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B EMRTEASRBRISHRMEEE BETFTEXREMIEEENTE. SHARMBEFERERRE
B, 3% 59 5F 40 B B B VE BE S BV H IR A 130 V/min, Bk PRS0 ps M1 WAk i BE , BI130 V/mm-80ps-1 3, 3
‘R (EEIRN18.92% 8. 48% (P>0. 05 B FHBEBIENRERMH 15 pmol/L , & B /] 40 min, L WEE
H21.27% +8.54% (P>0.05); ZHEMERESHLIOK Z MBS A3 3 min, WEHE R 13.33% £7.64% ., #H—%
HERRRE, AHENEFERRELENECEMEEARR T B EER(P>0.05) MMENNNEHER
T RS (P<0.05), MBEENAKBPERAEEP>0.05),

XA B AR BIRE BEE BTFBREE, ZHEE

hE A S, $828.3; Q492.2

WY RS AR IS R AERRET
19 30 FRGETILERBELBEEARARH
AR BMEEHRERBREA ZRESRRMNE
RBE REBHENTEAENXE . ZAMEHAR
BEREAXEERIWE T ESEBERE LT
RENBEENHRAEEE L. BEARKES
ERE, N YEMENLERE OEREES
Bkob LB R A ERE S L FEREAEE TR
RA23I8T MIETER).ZE . ZHRBAKGR
MO E. AR EE RN E B A R W HN
(6-—HEHEEW 6-DMAP. TS OB CHX. T#&
MElE-1 BL- 1. ERREE)S. M ARKE ML
FHEETFEX-6-DMAP)YEZHB T HRAKR
BB SR R REE AR 1Y ~2% ., A8
RN RE EFEEMZIEEER
BT T W E, IR RN IR E F I, W
HHARBBUR EBEREERROR, R GHER
BEBRHRRERERMESH.
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10 mL —REFEHBHBMPERTER 2~8 mm
BOBH M. RRBVES 3 W NCSU23 (8 TCM199) +
10% 50 ¥ Wi (PFF) + 0. 1 mg/mL 2K Bt 8 & +
10 ng/mL EGF + 10 IU/mL PMSG + 10 TU/mL
hCG., MBIFFESY CO, BIZ4.38.5C MAE
B B LB e 8 (Forma, USA) ST #47.
1.2 9PE 4 R o) B I 75

WHEFUM LN E-FEHARE &4 (COCHB
AC. 1% ERRMREE T HAL, B 1 min, }R % BUAL 4
R, B3 E RS L (Embryo cell fusion system,
Fujira Industry Co. Ltd, Japan) 31T, B . ¥
W 0. 3 mol/L H # ® (D-mannitol, Sigma),
0. 05 mmol/L CaCl;,0.1 mmol/L MgCl,, %% )53
Bl ¥ 80 F # A NCSU23 + 4 mg/mL BSA +
7.5 pg/mL WM B E B+10 pg/mL WML EE T
W4 h 5B ANCSU23+4 mg/mL BSA
REEFRE6~7d, BTEERBE W TFABAL pL ¥
FTERUG2HE,REHFI4LHE 10~70 min, 5 15~
25 pPLEFE R 10~40 min, H# A 2 mmol/L
B DMAP #8353 3. 5 h, B J§ 8 A NCSU23+
4 mg/mL BSA EAEBRPHEF6~7d. ZWEE.
BT HBARRRE Z B (53 mg/mL BSA
TL-HEPES FEE#) B W H 5 min, B2 5B A
2 mmol/L DMAP(NCSU23+4 mg/mL BSA B 4)
¥3% 3.5 h, 54 H# A NCSU 23+ 4 mg/mL
BSA B3 6~7d. BAIKZEBREE2HEHALE
5 min, [543 ML T B, AT 2 FhALER R 50 T 4 5
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# A 2 mmol/L DMAP #3% 3.5 h #17. 5 pg/mL 4
Ji ¥ 3tb & B (CB,NCSU23+4 mg/mL BSA+7.5
pg/mL AR R B+ 10 pg/mL B EE) 57
4 h,RE 4 B A NCSU23+4 mg/mL BSA 3
b~7T d;EIMBEHERMBE NN FEER A NC-
SU23+4 mg/mL BSA #%6~7d, BEFHAIY
ZEP. AL BEREE;RE. T B A
7.5 pg/mL CB #38 3. 5 h; BG4 1% A NCSU 23
+4 mg/mL BSA #%6~7 d.,

ERXTAHEHARMEL T AR %HN
130 v/mm- 80us-1 KB ERMERXRHF2HNE
15 pmol/L.40 min BEBH T HEREERGF . UE
9% Z M .3 min,CB>NCSU23 B Z BE 5 B
A 3 ] — it 5 B A7 W08 M FE 44~ 48 h REE G
B DR INB I REG6~7 d MBERKTIFAL,
ERBEY . BAUE T E R LR
JE 4 HT %K
1.3 BTFEBRENEEES

RERFHBHAINCSU23+4 mg/mL BSA,HiH
50 pL, AT 10~ 15 B ff, EE AWM. £ 5%
CO,.38. 5C. BB E N — HAL I FA P RS,
44~48 h AR SR PEOL , iC RN B FNII M 5B 6~
TRAMBEREENL, ICFEREH. A 10 pg/mL
Hoechst33342 R &8, EH . ER K BHET  MER
JE &) P9 48 I B (ICMD) 3% 3= 2 40 B8 (TE) # 41 B %
¥ g0t TR 40 U .
1.4 ¥NigaE

I F 4% F SAS %+ DUNCAN ) AVONA
MGLM W EAH#ETRIT. REE—-KEEY
R A —HE WL A 7 8 G0 B B AR & .

2 GRE5HW

2.1 BEESHENWE

R TR) Bk e U 25008 58 4 S L R O £ 40 M B0 TS 1)
ANRHNRERER A E(P>0.05),H2KM3
Uk b A B A PR R F A T 1 WK Bk v Ak L 3R B 40 Mg
B EBEER(P>0.05) /01 KH 3 KM
A B & (P<0.05)(FED)., HILEH,1
UK Bk v B B BOE BOR AR T 25 UK Bk v i) o 3B00E L 386
BB RBAGBRE N FHERHEETUE.,

AR GEBMAF Kbt B 11 5L
% 2),87 V/mm-40ps-1 WAL BB SR B 3, BREGK T
109 V/mm-40us(P>0.05) , i B FHEIMH S
(P<0.0D, 11 HAHENREELTBEER (P>
0. 05), BN B YK Bk v , 398 72 90~ 150 V/mm 2 i) ., Bk
PRESRAE 40~160 ps Z J6] , 59 B} 40 e 3005 s 0 B AR
RERABEP>0.05), i 130 V/mm, Bk rbaf
R 40~80 ps ZhFRA B IE H A E , 130 V/mm-80us
LHENEERRE. SAENREARBLTEEE
H(P>0.05), Bt % ,130 V/mm-80us-1 W Bk op
RAEARRARELKESH,
2.2 HEFREJonomycin) MEEENRTE

15.20 125 pmol/L § 8 75 & X 32 K /M R 3
SRER 40 I MO 5 R SN B | TR G 3R R B 0 U B0
BEZRFP>0.05) (WF3) . 15874 B ot ] A F)
BIER T ,15~25 pmol/L B F B R BIE S RMHM,

15 pmol/L B FEH/E 7 /6 8] 4t B 4H ) B 3¢
EREERMBEEARBTLEEER(P>0.05 (L
4O, BEFEM 10 min LbFH 16. 03% +7. 78 % F
5 3 40 min AR B 21, 27% 8. 54% , B &L B
70min 4t B & 14. 18K+ 7. 12%. H It F W,
15 pmol/LE FHE 40 min REARR B FE RS
BB EF %, 130 V/mm-80ps-1 KL HE S
15 pmol/L. 40 min HFERHELHMMBE K

B 1 B A B e A S A e O B 0 B AR MR SR K

Table 1 Effect of different times of pulse on parthenogenetic activation of in vitro matured porcine oocytes

Bk v L1k . BRR/Y BER/% 1% 40 B 3
Number of pulses No. of cocytes Rate of cleavage Rate of blastocyst Cell number of blastocyst
1 267 58.431416. 78" 13.17+9. 89 16.001+4. 41°(32)*"
2 227 60.47+11. 24 8.95+2.63" 13.842.50*(21)
3 228 59.96+9. 16" 6.76+5.18° 13.1243. 46°(17)

* %R 87 V/mm, Bk kBSR40 ps. Field strength 87 V/mm,pulse duration 40 ps
CHANBERFHREARB WML E. The numbers in the brackets are numbers of the blastocysts observed
CRARSI EAAERHRERELERERBE (P<0.05), T&RHA

Values with different superscripts within the same column are significantly different (P<C0. 05). The same below
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Table 2 Effect of a pulse on parthenogenetic activation of in vitro matured porcine oocytes

B8R - Bk vt 2 /(V/mm-ps)

Field strength-pulse duration

BHEE/ %

Rate of blastocysts

AT 40 ML

No. of cells in blastocysts

87-40
87-160
109-40
109-80
109-120
109-160
130-40
130-80
130-120
130-160
152-40

L1 BRR/Y
No. of oocytes Rate of cleavage
416 47.81+17. 23%
409 63.3416. 79
407 57.38+7. 2148
422 70.02+15. 714
419 65. 921 8. 00A®
425 66.19+9. 28"
435 67.60411. 00"
405 67.18413. 754"
388 65. 6411, 78A®
362 68.23+9. 06
413 69.31410. 134

12.
11.
15.
17.
15.
13.
18.
18.
16.
16.
16.

09+£9. 48°
40+5. 66°
96+11. 54°
86+8.15°
90£11. 83

33+9.09°
04+£11. 20°
92+8.48

97+12. 24
23%6.29°

50+11.78

15.
14.
15.
15.
15.
14.
14.
15.
15.
13.
15.

2714.79° (49"
58+4. 38"(48)
3215. 27°(63)
16+ 4. 78°(73)
641+4.76°(64)
581+ 4.16°(57)
04+ 3. 55°(80)
08+4.51°(75)
32+6.07°(62)
471 3. 85°(57)
001+4.52°(70)

RARF LEATHRANEFHEZRBE(P<0.05), RNAF LFATHRAAEFHELRREE(P<0.0D., THME

Values with different superscripts lowercase within the same column are significantly different (P<C0. 05). Values with

different superscripts capital letter within the same column are greatly significantly different(P<C0.01). The same below

%3 FEEF R R B XS R 5h ALK 9B -5 40 A L Mk T SOSR A9 B M

Table 3 Effect of ionomycin treatment concentration on parthenogenetic activation of in vitro matured porcine oocytes

WHE/(pmol/L) 4L B AT E /min

Concentration Treatment time No. of oocytes

L4

BRE/%

Rate of cleavage

BER/%

Rate of blastocyst

eI 40 B

No. of cells in blastocysts

10 43 46. 51 23.26 16.70(10) **
20 43 32.56 6. 98 15.33(3)
15 30 44 43.18 6. 82 23.67(3)
40 43 48. 84 16. 28 16.43(7)
Means =SD 42.77+7.19*" 13.3417.96° 18. 03+ 3. 80°
10 43 41. 86 9. 30 27.25(4)
20 42 31. 80 9.52 21.25(4)
20 30 42 50. 00 14. 29 20. 00(6)
40 44 47.33 15. 91 16.43(7)
Means £ SD 44.4245. 43 12. 256+3. 35° 21.23+4.50°
10 45 53.33 6.67 15.33(3)
20 43 53. 81 9. 30 14. 25(4)
25 30 42 40. 48 15. 05 19. 38(8)
40 42 35.71 14. 29 20.67(6)
Means =8SD 46.331+9.76° 12.38+5.48° 17.41+3.10°

B4 BT IW LIRS ) 3T 5 5D AL R OB £ 40 A L M MR RO R

Table 4 Effect of ionomycin treatment duration on parthenogenetic activation of in vitro matured porcine oocytes

4b ¥ B 8] /min 1:E BEE/ % BIEE/% e Jakihiot
Treatment time No. of cocytes Rate of cleavage Rate of blastocyst No. of cells in blastocysts

10 256 65.05+11.58*" 16.03+7.78° 19. 86 7. 35*(40) **

20 284 68.67+6.98" 18. 06 £5. 39° 22.691+9.92'(52)

30 285 66.72+9.08 16.37+9.11° 20. 38+8. 40°(46)

40 296 68.82+9.81° 21.27+8.54" 20.26+8.45°(59)

50 283 66.6613. 30" 20.19+6.92° 21.90+9. 82°(49)

60 252 69.30+13.73° 19.914+7. 85 19.4410. 65°(58)

70 213 62.39+9.70° 14.181+7.12° 21.0018. 84°(2%)
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FEMBLEARPESFESR (P>0.05) B
AEEE PR ERMBERBEE THE TEERT (AR
5). HUELHH ARERREBRTETEREE.

MINZBOEHENEREHER T 5ULWPC
0.05), W E F I N ZBAHEKNBKH R, HEFEE
ERF(P>0.05);5% 7% M 9% LEEA B o) BERC A0 D

BEEBELRP>0.05), HF 7% /oY% By s —
FARKREZBNENFHSE S min £H#F, HBAEE. AR, ERENEMARNKGELT, A28
1% 3% UM IELHABE LT INERK, % LA MR B, BUREAT .

RS BMERE TR KN AR R4 LM E R ROER

Table 5 Effect of electrical and ionomycin activations on parthenogenetic activation of in vitro matured porcine oocytes

2.3 ZEHMERGHWE

BIE BRE B/ Y TR/ % ok
Activation method No. of oocytes Rate of cleavage Rate of blastocyst No. of cells in blastocysts

BEE 211 71.18+8.72° 32.70+13. 55" 21. 49+8. 75

BFERXE 214 67. 68+ 16. 94° 26.58+13. 83" 22. 36+8. 89"

Fo6 MR BT R S0 AL P £ 40 Rty BIL 8 S R A TR

Table 6 Effect of different concentration of ethanol on parthenogenetic activation of in vitro matured porcine oocytes

ZERE/ Y% TR 3 SRBAR /Y BREA/ Y BEFE AR L3
Ethanol concentration No. of oocytes Rate of cleavage Rate of blastcyst No. of cells in blastocysts

1 93 7714177 o

3 90 14,0342, 02 o

5 88 12, 60+ 2. 84" 1.96+3.39° 18.0041. 41%(2)

7 92 30. 434 4. 85 3.2343.23% 25.67+8. 62:(3)

9 96 38. 28409, 39® 6.2643. 05" 21. 00+5.10°(6)

11 69 43.4748.09* o

13 35 42. 22424, 11° o

FEMA[R ZEEVR A1 AL BB (6], B 995 2. 5 min
MEWERT, BB EHRERRGHRRR,
BERMBERARBILEELER(P>0.05),H
CB—NCSU23 B HAN BT EE ~ (AL, B
Bt AR e BB B 40 Z MR AL 3 /R e BB A CB(NC-
SU23+CB-+ZEHm), 4 h 5 A A NCSU23+
4 mg/mL BSA HFMBIREIT.

9% L B#3.5 FI11 min X 54 U0 BF 40 f 40 205 64 5P
HAEAEHETF 13 min LFHIIRAE(P<0.05); 7 3
min ACFA BT H 13, 33% +7. 64U HEBE F 9.11
13 min £FR(P<0. 05), L& F 5 # 7 min LT
LR (P>0.05) (WFKS), FHit , EREHRAKZE

BIET .3 min REHIBREIF. EidE6.F7 ks
LRGP, FE L BEBUE F 9% O BT A 4
BB PR A AL TE 3 min, Z F A CB ¥ (4 H it
EB,NCSU 23+4 mg/mL BSA+7.5 pg/mL 40
P EB+10 pg/mLIZREN) .4 h j5 F# ANCSU
23+4 mg/mLEEFRHWEERERES,UREBEF N
SSEA. ey S LN

AR RGHARMERLT  E#HE (130 V/mm-
80 ps-DW PR BB E F ZBEHIE (9% . 3min) (P
<0.05); MBEFEHE(13. 21% +6. 05%) F4EEH b
58T L REBIE B FR(5. 00% +1. 80% ) F 4
A EERFRBZEWP>0.05)(NED., H,

7 TRARFERENESIEARPGERZEYFRHRONKM

Table 7 Effect of different culture conditions on ethanol activation in vitro matured porcine oocytes

SR & 13-/

Culture condition No. of oocytes

SRR/ %

Rate of cleavage

WRER /%

Rate of blastocyst

- Lot

No. of cells in blastocysts

DMAP—NCSU 23 89 37.26+£5.74 2.52+2.18 23.51+4.95°(2)"
CB—NCSU23 80 35.5+6.09° 5.00+1. 80" 13.7532. 96°(4)
NCSU23 85 25.03+11.32° 1.59%2.7% 21. 00° (1)
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Table 8 Effect of different ethanol activation duration on parthenogenetic activation of in vitro matured porcine oocytes

¥OE A /min L SRR/ % - 3% Y07 E- 3k
Activation time No. of oocytes Rate of cleavage Rate of blastocyst Cell No. of blastocyst
3 60 60.00+8. 66° 13.33+7. 64" 13, 884 3. 48"(8)"
5 65 58.56+8. 33 4.69+4.76% 18, 00+ 2. 65"°(3)
7 62 54.84+11.91* 6.35+7.28% 12, 25+2.06°(4)
9 65 54.45412.51% 1.54+2.75° 23.00° (1)
11 57 63.36+7. 30° 1.85+3.21° 19, 00** (1)
13 77 40.2416. 91° 2.90+5. 02° 11,502 0. 71%2)

F9  EBEZ BT XA B P 5 A ML RE A BR K

Table 9 Effect of electrical and ethanol on parthenogenetic activation of in vitro matured porcine oocytes

BUR T L1k WA/ % ERE/Y T8 B5 40 O 85
Activation mothod No. of oocytes Rate of cleavage Rate of blastcyst Cell No. of blastocyst
B 8% Electrical 92 51.99+6. 40" 13.21+6.05° 18.1745.01° (12"
Z. B8 3% Ethanol 80 35.0046. 09° 5.00+1.80° 13. 75+ 2. 99°(4)
B, BT Z BRI BORR AT min, 1. 9 mmol/L 6-DMAP 3~4 h BI{L2F 85, 3
BT284k7TREE. KXRIAHNLS pmol/L BB
3 it i #40min,2. 0 mmol/L 6-DMAP £33 ~4 h KIS

Ca” WET BRI FHARBIENIES ko
SLEMM LY B, SBOON RIS AL, BB
{5 B 40 Y B B FL, Ca®t B S R TN B 4 i 0
fb. AREFEHT  BEENRESHEEL0 V/mm-
80us-1 ¥X, 5 Kure-bayashi ™ 3R%#E 150 V/mm,
100 ps, B —F; i HLee FMIE MR ERBIE &
4180 V/mm, 30 pus KA,

M (BIE WO Ca " SR IV 4HE Ca® BTG
R A A R0 T B T R R TR A R P R B Ca
KPRE, IR MA Cyclin B B4, FHMPF KF
THREHEE. 5IRMFHE. LB . Akh B FEER.
SRS HRESREINAC MTTE . B E & B &
-TEEFR B R (CHX) 5 Z B2, B kb R R AL SRBR &
FIX3EIVM P4 R3S R A B & N RME B E
YL, CHX 51 RS AREEREIMEHAELES
RHAREERYN. ZRRHEANBREERCCL K
0. 05 mmol /L, A # H 0. 1 mmol/L CaCl, #4TH
HMENEBEEMREMAEED . Ca® KL H AR
EREMER, HLSEHNBAREEELXEEN.

ANARBRBKWE LB TE RRES I E A K3 A
Brp FIROE 2 WKW RURBT A A 3 TREK R
REH. AABERN 1 WK EEET 2 WKWK
B, 5 Prochazka™ Bl & —3 .

Betthauser 2™ R A 15 umol/L B FE £ 20

WERY BEFERLAENERIER.

Z B3 R R IP, (S B RR ULBE) T A T
1P, N SFHCa® BIE, RAL10XZFES min 5
CHX (10 h) BXA AL 3% 59 F #4078 F8H  Hyun 5
NN ZM/6-DMAP Al AR BIE WS 4. AiXK
GEREFEHE Y ZMALTE 3 min, B CB+ A B
F4h BENRUEELEEZRH(13.33%£7.64%).
AR IGHE 7 R 40 R S (R Bk R /CB+ R B D
EFHERRAER ARASH FERHE(HFEER/
6-DMAP) E B £ £ F(P>0.05), R K BEAL
REE (F 6. 02%0) B, A Ky i S HRUR B 1T
i Tao %"*H1 Koo F "V HIe & B, ¥ IR 41 e e
ISR R B %5 T A23187/6-DMAP %5 R
M,

ARBENSAREEENINEEERTZ
FERE (ZM8/CB-+ R ) SR 24 3 (P <<0. 05), T
FEREENARPERAE X L LEEER . HE
BERE (DRSS 8 21%M4. 2%, Bl hs
BUSHIBRT TLEEE. X 5)iang U3 KRB
MRER K.
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Effect of Different Activation Methods on the Development of
Porcine Oocytes Matured in vitro

LIU Guo-shi', ZENG Shen-ming', WU Zhong-hong', XING Feng-ying?, TIAN Jian-hui!,
LIN Ping', JIANG Wu-qi', LIU Jing-hao', ZHU Shi-en', ZHANG Zhong-cheng'
(1. College of Animal Science and Technology, China Agricultural University, Beijing 100094, China;
2. Shanghai Laboratory of Development Biology, Shanghai Second Medicine
University, Shanghai 200025, China)

Abstract; Electrical,, ionomycin and ethanol activation of porcine oocytes matured in vitro were performed
in this study to establish an effective activation protocol for parthenogenetic porcine oocytes. Oocytes were
parthenogenetically activated by one of three stimuli: (1) optimal electric (electrical field strength and the
pulse duration 130 V/mm-80 ps with blastocyst development rate of 18.92% +8.48%), (2) optimal iono-
mycin (15 pmol/L ionomycin for 40 min with blastocyst rate of 21. 27%+8. 54%), (3) optimal ethanol
(9% ethanol for 3 min followed, resulting in blastocyst rate of 13.33% 7. 64%). It was proved that in
the same circumstance no obvious difference existed in the blastocyst rate (32. 70%+ 13. 55% wvs.
26. 58 % £13.83%) and cell number of blastocyst between electrical activation (130 V/mm-80ps-1)and in-
omycin activation(15 pmol/L,40 min). Moreover, electrical activation achieved higher (P<C0. 05) rate of
post-activation cleavage than ethanol activation; the blastocyst rate (13. 21% =+ 6. 05% vs. 5. 00% +
1.80%) and cell number of blastocyst showed no difference (P>>0. 05). Therefore, among the three kinds
of activation methods, electrical activation was the best.

Key words: porcine; oocyte; in vitro maturation; electrical activation; ionomycin activation; ethanol acti-

vation
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