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OB ARG A 2 W 2 G U i A0 M ) U R A R A, A N G I R IR 8 A 1 ik . s
SEULFU: (1) H 1. 00 Be/ m] WL S S 1k M nocodazole) 4P 54 16 40 B IR JIG 12 h, vl i i )i 41 B 5¢
A [RAE T MO (2) 0B A S AR T M1 5K G I 41 B T 0. 20 e/ ml Bl SE it 55 25 (aphidr
colin) ZL#L 8 h, I 58440 DNA (07 B, 44 MG 40 0 (5139146 T Gy W0: ( 3) i i B 300 1) 394 -1 M0 0
1) 2 A I I A I A AR BE % 8 h f, 8RS H 1. 00 Mg/ ml 36 CUE % ( eycloheximide) 402 8 h, 1] {ff fif:
e L 014 T G W1 o AT 5 ) 5 S s 22 W 40 T 18 300 ) 300 4 A 250 AS 5% i U i 1 4 A0 e /L R
SRS RS 9 = A7 2 W] AR T 4L P< 0.05) .

K BEIA: 40 M B 00 A G HK AR

FESES:S829.1:9814.8 XHKFRIREE: A XEHS:0366- 6964(2001) 06— 0517- 08

A2 M A% RV SZ A BB 40 PO A0 )5 3 300 1) — B0 5 A% B8 R IR 1) R 5 98 s bR KUY
{EE, W FL2h ) 5L 0D A Jif O 2 K 4 AN R 2B, ELBE AT IR iR A & 1 T E*ka%ﬂ*ﬂ“ﬂ
G2V LTI 0 S A A e S AR A LN PR A s, o AN A R 3 () 4 K 4 it
I, Gy W= SRAR K, Go SARAL R KT . AR 22 1) 00 40 Ak B 1 9 2 R by A% (16 A AT R 8 M
I, P AARAZ R 2 Ab T S U1, 1032 R4 s M, 3 il 0 R B RV G R g IR
SRR Z 140, g4 i Ui 40 PR A% o A 0 280, R NIE SORZ 0 FL A WL, o 40 i Jo) 40 0 4%
R IIC B . HFT, B kg0 o RO AT MO H O 2 AT 2 Bl BEAKOK Bt
(colcemid) FTE %4 [ ik s by - I 2 15 mik e 1 253 M LE BKOK Bk i /S, & 2 ) 2 T A5 N
O 2% R i A0 eS0T (R . el T LIRS Gy SR AR, PR AR MR AL I,
il DNA & 5 (1) 259, 18 BG40 4> 24455 11 7E Go/ S Be 3T, A vl 313 G, WO RER . % W
DNA A5 Bl E b e 4 2% . W Gy IR 25 e 0 Bt . F 8- MIRIRIGAE & 5
Hg/ ml 3R OB 0 5% 22 0P B 9% 12 by ol R IR 40 B &b T+ G, W1, (X5 DNA & 8 AN F 5%
WtV A B N S W e Tk e o S el R 2 R R R e X 5K SR U i 4 T R AT R 4, O
WF9T 2 BT I IR AR 9 SR IR .

1 MRFAE

1.1 SEI8zh4)  BEROUPE R HT 8 22 el 2 25, 6 TS LL I, R EE 3. S kg /o fa, &
Bk 10 HEE LA L, RN 6~ 8 kg IBITE 2= (AR ( b st A0l KR eds) . FKRWFEE AR
AT, Bl .
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1.2 BERREESE  IRIEIRBUN M199( GIBCO) + 10% FBS( H [ [ 22 B2 e L i 24 WF 5T ) +
1. 25 mmol/ L A fR 4 ( GIBCO) + 0.1 mmol/ L EDTA ( Sigma) + X Pr( ALl 2y) ), TR
RM 199 . £5F£ML4 10 mm % 35 mm [F— KM EET FR ML Nune) . BIRETFEAE 50 B[/ %
LA ( Sigma) , FEAS NI HORON 10 BUR G, B 48 h SRR IR . KR SR AN
38 C, 5% CO, A A1 100% M1 .
1.3 BERARIR (AR BEGIEL: 6 IR B2 T i S 2 R L 3 (FSH, wp RN BE sh ¥ i 277
BB SR 0. 15 mg, AHABBTIRIFIBE 12 h, SeJi— K FSH 8 12 h, 8 2B B 4 kit
NGB PE MR EE (hCG, BifgEM 2z 4 25) ) 100 TU, BBRD 5 A 5220 . ZCRLSS 48 h,
T AL T, 75 TG 44T, mPBS!S s 1-6 41 Be i) i
1.4 BEBRABEEARERL M MAFIIf: 6 1640 B B IR G FAS R # B2 0. 05 Mg/ ml .
0. 10 Ug/ ml 0. 50 Hg/ml .1. 00 Ug/ ml 1 2. 00 Kg/ ml) MES FEEmE M) RM 199 7620 Vi Ja, B
AL % L5 W 2 I Rk P 1) RML 199 /i rh 4k 285 9% 16 h i, Wl R JIG 40 i ) DNA 87 &, i e Al
JAR TG 4 1 58 4 Ab T M S0 R 5 U VS 22, T ik e R P, 006 S o e Ak BRINE W) o AR R P b 4% A1 Ak B
Jii, BN RM 199 /i 5575, MEEI0R ARG, I 5 R A0 B IR IR 2R 47 % TR
Gy BRI K 1R 461 M ARG (R IG 40 B2 176 4 24 b 3, AR EATS O 16- 40 i By
BY) B ASFEHE( 0. 05 Bg/ ml 0. 10 Hg/ ml 0. 20 Hg/ ml 0. 50 Hg/ ml Fl 1. 00 Hg/ ml) i 3 ith
FZ M0 RM 199 /NilH: 9% 8 h Jia, @ R FG A0 MU i) DNA 5 &, 8 5E 58 4 BT DNA A i1 5 11K
G RDAG: KRN T MU R G ( G 40 458 175 23 24 b 38, AR A8 0524 16 40 i i
B BN RM 199 rh 4k 84555 8 h, 2R )G, ¥ O &0 32- 40 by Be (0 IR i B AN AS [RIVR FE (0. 10
g/ ml 0. 50 Hg/ ml .. 00 Kg/ ml 2.00 Hg/ ml Fl 5.00 Hg/ ml) F CLELEZ (1) RM 199 /i, 4k 4255
75 8 h Ji, HEATIEAG AN DNA & 8005, 52 Gy WD AL I AR IR R S .
1.5 FEBAR4ARE4Z DNA 2 B8ME  IIRTES 0. 5% % & (1 mPBS 138 C) #5410
min, Rk R (12588 RBRAUE W4 G, BT Ca™ Mg™ [ mPBS bk IFi &4
10 min, /£ mPBS 1 I AIE AR AT, 73 B9 e SN O AREER o R B B O ARR AT 0l 1 1) 2 38
b, Fr TG, BRI LB VKRR (30 1) I 5 min, BN LBE: UKLRR: Hi/RY
FR(8.5:0.5: 1) WPl s 1 hy, T4 )5, WArT— 20 CUKFA P . [l Ak 21 (1) IR fif O 2 Bk %
Bolton 251°) Fr il idk €)1 1 HEAT Feulgen Yo €, 28 0048 KK B [ )i, 340 5 30 Y6 6% i (U-
nivar, ReichertJung) 7E 560 nm J{CAb, W5 5N 40 Az B0 R 3 FEAE (1. 0. D), JF S R (1
YA 1 O. DL AEAH LA R i s IR I 40 A% DN A [RIA S 75 35
1.6 FTAEMARITEL 2 M 4000 o B 4% Ebert 250 [y 3, BRI B N 10 Hg/ml
Hoechst33342( Sigma) [f) DPBS 1, 7£ 38 ‘CRf 7244 7 20 min Ji7, i[> 5 DPBS( £y 10 M) &
T L, PR AT /D LR ) A 9 G 3 A G . 7RG R ABE( Olympus) F, H]
U ¥k, 1435 nm PHESUEE B, vF SRS G 1 40 i 4 .
1.7 RERRTBAE 2040 M J 01 [m) S0 Ak BE Y IR IRy, 0 ARG RG 75 6 21 808 MR, B BT Ik
293 d W2 R4 IR b, B4R U RN 6~ 8 MU .
1.8 SRWREERAITOM 0 B il SR R (XP) K, PR H 18] (1 B R o A
5.
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2 BEREDH
2.1 ERERMAME XS R % AERR AR B AR RO E HR 1L 1E D

FAANKS T DNA °FE 10, D. Ak 4215. 62 . 54 16- 40 R 1 78 25 A R 34 32 10 % g ik
M) RM 199 55573 P 8557 16 h Ji, Wl BRZ4ER DNA 1) L O. D. fH, JFLLANKG T DNA 1) L
0. D. fEAEX H, 55 DNA AT & . DNA AHXS & 2R T 4 G50 8Bk b M Y1 g
PER, SR NE L

F1 FEREEE AN R RERINEIK M BRI R
Table 1 Effect of different concentrations of nocodazole on the proportion of rabbit
blastomeres arrested in metaphase

e HE( Mg/ ml) I I & URELSE S 44 MU GR R (% )
Concentration No. embryos No. blastomeres No. blastomeres in M
0. 00 10 315 20(6.3)
0. 05 10 300 31(10. 3)
0. 10 10 243 49( 20. 2)
0. 50 10 198 108(54. 5)
1. 00 10 159 158(99. 4)
2.00 10 158 158( 100. 0)

1 EE BRI K R 16- 40 M IR iy OF 23R 50 A b T M 30 1 o {1 08 2 15 Tk s A 2 Oy
1.00 Mg/ ml. Z4% 16- G0 BRIGAE S 1. 00 g/ m] WEZBEMEPE Y RM 199 HE59E 0 4 8 .12 .16 h
Ja, Ab T M OO RERE AR 2.

F2 MBEAERAWAALIER E 3R AR VR M R EMR

Table 2 Effect of exposure time of nocodazole on the proportion of rabbit
blastomeres arrested in metaphase

FE R ) (h) I & [LEA3ES 14 M JUJ6R R ER (% )
Exposure time No. embryos No. blastomeres No. blastomeres in M
0 10 159 9(5.7)

4 10 158 70(44. 3)

8 10 159 141(88.7)

12 10 159 158(99. 4)

16 10 159 158(99. 4)

& 2 M4 ] W, RGTE S 1. 00 Mg/ m] WESLEENA M) RM 199 Hh 1555 12 h ] fifi G2 Bk
e T M .

FA 16 AR IGAE S 1,00 Mg/ m] HEZBEHE M) RM 199 Th 537 12 h, BN RM 199 /)i
ARSI IR, 75 1 h ZIIIRIR NS0 32 i . BRVEZERRAME S, AR 1 8k 2 h B 2-3 MOl
[ 20 ANLALBEZAER, J5E H DNA 9 1.0, DL AR . P 1y 2% Bh Wi 4 15 mik s BEL B )i B9 24 R DN A
L O.D. A ihge . e 1 n) WL, 22w 2 s e M BH BT 5 2 h, DNA & & 4G TH i, FEE3)
8 h FFUFWF, 13 h Jii DNA S FREE 1-2 h (7K1 . 3 150 B 2 B e 1 ik e BEL BT i, A Jif 2D
Pk 5253 4 IFHEN 32- 40 399 160 40 i JE 309, 2 i e SR B0 R4k 12 b, Hoh Gy WIRAE(T h 2 ) S
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2 78 h,Go/ M %) 34 h.

Y=18577.27+ 2390. 48x — 199. 89

16000
o I
g 120 /\ B0 BRSNS R S B RAE DNA
< 80001 A RO L
4000: Fig. 1  The graph of DNA relative content in
- rabbit blastcmeres after removing noco-
0 dazol
12345678910111203 €

BffE] Time (h)
2.2 PIFEIBE 3 X 5 % AR AL 40 AR JE) HA Y PRI 1 AR
ZP 160 QMR AE S 1. 00 Mg/ m] WEZLBERA M) RM 199 tPE5 % 12 h Jia, AR
(0.05 Hg/ ml 0. 10 Mg/ ml 0.20 Hg/ ml 0. 50 Hg/ ml I 1. 00 Hg/ ml) il 4 it 5 2 (1) RM 199 /NG
ARS8 h i, MEATRIR AN DNA AR & & AIE . B e 2 20 B4 T MR iR
400 DNA 5 1 1 BEL T 25051 WL 3 .
®3 FEREMTES SR EAM DNA & 54 P R

Table 3 Effects of different concentrations of aphidicolin
on DNA synthesis of rabbit embryonic cells

e JEE( Mg/ ml) JHE Jif 4 FIEATE &) G1 B ER (%)
Concentration No. embryos No. blastomeres No. blastomeres in G1
0. 00 5 160 0(0.0)
0.05 5 159 11{6.9)
0. 10 5 160 119(74. 4)
0.20 5 160 159(99. 4)
0. 50 5 159 158(99. 4)
1.00 5 158 158( 100. 0)

23 M4 BRI RIRTE 0. 10 Wg/ ml Bl 35t 27 251 RM 199 115 % 8 h )i, 74. 4% G4 ER
] DNA & e FELIET, 0. 20 B/ ml P 3E it 45 2 o] IR G R AL ER DNA 15 a6 4= PHL W .

FIREHE AR 2T, BERG 1 B2 h B 2-3 BORJIG 16 20 AN DAL BRZEER, M5 DNA 1 1 0. D.
B . B2 Kb aEid a5 0245 DNA 1L O. D. (A 2k . &l 2 w) 0, 2 B Ff 4 il
HEFPAWTG 1 h, DNA S e, H—HEFEE) 7-8 h A JF4f FF%, 12 h DNA S R3S
O-1 h 7K V- o 15 B s Bl S 7 22 BELIGT I, S BV A2 32- 440 U0 %) 400 i o 340, 2 4 I Jo 3O 24 ek
4 12h.
2.3 IRCERRXS R % B BA 4 AR FE #A Y BE T4 F

FA 16040 LR G AE 7% 1,00 Mg/ ml WE 24 /i ik Me [ RM 199 K5 F2 b 15 9% 12 h J5, W
RM 199 78 7p Ve IFAREE 5% 8 h, B A AR E(0. 10 Hg/ ml.0. 50 Hg/ml .1. 00 Hg/ ml .2. 00
Mg/ ml F1 5. 00 Hg/ ml) F CEERZ 1 RM 199 /i h 4R £E 55 57 8 h, FFEAT IR R U 4Bk DNA AHXS
TR E, I B R T M S VR IG A A R YT LT AR LR 4. i3 4 a] L, [+
AT WIER G2 S IR IRLE 1.00 g/ ml 2R S BEE G RM 199 185 9% 8 h i, 4
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98. 8% YRALIRIAL T Go W . ZBRIA CEENZBHNT 5, 72 RM 199 thiE5 3¢ 1-2h, EIREEA M W JF
Fihor % .
Y=8383. 82+ 2376. 41x — 196. 30
16000

12000 /\ H2 £BATGBRERGERDNA AR
S 8000 AL 2R
:4000 Fig. 2 The grapn of DINA content in rabbit
E blastomeres after ranoving aphidicolin

0
0123456 78910N12
BE Time (h)

2.4 MR RARHA LA IB AT R R AERR & B R F2M
20401 4R 3R] S04 A BN K G VR G A A0 R F IR SR 2K Y 160 41 IV Jify 28 4 i B 391 [ 25
TRAL L, SLARAN R B AR 5. ARHE 1 9 BEAG7E 1. 00 B/ m] WEZ{BEMAPE I RM 199 w75
12 h J5, BN RM 199 gk 48555, 4b# 2 A MRS 5 7E 1. 00 Mg/ ml MEZL 5 mk M ¥ RM 199
B9% 12 h f10. 20 Mg/ ml P HEih 87 2211 RM 199 8557 8 h Jii, B RM 199 rf1 4k 1% 3%, Ab B
3 WIRSRSGEAE 1.00 Hg/ ml WELLEEMEME ) RM 199 15535 12 h, SR )5 7E RM 199 14537 8 h, T
1.00 Mg/ ml ¥F CLBERZ ) RM 199 8555 8 h, 5t o B N RM 199 T 4k L85 7% X AL & AR AT ]
WEPE) 16- A NG . Bhe 5 T WL, ZK 4R 16- 40 M G 28 40 i J8) 35 1) 20 A0 b B A, 308 VA A7 A, 2
J R T 3R R R 40 o K5 6 A, e 83 25 5 (P> 0..05)

T4 TERE I CBERR X 5 % 7 Ba 48 B 3 4 0 PEL U 45 R

Table 4 Effects of different cocentrations of cycloheximide

on mitosis of rabbit embryonic cells

e FE ( Me/ ml) FIT e I [RE3E 344 DNA 5450 4C W] 5FZERE (%)
Concentration No. embryos No. blastomeres No. blastomeres in G,

0.00 5 305 0(0.0)

0.10 5 289 26(9.0)

0.50 5 202 129( 63.9)

1.00 5 160 159(98. 8)

2.00 5 159 158(99. 4)

5.00 5 158 158( 100. 0)

2.4.2 A0S R A AR BN SRR RG R N A e KA 16 IR iR & M, G1 AT G2
AL )5, FEAR AN 95 R A BB MG, BARAZ AN R EHRNLE 6. HEK6
Al UL, A 16 40 BV G 2040 i 8 3 [0 2 Ak Ab 2R S, B R TR 2 52 AR ] R A7, B iRE S
XA TG ZE (P> 0.05) B AR R B EAR T X 41 P< 0.05) . 7F 3 Pl Ak By ik vh, fif
A dh 57 Z2 AR UG e 5o 77 A 6 10 5 i 0 K, 3K 2 AR PR A R G S AIK T e e R ek M (P <
0.05) .
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x5 MEEMAREMALAIEN RREIRIKII R ERF N
Table 5 Effect of cell cycle synchronization treatment on development of rabbit embryos in vitro

Bz A0E TR Bl (% ) WM AN ML X £SE)

# i K %
i kiR BRI (%) No. hatched Cell number of
T reatment No. embryos No. blastocysts
blastocysts blastocyst
1 44 42(95.5)"° 38(86.4)" 120. 37 £2. 50°
2 34 32(94. 1) " 24(70.6)" 120. 37 £2.83°
3 36 34(94.4)" 25(69.4)" 119.87 £1. 86°
A Control 37 36(97.3)" 32(86.5)" 121.12 £3. 56"

ae [ —F8E bR R 2 R AN (P> 0.05) . ac Values with the same superscripts in the same
column show no significant difference( P> 0. 05).

1. The embryos were cultured in RM 199 containing 1. 00 Hg/ ml nocodazole for 12 h followed by in RM 199.
2. The embryos were cultured in 1. 00 Hg/ ml nocodazole for 12 h and 0. 20 Hg/ ml aphidicolin for 8 h respectively
followed by in M 199. 3. The embryos were first cultured in 1.00 Hg/ ml nocodazole for 12h, RM 199 for 18 h and
1. 00 Hg/ ml cycloheximide for 18h respectively, then transferred into RM 199. Control: The 16-cell embryos were
cultured in RM 199,

F6 MAERHBRESHAENREERENEENENR
Table 6 Effect of cell cycle synchronization treatment on development of rabbit embryos in vive

4k 5  HAIE I £ AR E YT WK (% ) AT E(%)
T reatment No. embryos No. recipients No. pregnancies No. live pups
1 120 10 8(80.0)" 30(25.0)"

2 141 11 8(72.7)" 20(14.2)°

3 144 12 8(66.7)" I6(11.1)°

A I Control 141 11 9(81.8)" 54(38.3)"

ad [P BT REAFR ZE R #E(P< 0.05) . ad  Values with different superscripts in the same
column show significant difference( P< 0. 05).

3 it i

W kP ] PR AR AR 1 SR A Bk 4 R A 10 TR, AT A A 5 R AE M
EHCAE R T 3010, B2 250, &5 Bl ] ST T AR, AN A2 A 22 40 4050 RSB mE g T W
S MA T 5K R TG A M SIS A R R . 4t TR T W e Pk AT 5K AR 16 40 PRI I 4
10 BELITE ] LA 8 s TR A, R I Ik e 8 A R 160 4l TR ¥ DA ER Ak T M 3T 1)
S AICIR B4 1. 00 Mg/ ml, SRS ] 4 12 h, i‘&%H'ﬂd\EEU%J%ﬂﬂﬂtﬂwlrﬁmﬂ?}*{’wijﬁlf% -
R WE S A e S, SR G U i A i 37 B b 52 2 B4 N 32- 4 i 303 11 40 M 30 waﬂ%é
BR DN A 75 5 FR 00 50z 2 W %400 o A M 20 554 12 h

BfdEih A 25 DNA RAH o 454, MEIRIG 41 DNA 1AM, 2 4T c1 it . A
ST (1) 5 SR 2 ] Stk 5 2560 5 AR VR A 40 11 DN A 25 1 Fi PEL BT 74 P 58 Ak 3 2850 78, IR A 7 &%
0. 10 Mg/ ml i JE3 77 2 1) RM 199 857230 1 55 5% 8 h Ji, K4 UNALERIY) DNA A Bt BELIT, 1
7F 0. 20 Mg/ m] il 3 ith 27 25 b 55 35 A [ I 1), DR Z4BR DNA (K94 il s BT, 40T G, I, X 5
Collas 25 " RIE M &5 R — 0. LERBTIEM A ZPHWT | h J5, IR0 DNA (14 i e, —
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HFFEE] 7~ 8 h AFFUH TR . 12 h Jii DNA & FEA 0~ 1 h (K, A N4 4L 12
heo 3XE5 2% [ S e ik e BEL BT i £ 45 S — B, U6 IR IR 22 BT S e 5 2 R DA AR RS IE R 4N i
JEAWIASZ 5w

PR U R A — b 2 11 2 A a0, B AR 1 A B R P R O A U L A e
FE N 5 B (0 B A% vT BEL 40 B e N 84000, 4581 T G U7 L AR S 3R O
X S5 G JVR I A0 I ST AT A 7, WA R R KRN TE 1. 00 g/ ml 3F CEERZ ) RM 199
K597 8 h, 98. 8% SNALERAL T Go W . ZBRIACBENG IS 1~ 2 h, FEAG AN MO E N 23 2400 . X 5 1
OB AL R A & 40 B iR 1 45 S AR — 30T .

ARSI T A0 A 0 [ 393 4 Ak B SR A R R A Y SRR R L A SR B R A
HRZE M Gy FIl G W [R)SA A 2 5, IV IR TR A A0 F7 5 0 RO L o R B f 22 5, (LR
IR R 1R A 23 7 A B Sl (YR P o 33K 150 FFY Oty 7L 50y 42 A U0 VA Jit 44 A Jo 30 ) A — 30,
REXT R BATE BEAAC T2 v IR BB A J0IRG ) LI AR B AR B2 . P 80X 45 B 1 I R ARSI 45
S LS, I 5 TR .
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THE CONTROL OF RABBIT EMBRYONIC CELL CYCLE

WANG Yongsheng, ZENG Sher-ming, ZHU Shren, TIAN Jian-hui, L1 Shu-jing,
YU Werrli, ZHANG Zhong-cheng, CHEN Yong-fu
( Lab of Animal Embryonic Biotechnology, College of Animal
Science and Technology, China Agricultural University, Beijing 100094, China)

Abstract: T he objective of this experiment was to control the rabbit embryonic cell cycle with
chemicals to give programs for the cycle synchronization. The DNA contents of blastomeres were
analyzed by scanning microspectrophotometric assay following Feulgen staining reaction. T he relr
able methods for synchronizing cell cycle at M, G, and G, phase were given in the follow ings.
When the early 16-cell stage rabbit embryos were cultured in M 199 supplemented with 1. 00 Hg/
ml nocodazole for 12 h, the blastomeres were all synchronized at M phase. When the embryos
which cells arrested at M phase were cultured in M 199 containing 0. 20 g/ ml alphidicolin for 8h,
the embryos were divided into 32-cell, but they did not synthesized DNA and were arrested at G,
phase. The embryonic cells were arrested at G, phase after the embryos were first cultured in 1.0
Hg/ ml nocodazole for 12h, then in M 199 for 8h and finally in 1. 00 Hg/ ml cycloheximide for 8h.
The developmental abilities of embryos synchronized at special cell cycle stage were not be effected
when they were cultured in M 199 in vitro, but rates of living pups were significantly lower than
the control after the synchronized embryos were transferred into recipients( P< 0.05).

Key words: Cell cycle; Control; Embryo; Rabbit



