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% 2 B ERET) > FELETLEARCZ LIRS BRI o 45 5R8UR > FIFBCH (microdrop) BB = BUZE
% (open pulled straw, OPS) JEFTBYFE (L4 B 2 LR ZERE » SRR T B84 MNEE 24 h BRI PP 16 2 2E0E 2 EL B8 53
REy 66.1 — 81.8% il 47.4 — 75.0% » FIFEZ(EHAFI FIS 04 B3R (8.0 — 34.0%) (P < 0.001) ; HEHE 72 h (%5
M EHAZERE > BRI » TREASEREE 2 81.4% Bl OPS £ 72.7% BRI LA % » EESMEEASHIEY 41.1% (P <
0.05) o Fyil—5 5l 4 — R L F B SIS BiR 2 BN S BRE DT - AWTFTFIFIRCEB LA R LIS RERE 2 15
275 (68.7 vs. 61.5%) BIIRFEERH (56.2 vs. 53.8%) » $FHLAS T 2 H IS B HFHAT (P> 0.05) - FEFRCEBFELA
HUEFTESLZ (IPE A RIENR - HPNRR% 2 8 SR 1B B IE F S04 HUA P B R fE » HAUHBI 0% BMTEHE
B fFE 1% 2 R BIR AR AL ST > BURGESE L4 BUA T FE R LSRR 2% R T -

RASERE - LI=E - BEAR - BB R -

i

W% AR 1T (embryo cryopreservation) Rzl = B (E » B o] hn2R Bk R PR = 2 & i JE e (EE - DURF
ARG IR B IS - FE A TARSERGIG T » INe[ RS MEZE ~ RIS E ~ BN ERETEEYINT 75 2 7
2 o B2 R ORERON o E B infE - 2 AU S S A ER AV ERES L RIHRT IR R B A5
Mo AT {HERS SRS N A FE R B IR E M TS B A R R RO ZE RV IR - s iR B RS H -
Whittingham (1971) & LIS RS (slow freezing) K/ N IR RIS BREORTT » M RCIIIER 2 — AU NI B 2 T
o MR ESTER BRI 2 2 B - Az /2 RORERIFE 14 (toxicity of cryoprotectants) ~ 4{AEIAN /KSR, (intracellular
ice) ~ FFHUGE (fracture damage) F1ZEBE E (osmotic swelling) &8N R E - BE(LA MR Z A7 > MR
FEL R - FERREHME 1SCRORBURY - HL MM 2 M T 7= - WALENYIRE 2 BEFE (L2 5 (vitrification) £y
A% > J5HH Rall and Fahy (1985) K 8 4HAHEA/ N AR K SRS 2 B ORI PR BRI 1T S SR o BA 2 (B 5 HER
SZENYITE R S iR 3% B HH R 2 R > ELREh e B A L2 it i 728 7 2 Bhnid | B FE S0 (Steponkus ef al., 1990)
LLIZE (Yuswiati ef al., 1990) ~ % (Kasai et al., 1992) ~ 5& (Vajta et al., 1997a) ~ H.4- (Vajta et al., 1997b) ~ /NE&, (Rall and
Fahy, 1985; Kong et al., 2000) ~ & (Oberstein et al., 2001) ~ X (Aller et al., 2002) ~ PE{HFIEEFE (Crichton et al., 2003)
Fe 57 (Piltti et al., 2004) Z -

LRI L BE B S HUAR 2 s LI & » A WIREUR - FIH OPS B /2 BUART 2 B - HN A%
Z RSB R BB — = E 18 % 3% (Lopez-Bejar and Lopez-Gatius, 2002; Naik et al., 2005) © ItEJ5HIF 3
L AR ARREN - E2ERER R REZRTE (Vajta ef al., 1998) « 2R > {ERRIEEE(L280ES - {1
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ALEIEFREIORREEER - ST BRI S - OPS R (LIAR IR ST /23T - L OPS {E Ry RS iRk A - Skt
GRS ORI AT > B EEHY AURRES H#ET 4 (Naik ef al., 2005) ; iU A& RIER SR 2 4 B iRE
Bl > DAEKIRGEORE B E ARREEH (Kouji et al., 2003) » HABEEERAFRIREES) - S5 EA T {E 2 /2 (Liebermann
et al., 2002) » HRfUM < Befasy ] » AR ERITE (L2 2 PR aiE o - o= % L 2 RS 22 52 » Rk
)BT (cracking) IS4 » BB EREIBITA (zona pellucida) RATHIETLEINR (lysis) ~ 515 - HEMIHLIFS
SRARECON R % 2 72 BlE 5 RE /) (Dinnyes et al., 2000) » RIFLGUR AT IR (L4 HUEZ £ - BRTCAEIIE
PR R TR R L2 AR Z TR AL BN A 175/ N BRI (Landa and Tepla, 1990) ~ 4% (Riha ef al., 1991) BiA=G (Papis
etal., 2000) & -

H AR A A 2 TS B L AT 2 IR R % 2 35 B R BN ES B0E » R H AT » [FIRFELE
WRBR A LS BUE T Z 02 ~ OPS VA RS HUS HUA = F B ULITFIR S R w2 722 R W AR RS o R AT
LURB RN E Z IR Rbhk} » 5T bl = fEIR S AUA S LR B S R S BRE ) 252 8 > FEDIET A E:
IR Rl -

MrESE
L AR B SR O B B B i
HERR R BRIV  BREIEEEE (1997) 2757k » A&t ooi f2 g & 0.3 g progeste-
rone CIDR (controlled internal drug release, CIDR", EAZI-breed, Rydalmere, Australia) 11 H » DUEFE H B 0 H »
JAEE 11 H#% % CIDR 5 HIRTAES 9 H ALIAESS 125 ug PGF2a (Estrumate”, Schering-Plough, Australia) » 55 9 &
11 H#4 3 HEFH F -~ TR 12 h F—X4E TFHLAESE % 2 (follicle stimulating hormone, FSH, Sigma-
Aldrich F-2203) 4E3£ 5 6 7 » 33 5 I (i 7 2 4 me, 4 me, 2 mg, 2 mg, 2 mg, 2 mg 2 B AR (&5 5 16
mg) 5 W ES B RS FSH 1% » &3 5f 1.7 units =582 (luteinizing hormone, LH, Sigma-Aldrich L-5269) 3 3.4
units Z B & o &8 FApR I REERI T DAFFEIR L3S » (FREERIER - DIEBGMER AT T H 2ARCE - D2
EEEER -
L. #NE A LILEIE 2 S Bl
(i) HRR Fosy
SRR > B % 990 mL 22 DPBS (Dulbecco’s phosphate-buffered saline; Invitrogen 21300-025) 3% » 7Rl
10 mL Z &4+ M0% (fetal bovine serum, FBS, Invitrogen 10270-106) & 100 uL & 50 mg/mL 2 gentamicin J&&
(Sigma-Aldrich, G-1397) Fr#d[fifk » W4E 0.22 um 7 JEAEH#EJE (Minisart”, Sartorius) 7% 5745476 (4°C) #HH -
(i) PRERER Z fosd
i 9.5 mL 2 M-199 (Invitrogen, 12340-030) 55%% » /AH10.5 mL 2 FBS Jz 1 puL & 50 mg/mL 27 gentamicin
Boidimek > Higk > £20.22 um 2 JEBEE R 7345506 (4C) HH -
(i) AN AR ELRRS MR
g R E 2 BRI o P HEIREREE (5 0 H ) 825 7 HAETRE R4 MLty - E5iation
HONE » DIBEE RPN R - 62L& 1% FBS 22 DPBS AR LR T2/ » W5 FIFEER 15 mL
FEELRVE PR E R - DUIEETERIE T REITURYIREE - BEN LRSS MR - IWE 2B
BRI » 455 5% FBS 2 M-199 Z/05%7k 3 X/ - ki Putney e al. (1988) Tl FE 5205 G RIS
Fo—4R R 4R FEHEVE (morula) SUEEE (blastocyst) » HEHE5) BT H & SABRMLFRA - Lo 84 & T BENEHA 2 LU
ERRBERIELT A A BE > T SRR > HIIZEE A2 5% FBS 2 M-199 B2 % > 7 38.5°C ~ 5% CO, K
100% JRIE A 2 BEsa P TR MR SIS B S BEIRINS - BT DU T2 IR -
L LR 2 (RO B FE A )2 RS 2R R
() B LS A 2 B
2 MR 2 LB AR IE IR H Vajta et al. (1998) » Hp - SF—FEE 2 M IRGER 2 4HE T By 10% £ i (ethylene
glycol, EG, Sigma-Aldrich, 293237) + 10% % FH &5 {E%) (dimethyl sulfoxide, DMSO, Sigma-Aldrich, D-8418)
+20% FBS 2 M-199 ; 55— [EEG SRR Fy 16.5% EG + 16.5% DMSO + 20% FBS + 0.5 M sucrose (Sigma-
Aldrich, S-1888) 2 M-199 - Fijili & F& BE 2 M Ora Bl £ Bl &8 7807 A FOR B 1% 27k (4°C) i -
(i) {H&EMEHL R 2 o
[E% K 2 Bo B AR HE Le Gal et al. (1993) J775 » HAPE—[EE2 AR Z 4077 K5 0.5 M EG + 4% FBS 2
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DPBS » 55 " [SEY S H By 1.0 M EG + 4% FBS 22 DPBS > 55 =[S EL S0 R A 1.5 M EG + 4% FBS + 0.1 M
sucrose 2 DPBS © il & [ EL S HUREONILA R IRERI TR A ROEF %41 (4°C) #iH -
(i) FEUREHFE L2 B B
PR/ 2 BT BMAE IEH Vajta et al. (1998) J372% » B[Ol —&REA &R I BRI E N & 20% FBS
Z M-199 1 > [E{%% A 10% EG + 10% DMSO + 20% FBS 2 M-199 8287 (55 —FEBO2 B IReER] ) thF-r
30 sec * FEf% A 16.5% EG + 16.5% DMSO + 20% FBS + 0.5 M sucrose -7 M-199 523555 ( 55 FEL 4 i (a7 )
3T 25 sec o FRIERINE 2 — 4 {EIRZF—H0R (2 ub) ERELAORERE T - R E R RE 2 B LR -
Hiz - BRI AL HENBE A REEM P IRT -
(v) BRI B AR E A LS A B
IEEFTE R 2 2 BROR IR S RIS /2 AT 2 S P BE 8978 [E] _EOARTA - MERE > S0 28 JoRs 2 — 4 {ERER
A OPS ( N84y 0.9 mm) 1% B B FEF AURRESEH -
(v) &% (slow-cooling) 0 EE
545 Le Gal et al. (1993) 2574 » ol —4REA 4R LIFFZERR /B A& 0.5 M EG + 4% FBS 2 DPBS %
W 5 min % 0 FHE AZ 1.0 M EG + 4% FBS 22 DPBS 1 5 min > f21%HIFEEIE A4 1.5 M EG + 4% FBS 2
DPBS H 5 min o HA&KF 2 — 4 (BT A 0.25 mL 2% (IMV, L’ Aigle, France) ( A{€%Y 2.0 mm) 1% » FHE AL
TPl 2 20°C 2 B RS ZUME R # (Firstek, B405-F40, Taiwan) 1 > 3fi DL 4°C/min 2 &R E[FE % -7C - 5
min 7% #E{THE K (seeding) » FEK 5 min 7% » FE2L 0.3°C/min 7 [F R 2% 28 -30°C HAREF 15 min 18 F LU A
WREE P IR
IV, T2 HRIE 2 iR T A BAg AN
() A2HIE R RS Y MR
R B LA L OPS FESL Y /2 IR AT BRMAIE IR Vajta et al. (1998) 2 77724 » B &I 2 KL IR RS
SREEL B FERIFE A 38.5°C 4 0.5 M sucrose + 20% FBS 22 M-199 7% 5 min » FHf% % 38.5°C 4 0.25 M sucrose
+20% FBS 2 M-199 1 5 min » Hf% » Ff$ % 38.5C 2 0.15 M sucrose + 20% FBS -2 M-199 t1£2% 5 min >
RIEFEEAE 5% FBS 2 M-199 JREFERH » 2 38.5C ~ 5% CO, K 100% R {4 REgf h T 72 h 5%
B GEERE 24~ 8~ 12 8124 h o RIECERERIT 2 S EIIREE > WHBALGEFE 72 h (BB RERIF b
1B o 1S AT AERLS IR Z fRHETEE - AlKE 0.25 mL 2R A RAE SAELH & e B A 37°C 7K 20 sec
1% > Fl AT AHOR B BT B DA R S B R TR IR 38 B RE ) 2 5o
V. ZIERREE 2 #EERA bR
2R ERUIAE 2 2815 [F B LR B 20 BR B (L AR =5 AH (L 5 L CIDR Z BRAEFIREFR DA K 125 pg PGF2o £ 5T 2 FF
8177 /A B IR =E 2 JR B 504 - MR LI TR 2 IR =F 31 R &8 FSH K LH R 3 > {H}7» CIDR HAE R 9 K
(08 = 00) FILATAES 500 TU 7 FE & E R IERE 2 (equine chorionic gonadotropin, eCG; H1[E (L EAEUEE - 2208 ) » 7
CIDR AR 19 K (#BEERE 7 R) BAET SRR M E -
VL 2 HR 58
B R WRAE & 2 LUFERE - RIS AR 38 15 EIH LR B 2 2 IR BRI == FRRE 4R UIBASY 5 ARl »
FHEREAE B HUNE - JoiationNE » e ZMSUEAENH =R E I » IR B R EEHEON NS [E (]
= AN o ZIREERIREE 45 K% » DI EHIFHE (Aloka, SSD-500, Japan) fit & B 2R AT HRH# (Aloka,
Transrectal probe, linear type, 3.5 MHz, Japan) » 2B H[EZ2ELE » &K FEREAE RHRR T GHEZ RS2 2 B
TR IZ T -
VIL &t53 7
AiE SRR Al 2 S HILSE IR R R 38 B 2 il > (DL H 2 SR IR B R DA% 4H > SERR L -
SEP AN 2 258 > PRI 5387% (Chi-square analysis) JHIE - Wi FISRET 7317 £.47 (statistical analysis
system, SAS 9.1, 2005) Z ELEHRAGHIT AT -

BB

B bR MR TR~ SRCRAVIRZ BT H R AR 2 BIE ] Z Bl /5 Ry OPS (Vajta et al., 1997b)
T35 - HRH OPS 288 Z BUff > /5% 0.25 mL ZE DIMIPMRINIENESRBALE - T IR - (B8 ZNEEH 2.0
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mm 4y 0.8 — 0.9 mm > [ZREEEE R 0.15 mm jE(LRY 0.07 mm ; HARFFERE SAE E & HENTHR &E
5 H (Vajta et al., 1998) - H FIHIFH BEIASE BN e AR T 2 V)RR AR AR BUR M R » JCEZFERE - DRI F1g %
BRI RORT BN HAFE AL - &I OPS 338 (b4 I E AE T /4 PR 174 1 - HH B 5 R HA ZEAL (Berthelot
et al., 2000) « [RIFLAERRBZ (L2 AT > 2 DL OPS B304 AUA B 3L HUA MBI TEBRELE: - TER AR 5T
o DU BN S 5 2 REMERE - 1T OPS 3RE(E/4 80 » BEUR{FE A OPS BE IS L4 BUA 7 SREHH T AR A i R 5%
Bk IMPRESEREME (91 vs. 81%) BLR4EEE R TEAL 2 H57EL (71 vs. 55%) - ¥GIARBET DUE S HUAZE B35 (Naik
et al., 2005) o JL&5 R ELANTIT FATEER - BERRHA L =ERRAS (R EL OPS WWRE IS (LA S B — MR BRTR - s A BE s
%2 (66.6 and 47.7 vs. 8.0%) ~ 4 (66.6 and 59.0 vs. 22.0%) ~ 8 (66.6 and 68.1 vs. 24.0%) ~ 12 (72.7 and 68.1 vs. 28.0%) i
24 h (81.8 and 75.0 vs. 34.0%) 1% FHIRIE R FEAR A H 3 ELIR BB R R 8 U4 BUAESE (P <0.001 - 3= 1) » HEGSH
BaEE 72 h 123 5 2 MCHAZERE 5 o7 EL (81.4 and 72.7 vs. 41.1%) TR AR RHIG IR b2 UL AT AE BB (B R 1R
RBUERERRE (P<0.05 > £ 2) Z&ERAMART o MEEFER AR B LS AUARTE S LLISF BRI MR RS 2 55 B fe I
FENFISHS HAERE - Iy e ERNEETIRBE(R S RUaRE T » S HEFIIRER S IR R T 2 S
WS R AR (WA PR S P R &5t 55 sec) » IRUMLEE(HE 2 /4 R ERERE RS S M EARISHUS AL - (HE IR EAEN:
E FH RIS (B4 = P B R0 R 2 8 - HLsR e 2 2 RGBT B (E AR DRARRR /K BLER =08 AR PRe& e » R
HAWEZ S HRES (Vajta e al., 1998) « [EAh » SSAWIFEME AR L2 BUAEME RGBT - thik OPS 2% ( EIRLY
0.9 mm ~ EEEEFE 0.07 mm) BL—f% 0.25 mL 248 ( HK4Y 2 mm ~ EEEEFE 0.15 mm) ¥R HRCR 2 88 HS
RIEURLL OPS 228 S E 2 R8s BRE I BN FIFH — A2 E % % (Lopez-Bejar and Lopez- Gatius, 2002; Naik
et al., 2005) ; [Ib79R OPS & BBy NAREIESHERE » HIR AR — 0 A 2 /2 B0 IR OPS % (0.5 — 1 ul)
HON—REREL) (5 pL) - RITEETIIR LS AP B S MR E EHE ARRER; - OPS 228 2 [ R s ]
20,000°C /min DI_F > [fi—fE 2R Z HIE A4 2,438 — 2,550°C/min (Vajta ef al. 1998) o [ it B9 B[ ] g B AHFZE 1 A
B2 UL (FomEL OPS 74 ) BEARMRHEN: - #E2@E e PRS- NMEgie sl A B AR EM R I 2

F® 1. RHITEEA R - RLE R FRFIER R R B RER 2 8
Table 1. Effect of cryopreservation methods on the resumed rate of the frozen-thawed caprine blastocysts after culture for
various durations

Cryopreservation methods No. of frozen blastocysts No. (%) of blastocyst resumed after culture duration, h
2 4 8 12 24
Vitrification
Microdrop 33 22 (66.6)"  22(66.6)"  22(66.6)" 24(72.77)" 27 (81.8)"
oprs® 44 21 (47.7)"  26(59.0)"  30(68.1) 30(68.1)  33(75.0)
Slow freezing 50 4 (8.0)° 11(22.0)° 12(24.0)° 14(28.0)° 17 (34.0)

> Values without same superscripts in the same column are significantly different (P < 0.001).
'Open pulled straw.

F2. RHEITREL N - MERILFEINGEGIMNEE 72 /NSRBI LR 2 28
Table 2. Effect of cryopreservation methods on the hatching rate of the frozen-thawed caprine blastocysts after culture in
vitro for 72 h

Cryopreservation methods No. of resumed blastocysts No. (%) of blastocysts developed to HB
Vitrification

Microdrop 27 22 (81.4)

oprs” 33 24 (72.7)°

Slow freezing 17 7 (41.1)

> Values without same superscripts in the same column are significantly different (P < 0.05).
'Open pulled straw.
®Hatching blastocyst.
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FIFH OPS B LA #ETTHR S B IG » TRl A OPS tf » DISL{E BBk E - B ARBEEET SN - HhiEig
TREEE 2 (RRFE B OPS B EE K4 M (RIS AAAE (IR Z IR 2 IS L R4AS AR CEB IS LS HUE (IR E
H) » RERE R E R EE L R IREE s IR 2R 2 B L » RILEA TR FEREE o bt AR5
IR (L2 AUAFTZE S F B AT 8 1% 2 h IR IR 2 2EHE 2 B 7322 (66.6 vs. 47.7%) FH{ETS OPS I
(B2 HEE (£ 1) o A HIR AR R RSB R AIRE TR AR BN AS » TTREA BN IRIS B - (LAREA I &
ZREREE T = IR AE RN FEHA b R A E R -

AWEFE R R RCEB L IAPT 2 3R — R 2 LI SE BRI RS B IR 1T 1423 (68.7 vs. 61.5%) BT 5T E P TA5
IR BRI (56.2 vs. 53.8%) MIHARSBE R EFIR EARIT (3£ 3) - BLLAERRN SN E S 2 IIF BT (LS —
fi s L IR ERCRIN S > AbF7E8L El-Gayar and Holtz (2001) 2 64% 455RAHIT » {H{E) Cognie (1999) 2 37% Hi
Guignot et al. (2006) 2 35% M45 S » 1EaR BHAIIT 2 IR Um B 3s L2 AR T T ERREN « TERT A Z W5 fa s - h
G—TELL B2 AR REER DU AER T IRIIAR T Y& (macromolecules) SIEIASEE J7 50 - BEFHES R IRERH
FRA9E:M: (Ishimori ef al., 1992; Ishimori ez al., 1993) ; H-&GHHF EG B1 DMSO EA (R (ER i L4ERETZRL (Al
and Shelton, 1993) » DUKFEHHEE —f2 15 % M OReERINAFAERE IR = B RS B (L2 SR OR T2 1B 14 1Y (B Bh (Vicente
and Garcia-Ximenez, 1994) © ZA[f] Pugh ez al. (2000) 2 iHZE{HG S ME 2 7 SR R ARTRIAAF IR DUR: & WifER 7 (EG +
DMSO) £y /% HErERIFTERL Y 2 HIE » KRBT 2 FER R RERES S 2B 2 TR Hi{EFEHE
— oy (BG) Ko/ BRERFIRAT 2 B Fyis 5 MH[EHE » Silvestre er al. (2003) DARITES (€7 (EG &1 DMSO) 1K 32 4iA
FRORAR T (L2 » HAE R RS 5 2 BRI /0 R NHEHE N A E— 2 R ReER (EG) & > S ER e mE
B E By /2 IRERGE R ET TR /2 BRIERE SR I 1% 2 S5 B R TT » A2 W2 EFIH EG 81 DMSO Z 41 & #E1 TR
HEFE(R A8 » YIRERCINTE FI A ALEI I > /4 8 (Vajta ef al., 1998; Kong ef al., 2000; Oberstein ez al., 2001; Silvestre et
al., 2003; Isachenko et al., 2003; Begin et al., 2003; Piltti et al., 2004; Hochi et al., 2004) o FAABTFE P o R LA AT
2 A RiRERIH &t EG + DMSO » H 5 —[SEOS MIRER S S AN - ol ge @ A seF FfEsE( L
EZ IR RS Bk 2 RIS B SR B IS B BT~ B -

*® 3. BEELL R - MRUFEIR I B IR 2 AR BRAE BERCR

Table 3. Pregnancy rates and embryo survival after transfer of fresh or vitrified caprine blastocysts

Embryos No. of blastocysts No. of recipients No. (%) of recipient  Efficiency of embryo
transferred pregnancy *’ Transfer, % **

Fresh' 26 13 8 (61.5) 53.8 (14/26)

Vitrified” 32 16 11 (68.7) 56.2 (18/32)

* No significant difference between treatment groups (P > 0.05).

' Fresh caprine embryos.

* Microdrop.

* No. of recipient pregnancy / no. of recipients, based on ultrasonography of the cotyledon on day 45 after ET.
* No. of offspring / no. of embryos transferred.

SO AN Z &SR - tiRE B OPS B b /2 HUT ARG M2 HUA e S M L F BN R 2 S8BT > H
BAWRMARRIE BN 27 - (FHAIMS ER 2 IR RAR BT IR W iR -
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Abstract

The aim of this study was to evaluate the developmental capability of caprine blastocysts by means of different freezing
and thawing approach and to establish a simple and effective technique for cryopreservation of caprine embryos. Results
indicated that the resumed rates of frozen-thawed caprine embryos vitrifying by either microdrop (66.6-81.8%) or open
pulled straw (OPS) (47.4-75.0%) were significantly greater than that of slow-freezing (8.0-34.0%) during a period of 24 h
culture in vitro (P < 0.001). In the case of hatching rate, both microdrop and OPS to be superior to slow-freezing (81.4 and
72.7 vs. 41.1%) on cultured frozen-thawed caprine blastocysts in vitro were demonstrated (P < 0.05). Moreover, the pregnant
rate (68.7 vs. 61.5%) and embryos transfer efficiency (56.2 vs. 53.8%) of caprine blastocysts vitrifying by the microdrop were
similar to those of unvitrified blastocysts (P > 0.05) subsequent of resumed blastocysts transferring to the recipient females.
These results indicated that vitrification of embryos in a microdrop was a promising technique with commercial potential for

cryopreservation of caprine embryos.
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