn1sRaReesE NI IsouaRIasAs TS Liflauuandamenda Tadaty

LY ] a A o a ] @ o et - 1 o q‘:
fesunanasagn 2 @1 Tqunmudauss (310 1) dauladrsuddouuguda dutanuadia 2
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- § R
LUHU492 02 hatching blastocyst

Pregnancy rate Calving
Groups No.embryos
on days 60 (%) (%)
L transfer/recipient |
Fresh control 39/19 (2.0) 3/19 (15.8) 2/19 (10.5) ]
V533 30/17(1.8) 2/17(11.8) 0/17 (0) ]
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Jar15einanimaaes

Hogtiumsusudefavenlulalaed’ vitisication tenrdisehinwsvamiofiou
FuMsBISR180u 1833 conventional freezing (Hasler, 2003; Vajta, 2000) #380ufinafudle
e vs33 ﬁé’mﬂsaﬂqan'jﬂm}m v$3s ieanmiten vs3s ﬁmmﬂuﬁyqan’m'i"um
vs33 sildddeuiisnsseadeeniilungu vs33 Sisassonvesdadeulunsnanesfige
annsusnielaold OPS (Kelly ttazame, 2004) esefiinansznudesasisonvesdison
wsnvndauazaamniluifivues cryoprotectant 42 guupilunizsiminanes siiayoai
aradildhnhoususs seorvesiaseu suanadinilimhiuinadesnssoavesdaso
wasnsusneTedy (Seidel, 2006) N1 equilibrate Fvoulwim equilibration solution ¥4
1101 VS33 ting VS35 1w 3w é’aéauﬁa;j‘lufwm equilibration solution voninen vs3s oz
1R5unansenuninauduiivues cryoprotectant 11N iissnntim equilibration
solution Y8101 VS35 fianmuiduiuves cryoprotectant §4A731 equilibration solution veiien
vs33 MldSinnaes cryoprotectant vifgmelmanddaseulnautisdiogly vsis wn
a1 eglsAnmennisnaasawuiinisusudiassuTalaaudieny micro-drop Tagldhi
o1 VS33 nay vsas sxliSasiseandiaaefinoudiegedi 24 $2luandamsasareiieu
(94% LAz 86% MUFIAY) HEAIIMIMAUTUYeI EG uaz DMSO 11uvs33 tag vs3s liilna
AansnuAesAs1TeAYBIRIBBUNT I NATMIAABIAY 24 92T 3ae lTinsENLde
Snmsadussdageu Taauiialuszos hatching blastocyst Snday

Tumsnaassd IdvhmstrorhndseuTaauiien usufwosdaseunsude i
FnpImanssmveemsnTuiedesa IRt wnnisnaresiwunsdodindaseu
Tﬂﬂuﬁqﬁﬁmmm‘ﬁnnﬂddﬁ’ﬁu‘lajﬁwﬂﬁaﬁwﬂﬂﬁé}:aﬁ'wﬁﬂ:ﬁﬂuﬁuﬁaéauﬁﬂ Tutl 1997 &
nsnanesdorhnddeufidfouilumasaudrfirounsusufelaeds  virifcation  uaz
conventional freezing  1¥#351 nudamsaetes i muaneefunensa (van
Wagtendonk-de Leeuw HAZAMY, 1997)

1ul 2002 Lopatarova ttazan nanpisrdldisouninladisuesnuuiiensudalag
31 vitrification 1aal% OPS a2 conventional freezing TINHANTTNAABDINLT BATITOAVD
Fseunnnsusudensaesds bianaaiu (OPS: 92.9% 1182 conventional freezing: 91.1%)
Tagiisasisealndfunisusudiiseulalnauiiadae3s micro-drop Tasldiien vs33 uay
VS35

mséredindaseulnauiisgladasunuiesisanmatefisoudiegalugas 3
@oruusndainozdnnufinnAfIAA NN 1YY IUMT reprogramming MIRnIsHAABRNYES

1 s, o 9 o 9 s Py .
gene @1 AndndFuiluaunalfifanisutuaraiondmasavesgninlnanils (Li uaz



35

Az, 1992; Okano AZAME, 1999; First IIATANE, 2002) MsRANIYBITnVeIgnosu Inauils
» *

2N NINUIRNBoUATINETTUYIA UazliSuauilede cuiboidal chorionic epithelium oy
ainln@duaumgldasaduszuunaeadeauazmenzAsfidensinnd lugaieun 184a
mldmsdesiuasensuazmsnandfovveudsseniumivazandald ad - dewald

»
fvsuvtmemsuazinanisuRelunaIdout UBNINTININYUIAYBY placentome ANV HINA
3 v
THifuRTuATasderuYesemIsuazve aduna 1o MInlSimass placentome oo
° (R | o = 1 v . . .
02 A NS HIRILYB9883 TUULAY Growth factor TUARNY (¥4 IGFs (insulin-like growth
g/ é ~ r 1 = o o 95 P=1
factors) antieoas Feallnaasvinavessa uadiinsuaasesnluilFunamnnezi lfniivine
o » )
uaztiminnAaUdng (Hill uavamz, 2000) UBNVINTRLN 30-40% veegn Inlaauiieesil
' c’ o o e = ad + .
Atz i mina I InAaln@NiGen1 large offspring syndrome (LOS) 1135® large calf
. . 2
syndrome (LCS) (Bondioli HAZAME, 1990; Keefer HOSAME, 1994; Wilson LIAZANMEY, 1995) ¥4
clvl. (Y J a o = ] [] A £ c]‘,’ =

Tsail lufatuludainnatiaudesvnisglulaTaauils auvgmsifalsaiisramasinaiy
AnUnAYBY epigenetic NasnaganisIyuAy Tavessniidalndldgnesuiianimfand
(Hill uazaAmME, 2000; De Sousa tazan, 2001) galaddlu LOS fasufailynnisraeain

. 1 ¥
(dystocia) Ssfpethsnananion @A INABA (Cesarean section) daulnaignTatidlulsaiiin
. =y ar & s 9 =4 1 ', a d'l

wawieninaeansavdnasa wiuiludedimsquasdiinddandanasa ivsengnln

v * b 4 14
Taauiisiilu lsatiezfidasnsaiendenaongads 9-50% usannilwudwsiimsaouaues

a

1 »
A0MTRAUN (suckling reflex) AWhlvgn Inl&Tuunniundsdlul5inu lufisawe uaziinezd

a

oy ufoafy YUIUNTT metabolism UAY respiratory acidosis VI insulin Tw@eaga 1
An¥Me hypothyroidism VYHIAYBY thyroid grand HvuIATaAALNA 1AANTIZ hypoxemia,
hypoglycemia, lung fibrosis, AUt (Firsulazauy, 2002)
g‘)‘ d’ 1 « 8 e ot n' ot . .
nransnaaednsainunsusudsisoulnTnauiisd1e33 viuification Tavld
¥
micro-drop 197 V833 uag vs3s eeulidasseandnzategs uazarsusudehifing
kd v

nIENUABSAT INTATHE A NN wdndIsaugaIsy  ualmwzaITuidindlgeuaamy
»¥ [ v ¥
Huiimwsenneagnesnuiiguawauysaiuduse  daudrsuidindigounsudsldudeis
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Abstract

The objective was to determine whether the hatchiog stage of cattle and swamp buffalo somatic
cell nuclear-transferred (SCNT) blastocysts affected cryosurvival after vitrification, and whether
addition of linoleic acid-albumin (LAA) to the IVC medium and Ficoll to the vitrification solution
improves cryosurvival. Fused couplets were activated with ethanol and cycloheximide-cytochalasin
D (day 0), and were allowed to deveiop in the prescace of 0.3% BSA or (1% LAA + 0.2% BSA.
Hatching blastocysts were harvested at day 7.0 (cattle) or day 6.5 (buffalo), and classified into one of
three categories, according to the ratio of extruding embryonic diameter from zona to embryonic
diameter inside the zona. The blastocysts were vitrified in 20% DMSO + 20% ethylene gly-
col + 0.5 M sucrose, with or without 10% Ficoll in TCMI199 + 20% FBS, using Cryotop as a
cryodevice. The post-thaw survival of the blastocysts was assessed by in vitro culture for 24 h. In
cattle, when the LA A-supplemented IVC medium and the Ficoll-free vitrification solution were used,
cryosurvival of the early-hatching blastocysts (77%) was not different from those of middlc- and late-
hatching blastocysts (74 and 80%, respectively). Inclusion of Ficoll in the vitrification solution did
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not improve the cryosurvival of SCNT blastocysts (54 to 68%]). Early-hatching SCNT blastocysts
produced in the absence of LAA were sensitive to the vitrification procedure (cryosurvival 56%;
P < 0.05 versus 80% in the late-hatching blastocysts). The full-term developmental potential of
SCNT blastocysts was proven only in the nop-vitrified control group. In buffalo, the mean
cryosurvival of hatching SCNT blastocysts produced with LAA (89%) was not different from that
of those produced without LAA (87%). In conclusion, bovine SCNT blastocysts, regardless of their
hatching stage, were relatively resistant 1o vitrification by the ultra-rapid cooling procedure when the
blastocysts were produced in the presence of LAA. Furthermore, swamp buffalo SCNT blastocysts
were more tolerant of vitrification than bovine SCNT blastocysts.

@ 2005 Elsevier Inc. All rights reserved.

Keywords: Cryotop; Ficoll; Hatching; LAA; Nuclear transfer

1. Introduction

Recent advances in embryo cryopreservation in bovine species include high survival rates
after vitrification by ultra-rapid cooling procedures. With I VF-derived bovine embryos, ultra-
rapid cooling in cryodevices such as open-pulled straws (OPS) [1] and gel-loading tips [2] has
made it possible to cryopreserve embryos at various developmental stages ranging from 1-cell
zygotes to expanded blasiocysts. Embryos produced by nuclear transplantation have
mechanical slits in their zonae pellucidae, and therefore initiate hatching earlier than non-
manipulated embryos. Nguyen et al. [3] were the first to achieve high in vitro survival of
bovine somatic cell nuclear-transferred (SCNT) blastocysts cryopreserved by a combination
of partial dehydration and vitrification. They used conventional (.25-mL French straws as
embryo containers and a vitrification solution consisting of 40% ethylene glycol (EG) + 18%
Ficoll + 0.3 M sucrose (EFS40), originally reported by Kasai et al. {4]. Gongetal. {5] used the
same EFS840 solution for vitrification of SCNT embryos and successfully produced a cloned
calf following transfer of nine vitrified-warmed embryos. Another cloned calf has been
delivered from a SCNT blastocyst vitrified in a solution consisting of 20% EG + 20%
DMSO + 0.6 M sucrose, using the OPS system [6].

Removal of serum from the IVC medium for culturing presumptive zygotes improved
the resistance of blastocysts to cryopreservation {7-9]. Abe et al. [9] reported that
cytoplasmic lipid droplets were highly accumulated in the bovine moruiae and blastocysts
when the IVF zypotes were cultured in IVC medium that contained serum.
Supplementation with the unsarurated fatty acid-conjugated BSA (linoleic acid—albumin,
LAA), to the IVM and IVF media [10} and IVC mediom [ 1 1-13] produced bovine zygotes
and embryos resistant to the conventional two-step freczing procedure.

In contrast to the highly reproducible SCNT procedure in cattle, efficiency in producing
SCNT buffalo embryos is not satisfactory [14,15], despite an increased demand for cloned
buffaloes. We have previously reported that efiiciency in producing SCNT blastocysts in
swamp buffalo (19-22%) was approximately half of that in cattle (39-41%) [15]. On the
other hand, both bovine- and buffalo-enucleated ococytes receiving buffalo fibroblasts
equally developed into blastocysts (33 and 39%, respectively) [ 16]. There have been only 2
few reports on the cryopreservation of buffalo embryos [17-21)], including the birth of
calves after transfer of vitrified-warmed water buffale IVF-derived embryos (21].
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The present study was undertaken to determine whether the hatching stage of bovine
SCNT blastocysts affects cryosurvival after vitrification by the minimum volume cooling
{MVC) procedure, and whether addition of LAA to the IVC medium and of Ficoll to an
EG + DMS50-based vitrification solution improves cryosurvival (experiment 1). An
additional vitrification study was conducted for swamp buffalo SCNT hatching blastocysts
produced by IVC, with or without LAA (experiment 2).

2. Materials and methods
2.1, Chemicals and media

All chemicals were purchased from the Sigma Chemical Company (St. Louis, MO,
USA) unless stated otherwisc. For culwuring donor cells, alpha minimal essential
medinm (a-MEM) supplemented with 10% fetal bovine serum (FBS; Gibco BRL,
Grand Island, NY, USA), defined hereafter as o-MEM/FBS, was used. For
cryopreserving the cultured deonor cells, 10% DMSO was added to the tissue culture
medium 199 {TCM199) supplemented with 25 mM HEPES and 20% FBS, defined
hereafter as HEPES-buffered M199/FBS. The IVM medium for oocyte maturation
was TCMI199 supplemented with 10% FBS, 50 [U/mL hCG (Chorulon; Intervet,
Boxmeer, Netherlands), 0.02 AU/ml. FSH (Aatrin; Denka Phamaceuticals, Tokyo,
Japan) and 1 pg/mL estradiol {7f3. The Emcare holding medium (ICP Bio, Auckland,
New Zealand) was used as the basal medium throughout the process of enucleation
to ethanol activation, except during electrofusion, when the Zimmermann medium
[22] was used. The IVC medium for culturing SCNT embryos was modified syn-
thetic oviduct fluid with amino acids (imSOFaa) [23] supplemented with 0.3% fatry
acid-free BSA (Sigma, A6003) or 0.1% LAA (Sigma, L3384) + 0.2% fatty acid-free
“ BSA.

2.2. Production of SCNT blastocysts

2.2.1. Preparation of donaor cells

The ear skin of adult Holstein cow and swamp buffalo (n = | each) was biopsied and
transported to the laboratory. Skin tissues were removed from cartilage and cut into smail
pieces before being placed in 60-mm culture dishes {Nunc, Roskilde, Denmark) and
covered with a sterile glass slide. An amount of 5 mL of a-MEM/FBS was added into the
dishes and the tissue was cultured for 8-10 days in a humidified atmosphere of 5% CO; in
air at 37 °C. The fibroblasts outgrowing from ear skin tissues were harvested using 0.25%
Trypsin-EDTA and sceded in 5 mL of a-MEM/FBS in a 25-cm? culture flask (Nunc). At
sub-confluence, fibroblasts were harvested by standard trypsinization and subjected to
passages. The fibroblasts were frozen at the third cell culture passage and stored in liquid
nitrogen {LN,). The post-thaw fibroblasts were cultured in a-MEM/FBS and used for
nuclear transfer between passages 3 and 8 of culmre. A few minutes before donor cell
injection, a single cell suspension of the fibroblasts was prepared in an Emcare holding
medium.
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2.2.2. Preparation of recipient cytoplasms

Abattoir-derived bovine (Holstein) and buffzlo ovarics were transported to the
laboratory within 4 h of slaughter. Cumulus-oocyte complexes (COCs) were obtained by
aspiration from follicles 3—6 mm in diameter using an 18-gauge needle attached to a 10 mL
syringe, and washed four times with PBS supplemented with 0.1% polyvinyl pyrrolidone
(PVP). Each of 20 COCs was cultured in 100 pL droplets of [IVM medium covered with
mineral oil in a humidified atmosphere of 5% CO; in air at 38.5 °C for 21 h.

At 21 h of IVM culture, the cumulus cells were mechanically removed by repeated
pipetting using a fine-tip pipette in 0.2% hyarulonidase and washed five times in the
Emcare holding medivm. Oocytes with an extruding first polar body were placed in 5 pg/
mL cytochalasin B for 15 min, and enucleated by a micromanipulator under an inverted
microscope {(200x magnification}. Briefly, the zona pellucida close to the first polar body
was dissected with a glass needle and a small volume (~10%) of cytoplasm lying beneath
the first polar body was squeezed out of the opening of zona pellucida. The enucleated
oocytes were washed five times in the Emcare holding medium and kept in the same
medium until donor cell injection. The successful enucleation of each oocyte was
confirmed by Hoechst 33342 fluorescent staining of the corresponding karyoplast that was
squeezed out.

2.2.3. Reconstruction and IVC

An individual donor cell, 14 to 16 um in diameter [14], was inserted into the
perivitelline space of the cytoplast, using a slit in the zona pellucida dissected at
cnucleation. The donor cell-cytoplast couplets were fused in the Zimmermann medium by
two direct currenis (2.4 kV/cm for 15 ps in cattle, and 2.6 kV/cm for 17 us in buffalo; the
distance between clectrodes was about 110 pum) generated by a hand-made fusion machine
(SUT F-1, Suranaree University of Technology). The number of couplets successfully
fused was recorded 1h after electro-stimulation. The fused couplets (reconstructed
embryos) were activated by a combined treatment of 7% ethanol in the Emcare holding
medium for 5 min and 10 pg/mL cycloheximide + 1.25 pg/mL cytochalasin D in mSOFaa
medium + 10% FBS in a humidified atmosphere of 5% CO, in air at 38.5 °C for S h.

The reconstructed embryos were cultured in mSOFaa medium supplemented with 0.3%
BSAor0.1% LAA + 0.2% BSA in a humidified atmosphere of 5% COg, 5% O,, 90% N, at
38.5 °C for 2 days (20 embryos per 100 pL droplet). Thereafter, SCNT embryos at the 8-
cell stage were selected and co-cultured with bovine oviductal epithelial cells (BOEC) in a
humidified atmosphere of 5% CO; in air at 38.3 °C for 5 days (10 embryos per 100 pL
droplet), as described previously [14]. Half of the volume of culture medium was replaced
every day.

2.2.4. Classification of hatching blastocysts

The blastocysts at the hatching stage were harvested at day 7 {in the case of cattle) or day
6.5 (in the case of huffalo) and photographs were taken. As shown in Fig. 1, three hatching
stages were ideatified according to the ratio of extruding embryonic diameter from zona
(D2) 10 embryonic diameter inside the zona (D1); early-hatching stage: D2/D1 = 0.01-
0.70, middle-hatching stage: DZ/D1 = 0.71-1.00 and late-hatching stage: D2/D! = 1.01-
1.70. Hatching blastocysts that developed beyond the D2/D1 ratio of [.71 (mosty or
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Fig. 1. Classification of hatching stage of bovine and swamp buffalo SCNT blastocysts. Hatching blastocysts were
clussificd into one of three groups according o the ratio of extruding embryonic diameter from zona (D2) to
embryonic diameter inside the zona (D1); Early-hatching stage: D2/D1 = 0.01-0.70, Middie-haiching stage: DY
Dt = 0.71-1.00, late-hatching stage: D2/D1 = L.O-1.70. Some representative photographs of hatching bovine
SCNT blastacysts are shown, Scale bar = 50 pum.

completely haiched) or those with extremely low morphological quality were not used in
the present study.

2.3. Vitrification and cryosurvival assay

2.3.1. Vitrification by MVC procedure

Embryos were exposed to 10% (v/v) EG + 10% (v/v) DMS3O in HEPES-buffered M 199/
FBS for 2 min at 22 °C, and then transferred into a vitrification solution consisting of 20%
(v/v) EG + 20% (v/v) DMSO + 0.5 M sucrose with and without 10% (w/v) Ficoll in
HEPES-buffered M199/FBS. In the buffalo series, Ficoll was not added to the vitrification
solution. One o three embryos were placed on a sheet of each Cryotop (Kitazato Supply
Co., Tokyo, Japan) in a small volume of the vitrification solution (<1 uL.). The Cryolop
device was plunged into LN, after the embryos were exposed to the vitrification solution
for 30 s at 22 °C.

2.3.2. Warming and culture for survival assay
After storage in LN,, the embryos were thawed by immersing the Cryotop into 0.5 M
sucrose in HEPES-buffered M199/FBS for 5 min at 22 °C. Finally, the embryos were
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placed into HEPES-buffered M199/FBS following a stepwise dilution with 0.4, 0.3, 0.2, and
0.1 M sucrose solutions at 5 min intervals. The post-warm embryos were washed three times
with mSOFaa containing BSA or LAA + BSA (in which the tested embryos were produced),
and co~cultured with BOEC in a humidified atmosphere of 5% CQO in airat 38.5 °C for 24 h
{1-5 embryos per 100 pL droplet). The embryos developing to a more advanced hatching
stage, with a clearly visible inner cell mass, were considered to be surviving.

2.3.3. Embryo transfer to recipients

Some bovine SCNT blastocysts were transferred to recipients after vitrification,
warming, and in vitro culture for 24 h. One or two embryos were transferred into the
uterine horn (ipsilateral to ovulation) of a recipient Holstein cow or heifer that had been
synchronized naturally or by treatment with 500 pg of a PGF,, analogue (Estrumate;
Sherling-Plough, New South Wales, Australia). Fresh control day-7 SCNT blastocysts
were transferred to synchronous recipients. Pregnancy was diagnosed on day 40 by
ultrasontography and on days 60 and 120 by transrectal palpation.

2.4. Statistical analysis

Experiments were replicated at least three times in cach treatment group. The post-
warm survival rates of SCNT blastocysts were compared by chi-square test and pregnancy
rates of recipients by Fisher's exact probablility test, using the StatView program (Abacus
Concepts, Berkeley, CA, USA). A value of P < 0.05 was chosen as an indication of
statistical significance.

3. Results
3.1, Cryosurvival of bovine SCNT blastocysts (experiment 1)

The overall successful enucleation rate of bovine [IVM oocytes was 86.4% (1614/1868)
and the fusion rate of donor fibroblasts with the recipient cytoplasts was 85.4% (1196¢/
1401). Efficiency in producing SCNT blastocysts on day 7 in the LAA-containing IVC
medium (40.7%, 246/604) was higher (P = 0.005) than that in the LAA-free medium
(32.3%, 144/446).

The in vitro survival rates of day-7 SCNT bovine blastocysts after the MVC-cryotop
vitrification are summarized io Table | and the photograph of a blastocyst surviving 24 h
afler warming is shown in Fig. 2A. All vitrified bovine blastocysts were recovered. When
the LAA-supplemented [VC medium and the Ficoll-free vitrification solution were used,
cryosurvival of the early-hatching blastocysts (77%) was not different from those of
middle- and late-hatching blastocysts (74 and 80%, respectively). Inclusion of Ficoll in the
vitrification solution did not improve the cryosurvival of SCNT blastocysts (54 to 68%).
The early-hatching SCNT blastocysts produced in the absence of LAA were sensitive to the
vitrification procedure.

The in vivo developmental potential of vitrified-warmed and 1-day-cultured SCNT
blastocysts as well as fresh day 7 SCNT blastocysts is shown in Table 2. Seven of 14
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Table |
Cryosurvival of bovine SCNT blastocysts harvested on day 7: effects of hatching stage, LAA in IVC medium, and

Ficoll io vitrification solution (VS)

LAA duwing [VC Ficoll in ¥§ No. survived/no. examined (%)

Hatching stage

Early Middle Late Overall
+ = 23/30 (77) 20427 (74) 24/30 (80} 67187 (77)°
+ + 23134 (68) 15728 (54) 19432 (59) 57094 (61)°

- - 15727 (56)" 20/30(6T)* 28/35 (80) 63/92 (68)*"

* Within 2 column, ratios with a different superscript were ditferent {# < 0.05).
® Withie a colump, ratios with a different superseript were ditferent {P < 0.05).
* Within a row, ralios with a different superscript were different (P < 0.05).
¥ Within a row, ratios with a differeol superscript were different (P < 0.05).

Fig. 2. Photagraphs of the SCNT blastocysts surviving 24 h afler vitnfication and warming: (A) bovine and (B)
buftalo. During post-warm culture, buftalo embryos appeared to develop slighuy faster than bovine embryos.
Scale bar= 50 um.

recipients (50%) receiving a total of 25 post-warm surviving SCNT blastocysts were
pregnant at day 40 while 11 of 27 recipients (41%) receiving a total of 37 fresh SCNT
blastocysts were pregnant. Although four recipients that had received post-warm embryos

;f:t:ﬁj survival of bovine SCNT blastecysts after vitrification and warming
Groups No. embryos transferred/recipient femates No. {%) pregnant recipients”

Day 40 Day 60 Day 120 Fullaenn
Virified 25/14 7650 4um 0@ 0@
Fresh coatrol ~ 37/27 14 7 (26) S {19y M

" All pregnant recipients kad a single conceptus.

" Within a column, ratios with a different superscript were ditferent (£ < 0.05).
© Within a cclumn, ratios with a different superscript were different (P < 0.03).
Y Two calves died soon afier birth, while one calf survived.
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Table 3
Cryosurvival of swamp buftale SCNT blastocysts harvested an day 6.5: effects of hatehing stage and LAA in IVC

medium

LAA during IVC No. survived/no. examined (%)

Hatching stage

Early Middle Late Overalt
+ 4/5 (80 545 (100) 89 (8%) : 17/19 (89)
- 1012 (83) 6/8 (75) 10/10 (100) 26/30 (87)

Ficoll was not added to the vitrification solution.

(29%) and seven that had received fresh embryos (26%) maintained their pregnancies until
day 60, only three cloned calves {11%) were delivered from three recipients in the fresh
embryo group. Two calves died soon after birth and one calf survived.

3.2, Cryosurvival of buffalo SCNT blastocysts (experiment 2)

The overall successful enucleation rate of buffalo IVM cocyies was 85.8% (1011/1179)
and the fusion rate of donor fibroblasts with the recipient cytoplasis was 86.3% (676/783).
Between the LAA-containing medium and the LAA-free medium, efficiency in producing
SCNT blastocysts on day 6.5 (20.7%, 39/188 and 18.9%, 63/332, respectively) was similar.

All vitrified buffalo blastocysts were recovered. The mean cryosurvival of hatching
SCNT blastocysts produced with LAA (89%) was not different from that of those produced
without LAA (87%), as shown in Table 3. Although the number of blastocysts classified
into each of three hatching stages was small, cryosurvival of buffalo SCNT blastocysts
tended (£ =0.06) to be higher than that of bovine blastocysts without LAA. The
photograph of a buffalo blastocyst surviving 24 h after warming is shown in Fig. 2B.

4. Discussion

In the present study, relatively high survival rates of bovine and buffalo SCNT
blastocysts after vitrification and warming were obtained using the cryotop as a cryedevice.
A variety of containers or devices, including an electron microscope grid [24], OPS [1],
nylon loop [25] and cryotop [26], all of which can minimize the volume of vitrification
solution for the ultra-rapid cooling rate, have been used for vitrification of mammalian
embryos and oocytes. Comparative studies between OPS and cryotop in bovine and ovine
morulae to blastocysts {27], pronuclear-stage rabbit zygotes [28] and germinal vesicle-
stage whale oocytes [29] suggest that cryotop is a better alternative cryodevice than OPS.
Recently, MVC-cryotop vitrification has been successfully applied to pre-hatching
embryos in pigs [30,31], oocytes and blastocysts in humans [32,33], and IVM oocytes or
enucleated cytoplasts in buffalo [34). A possible advantage of the MVC-cryotop
vitirification procedure originally reported by Kuwayama and Kato [26] may be due to the
use of a lower concentration of permeating cryoprotective agents (CPA) in the vitrification
solution (30%), but the composition of the vitrification solution employed in the present
study was the same as that reported for the OPS system (CPA concentration 40%) [1].
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Blastocysts produced by nuclear transplantation have mechanical slits in their zonae
pellucidae, and therefore initiate hatching earlier than their non-manipulated counterparts.
Bovine blastocysts microinjected with exogenous DNA at the pronuclear stage also
initiated hatching earlier without thinning their zonae pellucidae, and survived
cryopreservation by conventional freezing and vitrification as far as the blastocysts were
harvested on day 7 [35). However, day 6 blastocysts were sensitive to vitrification.
Cryosurvival of IVF-derived bovine blastocysts biopsied on days 7 to § was relatively high
(78% [36], 86% [37)). Among in vivo and IVF-derived bovine embryos, the expanded
blastocyst scems to be the stage most tolerant to cryopreservation (see review by Massip
[38]). Kelly et al. [27] reported that post-warm hatching rates of IVF-derived bovine and
ovine embryos wete improved by the progression of embryo development when days 5-7
embryos were vitrified using cryotop or OPS. Amarnath et al. [39] recently reported that
bovine SCNT day 8 blastocysts at the advanced hatching stage survived conventional
freezing better than the early stage blastocysts (86% versus 14%). In the present study, the
cryosurvival of early hatching bovine SCNT blastocysts produced with LAA-free medium
was significantly lower than that of advanced embryos (56% versus 8(%, Table 1),
probably due to their lower cell numbers.

There have been reports describing a positive effect of LAA in IVC medium for IVF-
derived bovine zygotes on improvement in their survival rate after conventional freezing [11-
13]. In the present study, the higher sensitivity of early-hatching bovine blastocysts to
vitrification may be reduced by culturing SCNT embryos in the presence of LAA (Table 1). A
suboptimal IVC condition for IVF-derived bovine embryos induces accumulation of
intracellular lipid droplets {8,9]; these droplets are responsible for the high sensitivity of pig
{40) and cattle [41] embryos to cryopreservation. The quality of blastocysts is often judged
based on developmental kinetics and total cell numbers. Although these parameters were not
examined in the present study, the morphological appearance (grade or cellular darkness; data
not shown) scemed to be similar in blastocysts produced with LAA -containing medium and
LAA-free medium. A possibie contribution of LAA to improving cryotolerance may be
modification of membrane lipid composition, facilitating water loss from the cell.

Composition of the vitrification solution (permeating CPAs and non-permeating
macromolecules or saccharides) is among the factors influencing cryosurvival of embryos.
A vitrification solution named EFS40 has been widely used for embryo cryopreservation in
mice, rabbits, horses, cattle and marsupials, andin pigs and humans after replacing sucrose with
rehalose (see review by Kasai [42]). Possible cryoprotective roles of macromolecules (e.g.,
polyethylene glycol, polyvinyl pyrrolidone, Percoll, Ficoll, and BSA) added to the vitrification
solution are promoting solidification of the solution and reducing the chemical toxicity of the
permeating agents. The Ficoll-70 was less toxic than polyethylene glycol when it was mixed
with 40% EG [43]. In the present study. addition of 10% Ficoll-70 to a vitrification solution
containing 20% EG, 20% DMSO and 0.5 M sucrose had no impact on cryosurvival of SCNT
bovine blastocysts. When either two different permeating CPAs are used as a mixture, orwhen
DMSO isincluded in the vitrification solution, further addition of Ficoll may have a negligible
or even adverse effect on improving cryosurvival. To date, positive effects of Ficoll have been
derived only in solutions containing 30 to 40% EG or 40 to 50% glyceroi {42].

The full-term developmental potential of bovine SCNT blastocysts after vitrification
and warming was not proven in the present study. Pregnancies of recipient cows or heifers
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receiving vitrified-warmed SCNT blastocysts were mainiained for no longer than 60 days.
The reason for the pregnancy loss was unknown and requires further investigation. The
statistical significance between fresh and vitrified embryos should pot be over-emphasized
due to the small number of embryos transferred. The first live calves derived from vitrified
SCNT blastocysts have been reported in 2003-2004 from two independent laboratories
{5,6]. Gong et al. {5] reported that transfer of nine vitrified SCNT blastocysts into nine
recipients resulted in three pregnancies at day 60 and birth of a cloned calf, while transfer
of eight fresh SCNT blastocysts into eight recipients resulted in two pregnancies at day 60
and two newbom calves. Tecirlioglu et al. {6] reported that transfer of 53 vitrified SCNT
blastocysts into 14 recipients resulted in six pregnancies at day 40 and the birth of 2 cloned
calf. In the latter study, none of the seven fresh SCNT blastocysts transferred into two
recipients resulted in the birth of cloned calves (a larger scale experiment is on-going;
personal communication, Dr. Tecirlioglu). The high frequency of embryonic loss during
the first and the second trimesters of the gestation period, as well as perinatal deaths, is still
an obstacle for somatic cell nuclear transfer in cattle.

Buffalo SCNT embryos appeared darker and developed a half-day earlier than bovine
SCNT embryos [14]. However, buffalo SCNT blastocysts are more likely to survive
vitrification than bovine SCNT blastocysts (Tables 1 and 3). The high content of
intracellular lipid droplets in porcine embryos at early stages is still considered as the major
cause of their high sensitivity to low temperature [40]. Nevertheless, Hayashi et al. [44)
reported that expanded and haiched porcine blastocysts were capable of developing fuli-
term after conventional freezing. Duran et al. [21] recently reported that approximarely
90% of 1VF-derived water buffalo embryos survived vitrification in EFS540 solution when
the embryos were vitrified at the morula to expanded blastocyst stages, followed by birth of
six calves after transfer of 71 post-warm embryos. In the present study (Tabie 3), the late-
stage hatching blastocysts had a high cryoiolerance (95%, 18/19), but their true survival in
vivo remains to be clarified.

In conclusion, bovine SCNT blastocysts regardless of their hatching stage were
relatively resistant to the MVC-cryotop vitrification procedure when the blastocysts were
produced in the presence of LAA, and swamp buffalo SCNT blastocysts were more
tolerant of vitrification than bovine SCNT blastocysts.
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164 EFFECT OF HATCHING STATUS ON VITRIFICATION OF CLONED BOVINE BLASTOCYSTS
C. Laowtammathron®, T. Terao®, C. Lorthongpanich®, S. Muenthaisong™, T. Veichavan™. S. Hochi®. and R. Parnpui®

Anstitute of Agricuttural Technology, Suranaree University of Technology, Nakhon Ratchasima, Thailand: 8 Faculty of Textiic Science.
Shiashu University, Nagano, Japan, email: rangsun(@ccs.sut.ac.th

Bovine blastocysts produced by nuclear transplantation have mechanical slits in their zonae pellucidae, and therefore initiate hatching earlier than
the non-manipulated embryes. The present study was undertaken lo examine whether the hatching stage of claned blastocysts is among the factors
influencing their survival after vitrification and warming. Cloned bovine biastocysts were produced by using adutit ear fibroblast cells as reporied
previously (Pampai et al., 2002, Theriogenology 57, 443), except that fused couplets were co<cultured with bovine oviductal epithelial cells in
mSOFza medium supplemented with 0.1% linoleic acid-albumin (LAA) + 0.2% BSA (Hochi er al., 1999, Theriogenology 52, 497-504). Hatching
blastocysts harvested on Day 7 were classified into one of three groups according to the ratio of extruding embryonic diameter from zona {D2) 1o
embryonic diameter inside the zona (D1); category-A: D2/D1 = 0.01-0.70; category-B: DX/D} = 0.71-1.00; category-C: DX/DI = 1.01-1.70. The
blastacysts were first exposed to 10% DMSO + 10% ethylene glycol in TCM 199 + 20% FCS for 2 min, and then equilibrated in 20% DMSO + 20%,
ethylene glycol + 0.5 M sucrose with or without 10% Ficoll in TCM 199 + 20% FCS for 30 5. One to three blastocysts were placed on a Cryotop sheet
(Kitazato Supply Co., Tokyo, Japan) and vitrified in liquid nitrogen. The samples were warmed in 0.5 M sucrose solution for 2 min and transferred into
TCMI199 + 20% FCS in five steps (5 min per step). The post-warm survival of the blastocysts was assessed by in vitro culture for 24 h. When Ficoll-
free vitrification solution was used, post-warm survival rate of the category-A blastocysts (77%, 23/30) was not significantly different (ANOVA test)
from those of category-B and category-C blastocysts (74%, 20/27; and 80%, 24/30; respectively). Inclusion of 10% Ficoll in the vitrification solution
did not improve (ANOVA test) the post-warm survival rates of cloned blastocysts (category-A: 65%, 22/34; category-B: 54%, 15/28; category-C:
59%, 19/32). Groups of fresh nonsurgical embryos, vitrified with or without Ficoll, yielded 66.7% (4/6), 66.7% (2/3) and 40.0% (2/5), respectively,
of recipients pregnant at 48 days of gestation. In conclusion, cloned bovine blastocysts, regardless of their hatching stages, were relatively resistant
to cryopreservation by vitrification. (Supported by Thailand Research Fund and R&D Fund of Suranaree University of Technology.)

105 VITRIFICATION OF BOVINE EMBRYOS USING THE CLV METHOD

W Lindemans®, L. Sangalli®, A. Kick®, C.R. Earl®, and R.C. Fr/®

ACryoLogic Pty Ltd, 54 Geddes St.. Mulgrave, Victoria 3170; BAnimal Reproduction Company, Sreydes Rd., Werribee, Vicloria 3030, Australia.
email: bill@cryologic.com

Vitrification has become the preferred method for cryopreserving in vitro-produced bovine embryos (IVP). .Here we introduce a technigue for
vitrification developed at CryoLogic (the CLV Method), in conjunction with a study comparing the post-thaw viability of VP embryos frozen by the
widely used open pulled straw method (OPS—Vajta ef al., 1997 Cryo-Letters 18, 191) and the new CLV Method. Vitrification on thin metal surfaces
has been explored and demonswated previousty (Le Gal & Massip 1999, Cryobiology 38, 290), and Dinnyes presented a Solid Surface Vitnification
(SSV) [(Dinnyes er al., 2000, Biol, Reprod. 63, 513). The CLV Method utilizes vitrification on the surface of a solid metal block. This surface has
been custom shaped and treated to enhance vitreous formation. The method also includes handiing, storage and thawing protocols designed to avoid
damage from crystallization of the unstable glass. Briefly, the block is precooled in LN2 to —196°C. Up to 10 embryos are collected into a draplet
of medium (3 uL), on the end of a fibre carrier attached to a handle. The droplet is presented o the vitrification surface, where it is converted into
a glass bead by cooling rates comparable to that of plunging into solid/liquid phase nirogen (—210°C) (Arav et a/., 2001 Theriogenology 55, 313).
The glass bead, fibre and handle are ransferred quickly into a half-scaled, precocled straw, and the handle seals the open end. A bead is thawed
very rapidly by removing the handle, fibre and bead from the straw and transferning the bead inwo washing medium. COCs collected from bovine
ovaries obtained from abattoirs were matured, fertilized and cultured for 6 days (Fry e al., 2003 Theriogenoclogy 39, 446). Embryos reaching the
blastacyst or expanding blastocyst stage of development were graded (Grades 1, 2, and 3), equilibrated for 5 min in HEPES-199 medium with 20%
FCS (HFm), placed in HFm with 10% EG, and 10% DMSO (VS1) for 2 min, and then transferred to HFm with 20% EG, 20% DMSO (VS2) for
305 (Vajta). Between 5 and 10 IVP embryos were processed and collected for vigification, either in an OPS plunged into LN2, orin a 3 L droplet
vitrified by the CLV Method. The two sets of specimens were stared in LNZ, and later thawed. Both OPS tips and beads were thawed in 0.5 mL of
HFm with 0.2 M sucrose at 39°C. Embryos were maintained at 39°C, examined after S min for contraction, and again after 6 h for re-expansion.
They were then transferred to culture medium, incubated and examined at 24 and 48 h 10 assess hatching. As shown in Table |, the CLV method
appears 1o be satisfactory for maintaining membrane integrity (expansion} and developmental potential (hatching) for even poorer grade embryos,
that might be more sensitive to the siresses of cryopreservation.

Table 1. Re-expansion and hatching rates of graded thawed bovine embrvos vitrified by OPS or CLV methods

Embryo Grade Method # Frozen/thawed # Re-expanded (%) 4 Haiched (%)

Grade 1 OPS 91 B1 (88} 75(82)
CiLv 78 7292} 6Y {88)

Grade 273 OPS 53 35166} 24 (45}
CLv 33 31 (4 26(76)

No diflerence in re-expansion or hatching of Grade | embrvos by either method. More (P < 0.05) Grade 2 and 3 embrvos
re-cxpanded and haiched aher freeze thawing using CLV than OPS.
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THE EFFECT OF FICOLL IN VITRIFICATION SOLUTION AND HATCHING
STATUS OF CLONED BOVINE BLASTOCYSTS ON THE SURVIVAL RATE
AFTER VITRIFICATION BY USING CRYOTOP

Chuti LAOWTAMMATHRON', Tasuma TERAO?, Chanchao LORTHONGPANICH', Suchitra
MUENTHAISONG', Tawatchai VETCHAYAN!, Shinichi HOCHI® and Rangsun PARNPAY

! Animal Biotechnology Laboratory, School of Biotechnology, Institute of Agricultural Technology,
Suranaree University of Technology, Nakhon Ratchasima, Thailand.
? Faculty of Textile Science and Technology, Shinshu University, Nagano, Japan.
E-mail: rangsun(@ccs.sut.ac.th

Abstract

Bovine blastocyst produced by puclear transplantation have mechanical slits in their zona
peflucida, and therefore initiate hatching earlier than non-manipulated embryos. This study was
examined the effect of vitrification solution with or without 10%Ficoll and hatching status of cloned
bovine blastocysts on the survival rate after vitrification and warming. Bovine cloned blastocysts were
produced by using adult ear fibroblasts as previously reported (Pampai et al., Theriogenology 2002; 57:
443). Reconstructed embryos were co-cultured with bovine oviductal epithelium cells in mSOFaa
medium supplemented with 0.1% linoleic acid-albumin (LAA) + 0.2%BSA (Hochi et al.,
Theriogenology 1999; 52: 497-504). On day 7, hatching blastocysts were classified into three groups
according to extruding embryonic dimeter from zona pellucida (D2) to embryonic diameter inside zona
pellucida (D1), group A: D2/D1 = 0.01-0.70, group B: D2/D1 = 0.71-1.00, group C: D2/D1 = 1.01-1.70.
Embryos were exposed to 10%EG + 10%DMSO in TCM199-Hepes + 20%FCS for 2 minutes and
placed into 20%EG + 20%DMSO + 0.5M sucrose in TCM199-Hepes + 20%FCS with or without
10%Ficoll for 30 seconds. One to three embryos were placed on the cryotop device(Kitazato Supply
Co., Tokyo) and immediately submerged in liquid nitrogen. Embryos were warmed by serial dilution
from 0.5M sucrose in 199Hepes + 20%FCS to OM sucrose (5 minutes each). The survival rate was
accessed at Oh and 24h after warming. In the Ficoll free vitrification solution group, the survival rate of
embryos in group A (77%, 23/30) was not different from group B and C (74%, 20/27 and 80%, 24/30,
respectively). Embryo survival did not improved after vitrification in solution supplemented with
10%Ficoll (Group A; 65%, 22/34: Group B; 54%, 15/28: Group C; 59%, 19/32). In conclusion, Ficoll
and hatching status of bovine cloned blastocysts did not effect to the survival rate after vitrification and
warming.

¢

Keywords: Vitrification, Ficoll, Cloning, Bovine, Hatching blastocyst
(This study was supported by Thailand Research Fund and R&D Fund of Suranaree University of

Technology)
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Effect of two concentrations of
cryoprotectant in vitrification solution
on post-warmed survival of cloned
bovine blastocysts vitrified by micro-
drop technique

C. Laowtammathron, S, Imsoonthomruksa, S. Mueanthaisong,

C. Lorthongpanich, T. Vetchayun, C. Sang-ngam, C. Tangthai,

M. Ketidat-Caims and R. Parnpai’

Embryo Technology and Stem cell Research Center,

Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand.
* Corresponding authors. Tel. (66) 44 224 244 Fax. (6G) 44 224 [50
E-mail address: rangsun@ccs.sut.ac.th

Introduction

There have been several studies to improve the efficiency of
vitrified cloned bovine embryos (Nguyen et al., Thertogenology 2000;
53: 1439-1448; French et al, Theriogenology  2001; 57 413;
Tecirlioglu et al., Reprod. Fertil. Dev. 2003, 15: 361-366;, Gong et al,
Mol. Reprod. Dev. 2004; 69: 278-288; Laowtammathron et al,
Theriogenology 2005; article in press). However, none of the previous
studies have demonstrate the effects of the cryoprotectant using
microdrop. The aim of this study is to compare the effects of
concentration of ethylene glycol (EG) and dimethylsulfoxide (DMSQO)
in vitrification solution on the survival rate of vitrified cloned bovine
blastocysts by using micro-drop technique.
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Materials and Methods
Donor cell preparation

The ear skin was biopsied and kept in modified Dulbecco’s
Phosphate Buffer Saline (mDPBS) for transportation to laboratory..Skin
tissues were culture in o-MEM + 10%FBS under humidified
atmosphere of 5%CQ; in air at 37°C. Ear fibroblasts were frozen with
10%DMSO in o-MEM + 20%FBS at the third cell culture passages and
stored in liquid nitrogen.
Recipient cytoplasm preparation

Bovine ovaries were collected from the slaughterhouse and kept in
saline and transported to laboratory at room temperature. The oocytes
were collected by aspiration technique using 10 ml syringe connected
with 21G needle. Only cumulus oocytes complexes with three or more
layers of cumulus cells were selected and cultured in TCM199
supplemented with 10%FBS, 0.02AU/ml FSH (Antrin®, Denka
Phamaceutical), 50 1U/ml HCG (Chorulon®, Intervet) and 1 pug/ml E;
under humidified atmosphere of 5%CO; in air at 38.5°C for 20 h.
Somatic cells nuclear transfer

At 20 h of culture, the cumulus cells were removed in
0.2%hyarulonidase and washed 5 times in Emcare holding medium
(ICP bio). Metaphase II oocytes were enucleated by micromanipulator.
After that each individual donor cell was inserted into perivitelline
space of the enucleated oocyte. The resulting somatic cell-cytoplast
complexes (SCCCs) were transferred to Zimmermann fusion medium.
An individual SCCC was placed between both tips of electrode to
electrostimulate with double DC pulses of 24V/SCCC for 15 psec each
time. The DC pulses were generated by fusion machine (SUT F-1,
Suranaree University of Technology). After 1 h the fusion rate was
checked under inverted microscope. The reconstructed embryos were
activated by placing in 7%Ethanol for 5 min and 10 ug/ml
cycloheximide + 1.25 pg/ml cytochalasin D for 5 h under humidified
atmosphere of 5%CO; in air at 38.5°C.
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In vitro embryos culture
The reconstructed embryos were cultured in mSOFaa medium

supplemented with 0.3%BSA (mSOFaa). Reconstructed embryos was
cultured under humidified of 5%CQO,, 5%0,, 90%N; at 38.5°C for 2 d.
After that, 8-cell stage embryos were selected and co-cultured with
bovine oviductal epithelium cells (BOEC) in mSOFaa under humidified
atmosphere of 5%CQO; in air for 5-6 d. The development of embryos
were observed and half of the medium were changed daily.
Vitrification ’

Grade 1 and 2 hatching blastocysts at day 7 and 8 of cultured were
first exposed in equilibration solution (7.5%EG + 7.5%DMSO in
TCM199 + 20%FBS) for 3 min and then exposed in V833 (16.5%EG +
16.5%DMSO + 0.5M sucrose in TCM199 + 20%FBS) or VS35
(17.5%EG + 17.5%DMSO + 0.5M sucrose in TCM 199 + 20°%FBS) for
30 sec at 22°C. Then five embryos in 1-2 ul cf vitrification solution
were directly drop into liquid nitrogen by using pulled pasteur pipette.
Warming

Embryos were warmed by directly placed micro-drop into 0.6M
sucrose at 38°C for 5 min and washed in 0.4M sucrose, 0.2M sucrose
and OM sucrose in TCM199 + 20%FBS for 5 min in each step at 38°C.
Then the embryos were co-cultured with BOEC in mSOFaa for 24 h. At
0 h post-warmed, the embryos morphologies were examined and co-
cultured with BOEC in mSOFaa for 24 h.

Differentiation staining

The zona-pellucida post-warmed survival blastocyst at 24 h of
cultured were removed by 0.5% protease and washed in mSOFaa. The
zona-free embryos were incubated in 10% rabbit anti bovine
spleenocytes for 45 min and incubated in 10% guinea pig complement +
75 pg/ml propidium iodide + 100 pg/ml Hoechst 33258 for 45 min. The
embryos were mounted on glass slide and cover with glycerol. Number
of trophectoderm (TE) and inner cell mass (ICM) were counted under
fluorescence microscope.

Embryos transfer

Some fresh cloned bovine blastocysts (days 7 and 8) and frozen-

thawed from V833 (24 h after cultured) were non-surgical transferred
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into the uterine homn (ipsilateral to ovulation) of a recipient (1-2
embryos/recipient) that had been synchronized naturally or by treatment
with 500 pg of PGF2, analogue. Pregnancy was diagnosed on days 60
after transfer by rectal palpation.
Statistical analysis

The significant differences were determined by ANOVA using SAS
program.

Results and discussion

The survival rate of day 7 cloned bovine embryos after vitrification
by micro-drop technique were summarized in Table 1. The survival rate
of cloned bovine embryos after 24 h of in vitro culture from VS35 were
slightly lower than V833 (86% VS 94%, respectively) but it was not
significant different. The survival rate in this study was higher than OPS
in bovine and ovine morulae to blastocysts (Kelly et al., Reprod. Fertil.
Dev. 2004; 61: 267-275). Cell numbers of vitrified embryos were not
different from those of V533 and VS35 (Table 2). However, ratio of
ICM and TE cell from VS35 were higher than VS33. After non-surgical
transferred only 3 recipients (15.8) from fresh embryos and 2 recipients
{11.8) from vitrified embryos (VS33) were pregnant (Table 3). All
recipients are during 3-4 months of pregnancy. High survival rate of
micro-drop vitrification of cloned bovine blastocysts were obtained by
using VS33 and VS35. Difference concentration of EG and DMSO in
VS33 and VS35 did not effect the survival rate at O h and 24 h and total
cell number of cloned bovine hatching blastocyst.

Tablel Cryosurvival of cloned bovine blastocysts after vitrified by
micro-drop in V833 or V835,

Vitrification Normal morphology and survival rate
solution 0 h (%) 24 h (%)
VS33 99/99 (100) 93/99 (94)

VS35 98/98 (100) . 84/98 (86)
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Table 2 Mean and ratio of TE and ICM cells of vitrified cloned bovine

blastocysts.
Vitnfication  No. ICM TE ICM:TE Total cell
solution embryos
VS33 25 31418 99441 132 130450
VS35 25 2648 102428 139 128430

Table 3 Pregnancy rate after transfer fresh or vitrified cloned bovine
blastocysts.

Gr No.embryos ransfet/recipient Pregnancy rate
oups females(No.embryos/recipient)  on days 60 (%)

Fresh control 39/19 (2.0) 3/19(15.8)

VS§33 30/17 (1.8) 2/17 (11.8)

{This study was supported by Thailand Research Fund and R&D Fund
of Suranaree University of Technology)
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ABSTRACT

This experiment was undertaken io examine the effect of hatching stage of day 7 cloned
bovine embryos on the survival rate after vitrification. Embryos were classified into three groups
according to extruding embryonic dimeter from zona pellucida (D2) to embryonic diameter inside
zona pellucida (D1), group A: D2/01=0.01-0.70, group B: 0.71-1.00, group C: 1.01-1.70. Embryos
were expased to 10%EG+10%DMS0 in TCM198-Hepes+20%FCS for 2 minute and placed {0 20%
EG+10%DMSO+0.5M sucrose in TCM199-Hepes+20%FCS for 30 second. One to three embryos
were placed on the sheet of Cryotop and vitrified in liquid nitrogen. Embryos were warrﬁed by serial
difulion (5 steps) and all of embryos in group B and C were normal morphology (30730, 27/27). Afler
in vitro cullured for 24 h, 80% embryos in group C, A, B were survived {80%, 24/30; 77%, 23/30; 74%
20/27 respectively). In conclusion, hatching stage of cloned bovine blastocysts was notl effect on the

" sunvival rate after vitrification and warming.

" amalula o, dnlnmatuladinasiness, auinersemaiuladig s
School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology
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Table 1 The survivai of cloned bovine halching biastocysts after vitrification and warmed

Groups No. embryos vitrification Normal morphology (%) 24h after thaw (%)
A 30 28/30 (93) 23730 (77)
B 27 27127 (100) 20027 (74)
C 30 30/30 (100} 24730 (80)

Figure 2 shdeuripuuasndINTduiafidalnsd 0 wesdalue? 24 wdtnsazene; A Adeunausdud
BiemgaunsaInazaeiidilied 0, C fgeuvdsainazanafidaluad 48
agyl
neansasaLidudsidenlaauiitaty 7 Julisrer hatching blastocyst fiflaunasiasiu

WUTIIUIRIRY hatching biastocyst liiluaraswmentnifseaudssinuiuinasazane

Atle
nmsneaesillaiuduaiuaguanuniinendomaluladiannd  ezddnounesmuaiuayuy
SIGET
VANEITB18

Famrad waaving nFesdAnd My uas udossu nuaauz. 2543, mnfulUifunsmdalaiugs
faenaluladlaauistrelfmadiiuruaasnlugiuvsad@uiy. nardszgaianisves
nTineFenERIrERTART 38 $191dRT 1-4 NsNWLE 2543,

Massip, A, P. Van Der Zwalmen, B. Scheffen, and £. Eclors. 1886. Pregnancies foliowing transfer of
catlle embryos preserved by vitrification. Cryo-lellers 7:270-273. Quoted 1. /In Gordan. 1894,
Storage and cryopreservalion of gocyles and embryos. Laboralory production of catlie
cmbryos. 320-323.

Nguyen, B.X., Y. Sotomaru, T, Tani, Y. Kalo, and Y. Tsunoda. 2000. Efficient crycpreservation of
bovine blastocysis derived from nuclear transfer with sematlic cells using partial dehydration

and vitrification. Thericgenology 53:1,438-1448.



Parnpai R, K. Tasripoo, and M. Kamonpatana. 2000. Developmenta! potential of cloned bovine
embryos derived from quiescen! and non-quiescent aduit ear fioroblasts after different
activation treatments. Theriogenology 53:238.

Rat, W.F, and G.M. Fahy. 1985. lce-free cryopreservation of mouse embryos at -196 C by
vitrification. Nature 313:573-575.

Whiltingham, 0.G., 5.P. Leibo, and P. Mazur. 1972, Survival of mouse embryos frozen to -196 degrees and
-269 degrees C. Science 178 (58):411-4.
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The use of cloning technology to prbduce exotic beef and dairy cattle
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Suriya Kitsumreja, and Sombat Sirudomset’
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wadleffideedRnsWiiuy 8,000 nn A wRewiuifuasdiuiuudialeauiis dadigeuster
usnalmdsfindnainaasssinuinug 47uiu 8 fdeu ludeatnlilasiu 4 6 (2 sagewsa) Iddmm
MsFaTied 60, 180, 200 was 220 1 50% (24) sazimeelnfigsuiien@nanuassununiniie 41um
56 phasu WiafTu 36 M (1-2 Fadawsn) SansnIsaaRias 60 La2 180 4% 36.1% (13/36) wazls
fmsnnseaiadluduil 200 Aaz 220 T 33.3% (12/36) 48z 30.5% (11/36) Inadllasniulunguil 2 M

1 ¥ v
Al 186 ez 209 1aimsnadies Iadhiufisaies 1 delfnasagnaausssnand 1 eafigenw

o - wr ws ed " Lrar ¥ - o lﬂl -, - = 1 - oho -

Ada4saf wastadinfudn 1 saldFunisdrdaiiraes gniifiann 1 fdzislnfuandediaudinasa 15
wid Tmsiuiimaaiinivuassaameludufeusurrny 2546 sann1smaa DNA microsatellile wuda

gnlafifesniiioy O N A willswinlasusuuynysens uszwAnsinea D N A gedlasdy

ABSTRACT

Ear skin of exotic Brahman bull and female dairy cattle were cultured and frozen siorage for
use as donor cells for cloning. Eight blastocysts derived from dairy catlle cells were transferred to 4
recipients (2 embryos/recipient), the pregnancy rate of this group at 60, 180, 200 and 220 days was
50% (2/4). Fifty six blastocysts derived from Brahman bull cells were transferred 1o 36 recipients {1-2
embryos/recipient), the pregnancy rate of this group atl 60 and 180 days was 36.1% {13/36) and at
200 and 220 days was 33.3% (12/36) and 30.5% (11/36). Two recipients carried cloned Brahman
fetus aborted at day 186 and 209 of pregnant. One pregnant recipieni gave naturally birth 1 heatihy
cloned calf and another one recipient was gave birth by cesarian section to 1 cloned calf with normal

morphology and died 15 minute after birth. Rest of pregnant recipients will give birh within the end of

1 - - i . - o - - 3 X
sdrunalulaiiftom dminirunaluls@ninnuss suvinefunalulefigount, Suranaree University of Technology
T fiinende suvinenfualuinfiqru’l,. Sucranaree University of Technotogy

¥ waavimen urud, SK Pattaya Ranch



December 2003. DNA microsatellite analysis of ¢claned calf and donor cells showed the same paitern

and obvious!ly different from recipient.
Key w ords beef and dairy catit!le cloning
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50 1U/ml HCG (Choruton , Intervet), 0.02 AU/mI FSH {Antrin , Denka Phamaceutical) 8% 1 pg/mi E,
Wpaludagng 20 1/100 f Aigrungi 38.5 C, 5% CO, in alr wu 21 Falus

udsaniestaiuine (v asu 21 42lus axinanseaadRoxFasendion 0.2% Hyaluronidase
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Table 1 In vitro devetopment of cloned bovine embryos derived from ear fibroblasts

Embryos Cleaved 8-cell Morula Blastocyst
Fused (%)
cultured (%) {%) {%) (%)
4647548 451 3937451 292/451 1734393 125/393
{84.67) (87.14) (64.75) (44.02) {31.80)

* q1n Table 1 wudrdammnaiudulavesssoulanuiisfiorrarustalnda (31.80%) Indiiea
fftiasnmnuda (FamasA uasAuz, 2543; Parnpai et al., 2002) AR LA aN T RRTEARAL 0]
UssdvBnmgeiunndesaaduazmalfiseuszazunalnisfaurzasnfendadhnlilamsy

an Table 2 Wdnsthedinfsewszarusialadafindnanasdiuiuniaun $1uau 8
fagau Wlasaiy 4 fa (2 Fagews) emanasdatias 60 . 180, 200 \8% 220 44 50% (2/4) daunas
dherhnfseuiindnanadiuiwulaie $1uau 56 faseu Wiladasy 36 f (1-2 Meawsa) 1HERM
madatied 60 ez 180 Fu 36.1% (13/36) TiEmsniasated 200 ez 220 Fu 33.3% (12/36) uaz 30.5%
(11/36) Tmﬂﬂiﬂﬁﬁmunﬁiuﬁ 2 Furalusui 186 ue= 209 saamIsavies TafFuTGavas 1 FIAREAGN
RsTTHTIREens 1 §aluTudl 25 gatau 2546 fihwnusniAn 32,5 nn. fganmadainailiiung
Fidadn ANMNZ WAZAINNITATIAHATIEV DNA microsatellite (Marker TGLA126) vaslmsiafy @ummfﬁa
W0 WIBERUMLY AR BATN2 WU JUAINLAZANATH 2 8 ONA wlsuitmnilsznisuasuaneng

41N DNA 189231 (Figure 1) uanainilladaiudn 1 flasumsisnniasentuiui 26 aaie 2546



Wagnlaiaun 1 fafurinusnidie 48 Alanfuiesfizlivlndynusnsssdedioudsanan 15 wd

Tnsfufivdelinnnusraanntaluduisusuiiag 2546

Table 2 Pregnancy rate after transferred cloned bovine embryos to recipients.

Breed of No. of embryos No. of Pregnantal Pregnantat Pregnantat Pregnant al

donor cell transferred recipients 60 d 180 of 200d 220 d
HF 8 4 2 {50%) _275£)°—A) 2 {50%) i _ZSO"/_)_

Brahman 56 36 13 {36.1%) 13 (36.1%) 12{33.3%) 11 (30.5%)
Tolal 64 40 15 (37.5%) 15(37.5%) 14 (35.0%) 13 {32.5%)

Figure 1 DNA microsatellite analysis comparison of recipient (1), Donor cells (2) and cloned calf (3)

agu
anHaNIMAasBaaslifuisnsaUsraunud i lunasiradndseulaaudieRldann
vnﬂéﬁu,wutmﬁﬂua:Tﬂumﬁuifﬁaﬁﬂu Wila s Fudsiesauia 220 MEAgINITH8us A8z
fsmmnn Ui N R s e s WA (Hil et af, 2000) G atuladlanuiada o
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nasnasa U ueTusyua N Inedamaluladigiu’ uer ddnaunesualiuayunis

P
nd

LANAITEINEY
faazsd wiawae inTasdnd naedn was wilirsou nuavimiue. 2543 anrsnduldidlunisndslavugs
samalulatlasuildealdiasdluwduaadiuvioy nmalezgiainisea

wvdnenfanumsAans aTaf 38 avednd 1-4 nuaTuE 2543,
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Growth Performance of Cloned Calves Derived from Ear Fibroblasts of Exotic Brahman Bull.
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Wuduluyladewugurifunadfidwugnemiidon  sdowdudaiulidusadiuuy
treuielen  doaaduundniluges Perviteline space sovlalawanaduffy andsnnede
madudniwseulidnsiuvsenufadiunm 7 Su thihtoussasumalriails 4iou 64 dsaudine
ehnliiwdlmsinfu 40 6 (12 dmdawsiaiy) nmemasLiw il Fudaias 35.0% (14/40) Wis
ABURADA 28.5% (4/14) ANTARNUVAYARER 28.5% (4/14) Qnim‘tﬂﬂuﬁamﬁamﬂnﬁ 50.0% (7/14) anlad
vhiusnasenieds 41.2 Alanu fmgnsiascyGiuiase FBIeAY 920 NFUAL HANTIRTIA DNA
microsatellite wudqu’im*?‘ﬂﬁmmﬁ’q 7 67 SuouDNAmIleufUTASLLILYNUSZNNT uas WansiNaNUaL
DNATeWlAfTY '31‘1ﬂﬂ’ﬁ‘&’lmﬂﬂQ'ﬁﬂi'l.ﬂﬁ’i’\&’\lﬂﬁﬂuj‘ﬂﬂﬂﬂﬂLﬂ?\lﬁlLtﬂ:ﬁ'ﬁ\ﬁ‘ﬂﬂﬂﬂﬂ?‘mLﬁutﬁl?:ﬂ:ﬁuuu
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ABSTRACT

Ear skin of exotic Brahman bull cattle were cultured and frozen storage for use as donor celis
in cloning experiment. Sixty four cloned blastocysts were transferred to 40 recipient { 1-2 embryo /
recipient). From the experiment found that 14 recipients getting pregnant 35.0% {14/40). From these,
aborted recipients were 28.5%{4/14) and posinatal death of calves were 28.5%{4/14). Finally, clone
calves were born 50% (7/14) with normal morphological appearance and healthy. The average birth
weighwas  41.2 kg and daily weight gain was 920 g. The DNA microsatellite analysis of cloned
calves and denor cells showed the same pattern and obviously different from recipients. The resuits
of this experiment were revealed that birth weight and daily weight gain were 41.2 kilograms and 920
grams, respectively.
Key Words ; cloning, cattie, growth rate
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Table 1. Body weight of cloned calves at birth upto 6 month.

Number Weigh (Kg) Growth rate
Birth im. 2m. 3m. 4 m. 5m, 6m. (Kg/d.)

Tumtam 2 32.5 61.0 104.5 136.5 170.0 198.5 227.0 1.08
Tumtam 3 45.0 78.5 109.5 147.0 176.5 210.0 229.0 1.02
Tumtam 4 44.5 61.0 81.0 140.0 140.0 181.5 201.0 0.86
Tumtam 5 46.0 59.5 81.5 115.0 115.0 129.0 146.0 0.55
Tumtam 8 40.0 67.5 96.5 157.0 157.0 184.5 202.0 0.90
Tumtam 7 425 78.5 107.5 159.0 159.0 183.0 206.0 0.90
Tumtam 8 38.0 89.5 118.0 186.0 186.0 210.0 240.0 1.12

Mean 41.2 70.7 101.2 148.6 157.6 185.2 207.2 0.92
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