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[ Abstract | Objective: To explore how safflower polysaccharide ( SPS) induce apoptosis of human liver
cancer cell line SMMC-7721 through observing the influence of SPS on proliferation, apoptosis and expression of
apoptosis gene and protein Bax and Bcel-2 of SMMC-7721. Method: SMMC-7721 cells were treated with different
concentrations (0, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28 g-L~") of SPS. The cells growth inhibitory rate
was measured by methyl thiazolyl tetrazolium (MTT) assay. The morphological changes of apoptosis were observed
by Annexin V-FITC/Pl staining. The mitochondrial membrane potential ( Ayym ) was assayed by fluorescent
microscopy using Rhodamine 123 (Rhol23). Quantitative real-time RT-PCR and Western blot analysis were used
to detect the mRNA and protein expressions of Bel-2 and Bax. Result; SPS could inhibit the proliferation of
SMMC-7721 cells in a dose and time dependent manner. After treated with SPS, SMMC-7721 cells presented
typical apoptosis under fluorescence microscope. Fluorescence intensity of Rhol23 were significantly decreased in
SMMC-7721 cells. The mRNA and protein expression of Bel-2 expression were down-regulated while those of Bax
were up-regulated and both changes had good time-dependent tendency. The ratio of Bel-2/Bax decreased
significantly in a time-dependent manner. Conclusion: SPS could inhibit the proliferation of SMMC-7721 and
enhance apoptosis of SMMC-7721 and its mechanism maybe relate with its up-regulation of Bax expression as well

as down-regulation of Bel-2 expression and decline of Aysm.

[ Key words |

LIS A R AL )R 1 ~2 AR AR A Y, R
(TG A T 25 22— f 2 o B 4, A s R
2o LLAEZ A (SPS) J& LT AL Hh 42 B — P A5 850k
Gy —, HLAT PR LR e S RE BB R AR
B2, HATXT SPS (470 i 983 1 FH B Bl = 38 A A
P A A i BB 5 0 LAl L, BESR SPS X A
I SMMC-7721 41 J J& T (14 5% i), 00 22 441 Jif 42 4 5
HIL AL A28 A LA Bz Bel-2 1 Bax 2635 19784k , ¥R 15F SPS
(R0 b 9 LR, Ay FC I R 1 T B TR A BF 5% 4 A1t 2
T S5 it A S B A 4R
1
1.1 4iffitk A% SMMC-7721 40 g #k , i 4t 7%
LB 22 Bt 4 70 42 B
1.2 2y A bl T RIE L BRI, &4t
FHTBE 27 Bt 24 2 b X 18 07 2 S8 08 I s FHE Y2148
Carthamus tinctorius L. { T B & IR L, LI ZHHY
PEHC Al ST BE 2 B 2 2 B AR 2 E S &
SR B 60 °CFE IR 18k (1) £ 48 78 40 = 5, Wk K &
4 W LB b, B I URWOT AR, W AT BT S AR I
HAa:l, A4 ~5 fERBUN 95% L 4 C#pE
o X BT 22 M DT VE AT B0, DUTE K 8 5K
B, B CBETURE 2 K, F 2 0T 1R S A
e il 22 W, B IR - 2R 13 v I A 22 8 4 1R 76. 05% , 15
% 0.38% (S 20100214) . f RPMI 1640 £ 3
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SMMC-7721 ; safflower polysaccharide; cell apoptosis; mitochondria; Bax; Bel-2

VAT 5 Ak VA B O 10 - LT (Bl AR, i B BR AT,
4 C UK AR it A7, b FH 0 R % WM B 2 T G B A
WL

1.3 i RPMI 1640 ¥ % 3 F #, GIBCO
(Invitrogen 2~ &) ), 4lt5 728712, ji 45 H i , Invitrogen
AW, 45 20100415, O G ) M iE (MTT)
Amresco 7% F], it 5 09052345, — K R
(DMSO ), Sigma 4\ &), fit 5 20100103658, %7 7} #H
123 e a0 &, m gl B AR ) 24 | L it 5 101201,
GAPDH ,Homo Bax, Homo Bel-2 5| ¥y | i 3 I8
AW R A R A Al A B, Trizol Reagent, it %5
20101216, Real-Time PCR Kit, SYBR Green, it 5
20110304, & RNA #2150 &, fit=5 20110309, |-
SR AR A R \], Bel-2 Antibody ( Cat. No.
2876 ) , Bax Antibody ( Cat. No. 2772) , Cell Signaling
Technology , $it A\ B-actin £ v BEHUAA , Jb 3 42 6 W
A ¥ /v A, HRP-conjugated goat anti-rabbit IgG
(1:2.000) , LA (70 %) .

1.4 {¢#% BD FACS Canto Il =40 1% (BD 2
H)) ,MCO-15AC fH & CO, 4 ( H A& SANYO 2%
) . Nikon ECLIPSE 80i %% 3¢ i % 4% . DXM 1 200 C
w1 L (JE HE 2~ 7)), Multiskan M3 i 450 {%
(Thermo 23 &) ) ,1Q5 Real-time PCR Instrument ( 3¢ [#
A %k 92 mF % Ot & & PCR ), Bio-rad ( US)
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PowerPac™HC Hi, 3k 1% , Bio-rad (US) VE-180 I  Hi
VKA (L REE) o
2 FHiE
2.1 A 40k SMMC-7721 53 B 1 x10°/
mL 9 A BT 98 SMMC-7721 40 Jfi 43 Fh %) 5¢ 4 RPMI
1640 1 5 B (% 10% K& B A 4 1mw ) , & T 7
37 °C,5% CO,, 5¢ &M F JE &0 F % MG 5%, &
2 ~3 AR 1 R OB A K T A AT SR 0
2.2 SPS X} SMMC-7721 40 Ji 5 5 p 4 i 78 - B
Xt B K S0 A, 0 I T A R R B R 1 x 10%/
mL 40 B2, B R T 96 FLES IR AR, B AL 200 pL, T
37 °C,5% CO, WA 64 T 1558 24 h, 3l 4 7
ANTR] BT f v FE ) SPS Ab 3R fii A BT W O,
0.02,0.04,0.08,0.16,0.32,0.64,1.28 g-L~" 54
Fria i FE i 6 AN L. U3 S FO R (B Al i 3R
B TCANM) (B4l SPS (F 4l SPS TC A ) 4, HEBR
B R BE RN 25 W) B0 0 0 S B A R 0 T, A s SR
24,4872 h, WAL 7 LW 20 pl, 4300 A 20
pL MTT %3 (5 g-L7") s 4R E207 & 4 h, SR )5 /0 )
FIEFEW, B AL A 150 pL DMSO, # 6 7Z % 10
min, i 5 5§ ) 5650 1 %, FHBEFR AT 490 nm i KA
MAALACBOLEE) LR E R 3 ), RIEAXITHE
21 B 19 A= K B 22 (inhibition rate, IR) :

IR = (1 - SEEG4 A/ X REYL A) x 100%

R A1 25 24 245 1 %5 A48 7 40 o %, R ek R =X
W 25 W 2 B R e (1C,,) 7 AR AR

IC,, = Log ' [Xm —TI(P - (3 = Pm - Pn) /4) ]

Xm: Log fx K | ;5 1: Log (& K5 & /40 Il 7
i) s P B S22 R 5 P e KA P SR 35 P
I/ INBH P R 2
2.3 HMETIEAS A BT A K I SMMC-
7721 AR RD T E SRS R 24 h 5 AL T ik
J¥ 0.64 g+ L") SPS, 53 B4k 4L 85 5% 24,48 ,72 h,Jf
W0 g L BIpEXT A B AR (R 1k )5 A PBS
VEARANME 2 RULEE 1 ~5 x 10° 40 ; in A500 WL
Binding Buffer 240 /il ; i1 A 5 pwL Annexin V-FITC
RAJE, A 5 wL Propidium Iodide, i 5] ; 6 . &
TN S ~ 15 min, F5¢ % 8 Gl T WA 40 i E 38
Jt4& F, Annexin V-FITC 5015 5 S 4444, PL 5O (R
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2.4 ZRiRRBERAIINE W SPS(A RO,
0.64 g-L~ ") Kb 24,48 ,72 h [y SMMC-7721 41l g &
BT IR A 1 x 10°/mL; i A 2 %
9123 e 0.5 mg-L™'; F CO, 5 #4455 10

min; DUREFRILGRANE 2 0 5 B, AN R TR SR
Berp B SR PR IR 60 ming B 100 L 20 i 8%
FHEH A L, OB MBEWEI TR, BEEK
488 nm, A KK 515 nm,

2.5 Bel-2 } Bax mRNA 35 B 04 KW
SMMC-7721 2 Jifd ] B P 40 it 2 W, 32 F F K B 11 4
M85 SR R, 5555 24 h, 5 0. 4% /N LT G 1640
KRR A6 10 24 h J5 %5 T SPS (Ll VR ¥ 0. 64 ¢
L) AR BB O (5 FR IR AT HRAH ) ,24,48,72 h, 7E
AN [) BsF ] 5 W5 B 45 2 200 L, 42 Trizol 3207 &5 Ui BH 43
PRAE AL B4R AN 0 A RNA, B RNA figK, - 70
CIRAF o BN E I i VK K 2 4k B2 RNA [ 58 vk,
L8 U436 BE v K AF RNA Y BE 4l BE . F MMLV
S SRS RNA RE 5 RO S L cDNA, -20 C R4
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SIWHEAT PCR SN, 51975 W3 1, 45 A 2 .
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Al-AC, X AR i 2 745 R R A RE Bl b A S AR
XoF T HERE i R O %) 35 R R R

#x1 PCREI¥MEF=HARM

E SIS S CIE/ER S JE31(5'>3")
GAPDH F primer CATGAGAAGTATGACAACAGCCT
R primer AGTCCTTCCACGATACCAAAGT
Homo Bax F primer CCCTTTTCTACTTTGCCAGCA
R primer GGAGTCTCACCCAACCACCC
Homo Bcl2  F primer CATGTGTGTGGAGAGCGTCAAC
R primer CTTCAGAGACAGCCAGGAGAAATC

2.6 Bcl2 & Bax #H KA WA LI R PBS
THVE 3 WA 100 ~200 pL 24 AR TR, 75 24 i
Y j , Bradford 32 I 22 & (1 BT BE L 45 4 HUAR iR AR
H#EFT 10% SDS-PAGE H Kk, BE I L 0 & H &
% PVDF Ji I, BEAE 4 CH M 1 h, im A—#t
(1:100) ,4 CiF R MA HL(1:10 000) , == i I
22 1 h, TBST ¥Ei% 3 K, &K 5 min, ¥ ECL fb &
JEIRY A B WS IABUR G, ¥ A InAE PVDF & I,
B85S min; X L 881G 30 s ~5 min J5 8 X L
AR HEAT B M E 5 . o X ST 7 #E 17 4
SRR FH B A G Ak B R G R AT AR 1 AR K
e, LA H B8 H A K EEE 5 N2 B-actin 1Y JK
JEAR Z Hox Fi in A 2 B B AT AL IR, DAAR IE
S5 X BRZE (4 2 1 B AR GA AR D 100% , 1R & A
FE S AR TXF A RN AR, R A E
MR IAAKE " BASBHER 3 K,
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G abr T EERLL v x5 FBoR, ZHHER
PE R HT B R & T 22 40 B 2 LSD i 4, P < 0. 05
hESHGIFE L,

3 #R

3.1 X} SMMC-7721 40 Jfd 3 58 (9 52w AN [m] 5] 4
SPS Xif A JiF48E SMMC-7721 41 Jifd 438 5 119 5% mig WL I&] 1,
SPS AJ LA 417 i JFF 5 240 B %) 3 4, 52 B0 — o AR BE 9 1)
o] AR . 0.04 ~1.28 g+ L7 [y SPS 1 ] 24
h,0.02 ~1.28 g-L ™' SPS fEF 48,72 h, ¥y n[ B i
POHI e A i g 5, 4541 A ST R =5 A5
P2 L (P1=0.001,P2 =0.000) , 4 [a] 5 35 LA
0.64 g- L~ [ SPS il % & 155, 40 9l K 39.45%
58.85% 190.26% ;5 T 2 1. 28 g+ L™ i 30l
PR BT R, 3046 243 5 Sk 30.94% (56. 21% Fil
86.87% , Z:it44,SPS %} SMMC-7721 40l i) 1C,, 7E
24,48 72 h 435k 0. 642,0.249 0. 077 g- L', #k
FEE— 0 58 43R 58 R FH 0. 64 g- L7,

3.2 XA TIE SN £ Annexin V -FITC/
PI XU {0, SPS VB F F SMMC-7721 4ii Jfg 24 ,48,72 h
o TEDE G WA N WL, %) HEZH 41 ! Annexin-V , Pl
IR, B 25 (450. 64 g+ L7 "SPS fEF] 24 h, 3

100 [+ 24p
= 48h
80" 721
260 |
Ly
E 40
g
20 -
0 1 | 1 | Il 1 |

0.02 004 008 0.16 032 0.64 1.28
SPS¥ ¥ /mg.L”

B 1 SPS 3t SMMC-7721 RBaiE s BN IER (x +5,n=3)

TR T A0 M, A0 Annexin-V S YL AL PT ARG, o]
DR, 240 6 S e i £, AT B A% TG A 0 35 5548 h i
PR e g 3 U T A B, 4 B 52 Annexin-V ORI PT 5
Y, ] 20 i RS B Y B S 0, 20 A B G R AT (5572
h, BT 16300 0 T 40 M, B E A K BE 40 A, YR BE 41 e
5 Annexin-V {IE 42 F1 P14, ] U 20 i 4% 9l e A 21
& MM C B A, WK 2,

3.3 XPERRLRBE A R X AR 4] SMMC-7721
ANML P9 % PFIA 123 550 4 40,9656 ;0. 64 g- L7 SPS
YEF 24 h J5 SMMC-7721 4 g P9 %¢ D't 5 4 sk 55 5 1
FH1 48,72 h J5, SMMC-7721 408 PN %% e i 3 B i ek
85,5 NI A RSO, WA 3,

A.0g-L7"; B.0.64 g-L.""SPSfEFH 24 h; C.0.64 g-L ' SPSYEFI 48 h; D.0.64 g-L~'SPS{EA 72 h( & 3 [{)
B 2 SPS X SMMC-7721 £8BE T- B9 2200 ( 5SS, x400)

B3 SPS X SMMC-7721 ki {k R FE AL AR50 ( e €, x400)

3.4 %} SMMC-7721 408 Bel-2 } Bax mRNA FE ik
(5% 5295 5 e PCR AR T 4% 20 40 il (1 C,
{E, L GAPDH NN S iz ek 2722 840 Bel -2
1 Bax mRNA A4 ik K F o 45 £ W], B % SPS
(0.64 g-L™") fEFII [l ) 2E K (0,24 ,48,72 h) , Bax
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mRNA ) #3738, 1M Bel-2 mRNA #2635 7K
HIFRAR ; 5 %5 BA2H o, SPS AL FR4N i 24 h Bax 23k
i 16% ,48 h F1 72 h £ Bax iAW B, 40 5
3 189% F1258% ; AC, {H L% ,48 h F172 h H 5
TR e 22 5 A it 24 & Lo T Bel-2 357K
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SEH B 1] () 4E K 1 T B, 24,48, 72 h 4% B ]
Bel2 A6k K F 430 5 8 15% .23% F1 51% ; AC,

I, 72 h A 5 X MA I E R A G ITFE X,
k2,3,

%2 SPS X SMMC-7721 #f Bl Bax mRNA KiEHI M (2 +s,n=3)

t/h GAPDH C, Bax C; AC, AAC, 9 -AacT 1R/ %
0 15.17 £0. 35 29.76 0. 28 14.59 0. 45 0.00 +0. 64 1.00(0.64 ~1.56) -

24 19. 04 0. 09 33.42 £0.26 14.38 +0.27 -0.21 £0.53 1.16(0.80 ~1.67) -16
48 12.71 0. 30 25.77 0. 10 13.06 +0.31% -1.53£0.55 2.89(1.97 ~4.23) - 189
72 12.74 0. 11 25.49 +0. 15 12.75 0. 199 -1.84£0.49 3.58(2.55~5.03) -258
O G Y P <0.05,Y P <0.01,% P <0.001(F£3 ),

%3 SPS 3t SMMC-7721 48 Bcl-2 mRNA Rk (2 +s,n=3)

t/h GAPDH C, Bel-2 C, AC, AAC, 2 -aacr IR/ %
0 16.54 +0.20 29.62 +0.04 13.09 +0. 21 0.00 =0.29 1.00(0.82 ~1.22) -

24 14.33 +0. 16 27.65 +0.26 13.32 0. 31 0.23 £0.37 0.85(0.66 ~1.10) 15

48 16.45 +0.29 29.92 +0.20 13.46 +0. 36 0.38 £0.41 0.77(0.58 ~1.02) 23

72 15.95 +0. 06 30. 08 +0. 20 14.12 £0.21" 1.04 £0.29 0.49(0.40 ~0.59) 51

3.5 Xf SMMC-7721 #fi s Bel-2 J Bax f [13RiE N
i Western blotting 45 % i 75, SPS(0. 64 g-L°")
VEFI T SMMC-7721 405 0,24 ,48 ,72 h )&, Bel-2 &
FI 2RIk B B FEAR , 72 h IR B 5 Bax 25 1Y
FIR K- Fifi A I ] ) A 4 T E T B, L 48,72 h
A S 5 A A A A A A — S ) B [ A
KF M H , Bel-2/Bax L R Bl 45 B[] (14 4 K i 3 R
flk(E2),

0 2448 72 (h) 0 2448 72(h)

Bel-2 | S——

Bax wesssassaan

1 T e . — :
B -actin B -actin | ——

25
@Bcl-2

W Bax
OBcl-2/Bax

3)

1

KB

0 24
t/h

48 72

b BB ES R, R AR A A BT 4
54 " P <0.05,2 P <0.01,% P <0.001
E 4 SPS Xt SMMC-7721 8B ) Bel-2,
Bax ZEARZMFI (x +s5,n=3)
4 itig
JF 200 60 9 2 R ] A DL A 2 e 2 — | HOW

H

PERREE S UG AR . MR, h2ysih w45 &
G YT A A g T B Al TR RO AT BT R0 (R
RIE /D

WFoE W], SPS AT LI i 2 Fol i 98 4 Jfa 1) A= <
5 10A) Ji 8 AF G IR B 2R 38 KO, B )T B ng A
(B RN A T 50 o AS BIF 9% 76 101 A i BE il |, B X
SPS {4 &40 fi) JHT- 468 2 A 1 58 A0 % S 4 T 0 A T BIL I
HEATHR YT, %2 B0 SPS X SMMC-7721 41 A5 1) 4 438 5
MFBFWTAEN, 2 —EWREYOCHR, WH
1| i 2 24 1) o Sk vl %) 388 0 JHT 98 4 B 1 3 B 3 8 %
SN, SR0T, IFAE T A o R O B AR Y
S5 N 1. 28 g LI A A U A T
0.64 g-L ™" 41, [FIHF, SPS 41 il % % 5 25 4y 4b 3 v
] A S 5L AR O . Rk, SPS X A g 40 i A A=
IG5 A — € B4 A T, 3 e il 4 I AE —
FRRE 1 BE & 25 ) 500 S A $ vE RV S ) A A 4
Han

LR ARTE 20 M 0 T AR R AR, 2
A2 U8 T 2 1 5 B 28 LR A, B DR 2R A I (1) 3 i
PERNTE B, T B LR R 5 B LA (A Wm) T 2K
I, AWm SR Sz i ZeORE A R 58 B VIR 2 1Y 4R R
AWm AR A0 T R R AR AR —
AW ULELH] , SPS T SMMC-7721 4 i 24 h 41 g
P2 R B T BRI 55 , FLBE % SPS i a] (19 28 K, 58k
SR RV 55 H 48,72 h LT W OR B, $E R
SPS Al AWm TR, i ULHEI, SPS AT A8 iof 4 ki
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iR R A I

TELORAR I T A8 b Bel-2 52 5 i 1 B4 T,
FE R Bel2 Fil Bax J& e A 10 F P b 08 7 3
PRI U8 T Bk P ot ok ) 9 S R SR AR Ok
WA AT Bel2 £ F Lk R A A% B A
THT PN J5T 1) L, RE A 4100 i) 22 ol DA 3% 5 5 1) 0 AR B
HIL AR CytC RS, BH 1k 9 12 9 4 42 5 T Bax HIC A
FE SRR KL T, A e AR 2O AR R 1 3 A 2
CytC MY BERL , 1 caspase A1 caspase-3 , fit #f
AR YA T, P R A OKCE RS BRI A
K Bax B (175 LM, Bax/ Bax [ Rk
T8 1S 2, il Bel-2 1 £ AT, DA 3 400 A 0 1
4 Bel-2 R IB M Bel-2/ Bax i “RIKH £,
ﬂﬂ?ﬂlﬁﬁﬂéﬂiﬂﬁi}%t:'“” o AT 5% W FH Real time-PCR
FI1 Western blotting /3 #1 Bel-2 1 Bax mRNA J H &
HFR IR O, 45 8 s, SPS 4b 3 () SMMC-7721
418 Bax ) mRNA FI8 H F#i53 B, M Bel-2 19
FIE M, H Bel-2/Bax HE AR Ffi 45 I [H] 1 4 < 12 2%
REAR

25 L firik ,SPS A fig il i T M Bel-2 KA 2
HE Bax 235 A AT SR AR JE H 37 0 175 5 042 2E 40 i
AT, AT & HE AT R A

[ &% 3Tk ]

[0 (U35, EHR ATEAR, %, 248 Z R H22 R/
BRI 10099 7 FH R M il VEGF, Ki67 Rk g [J].
Hh [ 25 24 75,2009 ,34(6) :795.

(2] JRAWIRE, BCRCH  WRAEK 4. 2048 Z B XE A PBMC 3%
AR B NK LAK 201 7% 05 0 4 1 52 0 [ 3] o B 24
f58,,2010,27(1) .47.

(3] ot GO, 0 Wt %8 496 2 W R I T %
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[5]

[6]

[13]

XF T739 Jifid B CTL, NK 40 g 4% 05 TG M ry s ma [T ]
A 2 2258 ,2010,35(2) 1215,

TR, oKk ST, B BT, 4F. £1 48 2 X N SMMC-
7721 4RGSR AR )] BE 24 24 4, 2011,39
(5):32.

Ve BL, 3R, A AF L, 4L 404K 2 X N PBMC A
CD8 " T 20 M e A I po s [T ] 52 T 24 24 35
2011,25(2) :111.

IR B R S 2 0 Ay A B H R D9 B b g
ER W& [T]. b 525 Jr 5 = 2% 3, 2011, 17
(6) :209.
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