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1B % EMER RS SEARA T PR LN HIER

MWW EEME BRE X8 F2O8E gRg et
(KEEERERZEEYBAR R, KIE 116044)

HWE K8 % 2 4B ES (Fucoidan) /25 54T J& SMMC-7721 48 &L )8 = BAL R a9 46 A .
SKAMTT R A ) 28 A7 ;3 S AR L 2K 4 L AR AR 48 A0 04 Ak SRR TR X 2| AR ) 4 i 8 = &
(AnnexinV/PLik); KA 4 U N E ol ) A = B5(MDA). LR A 5 Mt IK(GSH) 4 & vA &
#B AN HALBEE(SOD) 8 7 M & @ PPk ik 48 Bel-2. Bax kA4 R, £ R 2R, Fu-
coidand? #|SMMC-7721 4l £ K, ek @ik 3k v, F &Rk, miois B 4%, KA RIFIRA S A
BV, 2R # BT & Fucoidan(1 000 png/mL)VE 48 h/z, 4 it B o= 5 35 3140.7%; e it 42 4,
1L AL B (SOD) 7 14 [1K(P<0.05), GSHE & B % 41K(P<0.01), MDA4 & £ % 3% An(P<0.01); 4m
fe ¥ Bel-2%& €1 ), mBax® € K-F 23 A4, 32 FFucoidanis$SMMC-77214m /it B =, 7T b £
2m i ¥ 3L R A GSHAE R, ROST AR R B AR ALRIR, A B o) R A IR 12A K.

L8R RS PEGTRRNE; SMMC-772 140 i 40 M yH T AL

Oxidative Stress in Apoptosis of Human Hepatocellular Carcinoma
SMMC-7721 Cells Induced by Fucoidan

Yang Lili, Wang Peisheng, Teng Hongming, Liu Zhichao, Li Qiaomei, Yang Xiaodan, Zou Xiangyang™
(Department of Biotechnology, Dalian Medical University, Dalian 116044, China)

Abstract To investigate the effect of fucoidan induced apoptosis in human hepatocellular carcinoma SMMC-
7721 cells and the possible mechanism, the cellular viability of fucoidan on the cells was assessed by MTT assays in vitro.
The change of the cell ultrastructure was detected by using transmission electron microscopy. Cellular apoptosis was
measured by flow cytometry. The levels of GSH, MDA and the activity of SOD in the cells for 24 h treated with fucoidan
were detected by spectro photometric assays. Western blot was used to analyze the expression of Bcl-2 and Bax proteins.
The results showed that, fucoidan could inhibit the cells growth. The cells exhibit typical apoptotic features, including
chromatin condensation and marginalization, nuclear fragmentation, decrease in number, swelling and vacuolization of
mitochondrion. After 48 h with treatement 1 000 pg/mL fucoidan, the apoptotic ratio was significantly higher in the cells as
compared with the control, the levels of cytosolic GSH and MDA increased and the activity of SOD decreased significantly
(P<0.05). The expression of Bcl-2 was lower, and that of Bax was higher compared with the control. Our results indicated
that intracellular GSH depletion, ROS accumulation, mitochondria oxidative damage and Bcl-2 protein down-expression,
maybe closely correlated with the cells apoptosis induced by fucoidan.

Key words fucoidan; human hepatocellular carcinoma cell SMMC-7721; cell apoptosis; oxidative damage
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iy 5 22 WAL R T (fucoidan) & Y - W v #6352 1
LWL, hE O L S R R A A1 1) 1R 1k
20, RAPUNRE. PuRsE. IREhiE Rz %2
R ED S DIRE . RIR 20k e e B 1155 3 s 40 i
PR, DRI IE W R0, 9T 5 TR () I RE,
HAMAEN 5. MR 25 5 a0 i B 185y
Mo sz BH—FF, fkvEm i kS kD 5
[ E AT . BFFOR I, R M ai i ool
FE A ik JsPE 2 Bt H iR (reduced glutathione, GSH)#E
IS, T 24N I 1 4 (reactive oxygen species,
ROS)TE4N i AR %, i & FIROSAE b 4 i 5 5 4+,
BB UNE A& B G Ly R e F= il S W 7 A 11 071 ISR P N
WA T T Fucoidandyt I8 i 45 B £ 4E %
96 4 T A A DA R R e A 9 D Bl i T AR
5T FucoidanXy A H#ESMMC-772141 Jig WGSH.
N T E(MDA)F i, 3% P4 R FE(ROS) L K 4
AL 4K T (SODYHE 1 (1 52 11, #1 H4% S SMMC-
772140 P TR BL

1 HRIS5A%
1.1 #mEEERFT

RPMI- 16408 7% 3L (HyClone 2y 7))+ 0.25%/i 25
{1l -EDTA(Gibco A ). MTT(Sigma’s wl); 1544 i
A ILE CREEBE AR )t B AT BR 24 W]). GSHL,
MDA FISODIA & (R 5 B AE A A /), AnnexinV/
PR F71 0 0 3 RS I ) (P o L AR P R
RIEA PR 2 7). Fucoidan y 7 512 5 5§ U™, 2l
KF90%, Wb FE68.37%, MiBAR & H21%, MR
10.895%, 43 1= 104.356 kDa, HLHE)t/£0.99°(20 °C).
S, LLE710% FBS RPMI-16405% 7 HEAL 1, 0.22 pm
TUFLIENLIE, 4 °CLRAF25 L, 2 FH 5

TS N4l BB {U(FACScan ™, £ [EBDA
Hl)s AR (FEE Thermo /A 7)) 3B 5 HL 1 W A3 o
1.2 ‘AR SHpaET

JH- 9 SMMC-7721 40 A B R} 2 Bt b it A 4k 4
L), A ORAE. AR I5 )5, BT 10%006 2 A
RPMI-164085 775 (55 £ ABER % %100 U/mL), 5%
CO,, 37 °CHi TR HUR AR K A0 i T T S50 (& 4
ALK T-90%), 0.25%/8 8 [ l-EDTAH Ak, Wbk 4
J, SIS0 S R Pl 41 R B 9 1x10%/mL
1.3 MTT:AHE M pRE M

XU K A B A T 96FLAR, H5FL100 pL,

F5 41 MG B I N A\ Fucoidan.  SZ36 20 49K 5 43 5] Ay
250, 500, 1 000 pg/mL, BAf A . RELH I ANFAT AL,
IR 4224, 48, 72 he BELIMMTT(5 mg/mL)20 pL,
RS, PRELRFR4 b, B0 B, [LIN150 pL DMSO,
710 min, FERR G B2 A (Dago) -

FH OG0 2(%)=(1-55 5 ALDAE/ % [ 41DMH)
x100%.
1.4 ATHERSFENER

XF HEZH AN S 0G 2 40 e 28 DL B AbEE, 24 h)E 3R
SN A0 A KB A AR 2 R
W AN R O R [, 03, SR, HEEDI R ALY, B
FR MUK R Y €01, 35 S LB WL 82 A A% . b R 25t
TG R A A8 Ak, AL AR L 5k . Hoechst33258
Yot )5, 9OGRIEL NS A% AR 4k
1.5 Annexin V/PIXUEEE #6040 f R =

K H Annexin V/PIXU FahRIC Tt 24l fd A
AT AR . S A b BE24 him, H0.25%)8
WML, 4 R S5 ORI M, 42 U T AR
TR T B v I B EAE, AnnexinV/PIXUbRid v, ML
TN T:, FHE3W. CellQuestii A4 Hr 4k
1.6 #ARAGSH. SOD. MDAFIROSH

53 AISCEE X B A5 S50 A A e, ) 4% 40 i A0 2%,
Pl G U B P ERAE, KLU 40 B N GSH. MDA i,
L X SODYE P A 41 s WROS/K Y-«
1.7 Western bloti&i|Bel-2F1Bax %5 [ 7K 25 1k

Western blotyZ: 3l 41 il P4 Bax fllBel-2 85 [ 1A
i, OB K HE SMMC-772 140 Jifd, i %%
41 UK B 48 5x10%mL, Fucoidanft H 41 924 his, &
IR L 25 2L AN, X b5 9, BCATEI A
HORER IR L . Gel-Proft I 43 Bt A 1EAT 4 iy Il
FE3 4, LR A S N SB-ULsh it A 4 o B
(R LA b B A RIA AR & i SRR R 1,
Western E[J 2548 Ml Bax I Bel-2 1) 35 500
1.8 Hit= A%

K HISPSS 1508 1 % 512 56 H 4l AT 4 vk 2% b
25 R L ks R, 4L ELECR FH e, P<0.05 4 F
it X

2 H#HR

2.1 Fucoidan¥SMMC-772140 k7% 14 A 821
5% B8 ZH AH L, Fucoidan®f SMMC-772 141 iy 4%

AT PR T, S B RN TR A6 R (R 1)
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2.2 Fucoidan¥SMMC-77214H B fis 755 B 521

Fucoidanib ¥ 41 ig24 hjm, S5xF A LL, S25
2H A0 Ff T A O AR B B O, AR S BHL, Al R e A
W, MRS R, 40 M4 46, MR 4n, Mk Uk £ |
BAKL. gl BRAR K, 5 R R4 M 2R 25 5 4 T i,
A LA R R BB T A s TR TR

2 0 e 5 K B0 A A oxo TR 2 4 i [ R, 4 g
RMA R LMK TRET, k% A Yt i 4> A ¥
A), AR, Y TR D, A N
Rk w5 . Fucoidanff: ] 44
M2 24 b, 40 BARFRAR N 46 /0N, P28 B R S 2D,
AL TEARAS K, [ 46, 53 B0 384y, Gtk
AR TR, bR EHCR W b, H I,
P DT 2, S TR R T & . Hoechst33258

Guth 2o g MRz e o SR 4 (1)
2.3 Fucoidan¥SMMC-772140 it A 1= B9 £ 0
AN JA] ¥ & Fucoidanft H B 9 40 948 h/E, K
F AnnexinV/PTX by ic v, it 28 40 B ASC RS 0 3 T2 %
(F2)o G5 EoR, FEHUE TR R AL R
(P<0.05), 1 000 pg/mL 5 415 398 T 5006 B4
W 5 (P<0.01), HL 15 5y i Fucoidany B () Tt ik
T T, S R A R O P (P<0.05) .
2.4 GSH. MDAKI-FASOD;EMT L
AN [RIR i FucoidandE H BT 9 40 924 b, fb 2%
072 K MISMMC-772141 A2 4 SOD 1 FIGSH.
MDA AR 0(3R3): 5% BT R, 4 S50 41 41 g
W FISODE 14 FIGSH 7 2 fifi Fucoidanif /5 4 Jin 1y B
R FE(P<0.05), 1M 7 B4 AL 7 YIMDA 7 i 1 W] G

%1 FucoidanXtSMMC-7721£RR:% 14 A9 520
Table 1 Effect of fucoidan on cell viability in SMMC-7721 cells

Y BT 24 h 48 h 72h
Fucoidan(pg/mL) D (%) HHE (%) D I (%)
Inhibitory rate(%) Inhibitory rate(%) Inhibitory rate(%)

0 0.198+0.015 - 0.135+0.025 - 0.155+0.012 -

250 0.175+0.044 10.12 0.109+0.144%* 19.25 0.089+0.016*  42.58

500 0.163+0.005* 16.28 0.098+0.131* 29.85 0.066+0.011*  57.42

1000 0.152+0.003* 21.93 0.056+0.004* 58.30 0.057+0.005*  63.23

*P<0.05, L5 X IRALAIEL .

*P<0.05 vs control group.

(A) Control

A ZH BB 45 A 4k; B: Hoechst33258 44 (7
A: the changes of cell ultrastructure; B: Hoechst33258 staining.

500 pg/mL fucoidan 1 000 pg/mL fucoidan
; . # =9 |

Py

1 Fucoidan¥fSMMC-77214HaR. 7S T 1L B9 20
Fig.1 Effect of fucoidan on SMMC-7721 cells morphological character
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%2 FucoidanxiSMMC-77214R 2 E T #9520
Table 2 Influence of apoptosis on SMMC-7721 cells by fucoidan

e 2 Bl AL I i LA T2 56(%) I 1% (%) ST (%)
Fucoidan(pg/mL) Early apoptosis(%) Late apoptosis(%) Total apoptosis(%)
0 15.1 0.1 15.2

500 18.2 0.1 18.3

1000 40.3 0.4 40.7

%3 Fucoidan3|i24fEAIGSH. MDAFIROSE & LI K SODIE M 1 (xts)
Table 3 The change of GSH, MDA, ROS levels and SOD activity in SMMC-7721 cells by fucoidan

Ty 2 W L R P AW H Ik A A T N WA
Fucoidan(pg/mL) GSH(mg/g prot) SOD(U/mg prot) MDA (nmol/mg prot) ROS(RFT)
0 190.344+3.89 49.37+4.83 8.34+0.64 100. 00
500 140.59+2.93** 40.44+5.37% 10.37+4.97* 142.5+£2.11%
1 000 128.57+3.65%* 14.27+1.82%* 14.93+5.82%* 150.79+16.90*
500 pg/mL 1 000 pg/mL
(A) 0 fucoidan  fucoidan (B) 4.0
3.5 o Control
Bax S G W >3 8500 ug/m fu
i 7 m1 000 pg/mL 1
i 5257
20t
Bel-2 i
- e *
. g 10+t
B-actin _— , o— 05 ok
Bax Bel-2

A: Western blot4} 1; B: Gel-ProZ)H1 4¢ FE A%} EU AR

A: the results of Western blot; B: the relative rate of analysis of Gel-Pro gray.

B2 SMMC-772141A8 + BaxFiBcl-2&E A RIERI T L
Fig.2 The change of Bax and Bcl-2 expressions in SMMC-7721 cells effected by fucoidan

B n(P<0.05), RAEAMIVE. P GSHE =&Y
TR LL, 25 135 (P<0.01). F5C54HROS LA
X ¢ 6 5% Ji (relative fluorescent intensity, RFI)# 75,
EXAAH L, 2 5 5.3 (P<0.05).
2.5 Bax#Bcl2ZEHKET{L

FH S 2 BV 325 15 A8 IISMMC-772141 2 4 Bax 1
Bel-24E FI/KFRIAZ G (112), 4 Gel-Prol e 7 Hr i
IYMTRE 5 N SR (KB LA, 45 3 R, Bel-2fF
fIX, MiBax & H B KFIGI0. W1 000 pg/mLI)
FucoidanZH 5 X W 4 AH Lb 25 S M I 2%

3 i1t

JE 82 M T S22 0 DR 5 DL P g 2 —, o
30 SUCBE 2 H AL T i N o, R g A A K
A RE SRS U U PR M S 40 B T 2 A
VAIT VB VAR, AL PR VAT THI I R Bk . AR

KWTFTERT, — LSBT R 259 B 8 48 ) A [Rl ik 42 42
TEAH MO T o TR 0 v e DAL R e R
T AT LI T DA R B AR AT 25 I U, 3l 4
KA SR IRAE 5 3 I8 40 M 72 rb BAT IR IR A GSH
FER LS, GSH/K V-5 4 i i T3 DIAH ¢ AR K
TRVTHC ) J 98 At N GSHIF) 7 SRk 5 9 i, 7e i i
o FLIE . PR SRR AL W e TR A
2, XM T i O REAERF A0 M A K R AT 3K, i 1
S I GSH/K 1838 v TAR e sk — L8 fihpg 4
HerP GSH FEE10%, n] % 3 AIMLIA T, i 1% 41 ML
SPANEZ 52, B8 40 B 6T G SHZK P28 4k 1 Rk
LTE N RN D

SOD s 14 P 3= 22 (1)) Hi 40 B eh 55 1) 2 )7 1
ARYE, WARSODIGPEA &, A HE SN KR bt 1
H, 4 B sk 25 52 21 3% P % (reactive oxygen species,
ROS)IMHti, ROSTE i3 2 40 M T2l Bt vh 78 24 5 3))
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T A (0. MDAYE HROS S5 AL 15 AS 1 10 I U5 1%
R g I A A RO AR P, T TR s 4 4R
TR B S i DA AN R . AR R
{B7R, Fucoidanifs S SMMC-772141 824 h), ¥4l
JfL A SODE PE MGSHZK W] (. K %, ROSHIMDA
H W] T, F W] Fucoidant T SMMC-772141
M5, e B 1) AL N IS 59, A FERGSH, B
IR 41 i A SODIE 1, MEHEROS A2, X Fh A8 4k 15 41 i
TR R A

GSHAE ) i 75 M 988 41 i HROS [ 35 A, 141 i
Ab T IR A . ROS 2 b7 A4 B (1) S8 AL 150455,
) 2 OBl i T Ik S S Y, 3 SR b AR R 0 1
412 fl.(permeability transition pore, PTP)JF ", £k
BRI TAH DG 7, Wi i35 C. AIF. End
GRE i, 4l iy {2 32 C 5 Apaf-1 M procaspase-945 & TE
NEEWY), WiSprocaspase-9JE filicaspase-9, ¥ —
ificaspase-3; AIFFIEnd G H.#:8E N 40 fut%, 87 1)
DNA, %S4 =", Rk, 40 P ROSF & 7E
U IR 29 (4 R B 25 AR Sz IR, L 46
B 2515 ) 15 3 Pl JRa 400 0 1 PP O T A U,
500 pg/mL Fucoidankb #4124 him, 40 Mo A=< 0 &l
2 B0, R ik, H0H B>, IR/
A, EPLAY TR E . AnnexinV/PIAbR G L 2
A1 FASI, T 418.3%, 1 000 pg/mLIFA TR 5 3%
14 75 4340.7%. FucoidanZSMMC-7721 41 g H i 1~
PO ER FIBCl-2 5 25 PR [R] I2 J T 2R (1 Bax /K1 i
F W . WS R Fucoidanifs § SMMC-7721
JFF 3 40 B 0 1 A A N B A AT R 5.
(KIALTT 25 K 2 T DNAS W 5% 00 40 i 2y
SLIT 5 F AR (1) S 0 71 40 M 3 5, Fucoidanil
T GSHFE M, LAROSA A 5 5 H 2 )3 3 4l e 97 1,
Ll T ER BRI TIRAR I IR B, AT el L
b e 2 P R, I 615 5 A% SRR AG 5 [ 1)
Z 2 24, $& mon AT 9 UR T, A —A
BRI 2 2
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