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Abstract

AIM: To explore whether there is a synergistic
effect between evodiamine (EVO) and RO3306,
a specific cyclin-dependent kinase 1 (CDK1)
inhibitor, on the proliferation and apoptosis of

murine colon cancer CT26 cells.

METHODS: The inhibitory effect of EVO on the
proliferation of CT26 cells was determined by
MITT assay to calculate ICs, at 24 h and the time
required for the induction of irreversible apop-
tosis. The inhibitory effect of combination treat-
ment with EVO and RO3306 either in a simul-
taneous or sequential way (pretreatment with
EVO for 24 h followed by addition of RO3306
for another 6 h) on cell proliferation was also de-
tected. CT26 cells were divided into six groups:
control group, 2 mg/L EVO group, 4 mg/L EVO
group, 15 mg/L RO3306 group, 2 mg/L EVO +
15 mg/L RO3306 group, and 4 mg/L EVO + 15
mg/L RO3306 group. Colony-forming assay and
flow cytometry (FCM) assay were used to detect
the effect of these treatments on cell prolifera-
tion and apoptosis. g-value analysis was used to
estimate the synergistic effect of evodiamine and
ROB306. A g value of =1.15 indicates synergism.

RESULTS: Treatment with EVO alone for 24 h
had a significant inhibitory effect on CT26 cell
proliferation, and 1C;, was around 10.8 mg/L.
The time required for the induction of irrevers-
ible apoptosis was 24 h. Combination treatment
with EVO and RO3306 in a sequential way re-
sulted in the rates of reduced proliferation of
22.0+4.4%,30.4+£3.2%,12.3 £4.8%,48.0 £3.2%,
and 62.2£2.2% in each treatment group. The q
values of the two sequential treatment groups
were 1.52 and 1.60, while those of simultaneous
treatment groups were 0.68 and 0.72, respective-
ly. Colony-forming assay showed the reduced
rates of colony formation were 9.7 + 5.8%, 38.9 £
3.8%,10.8 £3.7%, 29.8 + 10.7%, and 68.3 + 12.7%
in each treatment group. The g values of the two
sequential treatment groups were 1.41 and 1.47.
FCM assay showed that the apoptotic rates were
5.5+1.1%, 18.3 £ 1.9%, 25.6 £ 1.5%, 9.2 + 1.1%,
39.1 £ 9.8%, and 54.6 + 1.2% in each group (g >
1.15).

CONCLUSION: The time required for induction
of irreversible apoptosis of CT26 cells by EVO is
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around 24 h and the inhibitory effect was dose-
dependent. EVO exhibited a significant syner-
gistic inhibitory effect with RO3306 on CT26 cell
proliferation in a sequential treatment regime
but not in a simultaneous treatment manner.

Key Words: Evodiamine; CDK1 inhibitor; Apoptosis;
Mitotic arrest; Mitotic slippage
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BHHY: KT ZE EEH(EVO)ERACDKI A 451
FpH FIRO3306%F R 4 & e FLCT26%9 A K
pH . FFRATATA R I EAER.

ik RAMTTZ R EEVOXTCT264E 24 h
#91C5, B i FCT264m Il & £ R 7T 1% 8 = 649 B
%, (WEEVOARO3306F & A 255 5% A
BH(EVOLAEA24 h, HBmMARO3306%E [ 4
JA6 h)*FCT26%m ie g 41 A, R A& EHg
A8 A B S BR A A 2 5 A D B (g 5% FR
a5 b A, ¢>1. 154 RE). R
iR 25 50 5 R B SR I ey - L LI A
sHRE4E. 2 mg/L EVO4L, 4 mg/L EVOZ4L, 15
mg/L RO330648(An 25 B ] B A8 o BRA-20), 2
mg/L EVO+15 mg/L RO3306% 448, 4 mg/L
EVO+15 mg/L RO33068%441. K A LIE4E %
T A% AR 25 ) S A B AE A T 2 CT264m
Rened dp k) B, SRR ALK g e AR A 25 M 4 R AT
CT26H = F 6% vh.

LR MTT# 4RI FEVOXT 4 W % 48 Ao
CT26 4 B &R 1ER, b 15 R 2
8 IR EAR B, VEJ24 h#91C,410.8 mg/L;
EVOi# FCT26%m ML #t AR T 34 )8 T 6% B
] .& 4224 hAA. MTTHAMEVOFAR0O3306
3R 25 09 B 28 3 ) AR R 4 A & 22.0%
+4.4%. 30.4%+3.2%. 12.3%+4.8%.

48.0%+3.2%. 62.2%+2.2%(F A
Atig = 1.52, 1.60>1.15, Flitm2h B A-2ag
= 0.68, 0.72). LIEEET sk B w402 &40
8 37 ) FAR KR 571 29.7%+5.8% 38.9%+
3.8%, 10.8%+3.7%, 29.8%+10.7%, 68.3% =+
12.7%(g>1.15). "X 28K 2= &40 20§ )
TRRAR Y R5.5%+1.1%, 18.3%+1.9%,
25.6%+1.5%, 9.2%+1.1%, 39.1%+9.8%,
54.6%+1.2%(g>1.15).

Z5i8: EVORe44) K45 0 % e CT2649 £ K,
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AR ZAFRHBX R, EVOiFFCT26X %
RT3 B T B ) B4 224 hA A EVOBR4-
CDK 1474 F1R0O33065F 5 A 25 - CT2644 4
AR LA YR 38 sk M, R B Ae 2h BE A AE
AR E T WFEE.

XE1E: REBR; COK1IMHIF; 4008 T MR
EI8, K00, 1BFE, Kk, AR, BER. RERBWES
CDK1IFIR 033063 R4S ipREC T26BVIDARAIER. R

HENEZYE 2011; 19(12): 1244-1250
http://www.wjgnet.com/1009-3079/19/1244 .asp

0 51

gh e 2 TH A AR W E I 2 —, B AR
TR AN T4, 45 Wi i 260 AW BT
(. diliinyy Hingh ARGy A &, H
ARG AN T 2, R AR Y, Kht
IBF TR W], v e 24 i 75 P2 25 45 Be 4 R 1k
JHIRE T R, RN BERAR TBAST TRAS RN, T 2
) S 250 43 i A S A o 4 i A P,
R Hf(evodiamine, EVO)N 25 2 45 1) —
P e o, IR A DI R L, EVOXT
22 TR b e 40 I 2 A R B AR A R S 2
PATAE AT, FR R A, AT — IR AR
IS FH AT 5, AL RT ISR M, EVORE
A7 2 i B TG /MU, R RE 5 5 MU BH iy (M-
arrest)” L AT HIIURIL, W AMES FEK
A MU BEL TR 40 i, 380 in N C DKL 31 77 LA 75
SH R AMEHE# M-slippage), 7] K KL &
JE A R PR TR, Rl 2 A 4k 5 5 MU BH
MR 1P 2590 ] e BAT W A 1 5 3 0
T3 RO3306, WK EEMEI A (quinolinyl
thiazolinone) ) —Fh 744, J&CDK 14 =40
FPTLAHITIE VORIRO3306 5 £ HJF B A
2, BRI LR AT Ae P [R5 2 MR 40 e T, 3o
EVOX Ji e 4 o (1) 5475 ).

1 SRIASE

1.1 A /N U i 40 AR C T26) I ATCC;
RPMI 1640712.5 g/LEDTA KB [ Gibeo
Ay ANEHGA MG BPAA AW, 5. #E%
FIWIE B RN E Y EARF AR MTT
A HE T AH(DMS0)¥) A Sigmals & 7= i
Giemsaly Bt 55 B AW H AR 4w, EVO3lt
51 046K 1230)FIRO3306(Ht 5 : L24795)I4 H
SigmaZyal; MLk AIE (propidium iodide, PI, fit

Wi £ E

Tao%¥ LA 5 &
W, sSFEHEFT
e & A M
(RE) R CECW/ VN
CDK 1474 5l vA
SFE R AMMYE
#, T K K% S5 M
Vil RO Rk
A3k A P AE Yk
FMBEH 5 M
I 04 7 A 2
M oT 86 B W R
MR TR,
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[ B 10

A K B R
R #B(EVO)iF F
B 89 T i B 18]
Y24 hZ 5,
EVO5R03306
i BN
BB G
EVO s+ 4 i 55 tm
JRLCT260% 474 &,
KAF VR R, 42
—H R BEAA
23 T KR

51 6155K) AMP Biomedicals. 7¢ 613 & W%
i7" F Olympus /A 7 ; Bio-Rad 6807 4> [ i hx
1R 2 EBio-Rad 2y &l 7™ il it 4 a4k S5 1
Becton DickinsonA ) 7= .
12 7
1.2.1 2mpess e g 4 MO 32 5 00 7 V288 974
R, Y572 TRPMI 1640(=8%), 75 #h 72100 mL/L
FAAAE NG, 2 pmol/LAS &ML, 1.5 gffIkiR
SN, 1% BER R
1.2.2 MTT::#4MEVOXTCT26%5 45 4F /A 65 3 2%
* A B FOR T 35 8 T 1) AR A B BUH
AR AN, 15 X 10° 440 /LI Rl T96 L
W% 9%, B37 °C, 50 mL/L CO B F- M7, 5
S ML EE S, NS FIRFEEV O, (R 3 9]
PEXTHAAL . 25 (6 A, T4l 8N AL, B
324 i, BALIN100 L MTT(5 g/LTGII I K555
W, pH7.2), FiREFE4 h, 37 B3, AFLIIA150 uL
DMSO, 5%, BbrA 1570 nmib >k
EAH), g2 KA 4% T 41 A AT o 5
FIHIZEAR) = (1-5L560 21 FIAEH/ X A T34
{E) X 100%, 1= E A1 FE (1C5,) i i SPSS18.04¢8
TR A AL 2 Probit Rl VA 23 My T 51

BOW B K40, 345 X 10° 440 /4L 4%
Tl T-96FLAR S 77, 4 I G BE J5 I N 2k k4
mg/LINEVO. #EVOERA R E (16 20+
24, 28 hYiKIk4r NEVO 141, EVO 241. EVO
341, EVO 441, R4 P53 5 S LEVOS 2 T S 3L
FHR N HEA, EV OS2 fE 359712 h(EVOFEHIA
[ IF [ i 52 i e A s 97 34 972 12 h) S A
I HE A A 48 RS MUT TR0 o 40 i 2B K 1
il 7 TH B,
1.2.3 MTTi% ILEEVOA2R 0330634~ B A 25
5 55 R 253 CT264m i 64 #4045 40 i 4%
FlF2AN96F LR FEM(5 X 10° A4 B /4L). H37 C,
50 mL/L COBFFRAREEFE, 1o 4 M Ui BE J5 2.
PRI 4. 4 mg/L EVO4l. 2 mg/L
EVO#4]. 15 mg/L RO330641. 2 mg/L EVO#]
+15 mg/L RO3306654l. 4 mg/L EVO4]+15
mg/L RO3306HkA 4. Hd—HE&4IEVO
FIRO3306[F I N2y, #%41EVOFRRO33061EH
IR 32430 by 53— MR 2, G ZHEV ORI
RO3306/7 5 H1 24, eI NEVO/ER 24 hj5 i
ARO3306 L [FE1EHI6 h, TMRO33064] 5441
—FEAAE AN MU RE IR 45 176 hoAd IIRO3306. 4b#E
SRR FIMT TR I 40 it A .
1.2.4 L% % kM EVOFAR0O3306 5 7

BE AR 2 2P CT26 2 i 48 595 R o #p ) &0 4 41
HEERh FofLET TR, 1 X 10°A 40w/ fL. Frdi i
WiBE 5, $e o oML 3G 7R ARG 9%, 24 hja o
I35 55 77 3 5 N 58 4 85 9 56 0 AT 29 W 4k
M. sy E T KIRL2.3 P BT 2. 24
YRR 58 e e B IR B, N 58 A 5 IR A 4k 4k
B, HRi7R8 d. 8 dJaWik ki, FHPBSIELIR,
I SEW ] mL(FPEE @ 28 = 3 0 1)=&
15 min, FIPBSHHELR, fIAS500 uL Giemsai#
W, U R Y015 min, WSS, 28 1K Bk
2R, KR ARN LR RO TR B8 S N g5
0 AL T (AN ML > 50/ AN E9R). 4% T Uik
WIE AN 2. AR AN Z (%) = 1-5205 8
AR EL X 100%.
1.2.5 AKX 48P F 4N EVOARO33065 4
FH 5 252 CT264m i0 8 = F 69 % vk 41 LA
2 X 10°AN/ LI 38 PE LR o FLAR, £5 41 B W B i F
TMVER, sy 20 i 277 IR B AR 56 BRlik
LA, FIPBSYELIX, K41 g [# 5 1700 mL/LR
B OB, F2RHPIYt, 4 ‘CREE30 min
JeEEAT I A0 B ARSI, W - G O TR
Gt il BRSPS S18.048 1
MAFUBA TS A AP TR Dimean &= SD#
R, RGP HIBEVORIR 033061 75
R RIVE, Horbg = SEBRIG 21RAR (A+B)/2E
WELA 2% R(A+B), R(A+B) = RA+RB-RA X RB,
RA. RBNHIMA 2554, q<0.85 4541, 0.85<
g<L1SA AN, g=1.15 B[

2 BR

2.1 EVOXCT264 45 4F M 6 2% 2 EVOIEH
T-CT26 24 hiGhi FWEE, 4N T2 W 2 o5,
A0 02 H ks>, MTTZ: R R 7REVO LA AR
J7 AW HICT2640 f 958, 762.5 5. 10 mg/LiK
JE R4 24 h, EVOXFCT261 31 73 5K A
12.8%+7.7%, 32.1%+5.8%, 46.1%+2.9%, %k
J5E 4 5 6 41(0.0% £ 3.7%) EL BE I A7 i 5 1 2
F(P<0.01, n = 6). EVOfEH24 h*fCT26/1Csy N
10.8 mg/L+4.6 mg/L(K1).

2.2 EVO#FCT26%m fe. R 7 14 8 T 9 B} 18] & 7E
EVO/EFH20 hULFT A5 B (8] 55, 825 PRk 712
h 5 41 A R 38 W S L RO AR, HE DU AR B
2y Ja 857712 i f b A 0 0 4 e 2215 S AL
AR E A, TR A HERT I E VORI T
75 A F 2 02 v s i AEAE FH 24 hink(a) 5,
EV O 1357 75 12 hJm 40 i 40051 25 A7 Lo 42 i
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70 % 2 EVOSRO33065BISRNZIEVO 24 h+R03306 6 h) L ELE E A
e 60 FORE 02 RICT26BIBEE 1R (mean = 5D, 7 = 8) RER TR EES
550 ENCESOR ¥ 37
= 40 R AL R R, 42
=30 9 sh F BB AL £ B K,
5 %
220 448 Sl Gl A R 84 2055
0 25 5 10 iR 00+23 0.0+3.2 FH R B Rk, A
EVO (mg/L) 2mg/L EVOE 22.0+4.4° 163+20° ;gg:ﬁ;ﬁi
4mg/LEVOH 30.4+3.2° 34.0+25 Sk A ot
1 EVOYEE24 hYJCT26185EBIEA0N. 15 mg/L 12.3+4.8° 30.9+2.0° A, &P iR
RO33064 75 Ao P A
2 mg/L EVO+15 48.0+3.2"° 34.7+2.6 1.52 068 2 /M ARMASE
& 1 EVOIERREEIRIERGRZIIETT12 hXCT2648 A Fo 5

FEHNHIZREVEZ0N (mean + SD, 7 = 6)

" HDHIER (%)
- RREEN m mmEmRNe
EVO 148 16 422+4.1 35.0+£2.2°
EVO 248 20 456+11.1 31.8+4.0°
EVO 328 24 476+5.1 58.9+1.5°
EVO 428 28 36.1+5.6 64.7 +4.2°

*P<0.05, °P<0.01 vs {HIZIH].

W 5340, /5 F>24 hivk, EVOR 2 FiR59£12 hjn
Eb 2 i 4 ) 488 0 BF 5 25 (P<0.01), HE h
EVOFESH4IIFT &8 NN 10 B,
I EIAE AR R ZS J5 TR IR 12 h, 40 B3] & 08 in
T. EVOIE SR Al 307 T (0 i 0] 8% 47 s v] g
24 Wi A (3.

2.3 EVO#=RO33063 4 F & /A 25 5 55 A 2 2+
CT26%m et 4p4) 45 I EVO5RO3306/% 5 24
CE 4IP3 [F) 540 1 2 A0 T EVO S5 RO3306 1K &
[N 2 7E 30 hif R EH, SR 4 IE g i
LS, BT 25g E>1.15, SRt A P48 2%
1, T R B FH 25 065 41 g 1134 <0.85(3€2).

2.4 EVO#R0O3306 5 3 B4 A 25 3 CT26m it
B BT R0 494 F EVOFIRO33065% H 2k 41 %)
CT2641 M 4% B 3 MEEH, EVOS
RO3306)7 TLHL A FH 245 %5 20 1 4 i 42 7% T 1 1)
FIT KT PR B E A (2 R A S
X)), BAEHg>1.15, b R TEVE (363, E2).
2.5 EVO#»RO3306343F 4 7 A 25 xrCT264m i,
BT R e EVO. RO3306% 225 4 (R T
REPRTHY, 2R A58, EVOS
RO3306)7 B IA F 2511 & A AL I R T3 1 Wl
FNT PR S 4, BRG1E 4lg>1.15,
TR TG R R H (34, #]3).

3 18
GEMg R NS B R 2, TR R
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mg/L RO33062H
4 mg/L EVO+15 62.2+2.2°° 4056+4.8" 1.60 0.72

mg/L RO330648

°P<0.01 vs NIBA; P<0.05 vs MENBREEVOAR; °P<0.05 vs
15 mg/L RO33064F.

& 3 EVO5RO3306/%RAAXICT26/MIREZHZMREVR

I[@ (mean +SD, 7 = 3)

4548 ME=%) &
SHRE 0.0+0.0
2 mg/L EVOH 9.7+58
4 mg/L EVOZA 38.9+3.8
15 mg/L RO33064H 10.8+3.7
2 mg/L EVO+15 mg/L RO33064H 29.8+10.7° 1.53
4 mg/L EVO+15 mg/L RO33064H 68.3+12.7* 1.50

°P<0.05 vs FBNBREEVOLE; “P<0.05, °P<0.01 vs 15 mg/L
RO33064H.

i BB E T ABREE BRI R &,
RIS WA ST KA TR K. H
I I S E AT A YR IT T
I, SHHOHT A RORR YT 20, R S Ak
VIRV S -

Tao%5 24 2253 2445 HURIK SPIEEAT K &
RN SEIHTSY, R IUK SPIREBE &7 R AR 16 55,
A5 0 PR BELYH T MO T 4 RF— e I () ), SR
KA ) S M RS, EIFER S EE OB
ARG OUT, MRS EEAAR 50 R, T
B 2 N4l F MG, 1, B4R IIEG,
W i, TR R AR A7 FE (Survivin) (R IE R
EBaxifi P &I T2, 2B TR LK SPLF
AT T MU BEL s 5 e i MU T % 34 114 4
B, PO A48 R AR S TR AN R .
AR, FEK SPIFS 341 e A A M B =, i S
AN 55— R AN R M R (1 254, WCDK1
(A pury, W B A 4 S R i T
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| ToRRe X
KSR # AR,
&it4e, AAH
— R A
JA A

2 EVO5RO3306 B REXSRAANCT26BIE5 BESERIRAVSIIN. A: X HELL; B: 2 mg/L EVOZH; C: 4 mg/L EVO#; D: 15
mg/L RO33067H; E: 2 mg/L EVO+15 mg/L RO33065E44; F: 4 mg/L EVO+15 mg/L RO33065EA 4.

94

8.4%
—

0

\ k

o o

0 1023 0

o
1023 1023

—

1023 1023

3 EVOEXBRO3306FRAAIICT26 /AT RAVEIARIVMIA, PIEEZR). A: MIEAL; B: 15 mg/L RO330641; C: 2 mg/L
EVOZ; D. 4 mg/L EVOZH; E: 2 mg/L EVO+15 mg/L RO33065&4H; F: 4 mg/L EVO+15 mg/L RO3306HA2H.

KOG AR, BB T 41 MU BE A 1A
2243 Z4 4 77 RN C DK 1) B 2 4 5 S b
PR AN R T, AR AT R AR AR FL B R A .
AW R IIEFTUE I, EVOfENE £ Fh b
JEAM MK HepG2. ABRESGCT901. /U
H22%5) BHAF TG/ M, 2 4 i 7K S A% 7 Bk
D BOUR 25 o 2 —; EVOF S T
AT A MIE T2, 251 S an i e (o 4k
RAET MM IE R AR e — TN, M
AN AL, $27REVOTR il fig SKSPIE{EL, J2

A 225 4P

AHFFOTEV O AN [ 8] S TM T T
R, A EEH24 h)5 ZEVOi% FCT2640 /i
PTG T A5, O SR G SRR 2 A P T A
B B R T A T a5 J5 R o 400 i e B 1
TEAS, 01 S s I J6 2 40 B AT K 2 N A T 3 7
Az, DRI R 7R 425 JE 15 97 12 hai i (3 il o
ANk 2 3.

ARHFFOEIEMT T 7 B 5 V% T B
WA MW FTEV O 5 C DK 1R 5 1 31 41 71
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4B n HEIE% o
WIRAE 4 55£1.1

2 mg/L EVOZR 3 183%1.9°

4 mg/L EVOE 4 256+15°

15 mg/L RO33062H 2 92x1.1°

2 mg/L EVO+15 mg/L RO33064 2 39.0+9.8° 2.1
4 mg/L EVO+16 mg/L RO330648 2 54.6+1.2"" 2.1

°P<0.05, "P<0.01 vs NBBLA; °P<0.05, P<0.01 vs MBALKE
EVO4H; P<0.01 vs 15 mg/L RO33064E.

RO3306145 FH 24 ) 25 iz 41 LC T26 R 8B, 45
RRW: EVO5RO3306164 7 BT 24, gt ]
B HLEE STEVOXCT26/M 42, FRAFH FIRLN,
R 5 R I A FH 2 B0 JE AL IRl s, =X
0 6 8RS WU A R I R O e BRI 2T B
PR FEVOX 4 7 40 I T SAE . &5 3
FREVOE S M T 5K SPIEEL, wlHeA
IS MBI ARG, 165 R M Ji 4
() A M9, EVORIRO33061k 4 HE B 245 1)
PRI N, A5 AT A T e MO BEL RTMUTE R AL
TSI A OGRS P oA WARGE, 22 %5 T
B 75 58 22 SE a0 A 4.
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