
Introduction

Oxidative stress, which is defined as an imbalance between 
the production of reactive oxygen species (ROS) or reactive 
nitrogen species (RNS) and antioxidant defence, is consid-
ered to be an important pathogenic factor in degenerative 
diseases such as cardiovascular dysfunctions, atherosclero-
sis, inflammation, carcinogenesis, drug toxicity, reperfusion 
injury and neurodegenerative diseases [1]. The antioxidative 
system evolved not only to eliminate ROS and RNS, but also 
to adjust the cellular redox state and enable redox signal 
transduction, however, these systems are not completely 
efficient. Antioxidants also inhibit the oxidative modifica-
tion of LDL. Oxidised low-density lipoprotein (Ox-LDL) is 
a primary constituent of atherosclerotic lesions, which may 
promote endothelium dysfunction by increasing the pro-
duction of endothelium-derived ROS and enhancing the 
expression of adhesion molecules on the endothelium via the 

lectin-like oxidised LDL receptor-1 (LOX-1) [2,3], therefore, if 
antioxidant nutrients have the ability to inhibit the formation 
of atherosclerotic lesions they may be useful for the preven-
tion and treatment of atherosclerotic cardiovascular disease 
(CVD). Also, Miyake et al. [4] reported that the nuclear factor 
kappa B (NFκB) decoy oligodeoxynucleotides significantly 
inhibited neointimal hyperplasia in the rabbit vein graft 
model, supporting the promotive role of NFκB in blood vessel 
formation. Therefore, NFκB plays a critical role in activating 
endothelial cells by an anti-inflammatory signaling pathway 
during atherosclerosis.

Curcuma aromatica Salisb. (CAS) is widely used as con-
diment, drug, cosmetic, flavour and in the food industry. 
It has been used in Korean traditional herbal medicine for 
the treatment of menstrual pain, severe stomach ache and 
inflammation of the joints. Turmeric constituents include the 
three curcuminoids: curcumin, demethoxycu1rcumin, and 
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Abstract
In this study, the anti-oxidative activities of 70% ethanol extract from Curcuma aromatica Salisb. (CAS) and curcumin 
(CUR) were studied. The CAS extracts and CUR were both found to have a potent scavenging activity against the 
reactive species tested, as well as an inhibitory effect on LDL oxidation. Cultured human umbilical vein endothelial 
cells (HUVECs) were stimulated with tumour necrosis factor α (TNFα), expression of intracellular reactive oxygen 
species (ROS), nitric oxide (NO), endothelial nitric oxide synthase (eNOS), lectin-like oxidised LDL receptor-1 (LOX-1), 
adhesion molecules, inhibitory kappa Bα (IκBα) and nuclear factor kappa B (NFκB) were measured. In HUVECs 
stimulated with TNFα, CUR significantly suppressed expression of the intracellular ROS, LOX-1 and adhesion mol-
ecules, degradation of IκBα and translocation of NFκB, while inducing production of NO by phosphorylation of 
eNOS (p <0.05). In conclusion, CAS and CUR may modulate lipoprotein composition and attenuate oxidative stress 
by elevated antioxidant processes.

Keywords:  Curcuma aromatica Salisb.; curcumin; reactive oxygen species; reactive nitrogen species; antioxidant

Journal of Enzyme Inhibition and Medicinal Chemistry, 2010; 25(5): 720–729
Journal of Enzyme Inhibition and Medicinal Chemistry

2010

25

5

720

729

09 October 2009

04 December 2009

13 December 2009

1475-6366

1475-6374

© 2010 Informa UK, Ltd.

10.3109/14756360903555274

Address for Correspondence:  Won-Hwan Park, Hyung-In Moon, Cardiovascular Medical Research Center and Department of Diagnostics, College of Oriental 
Medicine, Dongguk University, Sukjang-Dong 707, Gyeong-Ju 780-714, Republic of Korea. Tel.:+82-54-770-2373; Fax.:+82-54-770-2376; E-mail: diapwh@
dongguk.ac.kr; himun68@gmail.com

ENZ

456003

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

So
ut

h 
C

ar
ol

in
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

http://informahealthcare.com/doi/abs/10.3109/14756360903555274
mailto:diapwh@dongguk.ac.kr; 
mailto:diapwh@dongguk.ac.kr; 
mailto:himun68@gmail.com


Curcumin inhibits TNFα-induced lectin-like oxidised LDL receptor-1    721

bisdemethoxycurcumin, as well as volatile oils and resins.  
A number of pharmacological activities including anti-
cancer [5], anti-virus [6] and anti-microbial properties [7] 
have been attributed to curcumin (CUR). In addition, it has 
been reported that CUR has an inhibitory effect on angio-
genesis related to proliferation of cancer cells [8], protective 
effects on neurotoxicity [9] and allergic encephalomyelitis 
[10]. Recently, CUR has received attention as a chemopre-
ventive agent due to its anti-inflammatory abilities [11]. 
However, to date studies concerning anti-atherosclerotic 
properties by the antioxidant mechanisms of CAS and CUR 
haven’t been conducted.

This study was conducted to evaluate the in vitro scav-
enging activity and inhibitory effect of LDL oxidation of 
pro-oxidant reactive species in response to treatment 
with CAS and CUR using biological and non-biological 
oxidants. In addition to investigate the suppressive effect 
of CUR on oxidative stress and the inflammatory, athero-
sclerotic response through the antioxidative mechanism in 
TNFα-stimulated human umbilical vein endothelial cells 
(HUVECs).

Materials and methods

Chemicals
Curcumin, Trolox, 2,2’-azinobis-(3-ethylbenzothiazoline-6-
sulphonate) (ABTS), sodium carbonate (Na

2
CO

3
), sodium 

chloride (NaCl), potassium chloride (KCl), Folin-Ciocalteu's 
phenol reagent, human low-density lipoprotein (LDL), 
naphthyl ethylenediamine dihydrochloride (NED), ethanol 
(E), hexane (H), dichloromethane (DCM), ethyl acetate 
(EA) and n-butanol (B) were purchased from Merck (Merck 
KGaA, Darmstadt). Gallic acid (GA), potassium persulphate, 
ascorbic acid (AA), butylated hydroxytoluene (BHT), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), potassium ferricyanide 
(K3[Fe(CN)

6
), nitro blue tetrazolium (NBT), ethylenediami-

netetraacetic acid (EDTA), hypoxanthine, xanthine oxidase, 
sodium phosphate monobasic (NaH

2
PO

4
), sodium phos-

phate dibasic (Na
2
HPO

4
), hydrogen peroxide (H

2
O

2
), ferrous 

sulphate (FeSO
4
), 4,5-diaminofluorescein (DAF-2), dimethyl 

sulphoxide (DMSO), 3-morpholinosydnonimine hydrochlo-
ride (SIN-1), diethylenetriaminepentaacetic acid (DTPA), 
copper (II) sulphate (CuSO

4
), tris base, trichloroacetic acid 

(TCA), and 2-thiobarbituric acid (TBA) were purchased from 
Sigma (St Louis, MO). Dihydrorhodamine 123 (DHR 123) and 
6-carboxy-2’,7’-dichlorofluorescein diacetate (DCFH-DA) 
were obtained from Molecular Probes (Eugene, OR). Agarose 
and Coomassie brilliant blue R-250 were purchase from 
Promega (Madison, WI). Peroxynitrite was obtained from 
Cayman Chemical (Ann Arbor, MI). The CellTiter96® colori-
metric assay kit was purchased from Promega (Madison, WI) 
and the NucBuster™ protein extraction kit was purchased 
from Novagen (Darmstadt). The protein extraction solution 
was purchased from Intron Biotechnology (Gyeonggi-do, 
Korea). The polyvinylidene fluoride membrane and ECL kit 
were obtained from Amersham Pharmacia Biotech (Little 
Chalfont, Buckinghamshire). The human MCP-1 ELISA kit 

was purchased from Endogen (Thermo Fishen Scientific, 
Rockford, IL). The anti-LOX-1 anti body and TNFα were 
obtained from R&D Systems (Madison, WI). The anti-
VCAM-1, anti-ICAM-1, anti-IκB-α, anti-NFκB p65, goat 
anti-rabbit IgG-HRP, goat anti-mouse IgG-HRP and donkey 
anti-goat IgG antibodies were purchased from Santa Cruz 
Biotechology (Santa Cruz, CA). The anti-β-actin, anti-eNOS 
and anti-phospho-eNOS antibodies were purchased from 
Cell Signaling Technology (Beverly, MA). All other chemicals 
used were of analytical grade.

Antioxidative effects of Curcuma aromatica Salisb.  
in vitro
CAS (500 g, purchased from Dongguk University Gyeongju 
Oriental Hospital, Gyeongju, Gyeongbuk) was ground 
and refluxed three times (12 h, 6 h, 3 h) with 70% ethanol 
(ethanol:water, 70:30, E) solution (20-fold) and then filtered 
through a glass filter funnel (G4). The extract was then gath-
ered and the ethanol was evaporated under reduced pres-
sure at 45°C in a rotary vacuum evaporator (Buchi, Flawil, 
Switzerland), followed by lyophilisation. The dried extract 
was then suspended in 50 mL distilled water and the aque-
ous suspension was partitioned sequentially with hexane (H), 
dichloromethane (DCM), ethyl acetate (EA), n-butanol (B) 
and aqueous (A) in a 1:1 ratio (v/v) at room temperature. 
The resulting extracts were then evaporated under a rotary 
vacuum evaporator to dryness to give the H, DCM, EA, and 
B fractions. They were then quantitatively re-dissolved in a 
30% ethanol solution. The stock solutions were kept at 4°C in 
the dark until further analysis. The content of the total phe-
nolic compounds was determined by the Folin-Ciocalteu’s 
reaction [12], using gallic acid (GA) as a standard. The total 
antioxidant activities of the CSL extracts and CUR were 
measured by the ABTS+ radical cation (ABTS·+) decolouri-
sation assay [13]. The DPPH radical scavenging activities of 
the CAS extract and CUR were determined by the method 
according to Gyamfi et  al. [14] with a slight modification. 
The conditions of the NBT assay were adapted from Gotoh 
and Niki [15]. The hydroxyl radical (·OH) scavenging activity 
of CAS extracts and CUR were assessed using the method 
described by Halliwell and Gutteridge [16]. A DAF-2 assay 
[17] was used to measure the nitric oxide radical (NO) 
scavenging ability. The peroxynitrite (ONOO−) scavenging 
activities of the CAS extracts and CUR were determined 
using the method described by Kooy et al. [18], with a slight 
modification. The relative electrophoretic mobility(REM) of 
human LDL was determined by agarose gel electrophoresis 
according to the method described by Yoon et al. [19] with 
AA used as a positive control.

Anti-atherosclerotic effects of CUR in HUVECs
HUVECs purchased from Lonza Walkersville (Walkersville, 
MD) were cultured in endothelial cell basal medium-2 
(EGM-2) (Clonetics, Walkersville, MD). The cells from pas-
sages four to seven were used; cells were maintained in an 
incubator at 37°C in an atmosphere of 5% CO

2
. For all experi-

ments, the HUVECs were grown to 80%–90% confluence and 
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made quiescent by starvation for at least 18 h. Cell viability 
was ascertained using a CellTiter96® colorimetric assay 
(Promega) using 3-(4,5-dimethylthiazol-2-yl]-5-(3-carboxy-
methoxyphenyl)-2-(4-sulphenyl)-2H-tetrazolium (MTS) 
according to the manufacturer’s instructions. Intracellular 
ROS determinations were made using the ROS-sensitive fluo-
rescent dye, 2’,7’-dichlorofluorescein diacetate (DCF-DA) as 
previously described [20]. HUVECs (1 × 105) were pre-treated 
with different concentrations of CUR for 1 h before being incu-
bated with 10 ng/mL TNFα for 12 h. The nitrite concentration 
in the culture medium was measured as an indicator of NO 
production, according to the Griess reagent system. A nitrite 
standard curve was made by making serial dilutions of nitrite 
solution with media. We added 50 μL of each supernatant to 
wells and mixed with 50 μL of a sulphanilamide solution, 
then incubated for 5–10 min at room temperature in the dark. 
The same volume of naphthyl ethylenediamine dihydrochlo-
ride (Merck) solution was added to all the wells, incubated 
for 5–10 min at room temperature and protected from light. 
Absorbance of the mixture at 540 nm was measured with a 
microplate plate reader (Molecular Devices, Sunnyvale, CA). 
HUVECs (1 × 105) were dispensed into wells of a 24-well plate 
and pretreated with CUR for 1h, after which they were stimu-
lated with 10 ng/mL TNFα. The culture supernatants were 
subsequently isolated and the amount of MCP-1 production 
was measured using an enzyme-linked immunosorbent assay 
(ELISA, BioRad, MI, USA) kit from according to the manu-
facturer’s instructions. HUVECs (1 × 105) were pre-incubated 
with various concentrations of CUR for 1 h, before stimulated 
with 10 ng/mL TNFα. After 12 h of incubation, the cells were 
washed twice using ice-cold PBS and harvested by scraping 
in 1 mL of ice-cold PBS. After centrifugation at 13 000 rpm, cell 
pellets were lysated in a protein extraction solution (Intron 
Biotechnology, Gyeonggi-do, Korea). Nuclear protein extract 
obtained from the lysated cells were prepared using the 
NucBuster™ protein extraction kit (Novagen). Protein con-
centration was determined with a commercial protein assay 
kit (Bio-Rad, Hercules, CA) using bovine serum albumin as 
a standard. Equal protein concentrations were subjected 
to 7.5%–12.5% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis and transferred onto a polyvinylidene 
fluoride membrane (Amersham Pharmacia Biotech). After 
blocking with PBS containing 5% non-fat dry milk for 1 h 
at room temperature, each membrane was incubated with 
the specific primary antibody overnight at 4°C. Anti-β-
actin monoclonal antibody (mAb), anti-eNOS polyclonal 
antibody and anti-phospho-eNOS (Ser1177) polyclonal 
antibody were purchased from Cell Signaling Technology. 
Monoclonal anti-human LOX-1 antibody was purchased 
from R&D Systems. Anti-VCAM-1 polyclonal antibody, anti-
ICAM-1 polyclonal antibody, anti-IκBα polyclonal antibody 
and anti-NFκB p65 mAb were purchased from Santa Cruz 
Biotechology. After washing twice with PBS containing 0.1% 
Tween-20 (PBST), each membrane was immunoblotted with 
horseradish peroxidase-conjugated anti-mouse, anti-rabbit 
or anti-goat IgG antibodies (Santa Cruz Biotechnology) for 

1 h at room temperature, followed by washing three times in 
PBST and visualisation was by enhanced chemiluminesence 
(ECL) ,Amersham Pharmacia Biotech. Vision Works Image 
Software (UVP, Cambridge) was used to measure the band 
intensities.

Statistical analysis
All experiments were performed at least three times by con-
ducting each assay in triplicate. Data was analysed by SPSS 
version 17.0 for Windows (SPSS, Chicago, IL) and expressed 
as the mean ± standard deviation. Statistical analyses were 
conducted using analysis of variance (ANOVA–Tukey’s test) 
between groups and statistical significance was considered 
where p <0.05.

Results

Yield of fraction and total phenolics
The total phenolic content of the extracts, as estimated by 
the Folin-Ciocalteu reagent method, ranged from 5.59 µg GA 
eq/mg (A layer) to 172.72 µg GA eq/mg (EA fraction), and 
increased in the following order: EA > H > B > DCM > H > A 
layer (Table 1).

Antioxidant activity as determined by the ABTS·+ and 
DPPH assays
Table 2 shows the antioxidant capacities of CAS extracts and 
CUR as determined by the TEAC assay. The extracts showed 
generally high antioxidant capacities that ranged from 0.548 
to 1.112 mmol Trolox equivalents. The antioxidant activities 
of CUR, which is the major component isolated from EA of 
CAS, showed a significant difference (p <0.05), their TEAC 
value was 1.916 mmol Trolox equivalent units. To our knowl-
edge, there have been no prior reports regarding the antioxi-
dant activity of total and organic solvents fractionation from 
this plant, therefore the data generated by the present study 
provides valuable preliminary data. However, isolation and 
characterisation of the individual active components of CAS, 
as well as evaluation of the in vivo relevance of such activity 
requires further study.

Table 1.  Extraction yields and content of total phenolics in the extracts of 
Curcuma aromatica Salisb.

Sample1 Yield (%)2 Total phenolics (µg GA eq/mg)3

E 3.49 88.82 ± 2.99b

H 0.15 55.92 ± 0.69e

DCM 0.2 65.36 ± 3.22d

EA 0.08 172.72 ± 2.1a

B 0.15 75.14 ± 1.92c

A 0.17 5.59 ± 0.2f

1 E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane frac-
tion; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer.
2  Extraction yield is expressed as the percentage dry weight of Curcuma 
aromatica Salisb.
3 Each value represents the mean ± SE of triplicate measurements.
a∼f  Values with different superscripts in the same column are significantly 
different at a p < 0.05 by Tukey’s test.
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The free radical scavenging effects of CAS extract and CUR 
under investigation on DPPH are shown in Table 2. Among 
the extracts examined, the EA fraction exhibited the strong-
est efficiency and showed over 50% scavenging effect of the 
DPPH at a concentration of 902.65 ± 97.52 μg/mL, followed 
by the E extract (IC

50
 = 1 450.96 ± 124.07 μg/mL). These val-

ues were higher than that of the positive control, which was 
72.06 ± 1.72 (AA).

ROS (superoxide anion and hydroxyl radical) scavenging 
activity
The half maximal inhibitory concentration (IC

50
) values of 

the superoxide anion scavenging activity of all of the test 
samples from CAS and CUR are shown in Table 3. CAS and 
CUR had significant scavenging activities on the superoxide 
anion, and this effect occurred in a dose-dependent manner 
(p <0.05). The EA fraction exerted the strongest scaveng-
ing activity (IC

50
 = 2 348.48 ± 90.58 µg/mL) (p <0.05), while 

the H fraction and the A layer didn’t show any scavenging 
activities. Taken together, these results suggest that the 
CAS extracts exhibit scavenging effect on superoxide anion 
generation that could help prevent or ameliorate oxida-
tive damage. The scavenging activities of CAS and CUR on 
hydroxyl radicals are shown in Table 3. CAS showed a 
high enough scavenging activity to be considered a potent 
hydroxyl radical scavenger. The IC

50
 value of the EA frac-

tion of CAS was 275.85 ± 18.12 µg/mL. The ability of the above 
mentioned extracts to quench hydroxyl radicals seems to be 
directly related to prevention of propagation of the process 
of lipid peroxidation and the extract also appears to be a 
good scavenger of ROS.

RNS (nitric oxide radical and peroxynitrite) scavenging 
activity
The CAS extract and CUR inhibited the ·NO induced oxida-
tion of DAF-2 to triazolofluorescein (Table 3), which were 
indicated by IC

50
 values of 84.07 ± 3.69, 75.46 ± 1.11 and 

11.8 ± 0.57 µg/mL for the E, DCM and EA fractions of CAS, 

respectively. The value of CUR was much lower than that 
of the positive control, which was 0.92 ± 0.04 µg/mL, imply-
ing that CUR could act as a potent scavenger of ·NO. The 
peroxynitrite scavenging activities of CAS and CUR were 
investigated and the results were compared with those 
of reference antioxidants (Table 3). The need for a higher 
extract concentration to scavenge radicals indicates a lower 
antioxidant activity. The CAS extract and CUR inhibited 
the peroxynitrite induced oxidation of the DHR reaction 
mixture, with the peroxynitrite scavenging activity being 
the highest in the DCM fraction. Taken together, these data 
imply that CAS extract and CUR are effective scavengers  
of RNS.

Inhibitory effects of CuSO4-induced human LDL 
oxidation by relative electrophoretic mobility (REM) 
assay
Figure 1 shows the effect of CAS and CUR on the REM of 
LDL peroxidation induced by Cu2+. If the REM of native LDL 
is assumed to be 1, the addition of Cu2+ caused the REM to 
increase to 2.17 in response. In addition, the data showed 
that LDL peroxidation can be suppressed by the addition of 
CAS extracts, as indicated by the REM value being reduced 
to 1.33 and 1 in response to treatment with a concentra-
tion of 5 µg/mL of the EA fraction and CUR, respectively. 
In this study, the abilities of CAS and CUR to scavenge free 
radicals were further confirmed by the inhibition of LDL 

Table 2.  Antioxidant activities of the extracts of Curcuma aromatica Salisb. 
and curcumin as determined by the ABTS·+ and DPPH assay.

Sample1 TEAC2(mM Trolox equivalent)
Free radical scavenging 
activities3 (IC

50
 = μg/mL)

E 0.9 ± 0.023d 1 450.96 ± 124.07d

H 0.596 ± 0.028e 5 182.66 ± 56.39a

DCM 0.548 ± 0.017e 3 105.34 ± 157.06c

EA 1.112 ± 0.045c 902.65 ± 97.52e

B 0.582 ± 0.009e 4 058.31 ± 108.4b

A 0.551 ± 0.012e NA

CUR 1.916 ± 0.162b 130.61 ± 11.21g

AA 2.349 ± 0.01a 72.06 ± 1.72h

BHT 1.868 ± 0.03b 321.39 ± 8.07f

1E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane 
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer; 
CUR, curcumin.
2,3 Each value represents the mean ± SE of triplicate measurements.
a∼h Values with different superscripts in the same column are significantly 
different at a p < 0.05 by Tukey’s test.

Table 3.  ROS (superoxide anion and hydroxyl radical) and RNS (nitric 
oxide radical and peroxynitrite) scavenging activities of the extracts of 
Curcuma aromatica Salisb.

ROS (IC
50

 = μg/mL)

Sample1 Superoxide anion2 Hydroxyl radical3

E 5 682.77 ± 219.49c 1 435.73 ± 34.88c

H NA NA

DCM 7 659.44 ± 223.58b 1,880.8 ± 167.94a

EA 2 348.48 ± 90.58e 275.85 ± 18.12e

B 8 601.1 ± 97.1a 1 269.48 ± 55.29c

A NA 1 623.19 ± 28.88b

CUR NA NA

AA 1 829.26 ± 85.58d 480.69 ± 26.39d

BHT NA NA

RNS (IC
50

 = μg/mL)

Sample Nitric oxide radical4 Peroxynitrite5

E 84.07 ± 3.69a 36.33 ± 2.94d

H NA 53.17 ± 2.38b

DCM 75.46 ± 1.11b 45.16 ± 3.83c

EA 11.80 ± 0.57c 25.7 ± 1.09e

B NA 53.59 ± 1.96b

A NA 71.27 ± 1.35a

CUR 0.92 ± 0.04e 29.41 ± 0.82e

AA 8.18 ± 0.23d 5.14 ± 0.13f

BHT NA 64.96 ± 13.88a

1E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane frac-
tion; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer; CUR, 
curcumin.
2∼5Each value represents the IC

50
, mean ± SE of triplicate measurements.

a∼f Values with different superscripts in the same column are significantly 
different at a p < 0.05 by Tukey’s test. NA is not active.
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peroxidation. Based on the data shown in Figure 1, CAS 
and CUR have the potential to prevent atherosclerosis via 
suppression of LDL oxidation. Consequently, dietary anti-
oxidants that protect LDL from oxidation may help to reduce 
atherogenesis and prevent coronary heart disease. These 
results revealed that CAS extracts could convert free radi-
cals to more stable products and terminate the radical chain 
reaction, thereby supplying antioxidant action. Collectively, 
these remarkable properties indicate that CAS has significant 
antioxidant activity.

Effect of CUR on cell viability and ROS generation in 
TNFα-stimulated HUVECs
To evaluate the effect of CUR on cell growth in HUVECs, 
viable cell numbers were estimated using an MTS assay. 
Incubation of CUR alone or TNFα-stimulated HUVECs with 
1-25 μg CUR for 12 h did not have a discernable cytotoxic 
effect (Figures 2A and 2B). To evaluate if the inhibition of 
oxidative stress by CAS and CUR in vitro affect the ROS gen-
eration in TNF α-stimulated HUVECs, ROS-specific experi-
ments using the ROS-sensitive fluorescent dye DCF-DA were 
performed. The level of ROS in TNFα-stimulated HUVECs 
was markedly increased in comparison with the vehicle. CUR 
treatment reduced production of ROS in TNFα-stimulated 
HUVECs to the basal level in a dose-dependent manner; 
the levels of ROS were suppressed by 4%, 25%, 37% and 
50% at concentrations of 1, 5, 10 and 25 μg/mL, respectively 
(Figure 3).

Effect of CUR on eNOS phosphorylation and NO 
production in TNFα-stimulated HUVECs
We tested whether treatment with CUR influences the syn-
thesis of NO and phosphorylation of eNOS in HUVECs. 
We observed that the increase in NO production sec-
ondary to CUR treatment in TNFα-non-stimulated and 
TNFα-stimulated HUVECs was dose-dependent as expected 
(Figure 4A and   4B). Phosphorylation of eNOS by CUR 
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treatment showed a similar tendency with NO production 
in TNFα-stimulated HUVECs (Figure 4C). NO induction 
and eNOS phosphorylation reached a maximum of 1.8-fold, 
with 1.5-fold at a concentration of 25 µg/mL of CUR after 
12 h of treatment, respectively. CUR, at low concentrations 
of 1 µg/mL, didn’t induce NO production and eNOS phos-
phorylation. In conclusion, CUR had an effect on induced 
NO production by the phosphorylation of eNOS and the 

suppressed inflammatory events resulted in protection from 
atherosclerosis.

Effect of CUR on LOX-1 expressions in TNFα-stimulated 
HUVECs
Western blot analysis of cell lysates for LOX-1 expression 
indicated that the stimulation of cells with TNFα sharply 
increased LOX-1 expression. The simultaneous incubation 
of the cells with TNFα and CUR resulted in a significant inhi-
bition of receptor expression in a concentration-dependent 
manner when >1 μg/mL of CUR was used (Figure 5). In par-
ticular, high levels of CUR (25μg/mL) resulted in a significant 
reduction (80%) in LOX-1 cell expression compared with 
treatment solely with TNFα.

Effect of CUR on VCAM-1 and ICAM-1 expression in 
TNFα-stimulated HUVECs
We observed that CUR reduced adhesion molecules in 
the endothelial cells stimulated with TNFα. To determine 
if the inhibition of LOX-1 expression on the endothelial 
cells induced by CUR, was associated with a decrease in 
the expression of adhesion molecules such as VCAM-1 and 
ICAM-1, HUVECs were cultured with CUR and TNFα. Protein 
expression of adhesion molecules in TNFα-stimulated 
HUVECs were determined by β-actin as an internal standard. 
TNFα-induced expression of VCAM-1 and ICAM-1 showed 
a 15- and 36-fold increase, respectively (Figures 6A and 6B), 
in comparison with control cells. CUR treatment reduced 
the expression of VCAM-1 and ICAM-1 significantly in the 
TNFα-stimulated HUVECs. In particular, the expressions 
of VCAM-1 and ICAM-1 were reduced by 48% and 60% at 
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concentration of 25 μg/mL, respectively. We reasoned that 
if TNFα signalled NFκB activation through a pathway that 
involved ROS, CUR pretreatment might bolster antioxidant 
defences and thereby suppress activation of the NFκB. We 
found that with combined CUR and TNFα treatment, the 
translocation of NFκB to the nucleus was decreased, and 
the VCAM-1 and ICAM-1 proteins were decreased in a dose-
dependent manner when compared with the TNFα-induced 
control.

Effect of CUR on MCP-1 production in TNFα-stimulated 
HUVECs
To determine if the inhibition of the adhesion molecule 
expression by CUR was associated with a possible down-
regulation in chemoattractant molecules expression, HUVECs 
were cultured with TNFα and CUR. MCP-1 production was 

evaluated by ELISA assay. As expected when the cells 
were TNFα-treated there was an 8% increase in MCP-1 
production in comparison with the vehicle (Figure  7). 
Interestingly, when the cells were cultured with CUR plus 
TNFα, MCP-1 production was significantly diminished  
(p <0.05) and the values for TNFα-stimulated HUVECs, 
TNFα +25 μg/mL CUR-treated HUVECs was similar to that 
of the vehicle. MCP-1 is critical to the initiation and develop-
ment of atherosclerotic lesions. In this report, we have exam-
ined the role of CUR on the regulation of MCP-1 production 
in HUVECs. We observed that CUR treatment decreased 
MCP-1 production in the HUVECs (Figure 7). These findings 
support the notion that CUR treatment effect on production 
of MCP-1 via the regulation of NFκB translocation in the 
TNFα-stimulated HUVECs.

Effect of CUR on IκBα degradation and NFκB nuclear 
translocation in TNFα-stimulated HUVECs
Since the induction of NFκB activity results in the phospho-
rylation and rapid loss of IκBα protein through proteolysis, 
we evaluated if the CUR could decrease both the TNFα-
induced IκBα degradation and the nuclear translocation of 
NFκB (Figures 8A and 8B). The IκB degradation was mark-
edly increased in TNFα-stimulated HUVECs compared with 
the vehicle, while it significantly decreased the CUR treated 
HUVECs (Figure 8A). The p65 subunit increased significantly 
in the nuclear fraction of HUVECs induced by TNFα com-
pared with the non-TNFα treated control cultures (p <0.05), 
yet these elevations were counteracted by the CUR treat-
ment (Figure 8B), maintaining the nuclear translocation of 
the vehicle. The CUR concentration used in this test was the 
same amount as that which reduced protein expression of 
cell adhesion molecules after TNFα induction. We observed 
a marked decrease in the NFκB translocation in cells cultured 
with CUR plus TNFα, these results confirm that CUR has an 
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anti-inflammatory effect through the partial interference 
of NFκB activation. We further showed that CUR abolished 
partially the TNFα-induced degradation of IκBα, which was 
associated with the effect observed on the translocation of 
NFκB.

Discussion

The CAS extracts under investigation were revealed to be 
very effective against the evaluated pro-oxidant species, 
including ROS and RNS. The scavenging effects and inhibi-
tory effects on LDL oxidation of CAS were found to be potent 
in each of the evaluated reactive species. These data imply 
that at least part of the observed antioxidant activity may be 
a result of the phenolic compounds of CAS and showed that 
CAS can be used as an easily accessible source of natural 
antioxidants. Furthermore, these extracts might be helpful 

for preventing lipid peroxidation and protecting excipient 
bases and medicines from oxidative damage. Moreover, the 
observed antioxidant activity can justify the therapeutic use 
of CAS for the treatment of inflammatory diseases. Our results 
suggest that pharmacological concentrations of CUR, the 
major compound of CAS, interfere with the atherosclerosis 
process by inhibiting the secretion of adhesion molecules, 
chemoattractant molecules by an NFκB dependent pathway 
thus diminishing the inflammatory milieu.

There is considerable evidence that ROS molecules such 
as superoxide anion (O

2
·−) contribute to endothelial barrier 

dysfunction in response to TNFα and ROS can directly acti-
vate mitogen activated protein kinases (MAPKs) and the tran-
scription factor NFκB, which regulate the expression of many 
genes [21,22]. Recent evidence suggests that ROS up-regulates 
NFκB, which plays a pivotal role in the release of proinflam-
matory cytokines, such as IL-1, IL-6, and TNFα, leading to 
an increased expression of endothelial adhesion molecules 
[23,24]. The findings that IL-1β- and TNFα-induced VCAM-1 
expression are inhibited by antioxidants also suggest that 
expression of adhesion molecules on vascular endothelium is 
ROS dependent [25]. The TNFα-induced increase of ROS was 
suppressed by CUR (Figure 3). The inhibition of ROS produc-
tion by CUR may have contributed to the protection against 
oxidative damage by preventing the decrease of antioxidant 
enzyme activity [26,27].

In the present study we showed that treatment with CUR 
influences the synthesis of NO and phosphorylation of eNOS 
in HUVECs (Figures 4 and 5). There are three isoforms of 
this enzyme, type I (neuronal nitric oxide synthase, nNOS), 
type II (inducible nitric oxide synthase, iNOS), and type III 
(endothelium nitric oxide synthase, eNOS) [28]. High levels 
of NO have been described in a variety of pathophysiologi-
cal processes, including various forms of circulatory shock, 
inflammation and carcinogenesis [29]. A recent study has 
reported that antioxidants can up-regulate eNOS activity in 
vascular endothelial cells, suggesting that this direct effect, 
leading to NO production, may contribute to the improve-
ment of endothelial function [30]. NO produced by eNOS 
appears to be a key mediator in vascular homeostasis and 
reduced activity of eNOS is responsible for vasoconstriction, 
decreased endothelial cell viability, impaired angiogenesis 
and the initiation of inflammatory events leading to the for-
mation of atherosclerotic plaques [31,32]. In this study, the 
effect of CUR on induced NO production by phosphoryla-
tion of eNOS and suppressed inflammatory events resulted 
in protection from atherosclerosis.

Furthermore, we observed that the expression of LOX-1 
and adhesion molecules such as VCAM-1 and ICAM-1 were 
significantly inhibited in TNFα-stimulated HUVECs by 
CUR (Figures 6 and 7). LOX-1 was originally identified from 
cultured aortic endothelial cells as a receptor for oxidised 
LDL. As ox-LDL plays a role in the initiation of pathologic 
processes such as atherosclerosis [33], it was chosen as a 
possible marker of endothelial dysfunction. Furthermore, 
both in vitro and in vivo experiments have shown the recep-
tor to be up-regulated by pro-atherogenic factors including 
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shear stress, TNFα, angiotensin II (Ang II), and ox-LDL itself 
[34]. Adhesion molecules such as VCAM-1 and ICAM-1 
play a significant role in the process of atherosclerosis as 
they ensure the recruitment of inflammatory cells. While 
VCAM-1 is primarily an inducible molecule, ICAM-1 is also 
constitutively expressed on resting endothelial cells and both 
molecules are up-regulated by pro-atherogenic factors. The 
attenuated LOX-1 expression observed presently might be 
due to the decrease of oxidative stress by CUR. Furthermore, 
expression of TNFα-stimulated VCAM-1 in HUVECs is also 
reduced by antioxidants such as probucol [35], apigenin [36] 
and hematein [37]. These observations suggest that CUR 
may also suppress the expression of VCAM-1 and ICAM-1 in 
HUVECs through the same mechanism.

MCP-1 is expressed by a variety of cell types including 
monocytes, smooth muscle cells, and vascular endothelial 
cells in response to several different stimuli such as IL-1β and 
TNFα [38,39]. The expression of MCP-1 is strongly dependent 
on activation of the transcriptional factor NFκB [40]. In bone 
marrow transplantation studies, over-expression of MCP-1 
in vessel wall macrophages led to increased foam cell forma-
tion and increased atherosclerosis [41]. Therefore, MCP-1 is 
critical to initiate and develop atherosclerotic lesions. In this 
reports, we have examined the role of CUR on the regulation 
of MCP-1 expression in HUVECs. We observed that CUR treat-
ment decreased MCP-1 expressions in HUVECs (Figure 7). 
These findings support the notion that CUR treatment has 
an effect on the expressions of MCP-1 via regulation of NFκB 
translocation in TNFα-stimulated HUVECs.

The early phases of the atherosclerosis process are char-
acterised by an increased adhesion of leukocytes and other 
inflammatory cells to the vascular endothelium. Leukocyte 
adhesion requires the expression of specific adhesion mol-
ecules on endothelial cells [42]. The expression of these 
adhesion molecules on the endothelial cell surface during 
the primary inflammatory response is dependent on NFκB 
activation [43]. Here, we determined if the protection of CUR 
against atherosclerosis is associated with the regulation in 
the expression of some NFκB-related inflammatory adhe-
sion molecules in endothelial cells. It is well established that 
NFκB is a major transcription factor in the development of 
atherosclerotic injury, mediates cell migration, endothe-
lial cell activation and controls the balance between cell 
proliferation and apoptosis [44]. The activation of NFκB in 
endothelial cells is associated with the activation of genes 
responsible for an increased transcription of adhesion mol-
ecules, cytokines and chemokines [45,46]. We observed a 
marked decrease in the NFκB translocation in cells cultured 
with CUR plus TNFα and these results confirm that CUR has 
an anti-inflammatory effect through the partial interference 
of NFκB activation. We further showed that CUR partially 
abolished the TNFα-induced degradation of IκBα, which 
was associated with the effect observed on the translocation 
of NFκB. Since other anti-inflammatory molecules such as 
interleukin-10 inhibit NFκB by blocking IκB kinase activity, 
it would be interesting to evaluate if CUR also affects IκB 
kinase activity.

Since atherosclerosis is a chronic inflammatory disease 
associated with increased oxidative stress on the vascular 
endothelial cell, it is reasonable to conclude that the anti-
atherosclerotic effects of CUR are due to its ability to support 
anti-oxidative defence mechanisms. Our results suggest that 
pharmacological concentrations of CUR interfere with the 
atherosclerosis process by inhibiting the secretion of adhe-
sion molecules and chemoattractant molecules through an 
NFκB-dependent pathway by an anti-oxidative mechanism 
thus diminishing the inflammatory milieu.

This is the first evidence that pharmacological concentra-
tions of CUR inhibits production of ROS, expression of LOX-1, 
adhesion molecules, chemoattractant molecules, activation 
of NFκB and attenuates production of NO by p-eNOS in 
HUVECs. The anti-inflammatory and anti-atherosclerotic 
activities of CUR in HUVECs suggest that it could be useful 
in the prevention of atherosclerosis.

Acknowledgements

Hye-Sook Lee and Min-Ja Lee contributed equally to this 
work as first author.

Declaration of interest

This work was supported by the Dongguk University Research 
Fund and the MRC programme of MOST/KOSEF (grant 
number: R13-2005-013-01000-0).

References
1.	 Vranova E, Inze D,Van Breusegem F. Signal transduction during oxidative 

stress. J Exp Bot 2002;53:1227–1236.
2.	 Xu X, Gao X, Potter BJ, Cao JM, Zhang C. Anti–LOX-1 rescues endothelial 

function in coronary arterioles in atherosclerotic ApoE knockout mice. 
Arterioscler Thromb Vasc Biol 2007;27:871–877.

3.	 Stewart BW, Nagarajan S. Recombinant CD36 inhibits oxLDL-induced 
ICAM-1 dependent monocyte adhesion. Mol Immunol 2006;43:255–267.

4.	 Miyake T, Aoki M, Shiraya S, Tanemoto K, Ogihara T, Kaneda Y, 
Morishita  R. Inhibitory effects of NFkappaB decoy oligodeoxynucleotides 
on neointimal hyperplasia in a rabbit vein graft model. J Mol Cell Cardiol 
2006;41:431–440.

5.	 Aggarwal BB, Kumar A, Bhartic AC. Anticancer potential of curcumin: 
preclinical and clinical studies. Anticancer Res 2003;23:363–98.

6.	 Mazumder A, Raghavan K, Weinstein J, Kohn KW, Pommier Y. Inhibition 
of human immunodeficiency virus TYPE-1 intergranse by curcumin. 
Biochemical Pharmacology 1995;49:1165–1170.

7.	 Binion DG, Otterson MF, Rafiee P. Curcumin inhibits VEGF-mediated 
angiogenesis in human intestinal microvascular endothelial cells through 
COX-2 and MAPK inhibition. Gut 2008;57:1509–1517.

8.	 Huang Z, Mao QQ, Zhong XM, Feng CR, Pan AJ, Li ZY. J Ethnopharmacol 
2009;125:456–460.

9.	 Dai LM, Chen MZ, Xu SY. The therapeutic effect of the Chinese drug Yu-Jin 
(Curcuma aromatica salisb) on experimental allergic encephalomyelitis 
of the guinea pig. Yao Xue Xue Bao 1982;17:692–695.

10.	 Lee SH, Choi WJ, Lim YS, Kim SH. Antimicrobial effect of ethanol extract 
from Curcuma aromatica. S J Food Sci Tech 1997;9:161–165.

11.	 Sreepriya M, Bali G. Effects of administration of Embelin and Curcumin 
on lipid peroxidation, hepatic glutathione antioxidant defense and hemat-
opoietic system during N-nitrosodiethylamine/Phenobarbital-induced 
hepatocarcinogenesis in Wistar rats. Mol Cell Biochem 2006;284:49–55.

12.	 Kujala TS, Loponen JM, Klika KD, Pihlaja K. Phenolic and betacyanins in 
red beetroot (Beta vulgaris) root: distribution and effects of cold storage 
on the content of total phenolics and three individual compounds. J Agri 
Food Chem 2000;48:5338–5342.

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

So
ut

h 
C

ar
ol

in
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Curcumin inhibits TNFα-induced lectin-like oxidised LDL receptor-1    729

13.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. 
Antioxidant activity applying an improved ABTS radical cation decolori-
zation assay. Free Radic Biol Med 1999;26:1231–1237.

14.	 Gyamfi MA, Yonamine M, Aniya Y. Free-radical scavenging action of 
medicinal herbs from Ghana: Thonningia sanguinea on experimentally-
induced liver injuries. Gen Pharmacol 1999;32:661–667.

15.	 Gotoh N, Niki E. Rates of interactions of superoxide with vitamin E, vita-
min C and related compounds as measured by chemiluminescence. 
Biochem Biophys Acta 1992;1115:201–207.

16.	 Halliwell B, Gutteridge JM. Role of free radicals and catalytic metal ions 
in human disease: an overview. Method Enzymol 1990;186:1–85.

17.	 Nagata N, Momose K, Ishida Y. Inhibitory effects of catecholamines and anti-
oxidants on the fluorescence reaction of 4,5-diaminofluorescein, DAF-2, a 
novel indicator of nitric oxide. J Biochem (Tokyo) 1999;125:658–661.

18.	 Kooy NW, Royall JA, Ischiropoulos H, Beckman JS. Peroxynitrite-mediated 
oxidation of dihydrorhodamine 123. Free Radical Biology and Medicine 
1994;16:149–156.

19.	 Yoon MA, Jeong TS, Park DS, Xu MZ, Oh HW, Song KB, Lee WS, Park HY. 
Antioxidant effect of quinoline alkaloid and 2,4-di-tert-butylphenol iso-
lated from Scolopendra subspinipes. Biol Pharm Bull 2006;29:735–739.

20.	 Bouloumie A, Marumo T, Lafontan M, Busse R. Leptin induces oxidative 
stress in human endothelial cells. FASEB J 1999;13:1231–1238.

21.	 Aslan M, Ryan TM, Townes TM, Coward L, Kirk MC, Barnes S, 
Alexander  CB, Rosenfeld SS, Freeman BA. Nitric oxide-dependent gen-
eration of reactive species in sickle cell disease. Actin tyrosine induces 
defective cytoskeletal polymerization. J Biol Chem 2003;278:4194–4204.

22.	 Cerimele F, Battle T, Lynch R, Frank DA, Murad E, Cohen C, Macaron  N, 
Sixbey J, Smith K, Watnick RS, Eliopoulos A, Shehata B, Arbiser JL. 
Reactive oxygen signaling and MAPK activation distinguish Epstein–Barr 
virus (EBV)-positive versus EBV-negative Burkitt’s lymphoma. Proc Natl 
Acad Sci USA 2005;102:175–179.

23.	 Sarada S, Himadri P, Mishra C, Geetali P, Ram MS, Ilavazhagan G. Role 
of oxidative stress and NFκB in hypoxia-induced pulmonary edema. Exp 
Biol Med (Maywood) 2008;233:1088–1098.

24.	 Ginis I, Hallenbeck JM, Liu J, Spatz M, Jaiswal R, Shohami E. Tumor necro-
sis factor and reactive oxygen species cooperative cytotoxicity is mediated 
via inhibition of NF-kappaB. Mol Med 2000;6:1028–1041.

25.	 Marui N, Offermann MK, Swerlick R, Kunsch C, Rosen CA, Ahmad M, 
Alexander RW, Medford RM. Vascular cell adhesion molecule-1 (VCAM-1) 
gene transcription and expression are regulated through an antioxidant 
sensitive mechanism in human vascular endothelial cells. J Clin Invest 
1993;92:1866–1874.

26.	 Aksoy Y, Yapanoglu T, Aksou H, Yildirim AK. The effect of dehydroepi-
androsterone on renal ischemia-reperfusion-induced oxidative stress in 
rabbits. Urol Res 2004;132:93–96.

27.	 Aragno M, Mastrocola R, Brignardello E, Catalano M, Robino G, Manti R, 
Parola M, Danni O, Boccuzzi G. Dehidroepiandrosterone modulates 
nuclear factor-kappaB activation in hippocampus of diabetic rats. 
Endocrinology 2002;143:3250–3258.

28.	 Wink DA, Mitchell JB. Chemical biology of nitric oxide: insight into regu-
latory, cytotoxic, and cytoprotective mechanisms of nitric oxide. Free 
Radical Biol Med 1998;25:434–456.

29.	 Pergola C, Rossi A, Dugo P, Cuzzocrea S, Sautebin L. Inhibition of nitric 
oxide biosynthesis by anthocyanin fraction of blackberry extract. Nitric 
Oxide 2006;15:30–39.

30.	 Goya K, Sumitani S, Xu X, Kitamura T, Yamamoto H, Kurebayashi S, 
Saito  H, Kouhara H, Kasayama S, Kawase I. Peroxisome prolifera-
tor-activated receptor alpha agonists increase nitric oxide synthase 
expression in vascular endothelial cells. Arterioscler Thromb Vasc Biol 
2004;24:658–663.

31.	 Cooke JP, Dzau VJ. Nitric oxide synthase: role in the genesis of vascular 
disease. Annu Rev Med 1997;48:489.

32.	 Thors B, Halldórsson H, Jónsdóttir G, Thorgeirsson G. Mechanism 
of thrombin mediated eNOS phosphorylation in endothelial cells 
is dependent on ATP levels after stimulation. Biochim Biophys Acta 
2008;1783:1893–1902.

33.	 Hashimoto K, Kataoka N, Nakamura E, Tsujioka K, Kajiya F. Oxidized LDL 
specifically promotes the initiation of monocyte invasion during transen-
dothelial migration with upregulated PECAM-1 and downregulated 
VE-cadherin on endothelial junctions. Atherosclerosis 2007;194:e9–e17.

34.	 Mehta JL, Chen J, Hermonat PL, Romeo F, Novelli G. Lectin-like, oxi-
dized low-density lipoprotein receptor-1 (LOX-1): a critical player in the 
development of atherosclerosis and related disorders. Cardiovasc Res 
2006;69:36–45.

35.	 Zapolska-Downar D, Zapolski-Downar A, Markiewski M, Ciechanowicz M, 
Kaczmarczyk M, Naruszewicz M. Selective inhibition by probucol of vas-
cular cell adhesion molecule (VCAM-1) expression in human vascular 
endothelial cells. Atherosclerosis 2001;155:123–130.

36.	 Lee JH, Zhou HY, Cho SY, Kim YS, Lee YS, Jeong CS. Anti-inflammatory 
mechanisms of apigenin: inhibition of cyclooxygenase-2 expression, adhe-
sion of monocytes to human umbilical vein endothelial cells, and expres-
sion of cellular adhesion molecules. Arch Pharm Res 2007;30:1318–1327.

37.	 Oh GT, Choi JH, Hong JJ, Kim DY, Lee SB, Kim JR, Lee CH, Hyun BH, Oh 
SR, Bok SH, Jeong TS. Dietary hematein ameliorates fatty streak lesions 
in the rabbit by the possible mechanism of reducing VCAM-1 and MCP-1 
expression. Atherosclerosis 2001;159:17–26.

38.	 Leonard EJ, Yoshimura T. Human monocyte chemoattractant protein-1 
(MCP-1). Immunol Today 1990;11:97–101.

39.	 Rollins BJ, Yoshimura T, Leonard EJ, Pober JS. Cytokine-activated human 
endothelial cells synthesize and secrete amonocyte chemoattractant, 
MCP-1/JE. Am J Pathol 1990;136:1229–1233.

40.	 Ueda A, Okuda K, Ohno S, Shirai A, Igarashi T, Matsunaga K, Fukushima J, 
Kawamoto S, Ishigatsubo Y, Okubo T. NF-kappa B and Sp1 regulate 
transcription of the human monocyte chemoattractant protein-1 gene.  
J Immunol 1994;153:2052–2063.

41.	 Aiello RJ, Bourassa PA, Lindsey S, Weng W, Natoli E, Rollins BJ, 
Milos PM. Monocyte chemoattractant protein-1 accelerates atheroscle-
rosis in apolipoprotein E-deficient mice. Arterioscler Thromb Vasc Biol 
1999;19:1518–1525.

42.	 Taub DD. Chemokine–leucocyte interactions. The voodoo that they do so 
well. Cytokine Growth Factor Rev 1996;7:355–376.

43.	 Collins T. Endothelial nuclear factor κB and the initiation of the athero-
sclerotic lesion. Lab Invest 1993;68:499–508.

44.	 Tak PP, Firestein GS.NFκB: a key role in inflammatory diseases. J Clin 
Invest 2001;107:7–11.

45.	 True AL, Rahman A, Malik AB. Activation of NF-kappaB induced by H
(2)

O
(2)

 
and TNF-alpha and its effects on ICAM-1 expression in endothelial cells. 
Am J Physiol Lung Cell Mol Physiol 2000;279:L302–L311.

46.	 Valen G, Yan ZQ, Hansson GK. Nuclear factor kappa-B and the heart. J Am 
Coll Cardiol 2001;38:307–314.

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

So
ut

h 
C

ar
ol

in
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	Curcumin inhibits TNFα-induced lectin-like oxidised LDL receptor-1 (LOX-1) expression and suppresses the ­inflammatory response in human umbilical vein ­endothelial cells (HUVECs) by an antioxidant mechanism
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Antioxidative effects of Curcuma aromatica Salisb. 
in vitro
	Anti-atherosclerotic effects of CUR in HUVECs
	Statistical analysis

	Results
	Yield of fraction and total phenolics
	ROS (superoxide anion and hydroxyl radical) scavenging activity
	RNS (nitric oxide radical and peroxynitrite) scavenging activity
	Inhibitory effects of CuSO4-induced human LDL ­oxidation by relative electrophoretic mobility (REM) assay
	Effect of CUR on cell viability and ROS generation in TNFα-stimulated HUVECs
	Effect of CUR on eNOS phosphorylation and NO ­production in TNFα-stimulated HUVECs
	Effect of CUR on LOX-1 expressions in TNFα-stimulated HUVECs
	Effect of CUR on VCAM-1 and ICAM-1 expression in TNFα-stimulated HUVECs
	Effect of CUR on MCP-1 production in TNFα-stimulated HUVECs
	Effect of CUR on IκBα degradation and NFκB nuclear translocation in TNFα-stimulated HUVECs

	Discussion
	Acknowledgements
	References


