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SERE IR o BRI ZZE] 99 (RS o [l 71 (EPRE (SEERR 18 {E - 3&AK 36 {E > S5 5hIERE 17 {8 ) > 3 il
SHAETT o A AR & S WA (E PR B - 854 ethylene glycol (EG)+ dimethyl sulfoxide (DMSO) £ 0.5 M Ji5%: 1k
(trehalose) 4H ( 7 {ESEERE » 15 {EZEAL ) © 25— FEELSAEC )T £ 10% EG > 10% DMSO » ~EH#iEEfE £y 5 min 5 55 Z[EEE
16.5% EG ~ 16.5% DMSO kz 0.5 M trehalose » “E#iH%[E] 45 s o 55 40 75 EG + PG 4H (11 {ES=EHE » 21 {E3E0F ) :
FE—EE R 2% BG ~ 2% N [E% (propylene glycol, PG) 0.4 M Jg55afE » SEHHER 12 min 5 55 —[EEF B8 17.5% EG ~
17.5% PG ¢ 0.4 M JEEENE - SFEFHE 30 s S5 8 0K EG + PG 4R ZERR A2 1Y 38.8°C ~ 5% CO, k& 100% BN
{27 BRI THSE 2 h BIP AR R EZEE EG + DMSO 4H{E (76.0 £ 2.0% vs. 66.7 £ 23.6%; P < 0.05) ; 54} >
LLEG + PG 4HR 7 S= R N AR R LB SRS BLAR EE 45 R 2194242 (66.7 £ 28.8% vs. 66.7 £ 57.7%) KRS EREE
(60.0 £ 15.0% vs. 55.6 + 19.2%) AfEZZE A= - 4raalinsi S8R, EG + PG 4 S HZEAR - 1245 2 h 5281
WA EG + DMSO 2H A fE ; ML EG + PG 4HpEH 7 SSER R BIRIN S B 1% 45 R BZER KIS E IR 5 R A
78 o BEG + PG VR 74 K SENS a] & E 35 DMSO 2 [ » Wi o] FH NS EIR R BEIR > S K IR E -

BEfEEE - AP E - IRIEERS R ~ LU= -
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TEHBN A JEEL I (assisted reproductive technology, ART) 1 » FR /% B Or{ AR A A E  (HAERR S B ORTT
R WINEREESHEGE - AR BRI R fEER - KR ARHErEr 2R K &AL (Kasai,
1996, 2002) = Fyl5/5 1 AHAE P K I SR 55— (& SRS {3 12 5 P BOREE HY /2 SR OReE B AR R A IR s ] - S fEte %
RITECHES EH S LB IIRE A R o 45 F-BI6E AR 32 07 2UETTRIE 2 B - i (6 R 2 ARARE R 7
T ~ HOHAIPAN B (Lassalle er al., 1985) 5 2R » 1822 BAAMREE R 0 KSEIPRCGERIEGE - HRIFERIEETER
HESEH (Hartshorne et al., 1991; Menezo et al., 1992) » ¥4AI1 T 7554 LL S B LG ZEATRTAENM: © Rall and Fahy (1985) &
AR LA 74 SRERDL 20.5% (w/v) dimethyl sulfoxide $4HC 15.5% (w/v) Z.Ei## (acetamide) ~ 10% (w/v) propylene
glycol J 6% (w/v) BG Ky /4 (R - DUHEER 720 (2,500°C min') ZEETR/DIKE TR - BECRAEAE S MBI K
o AT RIER AR « B LI2 AR A R AT I (E S R 2 ORIy - HE e Em G E - & THiLiEERE
Lo R EREE » IRSAERERE 4 — 10% /SR IRERIAIR - EHr - AMRIRIIERS B =R 25 — 35% 2
IREERIH > 4830 — 60 s T RBRIEAE ORBRE T2 M o BI04 BB P IR SEE IS RO 2 R IRE R R
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i (Menezo et al., 1992) © AWFELIAES R IRERTRAT  JRIEFARC ~ i S i ORI - I DU B AR EREERT TR
B ST S SRR R BRI (L2 B R Z RS B
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L gy ess
BB Z BYIAHOE RS - ST R EZ B g R ERBAITINEG D P ERE Y I8 KR/ NMEE RS
B AR SE R BT 110003(LRI IACUC 110003) -
L HERE ~ SZARRRE R FE R LR B
AR 2 IR R R B T TR - R 2 B3R 2B RIIFREL &R BEFERD
KO 1 {EER - BRI 10 BEEERRRESE - ST 15 SHIEUAR Tl » Forp 5 BEEUIR 2 2K - & 15 EHA L B (E
CIDR" (controlled internal drug release, CIDR®, EAZI-breed, Rydalmere, Australia) » 270 Z2 5 115 814 fif 2% (pregnant
mare's serum gonadotropin, PMSG, Prospec-Tany, Israel) 2 Fij %1 HE 2 F2a (prostaglandin F2a, PGF2a, analogue
cloprostenol, Estrumate, Vet Pharma Friesoythe Gmbh) #£77 - CIDR" . A J&38 55 0 K » 55 9 KALALE S PGF20 (5.3
mg/0.5 mL) & PMSG 700 IU > £5 11 KR CIDR” » ilfijf/> CIDR® k1% 12 /NEFERZEREEESS IR - A 555
MBI AN TEHE TR ZRBCHE (55— IIBCHE 6 h 1 HEf T58 —RECHE ) - BofEfRss 19 RAEFTIMRFFiaiRIE: -
L =R SR B E
() EYREE
FUEREEAMTATRL A LSS 0.2 mg/kg xylazine (Rompun®, Bayer, Leverkusen, Germany) B 0.025 mg/kg i
P[44 (atropine sulfate » (ERARALNHIRAT] - Z& ) » Jef TERESERF 10 min % - ELUSFHRTH 0.75 mg/
kg 7 #7%% 50" (Zoletil 50, Zolazepam base, 25 mg/mL, Virbac, French) #1752 » 1% LUE Gt (Isoflurane,
Piramal Healthcare, India) 1 TR SR
(i) SVl
HERR=ELE EAER IR A S 19 KAEITRERES MR-l o S5t RN EsNE (B 1) - B0 skoNE B HE
UNEL{Z - DL& 1% fetal bovine serum 22 dulbecco's phosphate-buffered saline ARG - FHSEOHE » ST = A K
T EEHEE AR S BIUCER 50 mL SEEEECHE T EFE LR - SRR E AT
R RS » B TR BEE AR TARICHR - WO BIPY S A LLIERE - TELAZ 5% FBS 2 M-199 (Media
199, Thermo Fisher Scientific Inc, United States) /D755 3 ZX1% » {118 Putney et al. (1988) Frilt = HAT ZEHR
HETTIR Y 4Rt% - (T HOR LIR RORTE -
IV, L ARER A L2 R S it R
() B2
AW FH R R B B B2 BRBC U7 RORES #E T LLI=E IR 2 BE I L2 R o B3R 0 2 e (0 F WA P B~ %
o 55—4H Fy ethylene glycol + DMSO 4H : 55— EE 4 3 lC /5 5 10% EG > 10% DMSO - 0.5 M trehalose >
SEMTRERT 5 min 5 28 T FEEY 16.5% EG ~ 16.5% DMSO &% 0.5 M trehalose » “E#HE[E] 45 s < 58 _4H 5 EG + PG
2H @ FE—[EEE 2% EG ~ 2% PG [ 0.4 M trehalose » SE#HFE] 12 min 5 88 " [8ES 17.5% EG ~ 17.5% PG K 0.4
M trehalose » P-#iHE [ 30 s o 75 1% 2 LLEE AR AR 35 AR ST 1T 43 4H 1% DLEF(E 4 B (Cryotop®, No. 81111,
KITAZATO, Japan) i & 3 {ERHY )7 N EBHE AREE P H#ETLH -
(i) g
ZRITFIRBIREES R - BRIER E R ER P TR o A7 NG e E 2 A 7 A R EIR
SyARRA4H » EG + DMSO 4H : & 0.5 M trehalose 2 20% FBS M-199 » JE[E 38.5C » SE 30 s 1% » 2 A5 0.2
M trehalose 22 20% FBS M-199 » JE & 38.5°C » F#7 2 min > % A& 0.1 M trehalose 2 20% FBS M-199 >
S 38.5°C » i 5 min o g RS A 5% FBS 2 M-199 JREZE R H - 4 38.57C ~ 5% CO, & 100% J& /&
i B T HEE 2 h TV REIRIE % ETTIRIS E » 55 EG + PG 4H © fF 0.4 M trehalose 2 20%
F BS M-199 % 5% & A 3.5 cm £2 % [ (No. 150326, Thermo Scientific™ Cell Culture Dishes, Massachusetts,
United States) » i & HY 42°C NZ&WE _E (HI11220, Leica, Illinois, United States) £ /1> 20 min {7 - §f B IRFE S,
MR E A 42°CERRIGER 5 s » BEIRFIIRTS 206 % 38°C Z & 0.2 M trehalose 2 20% FBS M-199 H3& % »
A 1 min - GF% 2R 38°C & 0.1 M trehalose 2 M-199 (& 20% FBS ) B5&/% 145 | min 1% » 1% AORE
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38°C %4 0.05 M trehalose 2 M-199 (& 20% FBS ) B85 1 min (Tamas ef al., 2014) - 5488 A& 5% FBS
7 M-199 FEREER T - 12 38.8°C ~ 5% CO, K 100% JRFERIE 2 BEEfE HEITHAE 2 h - BT REIKIEEIZ
BIFETIMEE (B 2) -

1 (HARFONSE RS - 2. EG+PG g HIFREEER 2 h R ZIPRE -

Fig. 1. The corpus luteum of the donor ovary. Fig. 2. Morphological restoration of the frozen-thawed embryos 2 h

after cultured in the EG + PG treatment group.

V. &R
TR % 45 J% 72 K DI w1 (Aloka, SSD-500, Japan) fit & EL iS4 (Aloka, Transrectal probe, linear type,
3.5 MHz, Japan) » &8l EHEN = RERR S G2 2 2 NF -
VI &kt
A B % i HE4H DL SAS(statistical analysis system, SAS, 2012) = 4L 8 58 o0 t-test 2 17 55 2 43 #7 (analysis of
variance, ANOVA) » & R B4 MEREFRIAFIGE R 2 722 BB DL P < 0.05 F E A2 REEN -

e

RS LR R 2 L2 HEB A (05 SR & F R » S5 SCRL R (L MR i S B B R B
5 o (B DUONRHEIE AT TR PR U LRSS 53 R AR IR M T PR = 1 15 JOBERE PRI
SVl > SEUBEE 00 HHY o UCHE 71 ELLZERT o EL 2 FHERE 18 [ (25.4%) » FEHE 36  (50.7%) > FZhg - (L
FESNE 17 (5 (23.9%) (£ 1) -

HER 14 807 (EG + DMSO, EG + PG) il SxEERE B AL 5 ST - 1 38.8°C ~ 5% CO, % 100%
SRREREE THERT 2 h 2 558 » S5BERFIF EG + DMSO 41 J: EG + PG 4HAUZEENR LM 459 2 h X WA (ER
Sy E 55.6 £9.6% vs. 63.9 £ 12.7% 5 FRR 2 RIEZRRI B 66.7 £ 23.6% vs. 76.0 £ 2.0% » EG + PG 4HEZHLfE 1B KE
B HISEER EG + DMSO 48 (P<0.05) (£2) -

E QU SNve Sis eyt QN NEI IS SN LS

Table 1. The number of corpus luteum, the recovery rate and developmental stage of harvested goat embryos

No. of embryo development (%)

No. of corpus luteum No. of embryos recovered (%)
Morula Blastocyst Developmental arrest

99 71 (71.7) 18 (25.4) 36 (50.7) 17 (23.9)

" 10 does with 15 times surgical embryo recovery.
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2. FEFRERAHARILEE KRR 2 h IEPREIRIE H o Lh
Table 2. The effect of different cryopreservation methods on the morphological restoration rate of morula and blastocyst
embryos 2 h after post-thawing culture

No. of frozen embryos and stage No. of retorted embryos and the developmental stage
Treatment group
Morula Blastocyst Morula (%)' Blastocyst (%)’
EG + DMSO 7 15 4 (55.6 £9.6%) 10 (66.7 £ 23.6%)°
EG + PG 11 21 7 (63.9 £ 12.7%) 16 (76.0 £ 2.0%)"

“® Values without the same superscripts in the same column are significantly different (P < 0.05).
' No. of morphologically restored embryos 2 h after culture/ no. of frozen-thawed embryos.

Alex and Higgins (2013) iff92$5H » EG ~ DMSO 1 PG 1 21°C IFH2 B 25y Bl By 6.4 ~ 8.4 F1 4.0 pm/min o —ff%
IEHEBERT » KF1E 20 — 25 CRRAF T HVHERUESRZE 0.195 — 1.150 pm/min » 520275 A8 5 QI & S 5 AR AR
WS EREZ A KM 2 F[155 - DMSO a6 I & 5 [EUN R4S RS & - [€ SN2 88T RerY Al BETE (Kola
et al., 1988) » RFLHEELL 1 2 1 YT FEEC EG =4 PG (i FH AR RS (Gupta et al., 2010) < AGH5E EG + PG 4H{H
TRV — PSR R IRERARIE (2% EG + 2% PG) » Il A RAVEFHE (12 min) T LU - (2R IRERRE S
B R AR AR A B A AR - e T ARRERE A S NS IE B R A R HIGE o RS AN R R R RN 3 — 5
min) FF3Z 55 IR EE SRS M IRERIE S - #EDURREGE o MEUEAETIN —fH B R —FE B2 iR
SETLRRIE By 20% (#K55 - 2018 5 Vajta et al., 1998 ) EFHA[E] » iR E 2 h (YNGR E (2018) KyfE (76.0%
vs. 47.7 — 66.6%)  {EHEIAEES - B EIEN T AERETIEE - AR ERITFE HIR R IKAE T A8 2 IR e
Hie@E#% 5 2 W LB 2 A8 77 > BT R ARG FEIE (Kim, 2003; Kim, 2004) -

TEfRAHORE b AsE EG + PG R BRAH 2 2 IRl HUR S Ky 42°CIEHE 5 s (R ZRE RN —MK 37 —
38.5°C (FREE > 2018 ) o A EFE RS VB HOR R DR R 2 fig MG IS - R VIR - TR AR EARE » 15
SR BERPEES » 2 ARGHEHE BB IRE R - — RIS BT R o R B 1R » fRig /)
A 50% RAEIE © ZRMEI(E BT &R EIEeE - SN %CIBRERIMNEE > FYHRE SR RBENAE - B35
ERI% 2 BERREE VRS - (B2 ERENCEZE - BB ENREFRAAHIEE (Guerif ef al., 2002) -

TEFRET A [EI AR AR IR 02 SRR R R MRS B 2 BB - DL EG + PG 4HpR B 7 SERR S BRI AT TR A 1% 2 IR
BE » $EREBTBER 45 RUGBEE BTS00 2 2R 7 By 66.7 £ 28.8% vs. 66.7 £ 57.7% ;5 MMAEIEIE ERL
% SERE BRI B 60.0 £ 15.0% vs. 55.6 £19.2% » HEM K ERB ER 2 HPRKBERS R MEE ER
(F3) « INRBIMZAE BB S > (EFEZEREI T2 AR AR  ERBAN I T A B R > I—HRAE
%% (Gupta et al., 2010) »4~(Lim et al., 1991) 2 A\ (Al-Hasani et al., 2007) 2 #5¢ G AL 455 - Fonseca et al. (2018)
DA R 1% 2 SEHT BB BT B 1% 2 R BEE By 38.5% K 62.5% » 4% B At Ba i S HIE S B R (55.6%)
FH#EAN > BERE (60.0%) BB RERAHLL -

%23, LLEG+ PG 4Ha B AT A EIRARI 2 I8 IR Mg 4518 B 2 AR BlR 8 B
Table 3. The pregnancy rate and embryo development rate of different stages frozen-thawed goat embryos after embryo
transfer with EG + PG group treatment

Embryo stage No. of recip-ients No. of embryos transferred ~ Pregnancy rate (n)' Kidding rate (n)’
Morula 5 15 66.7128.8(3) 60.0+15.0 (9)
Blastocyst 3 9 66.7157.7(2) 55.6119.2 (5)

' No. of recipient pregnancies / no. of recipients (based on ultrasonographic detection on day 45 after embryo transfer).
? No. of offspring / no. of embryos transferred.

& BIEER - DLEG + PG B 5 sUE T Z LIFEIRBER b2 R - FEBRARARARIRAERRIMER 2 h ZIPREIKIERE
J& L8 EG + DMSO & - NEEFEFIANTIE T2 S IRER EG + PG 8 ~ DR AR AR Fr i 5 (U H DMSO
RUURBIZ 5851 B2 1R MR R BT RRIRIE Z 808 -
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Abstract

The aim of this study was to compare the effects of two vitrified cryoprotective methods on the developmental
competence of goat embryos after freezing and thawing. In the first experiment, the collected embryos were divided into
two groups, cthylene glycol (EG)+ dimethyl sulfoxide (DMSO) group (7 morulas, 15 blastocysts). The first stage frozen
formula was 10% EG, 10% DMSO, 0.5 M trehalose and the equilibration time was 5 min. For the second stage 16.5% EG,
16.5% DMSO and 0.5 M trehalose, the equilibration time was 45 sec. EG + PG group (11 morulas, 21 blastocysts): the first
stage was 2% EG, 2% PG and 0.4 M trehalose. The equilibration time was 15 min; the second stage was 17.5% EG, 17.5%
PG and 0.4 M trehalose. The equilibration time was 30 sec. A total of 99 corpus luteum were observed and 71 embryos were
recovered (18 morulas, 36 blastocysts, and 17 aborted embryos). The experimental results showed that regardless of the EG
+ DMSO group or the EG + PG group, there was no significant difference in the morphological recovery rate after culturing
in the incubator under the conditions of 38.8°C, 5% CO, and 100% humidity for 2 h (morula: 55.6 £ 9.6% vs. 63.9 £ 12.7%,
blastocyst: 66.7 £ 23.6% 76.0 £ 2.0%). In addition, the morulas and blastocysts treated with the EG + PG were subsequently
subjected to embryo transfer. Again, there were also no significant differences in the pregnancy rate and embryo transfer
efficiency of morulas and blastocysts (66.7 = 28.8% vs. 66.7 £ 57.7%, 60.0 = 15.0% vs. 55.6 £ 19.2%). The comprehensive
experimental results showed that the efficiency of the combination of EG and PG was similar to the recovery efficiency after
thawing with the EG and DMSO. There was no significant difference in the pregnant rate and embryo transfer efficiency
of the morula and blastocyst treated with the EG and PG after transfer. The treatment method and strategy of EG + PG can

replace the use of highly toxic DMSO, and can be used for freezing and embryo transfer of morula and blastocyst.

Key words: Embryo transfer, Embryo vitrification, Goat.
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