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Effect of Curcumin on migration of human umbilical vein endothelial cell

iInduced by oxidized low—-density lipoprotein

Cao Lis Zhang Dongying, Liu Jian
Department of Cardiology,the First Affiliated Hospital of Chongging Medical University;

Chongging Key Laboratory of Ophthalmology)

[Abstract J0Bjective ‘To investigate the effect of Curcumin on the migration of human umbilical vein endothelial cells MUVECS in-
duced by oxidized iﬂw—drmitj; lipoprotein r.£x IDL} Methods The HUVECs were cultured in vitro and treated with ox—-LDL in dif-
ferent cone ﬂnlrﬂhnnh for 24 h 'IJ‘]P dpﬂptﬂhh rate was determined by flow cytometry. Cells were divided into three groups: normal con—
trol group ‘ox—LDL treatment group ‘curcumin pretreatmeni+ox—LDL group. The concentration of reaclive tm:-,rgen species ﬁ[)‘r‘) Was
mibasired by Tases donfosal microroopy Yhe level ol nitis oxde. RO was dontavied by nthiod of colovinisty the: proten lavals of on-
dothelial nitric oxide synthase &NOS * phosphorylated eNOS™ §—-eNOSM™ + protein kinase B Ak’ and phosphorylated AktS™ -
Akt were detentell by Western: Blot ¥he mikgation ability:of endothelial cells was measured by: transwell method. Fesults High
soncentiations. EA0m) of ex—LDT; inereassd the apeptosts wate sigificantly Ba0.0107 . Compared with-thoss of voatiol Eeup’ the
level of ROS Aﬂ.m!} was obviously increased by ox—LDL’ phosphorylation of Akt®7 eNOST” concentration of NO and the migra—
tion ability significantly were inhibited }G'ziii.f.]hl}i:]'Pzi]'.llfl-!]-!}'JF‘:-:}.‘CIJGJ . Compared with those of ox—LDL treatment group’ the generation
of ROS ﬁ(ﬂ.ﬂ'ﬁ) was reduced by curcumin pretreatment’ and the phosphorylation of Akt>™ eNOS™™ the concentration of NO ﬁ{ﬂ'.ﬂﬁ’
P{D.GS'P{{}.DS} and the ability of migration were increased significantly }L"{D.DS}. Conclusion Curcumin inhibits the production of
ROS induced by ox-LDL’ and may increase the phosphorylation of Akt™” and eNOS™" to promote the ability of endothelial cell mi-

fE&EH: B Email:85001075@qq.com gration.
WF T Wl e oo d AL T BF 52 Key words bxidized low —demlt}r lipoprotein fuman umbilical
HE1ES: A 8, Email:liujian 819@126.com., vein endothelial cells l(ILT"‘qf]:[_"}r ‘cell migration Cur{ Imin

H@TH BT DERPEHREREINE §i5:2012-2-125),
P05 H R : hatpelfwww, enki netkems/detail/50.1046,R 20150929.1943.012 himl
2015-09-29)



L PCE B e 2E 4 2015 R4 40 4558 11 ] (Joumal of Chongging Medical University 2015.Vol40 No,11)

— 1471 —

BRI BRI MARTE AR IR
I 22 fm RO R R R ER 47, FFRE B BBk SRR (L fm
THOM 2, PRGN SRR % 5 b S
AR B R i8F BY ZR 8L FT B2 R0 I A BZ T BE, R 58 1Y
MENBEEDy |SUEREBEEREER 4,0
low—density lipoprotein® ox— _pp1) RERER MEE A
AHEE {Parlur oxygen species’ F{'[]'S) KFm, 5lE
A Eiﬂiﬂﬂﬁ{]mﬁbﬁiﬁm —Sta ,Eum oxide? N{})
AT LA 5 PO R He R I 25 6730 T B, 45 I O &F
HwRE HEAHARET o TIRENEABAE
B EMEREAEEEE HIE A5, PR BZ 48 AEL RS
i, AT Bs R B AL 3 il ]f(hrmphalirl}-'] inositol

3-kinase’ Pl?nl{) /= skl B ]gmtfrin kinase B’ Akt) /

—ANESE -:%(nd{atheliﬂl nitric oxide synthase’ EN”SJ

T {2 R I X f ) SZ A FR A L, (Rt {n O MRS,
AR ZH AR B RV BRI E RS

Z280E Lyreumin) %qﬂ’i%ﬁﬁﬁigﬁﬁﬁ' 2=
ALK, USRI s ERERALURD RIRTERE
EEER SR, BB BIEE, ER FERE
fERy MEMGNCEERERER ZERE
B HERIER 0, BEER g FEE BENRK
MARThEERERS, BF FolE MEDNRE, £ F|HLE
HERMAER

B, 2L ERSS o (ERT, #HGEHE
EELEMOTE, By o FSOELER
R (iR, U 5% 2= B 3 X PO BZ 4 B T RE A2 1) R 4
BER g€ /1RGS2 M, £ Akt/eNOS/NO iR IR
7, RITE A RE RERHLE

1 MERUTIA

1.1 #H
BRAFIVAEME Gipeo 2R RRRME g0, BR 4 p .
TAAFRMELR (S —FWE RN FIE 58T F A 5 57
ﬁxSDS—PAGE RERAE oo KELXXRAE WFRRE
“HMBREERAR RIMA 5, i RITA p—Akt 7R
RIA (Nos TLlE RILA |, Nos TUEM A o) signalling
27 ;I'r:—_lm:w&ll hEWF BD 2A
1.2 HUVECs 4l l5 3% b Se i 441

HUVECs BT AE (g, R F IR B gpyypie40 EEE
FE, BF 1 0 sopco, BB BRI, B

MWK, | 5 BRMARE o, AANATEARE
U 5HA RIBE ERBRBERTER Lo B
£ﬂ mga"'L} it T2 4 A 24 h ;f:urf:Umin BALIRAE A FKE

Cureumin 5 pmol/L” 12.5 pmol/Lr 25 }Lmﬂlr’L) st i 7 h &,
TN o rpr FEFETF 54y,

1.3 HUVECs 41 BofEiG 20

B 88 AEACHAARRE | 00 T 100 ul BT o FLI. o4
MBS EMER pps EARUREZLZ WMEEK,, |
B, WERAMAEFE 1 G ESRMMNRER
5.12.5.25.50 ™ 100 pmol/L M Cureumin “RHBIETFHEIB R
R 10 ul e L5 b BEAR U T 450 . LBFLEVRIERE, T
H Huvecs FFEE
1.4 HUVECs #1285

B S KB 5 g0 TEEFNT o FLAR, MEAEK
24 h B MASTRKER | 1p1 0.10.20.40.80. 160
gl To ISR EIETF 5y | WERAMFRITHRARER,
P‘;l‘ll’lfﬂiil’l—"i'r #u F] %%Er m&t&mjgﬁﬂ}ﬂtﬁﬁ *Eﬁﬂﬂﬂ}ﬂ
CEREFEREN o LERE
1.5 NO Rz

B8 KA RV R 5 o (o0 I FLEFNT  FLAR, W
BEK B ERSEMLIER | 5, LBLEFREF SR
B s PMERA AR LER R E—SAEENEN =ik
BRIE WA 54 |, CEFLABREE AT E 2B
1.6 ROS #ll5g
MAEMGEEAE S 5, |, ARIBR o ME MAREA |, wmol/L
ETRA A 5 R A ALRERRREN IR Yonge-Pro
Plus 6.0 PRSI RERERIEE
1.7 Transwell T84 i i 55 fig

BALEA 08 wmol/, B Transwell TEBN o4 FLRH 5
FARGMELITEEE 5, ) Hit 5 o0 THETLE §

&), TERARANMARER/FRRE _1pL %0

mg:"[.} Curcumin iﬁ p.mﬂ]fL} +ox—-LDL SREEE S E 500 pl’
JEFF oy iR EEE LEWM o, SRAERRE 5 0
0.1 BRERE | . CREE THEVLER ; MEMTR

ox—

pmol/L:

HEBMMA S, i E R ATHE
1.8 Western blot f7#| Akt.p-Akt.eNOS.p-eNOS & HFRiA
¥

ﬂiﬂﬁi 50 L EE J:#'SDS—PAGE ﬁﬁ Eﬂrﬂ( 2 hr }?kf"ﬁ"

RIEH 250 mA EE ;gkt 75 min i‘a—ﬁkl 80 min :r:NUS 200 min '

p—eNOS 200 min) 5% PRI L1 oNos) B 5834 §-
Ak p-eNOsim) HH 5 =3 4 IHEREIR 4y, |

1000 \p-Ake™ ki1 000 (eNOS £:500) p-eNOs™™ fi500)
Hrp FCHIWER R (5 000 37 BE | |, wor, KE



— 1472 —

R EE R a3 2015 4F45 40 4558 11 ] (Joumalof Chongqing Medical University 2015.Vol.40 No.11)

BE Ak p_enostm HTAXEEI 4\, Nos BER
EHBIB T (i1, one WERBIEME, HEEAEA
HtENRIES, BAER ;X
1.9 ity

BERF qpes 100 AN HE AR LY
M, SRR ()RR, FHEFRRE, SENHILRT
AEREFES, BARBUERR o, & RAHE
Bt HEAFERRMRES FRLBNEREAAERE
B, I g 5.

2.1 AS[A] e E 35 2= X HUVECs 20 B 59 7l =8 49 5 1

A AR FE ox—LDL ¥t HUVECs 40 B i 1 2 0 5 mi
RAGRER SXRAMLL, FRREN _pL do.

80160 me/1) SLERHREE o, |, RTHAIN PO R B 3K,
B oy PREEROHENN, AT o010 Poo0.000
P0000 T oL, BIREESFHATF 5,1 B, 53¢
R, BRATEREHENES 0246 . orlDL
HIRIEE 5 0 B BRBEIRIER RO ISR, RALES
AATERNRER, RiE TREAMTBRRAEETRE
RS B RI— B B || 1) 50 EH RSN
GIERE WE |, %)

9.8

#2 HUVECs Wr-##(g
Tab.2 Cellapoptosis of HUVECs

=X ; T——— -
cokg BRET SHBAML, Y . REAF e EX
L : pren it FE4A 4.053+ 0.794 -
FT 50 pmol/L BT, 40 77 7% 2 R 1 lg'zﬂ.ﬂﬂ@' P=D.O{K}) = ox-LDL {0 mg/L) 41 6.650+ 1.416 0.303
RRGUTFEX, BREREMN ¢ oumin X AT ER . @fL;JéT_:l _— G'E%
Ox— 1] = i ' 4
BE BUER o5 i, FARSRMLERE BR) ox-LDL 40 mg/L) £ 9.590+ 2.103* 0.010
ox-LDL B0 mg/L) £ 15.387+ 2.94(? 0.000
# 1 HUVECs 4%
ox-LDL (60 mg/L)#H 27.200+ 1.6434° 0.000
Tab.1 Cellviability of HUVECs T 3081
4 51 MMAFIER (%) P{H P (& 0.000
J I 1.000+ 0.000 -
K i -a, 5% B R, P<0.010
Curcumin § pmol/L)2H 1.017+ 0.030 0.858
Curcumin 12.5 pmol/L #H 1019+ 0.064 0.983 2.3 %—ﬁ'ﬁ:ﬁ:m—[ﬂ[; ﬁ.ﬁi—F HUVECs A AN NO & & &
Curcumin 25 pmol/L) £H 0996+ 0.054 1.000 £ ]
Curcumin §0 pmol/L) #H 0.835 0.031°* 0.009 no RAUERET SXBEMRLE, | o B4R
Curcumin (00 pwmol/L)2H 0.485+ 0.0362 0,000 %E-Fﬁ ﬁ:ﬂﬂﬂ(}) - Eﬁﬁ?ﬁﬁ"’—?ﬁﬁ 5 ox—IDL ¢H1H |:|:',,
Fia L4831 Curcumin WA FIRMARRA vo T8 pog 7350 p=0.011" P=
Pl ¢.000 0.001) * BBF (preumin AAERM, HEA y( TEEESH
v :a, 50 AL LR, P<0.01 BE WK,
= = =
= = =
3.10% 3.45% 4.37%
= = = ilf-#"'t.-
. . ~ .l-_-.T =2 o
o = = [T
T N 3.25% | .
% gt é — TN T TN 9:.,
(U 1 N 1 oS 1 S [} e w1 e w1t w1t
A.3IF8 B. ox-LDL 10 me/1? €. ox-LDL 30 mg/1/
= = =
= = =
 43%
&

10t 10?

10 10
" S
10" 108

5.39%

é 3 “3:., TR —TTTT %
(VN LV (1 (S {1 (1N [ L (1 (1 [ et 1t 10t 10t
D, ox-LDL 40 ma/? E. ox-IDL 40 mg/1] F. ox-LDL 160 mg1?
B 1 A M ke HUVECs ST =

Fig. 1

Cell apoptosss rate of HUVECs detected by FCM



P B 5A R 2015 5 40 4558 11 ] (Joumal of Chongging Medical University 2015.Vol40 No.11)

24 EWEI ox-LDL %S F HUVEC @A ROS & &
A

ROS %;ﬁq%:ﬁﬁﬁ Eﬂ'ﬂgﬁﬂﬂﬂﬂ?_ﬂhﬁ{ﬁﬁﬂﬁ{tﬁ
AR SWRAMEELE, | pp B gos ERBREM L
0.001/ 5 ox- L]JL AL, FREE () cymin TEEER g

X RHE z-ﬁﬁm

B. ox-LDL

E. ox-LDL+Cur

D. ox-LDL+Cur
}_[;5 |.|.t'n||:|.|s"L:I

{25 pumolnt

C. ox—LDL+Cur
5 pnml.-’l.:l

M2 WURRE REEUE ROS LRI (400% )
Fig.2 DCFH flurescence mtensity m HUVECs measured by

lser confocalmicroscopy (400x% )

723 HUVECs Jl2f NO 1 ROS &6
Tab.3 NO and ROS contents m HUVECs

2H 51l NO& ROSHE 748 [iE
Fog: k| 0.530+ 0.041 21.508+ 4.09%
ox-1DL £ 0259+ 0.025* 97.362+ 15.58%*

Curcumin 5 pmol/L+ox—LDL £ 0.275¢ 0.047 56.943% 16.706°
Curcumin 12,5 pmol/L+ox=1DL £ 0402+ 0.075* 35.892+ 7.529°
Curcumin 25 pmol/L +ox-LDL #H  0.475% 0.075" 19.760¢ 3.531°

F1{a 13.641 50.305
P1{E 0.000 0.000

7E:NO & & qa, 50 R4 L L, P=0.000; b, &5 ox- LDL £ b, P<0.05;
OS %2R a, 5 3 FLEH HE L, P=0.001;b, 5 ox- LDL 4 Lb ¥,
P<0.05

25 ZHEXN ox-LDL %% F HUVECs f2 4 Akt.p-Ak*™,

eNOS.p-eNOSH 5 5 ) 5
Western blot HRER SMEELE, ox—LDL Haw

Akt peNOsTT BERILIKFARIE £g000. p0.000 -
BIEARE y, nos BEGHRRENL 5 |, B,
A RRE Curcumin BlLE A A5 ;’:ﬁ.ﬁiﬂ viP=

0.000.P=0.000) .eNOS™'™ £=0.073.P=0.001.P=0.000 L=k
MK, ERAHITFEY RE, £,

1 2 3 4 3
P- AKL —— — — —

Akt g
peNOS

I B M2, ax—LDL 2H:3. Curcumin 5 pmol/L+ox-LDL 2H:4. Cur-
cumin 12.5 pmol/L+ox=LDL #H: 5. Curcumin 25 pmol/L+ox-1DL 2

13 Western blot 4Gl Bl 40 4 Akt, p- Akt™™,eNOS,
p- eNOS 17 &k 7K 5
Fig.3 Expression of Akt,p- Akt**™,eNOS,p- eNOS®7™
m HUVECs measured by Westem blot

74 HUVECs Jd4 Akt.p- Akt®*™ eNOS .p- eNOSS? 4
Tab.4 Levels of Akt,p- Akt®™,eNOS , p- eNOS*"" m HUVECs
p- Akt™ p- eNOSH'T/

4 :
Akt H{f eNOS Ho{E

i B 20 0.692+ 0.014 0.794+ 0.018

ox-LDL 4 0.1404¢ 0.029° 0217+ 0.118*

Curcumin 5 pwmol/L+ox=LDL 2 0247+ 0.030° 0369+ 0.111
Curcumin 12.5 pmol/l+ox=LDL 2 0532+ 0.053* 0.588+ 0.104°
Curcumin 25 pwmol/L +ox-LDL #0625+ 0.077" 0.640+ 0.076"°

F{d 81.328 18.125
P (& 0.000 0.000

7 :p- AKSTAKt LE{E :a, 53] A L E, p=0.000:b, 5 ox-LDL # [
7, P<0.05;p- eNOS™7/eNOS A{f:a, 50 A LS, P=0.000;b, 5
ox LDL 41 1, P<0.01

2.6 FWEX ox-LDL 5 F HUVECs IF# fE 5 (50

FTREBREREN HESELE b o 150 po

0,000 BHEBEME f_yr 43 poo oo BHF S 32

Ei’ﬁfﬁ ﬁ“ﬁﬁﬂ! P"ﬂﬂﬂi} Z< IR (8] = Al % M AR DTS 5L,
BT AR GEEEREIER M vy, B
n, SACTRAIEEM b o0 HESEE, SibEA
MEBRBEELR 5, | BER o B yovec. BT
MR BRARERD b0 55 o B,
cumin DOCIEBEBIRM yyypo, TBHE by ) ERF
EFRY NE %

TR Curcumin £5 p.l:l:l.r.nl]I
gl o
o il

G

[ LT n]m m:r. LDl

o= LIDL i(ﬂ n:lg:r,.l'L:I

t"‘ x* -
; L”
.
e
4 Transwell Friill2E 5 5§01 ox- LDL
* HUVECs #il fiGE-GE 77 i1 5% (200 )
Fig.4 Effect of Curcumm and ox- LDL on the migration of
HUVECs detected by Transwell method (200x% )



— 1474 —

T HEFR 2523 2015 55 40 #2155 11 1 (Joumalof Chongging Medical University 2015.Vol.40 No.11)

5 Transwel ¥5#l| HUVECs 41T # ¥ H
Tab.5 Number of the migration of HUVECs

2H 0 h 12 h 24 h 36 h

f 0 15.343% 2,008 40687 6,455 53,133 4473
Curcumin 2 (0 16,640+ 0.763 42.590% 4,025 53.783% 53,783
ox- LDLA] 0 8.637 8.637 16,747 2.575° 25,550 5.300*
Curcumin-t+ox- LDLZH (0 18.820+ 4.783" 27.723% 5.362 40,960+ 5.316°

Vi a, 5hHE4 R, P<0.05:b, 5 ox- IDL £ th 4, P<0.05

R I N

BRI R AR BRI T S
HLRA40 28 R BRI, % S/ N80 SR IE RN B TR
AE AR i ZE &L /0 H 2 5 BB [E B ML JE AT 52 i IS 7
BINME o RARMERBRSRAETE L BEAR AL
it R EE B E R, (2 IF /Y RIE A, 380
MEREREE, MH MERRREST

oy B P R BT AT, R A
oy BESBAEEEAT . E—FE, g,
loth! H]Z’:‘.ﬂﬁbﬁﬁﬁ? 1 pp. R EE AL 4 B Y 1
B, EE EREN . HERAT R
WEMES ALK |, BELERES
mg/L FR o 1oL M puvecs BEAERAT
ML T |y REKF 0 © SRE
B ypp MHERAHEMEATEN
TEENAEAEANIBRHNERET E5ES
LR FSNRE R, AR A RTIE A RE IR fIR

<o RAKGRILE MEH AN EBATEF .
paul I ZILTE o EEBFRAY/ R, EGRI X &
FOERE, HORMEEER 2 ER :Lun::iaru':"ﬂﬁﬁﬁ
SRARA SRR |, &8, 03
ARG AT, o SRR
B AN, HHENT (| poc BF, R
BT THIBERE o BE, B
K, REANEMBESES SN EMNMER A
BIDREIRG

RETRIRT pra apyonos 8 BT L8
W\ TSR E AR R RN ER R, |
manouil "5 o pL BILH \pyenos BB,

A MBI | R4S, TR IR I i i
KRR ST R 8, R T L

NOYNG BERIELHTFRREBEEEEM &
KHHE—Y Westorn FRED 4y pL TR T ppgsy
e NOSSUTT i = i & b 7k 7, FBA ox—L.DI. FE AR HlI—
re EBEENTRSIE (. nown BEEL
B, T FERBAEEN TR
1?7@4333%%435*]5%%%@&% ZERAER
RBHOAEL AREAMBENES 6
SRS TS LS EE LM
EE FNIEmMinE L= S HEAk :-F'Elutathinmr'
oy o R 21 BE A B L R EOK T, P E AR B A
MELEROTE REWRE,5 | Sk
B, ARMEEETABAM o SE R
BT o M pvee. MELERAG, EE
o REERIER, BT |y . RAPERISEE ;
o EMBR, oA R 10 4
A N DR, REMRET . WEBRES
BEBBIRT || oo LA B B Lok T4
nu £ A, (R AR
o S, B BRI
VECs EBRET]
FMMEAEMFRIPZESFEM, X
WRIET o, WRUEHERAR |\ BA
Fk, 1G5E A RTINS EFRKAE A o AR EE
IEEBREL, mLb o1 D1 BIFE RS E
REERER Eﬁk-l lﬁrr:tiu-likrr oxidized low-den-
sity lipoprotein receptor—1° L{}K-lj HYZR A%, AT
R R SRS T (oan
VCAM-1 P-JLLEE%} Hq'&“’ﬁi'zz‘r_.
o b g BETH

JUreumin
RAMEEE, ENHTES o B o
RABITIRE (. EEREL HRE S

EREEN, EARMABINERE, BF FUNE MR

Akt/eNOS/NO BN

Curcumin



Hi P EE Bl S22 2015 4255 40 4548 11 ] (Joumal of Chongging Medical University 2015.Vol40 No.11)

— 1475 —

MEBKRE AL AR S ME A X B A A
OB S LB B TR, AR B ) 22 X 5 O O 1
TR ST, SHALIRGE I B BORHSE B
S R R T BT

Z % 3L W

[1] Jang JJ*Ho HK*Kwan HH* et al. Angiogenesis is impaired by hype-
tcholesterolemia Yole of asymmetric dimethylarginine[JlCirculation® 2000+
102 §2 14141410,

[2] Fleming I* Mohamed A*Galle J2et al.Oxidized low—=density lipopro-
tein increases superoxide production by endothelial nitrie oxide syn-
thase by inhibiting PKCalpha[J].Cardiovase Res* 200565 i} $97-906.
[3] Blair AsShaul PW* Yuhanna IS et al.Oxidized low density lipopro—
tein displaces endothelial nitric = oxide synthase (ngE] from plas=
malemmal caveolae and impairs eNOS activation|J].] Biol Chem* 1999+
274 45 32512-32519,

[4] Murchara T* Witzenbichler B’ Spyridopoulos 1+ et al.Role of en-
dothelial nitrie oxide synthase in endothelial cell migration[J].Arterioscler
Thromb Vasc Biol* 1999 19 é) 1156-1161.

[5] Murohara T* Asahara T.Nitric oxide and angiogenesis in cardiovas—
cular disease|J]. Antioxid Redox Signal* 2002* 4 p 825-831.

[6] Kawasaki K'Smith RS Jr* Hsich CM’et al. Activation of the phos-
phatidylinositol 3 =kinase/protein kinase Akt pathway mediates nitric
oxide—induced endothelial cell migration and angiogenesiz|]].Mol Cell
Biol 200323 16 5726-5737.

[7] Manikandan P*Sumitra M+ Aishwarya 5 et al.Curcumin modulates
free radical quenching in myocardial ischaemia in rats[J].Int J Biochem
Cell Biol’ 2004736 &.‘r} 1967-1980.

[8] Binion DG* Heidemann J* Li M5 et al.Vascular cell adhesion
molecule =1 expression in human intestinal microvascular endothelial
cells is regulated by PI 3 —kinase/AkVMAPK/NF —kappaB "inhihimry
role of cureumin[J].Am J Physiol Gastrointest Liver Physiol * 2009257

Y 1259-0268.
9] BEH, S5 3RE % EENEENaBL0/RSEL

BRI BARIEE FRANBM ) ERENKZER. 2014, 30

¥ 964-968.
[10] Barzegar A*Moosavi—-Movahedi AA.Intracellular ROS protection

efficiency and free radical-scavenging activity of curcumin[J.PLoS One*

20116 10 %26012.
[11] = ﬁ.%iﬁﬁ.Eﬁ%_?ﬁﬁﬂﬁﬁﬂﬂEEEﬁMﬁﬁﬁﬂ

B B g g T pp g, MTER ) ERERKESMR, 5003,

28 § 576-579.

[12] Duan J* Murohara T Ikeda H’ et al.Hypercholesterolemia inhibits
angiogenesis in response to hindlimb ischemia * nitric oxide—dependent
mechanism{J].Circulations 2000+ 102 19 Suppl 3 M370-M376,

[13] Chen J*Mehta JLr Haider N+ et al.Role of caspases in Ox-LDL-
induced apoptotic cascade in human coronary artery endothelial cells
[J].Cire Res2004794 ¥ 370-376.

[14] Heinloth A*Heermeier K*Rafl Uret al.Stimulation of NADPH
oxidase by oxidized low—density lipoprotein induces proliferation of hu-
man vascular endothelial cells[J].J Am Soe Nephrol* 20007 11 1({9 1819-
1825.

[15] Lugque CD*VYargaz RH*Romo Eret al.The role of nitric oxide in
the post—ischemic revascularization process|[]].Pharmacol Ther 2006°
112 P 5s53-563.

[16] Lee PCrSalyapongse AN'Bragdon GAret allmpaired wound
healing and angiogenesis in eNOS=deficient mice[J].Am J Physiol* 1999+
277 4 2 H1600-H1608,

[17] Cominacini L’ Rigoni A’ Pasini AF’ et al.The binding of oxidized
low density lipoprotein -tgx-LDL} to 0x=LDL receptor=1 reduces the in-

tracellular concentration of nitrie oxide in endothelial cells through an

increased production of superoxide[]J].] Biol Chem* 2001276 i'.l") :
1375013755,

[18] Chavakis E’Dembach EHermann C*et al.Oxidized LDL inhibits
vascular endathelial growth factor—induced endothelial cell migration

by an inhibitory effect on the Akt/endothelial nitrie oxide synthase
pathway[J].Circulation* 2001+ 103 [6} 2102-2107.

[19] Biswas SK*McClure D* Jimenez LA et al.Curcumin induces glu-
tathione biosynthesis and inhibits NF —kappaB activation and inter—
leukin—8 release in alveolar epithelial cells * mechanism of free radical
scavenging activity[J]. Antioxid Redox Signal* 200577 {—2] 32-41.

[20] Ramaswami G*Chai H* Yao Qet al.Curcumin blocks homoeys—
teine=induced endothelial dysfunction in porcine coronary arteries[J]J
Vasc Surg' 200440 § 1216-1222.

[21] Makhfouz MM’ Zhou 5Q* Kummerow FA.Curcumin prevents the ox—
idation and lipid modification of LDL and its inhibition of prostacyelin
generation by endothelial cells in culture]]].Prostaglandins Other Lipid
Mediat 2000-90 1-2) 13-20.

[22] Lee H5'Lee M]’Kim Hret al.Curcumin inhibits TNFalpha-in-
duced lectin=like oxidizsed LDL receptor-1 £{]}{—1} expression and
suppresses the inflammatory response in human umbilical vein endothe-
lial cells ﬁﬂ_WEﬂa} by an antioxidamt mechanism[J].] Enzyme Inhib
Med Chem*2010°25 § 720-729.

it : <)



