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W ZE: [B®] W5 20X Hy0, 75 5 1008 1 WL4R T (vascular smooth muscle cells, VSMC) 3 5 % fifd N i Joii i
ALY A B R SE R, A BT 20X VSMC I AL 25 e kAl . (AT DL H,0, A S M d 7 R4 VSMC
SEFEASTRY 3 3k PR R A ZaC s A 1 N A LR A SR A 1 i 2 M HL0, 55 VSMCAE KRB Y 52, [Rl LA
TR R GO 2 X Hy0, S VSMC I P A B AR A I . [EER]Y L) 50 pmol-L ' Hy0, NI S
7 VSMC MR A1 38 i AR R, U PR 5 {8 G50 s o 10 0 5 465 SR 3% WA T Y 22 B HL,0, 5% VSMIC 1 78 LAt 2 0 ol 0%
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Inhibitory Effects of Laminaria Japonica Polysaccharides on Proliferation and
Antioxidant Activities of Vascular Smooth Muscle Cells

PENG Zhen-fei, LI Yong—ning*, WEI Bi-na, LIN Bi-zhu

(Fujian Health College, Fuzhou, Fujian 350101, China)
Abstract: [ Objectivel Effects of Laminaria japonicapolysaccharides on the proliferation and lipid peroxide production of
H,0,-induced vascular smooth muscle cells (VSMCs) were examined in vitro for further understanding on the metabolic
mechanism. [ Method] Proliferation of VSMCs was artificially induced by using 50 umol-Lfl H,0,. Inhibitory rate on the
proliferation by the L. japonica polysaccharides were determined by a methyl thiazolyl tetrazolium (MTT) assay.
Morphological changes on VSMCs were observed under a microscope. Malondialdehyde (MDA) was employed as an indicator
of the lipid peroxide production in VSMCs. [ Result] A significant inhibition effect of the polysaccharides on the H,0,-
induced VSMC proliferation with the greatest rate of 73.56% was shown by MTT. Morphologically, the number of VSMCs
significantly decreased after an exposure to the polysaccharide. The MDA analysis indicated that the lipid peroxide production
by VSMCs significantly declined after the treatment with L. japonica polysaccharides. [ Conclusion] The L. japonica
polysaccharides significantly inhibited the proliferation and lipid peroxide production in the H,O,-induced VSMCs.
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ABFFEHERE Y S H AP 5 45 R0, VSMC H4 78 2
T 3 Ik A AL TR BUR IR B R T 2 —, B G I
EERIATI R E R R, AR
PR, PSS A HE (reactive oxygen species, ROS) 5 VSMC
HEFEAN G, IR Ik R T, A i 4R R VSMC
Jw P ROS 7K - 42 i 20 B s 56 Y. i 4 Ak R 4
ROS 4 545 5 i g% 40 i vemc s ™. Wik, L
ROS 75 [k 71 9 16 VSMC 38 5l 411 il 770 1l Ay Bk 5 7 1) 22
—o [ARWFFE DDA S Y T 2 3R AR e 1 06 DL Y
LU, BA AR, EREZEE
R 2 U TP B IC LA 2 D) . 2RI &
B BOETE R, S F IR 45 R R,
T 22 W T A7 AR R AR 30 M K BRI A g iR, R
66 3 KRR B A UG A IR 2H i39I 95 % BRI
ZHERAHEREEARE T (0, ) WM, FAmH stk
YA 4 4 B A 4 I 7 ( basic fibroblast growth factor,
bFGF ) 5 VSMC #4758 ™. &4 W5t & Bl H,0, i
i O A G 15 S B g veme s B
e Z2 T VSMC 8 G 410 1 % 5 e Ak i
FH AR ST R WAH ST o CHDLA e 11 56 i ) fa ]
PR, A DL AL R H,0, Rif SR EE 7 VSMC &
HNETEASAY WS 22 5 A AR S VSMC B
B B M v 3k ST AR S e, A I BV Y 2 W X
VSMC (1 HIAIL I 29 5 il
1 #HH57*
1.1 ER

W A S R A, S 87.2%;
DMEM K555 B Gibeo 2475 2RI (FBS) WH
BoM U2 ; 5 (MDA ) Kl &l [ 3 =
KA, ZHEWM (DMSO) . H,0, ) H Sigma
el SRR A LR T, MTTIA
Biosharp 23] 5 HAt a7 35 4 7= 3 4l .
12 FENFERE

BCM-1000 # i TAE &, 7R ML & AR A
Fl; HERAcell 150i CO, [E#R 55544, 32E Thermo 24
A3 TGL-16M ¥ 7R 50 HL, ARSI ; P10-Y A4k
KEG, BHREARAR,; M3 EER B, 55 H
MD 7% &) ; TS-100F 2] & W4, HAJE HEA A ;
UV-2600 2£50-AT OGS OGRS, HARR A,
1.3 HEHE
13.1 @miaEs  VSMC AR %, iR
FABEAR . VSMC & JH %% 10% FBS ) DMEM 5 35 ¥ ,
T 37°C. 5% CO, B RN B 1 A% o Tran il A= 40
Hla, WFREFMNEE IR, PBS 28 My s Uk 40 i

M, S 0.25% JRRAE, 37°C iCE 3 min, fHE W
s TS, FRanf S BTE, RN SE &5 IR A
b Tt 0 o WA R T i T R IR A A 4 1A i
A, B 0.5 mL 40 MR A TR B 20, b
B SE R FWE 3 mL. BT 37°C. 5% CO, K
TR TR IR
132 H,0,# F VSMC ¥ & R M HRE N
1X10” 4~-mL " VSMC & Wi % 96 fLHz, 37°C. 5%
CO, A ERE IR 24 h, FFAISE2NGRES, FIG
I3 B DMEM R 959 37°C %5 8 ho A H,0, Ik
T 96 fLAR 2 2k B g v Wk B, X BRZE DG il v
DMEM X # H,0,, #HE £ 12h, 24h, 36 hJ5/MA
MTT %W (100 ng -fL ), W& 4 h )5, 3 LWEW,
A DMSO (200 pL-#L ") . IR, T 578 nm
TR OEE . R4 E 6 FLEA1TL. 4
BRI A

i&?@%z%xmo 0

Hr: 4, 8 H,0, BERUZA M SGAR ; Ao Xt BRI
JAE
1.3.3 MTT &M 2 VSMC #78  BOWH0A: K 40 i
B (1x10° -mL™) 2R T 96 FLEFEM P, 200
wL-AL R R I B S T I B 3R, 37°C.
5% CO, B FRf N B AL I B 95 o W e B5 R, 1l
96 FLAR N4> R A 0.1, 0.5, 1.0 mg-mL ' ¥4 2 b
B, BB RSB E 6 T ATHL, Hy0, B RIY]
JH DMEM U8 ZHikE S . Wi 2 REN NG, 4%
LA M A Hy0,, dkZ2W7 5 2 & & B, A
MTT %W (100 pg-fL "), WH 4h)5, # LW,
T A DMSO (200 uL-fL ") . #E% RS, T 578 nm
TR G L A A R A

A /% = #xmo ©)

K 4y R H,0, B RYROGAE s 4, Wi £
W 50 2 W
1.3.4 VSMC & A& HOW 804 K 40 A =
(1X10° cells'mL ") #Fh T 6 FLEFFMRH, 1 mL-AL 7,
o7 200 6 5 BE S R 0 G MLVE KR IR, 37°C. 5% CO, B
FRAA N B RIS WA R IR, 1 6 fLAR N 43
BIBA 0.5, 1.0 mgmL ' ¥4 kLS, SRR
mn I E 3 AT, H,0, B ZH H DMEM AR 2 4
e, WEFREVEREE, m&FLaINA H0,, 4k
S R B e TR O SR R A
1.3.5 MDA &Ml i 1.3.4 kg,
i 28 T i ¥ 455 3% 0 TR L A B S R SRR SR, )
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6 FLHLAZFHIIMA 0.1, 0.5, 1.0 mg'mL " W45 2 B pE
m, BRI EERE S 3L, H0, B
DMEM G ZHiRE i o B3R e g, 45 1L
SN HyO,, 4k SR & 515 5 s ) J5 05 46 40
Fie 38 < K MDA K R & vt 454, 7532 nm &
MEW AR, FFiH5 MDA & &,

1.3.6 %44 BRI SPSS 17.0 #1758
TFeERb g, Y bR 22 3R, I xF 4 SRk 1T LSD-
tRER

2 ZRGH

2.1 H,0,iES VSMC ksMETEE R A E T

AR LA Hy0, A5 50 7. VSMC (K Fh 3 G AR
R, AERINEE 1 FR . FEATFE Y HyO, REE R, 24 h
YR VSMC HYFE A 178 T 12 h A1 48 h X 4H . 1M
7E H,0, A [7) 7E FH I ] T, VSMC 14 58 2% 24 b %
H,0, e B (38 hn & 2 L FHimi J5 R R r#a#4 . 78 H,0,
Ve 10~100 pmol-L ™' [, VSMC 145 % ki % H,0,
e RE B BE K . MRS RISh 24 h, HLO, ¥R JEH 50
umol-L™' if ,  VSMC #4 5 % ik F| 142.54%, 453 il
H,0, & £ % 100 pmol-L ™', F VSMC 4 5 % g A5 1
i, {85 50 pmol L IRXIG A A L, ZFIFARBE,
i 4 H,O, ¥t BE 1 % 150 pmol'L ™', F VSMC #4 5
RIA R FRE. AL H,0, WK % 150 pmol L
XF VSMC B A3 A5, X 5 3k [12] #iE — 3.
R, AR BEFE H,0, 15 5 VSMC 34 5 4b PRk i
k50 pmol-L ™", fEFHRFIE] K 24 h,

F 1 MTT UE VSMC 185E 2
Table 1 Viability of VSMCs determined by MTT assay

H,0, 3
H,0,Concentration/ 12h 24 h 36 h

(pmol-L ™)
10 102.11+522  112.23+3.15  108.74+4.42
20 112.08+2.15  127.65£1.55 117.24+5.68
50 129.56+2.43a 142.54+291a 133.25+348a
100 132.87+3.56a 144.29+3.68a 138.62t284a
150 107.23+£527  114.87+4.35 96.48+2.57

Ve ar SR ] FH,0,38 B 910 pmol- L B4 H,  P<<0.05.
Note: a: during the same pretreatment time, indicated significant differences

compared with the group of 10 umol'Li1 H,0,, P<<0.05.

2.2 BHSEEX VSMC H3E{E R S E

oK I MTT 32 0 7 ¥ 7 22 4 % VSMC 1 58 52 1
SR WKL PR, IWE AT LR Y, 1 2 0 b
BRE [R]AH R0, I 3 T 20 0 100 Ak LB vk ) 3
B VSMC B4 5 il F 3G K, S AOM DGk . ZEAR )

TR AHF Z2 A AL BRI [R] R, 55 7T 220 0 Ak 2 O vk
4 0.1 mg-mL i ZH A L, Y 220 T T R A
e B 7 0.5 mgrmL ™ Al 1.0 mg'mL ™ K % 4 VSMC 1
B R A4 I R (P<<0.05) . 4T 2 4 AL
BRAHE] R 12 h B, B R 1.0 mgemL ' WgHF 4
TiAb R 0 4 VSMC B 5 I % 53.11%, 24 )
ZETIRLBEET ] F 0.1 mg-mL " 145 228 Fi b 2 56
Ay 5. 72 4% ML wl UL, A 2085 el 0 A AL )
H,0, i 5 VSMCHA%H .

o
o

80
70
60
50
40
30

20
=
0 1

HEE 2T ih#71d}-3
Concentration of Laminaria japonica
polysaccharide/(mg-mL™")

ab

[

%1% Inhibtion ratio/%
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VE: a: A R BUCERIN G T, 15 0.1 mgmL ' #5452 551
RAAMLE, P<0.05: b: AHRIMEW ZRETUEHRE T, 5HiakE
I [) 12 h il iy 2RI AL A L, P<<0.05,

Note: a: during the same pretreatment time of polysaccharide, indicated
significant differences compared with the group of 0.1 mg-mL7l
polysaccharide, P<<0.05; b: under the same concentration of polysaccharide
pretreatment, indicated significant differences compared with the group

of 12 h treatment with polysaccharide, P<<0.05.
1 BH S H,0, 5% VSMC A% =
Fig. 1 Effects of L. japonica polysaccharides on H,0,-induced
VSMC proliferation

WS, BB AT RVE Yl 2 0 1Ak 25 5
B ET 0.5 mgmL ' B, S5ZBFALBRTE 12 h i
ISR, ZMETLEBRTE] A 24 h 148 h R4 VSMC
FETEAD G A WA R (P<0.05), MM KR
IKE) 60%. Horfr, YA 228 ik BT R R 1.0
mg-mL ' B, 28 AL B E] R 24 b3 4 VSMC
BEGEI R R, 3K 73.56%. I, JE SRk
TR 22 WAL BT E] A 24 he
2.3 BT EEN VSMC FESE N

& 2 n] AT, HLO, B 4 40 i3 e vk, 4
DGR, AN MR AR, BN R,
22 B T AL B K 1 VSMC JE 25 ) H R i 2 e Ak
0.5 mg'mL ' ¥4 £ B T b B3 56 40 VSMC %% B
A BN 4, A A R PR . 1 mgemL
VAT 22 WAL PR 0 40 VSMC %5 L AR, 40
U2 ST 1 N OY pr C E SE I g 2 1
% . e 0, g 2 518 VSMC A KIE &
DCAR i 5 VAT 20O T AL B R (3, VSMIC B
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W A WAL, A, H0, BB, As: 05mgmL M ZHE+H,0, EIH, A, 1mg mL™ ¥ 2 HE+H,0, b4,

Note: A;: Control group; A,: H,O, model group; Aj;: the group treatment with 0.5 mg-mL71 polysaccharide and H,0,; A,: the group treatment with
3

1 mg~mL71 polysaccharide and H,O,.

2 VSMC 75 (X100)
Fig.2 Morphology of VSMC (X100)

HEEWL, HEREK VSMC BRi L, KWk
M TAL RS VSMC JE 38 & F B A8 4k, fili H 0
B R R
24 BWHEHEX H)0, 55 VSMC B2 A MDA & R #9
Al

5% B, H,0, S VSMC it N k& B ROS
Al #E VSMC s 8 — & 51 g T 2 Ak ™ 0 1 AR
T T 2 M R A K PR TR VSMIC 1
g R g R A TG VSMC LN ROS
KFHEESE . ARRLL MDA FAF i G U 4
e i, S5 ANER 2 R .

#F2 VSMC f2J MDA £ /(&
Table 2 MDA concentration in VSMC

N [t 3
FF i Samples .
MDA/ (pmol'L )
X REZH Control 1.94+0.05
H,0, BRI 2H
0:f% 32140092
H,0, Model Group
0.1 mg-mL ¥ £ fi+H,0,
-1 L . . 2.914+0.04
0.1 mg-mL Laminaria japonica polysaccharide+H,0,
0.5 mg'mL™ {7 £ Hi+H,0,
-1 L . . 1.75+0.08 b
0.5mg'mL Laminaria japonica polysaccharide+H,0,
1.0 mg'mL™ # £ BE+H,0
¢ > 12740.05b

1.0 mg'mLflLaminaria Jjaponica polysaccharide+H,0,

e a SARAAALL, P<0.01; b: SH0.MEAAAMALL, P<0.01.
Note: a: indicated significant differences compared with the control group,
P<C0.01; b: indicated significant differences compared with the H,O, model
group, P<<0.01.

MWER2HAUEN, SXRAME, H,0, B8
4] MDA & B FHE#, K F 321 pmol L', W
H,0, 1% VSMC M P9 A= il K = B Bt i A ik, ROS
KR FE R G, X H TS VSMC 1 4 i 5 2 N
F o MR R R T iE oe BE Vgl 2 E AT AL B
H VSMC Jiil N MDA E B ¥4 T R 241 240
EVR A F) 1.0 mg'mL ' BF, VSMC i § MDA 4=
B AR, 10k 1.27 pmol' L™, 5 H,0, KIEIZ AH 1

TRET 60.44%. it nl W, VSMC g N JIg it i 481k
Y A e 2 I A 22 4 T AL B R R A 1 0 A
SEREOHOCHE, R 2B IS A A VSMC
JitL 9 R H,0, 5 S 512 19 ROS THi, R 14 2 b
Xt H,0, 15 5 VSMC 14 51 11 31 il L 1 5 9 4% VSMC
M ROS K F-AHSG . BRI, Je 2l vl i — 20 53
TACEFSTEH 24X VSMC P ROS AL,
] B gty Z2 M0 H,0, 55 VSMC B4 5 Al L] .

3 kL aR

o B A AT 5T 2 B, I ST VLA L S
By ik ks BE R AL TE B0 46 Zh PR, o2 B Dk ok A A 4k
O I A5 3 A ) A 7 BT o 9F 59 % B 2 ik ok R
T A 735 14 0 J5 VG 9% fth sl 38 BEL ST VSMC i P ERK(1/2
o, 0k vsMc 156", Bin 25X S Jk ok AL
ACTE 1o FHLGI 9T & B, 3 ik o A 1 b B 2205 [
AR R 1 (ox-LDL) 55 VSMCHL 4 # 5%
A KLF5 ik, #F - AE P93/ RNA-29a 3R ik
I, AR BE VSMC 38 51 11 7 1 3 Jik o83 # 1 A BT
$U g BRE & B, ROS /K P-4 85 0% VSMC
Hi P9 MAPK {5 5 B 42 2 VSMC 358", Yang %
T 25 3R W o il Ak 25 | Ak 448 L ROS 7K1 18 1y S22
#S VSMC s EEREY, Wik, MKW ROS K
S48 = VSMC BE 5 (AR HE IR 1

RART=WIEVEDF R 25 R, W E L HA
EPUAALTEE, AT AR N ROS /K-, H 224
W9 & B 8 22 Wi EL AT [ ok 635 BR AR it S ik
WL, W15 v A5 T K UL 400 A 2 ) i e s A 51
F 5 1 35 22 0 XoF 21 40 L e 98 T R & el 64 403 1 52
Mo 6 A R W, U 2 SR R e B Tk
fitf 45 e H K S A SRR BT A, IR IR MDA &
L PV AT R IR R BUIAR Y ROS KO-, BT
SRR B T A R T IR M 2R — R P A
P R 2, HX DPPH, Al R
B8 745 8l 0 T RO T YL SRS RS AT Y
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S BRI T 2288 P BE R UL IR K7, R m— A A
VR — S A B S T, A0 Sl S R R B B
RERERED ARELL H,0, Bi%S 5 #7 VSMC
WEREREAY , PPAR Y 22 WEE T S Kok R RE 1L 4R 3h
7 VSMC A K 5 g it it Ak K AR DG . 45251
RWY, WA 2T ] HyO, Y55 VSMC $451 H 5 4
ROAHSCHE o T Z W8k 5 VSMC g N MDA &
R, WL 2R T VSMC ML
H,0, i 55 ROS /K -3 7, 22 B 220 0 10 il
VSMC #4585 Hpr A bGP 56 . NIk, JEZease
7 if—22 I\ ROS 442 4t g 3% 58 1Y) MAPK 3 % I iF —
BT A 2 B VSMC B8 (3 I MLk, Sk R B
TR g5 2 FA (B8 Skl
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