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Chinese medicine Tongxinluo reduces atherosclerotic  
lesion by attenuating oxidative stress and inflammation 
in microvascular endothelial cells
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Abstract: Oxidative stress and inflammation are the important pathological basis of atherogenesis. So, attenuating 
oxidative stress and inflammation has a very important significance in the prevention and treatment of atherosclero-
sis. The aim of present study was to investigate whether anti-atherosclerotic effect of Tongxinluo (TXL), a compound 
traditional Chinese medicine, is related to its anti-oxidation and anti-inflammation in human cardiac microvascular 
endothelial cells (HCMEC). We found that TXL treatment significantly reduced serum lipid levels and atheroscle-
rotic plaque formation of apoE-deficient mice, and improved endothelial cell function as evidenced by increased 
expression of CD31 and eNOS. TXL pretreatment could abrogate the up-regulation of ROS and MDA induced by 
C16. Further experiments showed that the anti-oxidative effect of TXL may be related to inhibiting the expression of 
p22phox, p47phox and HO-1 in HCMECs. We also found that TXL could inhibit the release of IL-1β and TNFα induced by 
C16, which is mediated by inhibiting the expression and activation of NF-κB. In conclusion, TXL decreases athero-
sclerotic plaque formation and improves endothelial cell function by inhibiting oxidative stress and inflammation in 
HCMECs. This finding provides a new molecular mechanism for the anti-atherosclerotic effect of TXL.
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Introduction

Atherosclerosis (AS) is one of the most impor-
tant pathological bases of cardiovascular and 
cerebrovascular diseases. Oxidative stress and 
inflammation play the central role in the devel-
opment and progression of atherosclerosis. 
Reactive oxygen species(ROS) such as superox-
ide mediates a wide range of pathological pro-
cesses including lipid peroxidation [1], reduc-
tion of NO bioactivity [2], and induction of 
inflammatory genes [3]. Recently, several lines 
of data have indicated that NADPH oxidase 
complex, which is composed of the membrane-
associated proteins nox1, nox4, and p22phox, 
and cytosolic components p47phox and p67phox, 
is the major sources of ROS production in sev-
eral cardiovascular diseases [4]. Our study has 
demonstrated that overexpression of p47phox 
protein occurs in the neointima formation 
induced by balloon injury and this increased 
p47phox protein level is consistent with the 

increased superoxide production [5]. An impor-
tant mechanism for ROS-mediated atheroscle-
rosis appears to be through stimulation of pro-
inflammatory events. Previous study showed 
the critical role of inflammation in the athero-
sclerotic lesion formation [6]. It has been 
reported that lack of apolipoprotein E (apoE) 
results in a marked increase in cholesterol-rich 
materials in blood circulation and subsequent 
atherosclerotic lesion formation [7]. Therefore, 
apoE-deficient mice can rapidly develop athero-
sclerotic lesions that are very similar to the 
advanced lesions in humans. Besides, high fat 
diet (HFD) can accelerate the pathological pro-
cess of atherosclerosis in the apoE-deficient 
mice. Hence, this model has been widely used 
to analyze the pathogenesis of the atheroscle-
rotic lesion formation.

Tongxinluo (TXL) was registered in the State 
Food and Drug Administration of China for treat-
ment of angina pectoris in 1996. TXL is extract-
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ed, concentrated, and freeze-dried from a 
group of herbal medicines, such as ginseng, 
radix paeoniae rubra, borneol, and spiny jujuba 
seed, which contains multiple active compo-
nents that may be responsible for its antiangi-
nal effects [8, 9]. It is widely used as the clinical 
emergency medicine without obvious discom-
fort, side effects, and drug resistance. A previ-
ous study showed that TXL enhances the stabil-
ity of vulnerable plaques and reduces plaque 
area by lowering expression of oxidized LDL-RI, 
matrix metalloproteinase(MMP)-1, MMP-3, 
NF-kB, and systemic and local inflammatory 
factors [9]. Although anti-atherosclerotic effect 
of TXL has been well known, it remains unclear 
whether TXL decreases atherosclerotic lesion 
formation through attenuating oxidative stress 
and inflammation.

This study was carried out to test the hypothe-
sis that TXL inhibits atherosclerotic lesion for-
mation via its anti-oxidation and anti-inflamma-
tion in human cardiac microvascular endotheli-
al cells (HCMEC) and apoE-deficient mice.

Materials and methods

Animals

Eight-week-old male C57BL/6 mice and apoE-
deficient mice on the C57BL/6J background 
were obtained from Peking University Animal 
Technology Co., Ltd. (Beijing, China). They were 
fed on a high-fat diet which Contained 21% fat 
and 0.15% cholesterol. All animal procedures 
were performed in accordance with the Animal 
Ethics Committee of Hebei Medical University 
of Traditional Chinese Medicine. Animal hous-
ing rooms were maintained at a constant room 
temperature (25°C) and with 12-h light/dark 
cycle (light on from 8:00 AM to 8:00 PM).

Components and preparation of TXL

TXL powder was provided by Shijiazhuang Yiling 
Pharmaceutic (Hebei, China). The herbal drugs 
were authenticated and standardized on mark-
er compounds according to the Chinese 
Pharmacopoeia 2005. TXL contains 12 medici-
nal components, which were ground to super-
fine powder with the diameter ≤ 10 μm by a 
micronizer. To reduce the dose variability of TXL 
among different batches, the species, origin, 
harvest time, medicinal parts, and concocted 
methods for each component were strictly 

standardized. Moreover, high performance liq-
uid chromatography (HPLC), high performance 
capillary electrophoresis, and gas chromatog-
raphy were applied to quantity the components 
of the TXL.

Drug treatment

The apoE-deficient mice with similar body 
weight were randomly divided to model and 
treatment groups respectively (5 mice in each 
group). In addition, C57BL/6J mice were fed 
with a control diet. And then all mice were treat-
ed by intragastric administration with normal 
saline or TXL (0.75 g/kg/day) or atorvastatin (5 
mg/kg/day). The drugs were grinded into a 
powder and dissolved in normal saline.

Tissue preparation

After the end of administration, blood was col-
lected and then the mice were sacrificed imme-
diately. Dissection of the whole aorta from the 
aortic arch to the iliac artery bifurcation was 
performed under aseptic conditions. The aor-
tas were carefully cleaned of adherent connec-
tive tissue under a dissecting microscope. A 
part of the aortas were embedded in OCT com-
pound (Tissue-Tek), frozen on dry ice, and 
stored at -80°C for morphometry or immuno-
histochemistry. Others were wrapped with alu-
minum foil for detecting expression of gene 
related to plaque stability by reverse transcrip-
tion-polymerase chain reaction.

Serum lipid levels

After the administration of TXL, mice were fast-
ed for 12 hours and blood was collected from 
the canthus, centrifuged for 15 minutes at 
3000 rpm/min, the serum was separated. The 
serum total cholesterol (TC), high-density lipo-
protein cholesterol (HDL), low-density lipopro-
tein cholesterol (LDL), and triglyceride (TG) lev-
els were quantified by semi-automatic bio-
chemical analyzer.

Morphometric analysis of the aortas

For macroscopic analysis of plaque extension, 
the adventitia was removed from the vessels 
and fixed overnight in 4% paraformaldehyde in 
0.1 M phosphate buffer (pH 7.4). The aortas 
were stained with Oil-red O, and then photo-
graphed. The results were quantified with 
Image-Pro-Plus 6.0.
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Immunohistochemistry

For Immunohistochemical staining, sections 
were deparaffinized and rehydrated in graduat-
ed alcohol. Then they were treated in a 0.1 
mol/L sodium citrate buffer and heated for 30 
min for antigen retrieval, and then the sections 
were incubated with CD31 (Abcam, 1:50), HO-1 
(Epitomics, 1:100), p22 (Abcam, 1:500), p47 
(Bioworld, 1:50) antibodies. After overnight 
incubation, the sections were incubated with 
the secondary antibodies (Abcam), and visual-
ized with 3,3-diaminobenzidine (DAB) and 
counterstained using hematoxylin. Brown and 
yellow colors indicated positive results.

Reverse transcription-polymerase chain reac-
tion (RT-PCR) analysis: Aortic tissues were  
harvested and total RNA was isolated with 
Trizol reagent (Roche, Mannheim, Germany). 
Reverse Transcription-Polymerase Chain React- 
ion assay was performed according to the man-
ufacturer’s protocol (Invitrogen, Carlsbad, CA, 
USA). The sequences of the PCR primer are as 
follows: mouse p47, 5’-ACCTGTCGGAGAAGGTG- 
GT-3’(forward); 5’-TAGGTCTGAAGGATGATGGG-3’ 
(reverse); mouse HO-1, 5’-TCCAGACACCGCTCC- 
TCCAG-3’ (forward), 5’-GGATTTGGGGCTGCTGG- 
TTTC-3’ (reverse); mouse p22, 5’-TGCGGGACG- 
CTTCACGCAGTGG-3’ (forward), 5’-GGTTGGTAG- 
GTGGCTGCTTGATGG-3’ (reverse); mouse NF-κB, 
5’-TGTCTGCTGCTGCTGGTGGC-3’ (forward); 5’- 
AAGCAGGCAGCCAGCCAAGG-3’ (reverse); hu- 
man p47, 5’-CCCTGAGCCCAACTATGCA-3’ (for-
ward); 5’-CCCCCTCCACAGCAGTGTA3-3’ (rever- 
se); human p22, 5’-TGGGCGGCTGCTTGATGGT-3’ 
(forward), 5’-GTTTGTGTGCCTGCTGGAGT-3’ (rev- 
erse); human HO-1, 5’-CAGGCAGAGAATGCTGA- 
GTTC-3’ (forward), 5’-GCTTCACATAGCGCTGCA-3’ 
(reverse); human NF-κB, 5’-CATGGTGGTTGGCT- 
TTGCA-3’ (forward); 5’-AGCCCCTAATACACGCCT- 
CTGT-3’ (reverse); human eNOS, 5’-TGGTAACC- 
AGCACATTTGGGA-3’ (forward); 5’-CCTGGGCAA- 
CATGGCGA-3’ (reverse). The relative quantita-
tive expressions of tissue-specific markers 
were calculated after normalization with GAPDH 
as an endogenous reference gene.

Measurement of ROS levels

Superoxide in human cardiac microvascular 
endothelial cells (HCMECs) on chamber slides 
were detected using 2 µmol/L dihydroethidium 
(DHE) for 30 minutes at 37°C, then visualized 
using laser scanning confocal microscope.

Determination of SOD, nitric oxide (NO) and 
malondialdehyde (MDA)

Human cardiac microvascular endothelial cells 
(HCMECs) were cultured in Endothelial Cell 
Medium with 10% fetal bovine serum (FBS) and 
maintained in 5% CO2 at 37°C in a humidified 
atmosphere. Cells were pretreated with various 
concentrations of TXL before stimulation with 
C16. The supernatant was used to determine 
SOD, NO, MDA levels, which were measured 
spectrophotometrically using diagnostic kits 
according to the manufacturer’s instructions 
(Nanjing Jiancheng Bioengineering Institute).

ELISA

The concentration of TNF-α and IL-1β was 
determined in Human cardiac microvascular 
endothelial cells (HCMECs) culture medium 
using a human TNF-α Elisa kit or a IL-1β Elisa kit 
(Ray Biotech, Norcross, Georgia, USA), respec-
tively. The absorbance was measured with a 
microplate reader (SPECTRAFluor Plus, Tecan).

Western blot analysis

Human cardiac microvascular endothelial cells 
(HCMECs) were cultured in Endothelial Cell 
Medium with 10% fetal bovine serum (FBS) and 
maintained in 5% CO2 at 37°C in a humidified 
atmosphere. Cells were harvested and lysed 
with lysis buffer containing 1% NP-40, 150 mM 
NaCl, 50 mM Tris-HCl, pH 7.5, 10% glycerin, 1 
mM Na3VO4, 1 mM PMSF and 1 mM DTT. 
Proteins were isolated from HCMECs then sep-
arated on sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and 
transferred onto polyvinylidene difluoride mem-
brane (Millipore). Membranes were blocked 
with 5% milk in Tris-HCl Tween buffer solution 
for 2 h at 37°C and incubated overnight at 4°C 
with specific. HO-1 (Epitomics, 1:1000), p22 
(Abcam, 1:1000), p47 (Bioworld, 1:500) and 
p-p22 (Sigma, 1:1000), p-p47 (Bioworld, 
1:500), p-NF-κB (Cell Signaling, 1:500), NF-κB 
(Abcam, 1:500), eNOS (Novus, 1:1000), IκB 
(Bioworld, 1:500) antibodies. After incubation 
with appropriate secondary antibody, the mem-
branes were developed with the Chemilu- 
minescence Plus Western blot analysis kit 
(Millipore).

Statistical analysis

All data were analyzed using SPSS version 16 
software (SPSS Inc) and expressed as means ± 
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Figure 1. TXL decreased atherosclerotic plaque formation. A. Representative photographs of HE-and oil red O-
stained thoracic aortic sections (upper panel). Quantitative analysis of lipid deposition. The mean percentages of 
plaque areas of total vessel areas in all mice of 1 group are shown with SEM (n = 3) (lower panel). B. Images of the 
ascending aorta captured with UBM with the atherosclerotic plaques delineated. C. Effect of TXL and AT on serum 
lipid levels. **P < 0.01 and ***P < 0.001 vs. control group; #P < 0.05 and ##P < 0.01 vs. HFD group (n = 5 in each 
group). The bars represent mean ± SEM. D. Immunohistochemical staining on sections of the thoracic artery with 
antibody against CD31 (× 20).

SD. Statistical comparison between different 
treatments was done by one-way ANOVA. 

Differences were considered statistically sig-
nificant for P < 0.05.
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Results

TXL and AT decreased atherosclerotic plaque 
formation in the apoE-deficient mice

To generate a mouse model of atherosclerosis, 
apoE-deficient mice were fed with HFD for 12 
weeks with or without TXL and atorvastatin (AT) 
treatment. Then aortas were dissected out and 
sectioned. The sections were stained with 
Hematoxylin eosin (H&E) and Oil-red O. As 
shown in Figure 1A, atherosclerotic plaques 
were observed clearly in the aortic sections of 
apoE-deficient mice fed HFD. TXL and AT treat-
ment significantly reduced plaque area. B-mode 
ultrasonic examination got the same results 
(Figure 1B). During the treatment, body weights 
of the mice were measured and there was no 
difference in different groups (data not shown). 
Serum lipid levels were detected by semi-auto-
matic biochemical analyzer. Treatment with TXL 

and AT significantly reduced serum TG, TC and 
LDL levels, compared with model group (Figure 
1C). However, there were no statistical differ-
ences in the amounts of HDL. These results 
suggested that TXL and AT decrease the devel-
opment of atherosclerotic plaque through 
reducing serum lipid levels. To further investi-
gate whether decreased serum lipid level by 
TXL and AT improved endothelial function in 
apoE-deficient mice fed HFD, the expression of 
CD31 (endothelial-specific marker) was detect-
ed by immunohistochemisty. As shown in 
Figure 1D, TXL and AT treatment significantly 
increased CD31 expression in atherosclerotic 
plaque of apoE-deficient mice. There was no 
significant difference between TXL and AT. 
These results prompt us to assume that TXL 
inhibited atherosclerotic plaque formation 
through regulating the function of endothelial 
cells.

Figure 2. TXL exerted anti-oxidative effect. (A) HC-
MECs were grown in six-well plates for 24 h, and then 
were pre-incubated with different doses of TXL be-
fore stimulating with C16 (600 μmol/L) for 12 h. ROS 
was detected by DHE staining. MDA content (B), NO 
content (C) and T-SOD activity (D) were detected by 
TBA, nitrate reductase and hydroxylamine method. 
*P < 0.05 vs. C16-untreated group; #P < 0.05 and 
##P < 0.01 vs. C16-treated group without TXL treat-
ment. The bars represent the mean ± SEM. from 3 
independent experiments.
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TXL exerted anti-oxidative effect in endothelial 
cells

To further explore whether the role of TXL in 
improving endothelial cell function was related 

to its anti-oxidative properties, anti-oxidative 
effect of TXL was analyzed using C16 as an oxi-
dative stress inducer. As shown in Figure 2, the 
ROS and MDA levels in the endothelial cells 
treated with 600 μmol/L of C16 were signifi-

Figure 3. TXL inhibited expression of NADPH oxidase and HO-1. A. HCMECs were grown in six-well plates for 24 h, 
and then were pre-incubated with different doses of TXL before stimulating with 600 μmol/L of C16 for 24 h. The 
expression of p22phox, p47phox and HO-1 was detected by real-time PCR. *P < 0.05 and **P < 0.01 vs. C16-untreated 
group; #P < 0.05 vs. C16-treated group without TXL treatment. The bars represent the mean ± SEM. from 3 indepen-
dent experiments. B. HCMECs were grown in six-well plates for 24 h, and then were stimulated with different doses 
of C16 for 12 h (left panel), or were pre-incubated with different doses of TXL before stimulating with 600 μmol/L 
of C16 for 24 h (right panel). The expression of p22phox, p47phox and HO-1 was detected by Western blotting. C. Im-
munohistochemical staining on sections of the thoracic artery with antibodies against p22phox, p47phox and HO-1. (× 
20). D. ApoE-/- mice fed high-fat diet were orally administrated with TXL (0.75 g/kg/day). The expression of p22phox, 
p47phox and HO-1 in the thoracic artery was detected by real-time PCR. *P < 0.05 vs. control group; #P < 0.05 and ##P 
< 0.01 vs. HFD group (n = 5 in each group). The bars represent mean ± SEM.
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cantly increased (Figure 2A and 2B), while the 
NO and SOD level was significantly decreased 
(Figure 2C and 2D) when compared with the 
cells treated without C16. The TXL treatment 
significantly reduced levels of ROS and MDA 
(Figure 2A and 2B). By contrast, the levels of 
NO and SOD were increased in dose-dependent 
manner (Figure 2C and 2D). These results sug-
gest that TXL had markedly antioxidative effect 
in endothelial cells.

TXL inhibited expression of NADPH oxidase 
and HO-1 in endothelial cells

To examine whether antioxidative effect of TXL 
is mediated by NADPH oxidase and HO-1, 
HCMECs were pre-incubated with the different 
doses of TXL for 24 h and then treated with 
600 μmol/L of C16. As shown in Figure 3A, 
C16-treated endothelial cells showed signifi-
cantly higher p22phox, p47phox and HO-1 mRNA 
expression levels than the cells treated without 
C16. Treatment with different doses (200 to 
800 μg/ml) of TXL significantly decreased 
p22phox, p47phox and HO-1 mRNA expression in 
dose-dependent manner (Figure 3A). Accord- 
ingly, the expression of p22phox, p47phox and 
HO-1 proteins was detected by Western blot-
ting. The results showed that oxidative stress 
inducer C16 dose-dependently induced the 
expression of p22phox, p47phox and HO-1 pro-
teins, while TXL treatment markedly decreased 
their expression in dose-dependent manner, 
especially when 600 μg/ml and 800 μg/ml TXL 
were used (lanes 4 and 5) (Figure 3B). To fur-
ther investigate the effect of TXL on the expres-
sion of NADPH oxidase and HO-1 proteins in 
vivo, apoE-deficient mice were used to examine 
p22phox, p47phox and HO-1 expression by immu-
nohistochemical staining. As shown in Figure 
3C, atherosclerotic mice showed significantly 
higher p22phox, p47phox and HO-1 expression lev-
els than the control groups. Treatment with TXL 
(0.75 g/kg/day) markedly decreased p22phox, 
p47phox and HO-1 expression as evidenced by 
immunohistochemisty (Figure 3C) and RT-PCR 
(Figure 3D), without significant difference 
between TXL and atorvastatin (AT). These 
results indicated that TXL exerts its anti-oxida-
tive effect through regulating the expression of 
HO-1 and NADPH oxidase subunits.

TXL inhibited inflammation in C16-stimulated 
HCMECs

Except for oxidative stress, the inflammation is 
also involved in the atherogenesis. To detect 

the effect of TXL on inflammation, HCMECs 
were treated with C16 and the expression of 
IL-1â, TNFα and NF-κB was detected. As shown 
in Figure 4A, C16 treatment increased the level 
of proinflammatory cytokines IL-1β and TNFα in 
the cultured medium of HCMECs in a dose-
dependent manner. Treatment with different 
doses of TXL dose-dependently decreased the 
release of IL-1β and TNFα to the medium, sug-
gesting that TXL decreases the inflammation 
induced by C16 in HCMECs. Further, to gain 
mechanistic insight into how TXL modulates 
the expression of proinflammatory cytokines, 
NF-κB expression in C16-treated HCMECs was 
examined. We found that C16 increased, but 
TXL decreased NF-κB mRNA expression (Figure 
4B) and protein expression (Figure 4C) in dose-
dependent manner. Conversely, TXL increased 
the expression of eNOS in C16-treated HCMECs 
(Figure 4B), suggesting that TXL can improve 
HCMECs function. Atherosclerotic mice also 
showed that treatment with TXL and AT could 
decrease NF-κB mRNA expression (Figure 4D). 
These results make us believe that inhibitory 
effect of TXL on atherogenesis may be related 
to its anti-inflammation by decreasing the 
expression of NF-κB and proinflammatory cyto-
kines in HCMECs.

TXL decreased inflammation oxidative stress 
by inhibiting the activation of NF-κB and p47 
induced by C16

We and others have shown that NF-κB plays an 
important role in the regulation of the expres-
sion of multiple genes involved in the inflamma-
tory responses [10, 11]. To gain mechanistic 
insight into how TXL modulates inflammation in 
endothelial cells, HCMECs were pre-incubated 
with TXL and then treated with C16 for 1 h. As 
shown in Figure 5, the phosphorylation of 
p22phox, p47phox and NF-κB was significantly 
increased in HCMECs, following stimulation 
with 600 μmol/L of C16 for 1 h. TXL pre-treat-
ment decreased C16-stimulated p47phox and 
NF-κB phosphorylation, but phosphorylation of 
p22phox was little changed by the TXL treatment, 
suggesting that TXL treatment leads to the sup-
pression of p47phox and NF-κB activation by 
C16, subsequently reducing the inflammation 
and oxidative stress generation.

Discussion

TXL is a Chinese herbal compound formulated 
according to the meridian theory of a traditional 
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Figure 4. TXL inhibited inflammation in C16-treated HCMECs. A. HCMECs were grown in six-well plates for 24 h, and 
then were stimulated with different doses of C16 for 12 h, or were pre-incubated with different doses of TXL before 
treating with 600 μmol/L of C16. The cultured medium of cells was harvested and the content of IL-1β and TNFαwas 
examined by ELISA. B. HCMECs were grown in six-well plates for 24 h, and then were pre-incubated with different 
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Chinese medicine. A number of clinical and ani-
mal studies have showed that TXL has a variety 
of effects that are potentially of therapeutic 
value, such as improving endothelial cell func-
tion, lowering lipids, reducing inflammation, 
preventing apoptosis, and enhancing angiogen-
esis [9, 12-15]. In this study, we evaluated the 
role of TXL in anti-oxidation and anti-inflamma-
tion in C16-induced endothelial cells and apoE-
deficient mice. We found that the oxidative 
stress inducer C16 markedly up-regulated 
expression of NADPH oxidase subunits p22phox, 
p47phox and inflammatory factors TNFα, IL-1β 
and NF-κB, whereas the these protein expres-
sion levels were obviously decreased following 
pretreatment with TXL, indicating that TXL may 
play an important role in improving vascular 
endothelial function damaged by C16.

The present result showed that apoE-deficient 
mice treated with TXL decreased the markers 
of oxidative stress and inflammation, including 
MDA, T-SOD, IL-1β and TNF-α, suggesting that 
TXL may improve endothelium-dependent func-
tion and reduce oxidative stress and inflamma-
tion in the whole animal. Previous evidence 
indicates that TXL exerts its cellular effects by 
inhibiting phosphorylation of NF-κB and p47phox 
[16, 17], thus preventing the activation of NF-κB 
and p47phox. In agreement, here we present in 
vivo evidence that TXL could suppress the acti-
vation of NF-κB and p47phox by C16 in endothe-
lial cells. The results of the present study also 
provide insight into the mechanisms by which 
NF-κB inhibition by TXL improves vascular 
endothelial function and decreases formation 
of atherosclerotic lesion. In turn, NF-κB stimu-

doses of TXL before stimulating with 600 μmol/L of C16 for 24 h. the expression of eNOS and NF-κB was detected 
by real-time PCR. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. C16-untreated group; #P < 0.05 and ##P < 0.01 vs. 
C16-treated group without TXL treatment. The bars represent the mean ± SEM. from 3 independent experiments. 
C. HCMECs were grown in six-well plates for 24 h, and then were stimulated with different doses of C16 for 12 h, or 
were pre-incubated with different doses of TXL before stimulating with 600 μmol/L of C16 for 24 h. The expression 
of eNOS and NF-κB was detected by Western blotting. D. ApoE-/- mice fed high-fat diet were orally administrated with 
TXL (0.75 g/kg/day). The expression of NF-κB in the thoracic artery was detected by real-time PCR. *P < 0.01 vs. 
control group; #P < 0.05 vs. HFD group (n = 5 in each group). The bars represent mean ± SEM.

Figure 5. TXL inhibited inflammation and oxidative stress by inhibiting the activation of NF-κB and p47 by C16. HC-
MECs were grown in six-well plates for 24 h, and then were pre-incubated with TXL before stimulating with C16 for 
1 h. The expression of p47, p-p47, p22, p-p22, NF-κB, and p-NF-κB was detected by Western blotting. *P < 0.05 vs. 
C16-untreated group; #P < 0.05 vs. C16-treated group without TXL treatment. The bars represent the mean ± SEM. 
from 3 independent experiments.
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lates the production of reactive oxygen species 
at least in part via activation of NADPH oxidase 
[18]. As such, we reasoned that inhibition of 
NF-κB by TXL might improve endothelium-
dependent function by reducing oxidative 
stress. In support of this, we found that ROS 
was reduced in C16-treated endothelial cells 
after TXL treatment, providing molecular evi-
dence for reduced vascular endothelial oxida-
tive stress after treating with TXL. It has been 
reported that p47phox is required for atheroscle-
rotic lesion progression in apoE-deficient mice 
[19], suggesting that ROS production through 
NADPH oxidase activation plays an important 
role in the development and progression of ath-
erosclerosis. In the present study, we demon-
strated that TXL also reduced the p47phox 
expression and activation induced by C16, indi-
cating that TXL exerts its anti-oxidation through 
inhibiting the p47phox. Together, the present 
functional and molecular data are consistent 
with the idea that oxidative stress induced by 
C16 is related to an upregulation of NF-κB acti-
vation, p47phox expression and oxidative stress 
generation in vivo and in vitro, and they, in turn, 
contribute to the impaired endothelial function. 
In addition, reactive oxygen species also can 
activate NF-κB. However, the present data do 
not provide insight into the direct relationship 
between these events. In addition to modulat-
ing redox signaling in the cell, NF-κB facilitates 
transcription of a large number of proinflamma-
tory genes [20]. As a result, NF-κB also may 
suppress endothelial function via increased 
proinflammatory signaling. In the present study, 
TXL treatment decreased the expression of the 
proinflammatory cytokines TNFα and IL-1β via 
inhibiting NF-κB activation. Thus, although it is 
possible, we have no direct evidence that TXL 
improved endothelial function and reduced for-
mation of atherosclerotic lesion through modu-
lation of inflammatory signaling independent of 
oxidative stress signaling.

We believe that the present findings have 
important clinical relevance. Vascular endothe-
lial dysfunction induced by oxidative stress is 
considered a central feature of clinical vascular 
disorders. Despite this, the cellular and molec-
ular mechanisms that contribute to impaired 
endothelial function in humans are incomplete-
ly understood. The present results provide 
unique and direct in vivo evidence that sup-
ports a key role for the NF-κB and p47phox in 

mediating vascular endothelial dysfunction in 
humans and provide insight into the underlying 
mechanisms.

In summary, TXL decreases atherosclerotic 
plaque formation and improves endothelial cell 
function by inhibiting oxidative stress and 
inflammation in HCMECs. This finding provides 
a new molecular mechanism for the anti-ath-
erosclerotic effect of TXL.
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