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Abstract: Background: Currently, atherosclerosis (AS) is generally considered to be a chronic inflammatory response. 
Tanshinone IIA (TSIIA) is the most important bioactive lipophilic isolated from danshen, and its pharmacological ef-
fects have been generally recognized, including its anti-atherosclerosis effects. However, the mechanism of action 
of TSIIA in the amelioration of AS has not yet been identified. Methods: First, LPS was used to build a human umbili-
cal vein endothelial cell (HUVECs) inflammatory model. Cultured HUVECs were seeded and preincubated with 2.5 
μM TSIIA for 2 h followed by stimulation with 2.0 μg/mL LPS at 37°C for 12 h. With that, the MTT method was used 
to determine the effects of LPS and TSIIA on cell cytotoxicity. The protein levels of cytokine TNF-α, IL-1β, IL-6, and 
IL-8 in were determined by ELISA. The total NO production in the supernatants was estimated by using a nitric oxide 
(NO) assay kit. The adhesive ability of HUVECs to monocytes (THP-1 cells) was analyzed using a cell adhesion assay. 
RT-qPCR, Western blot and flow cytometry were used to determine the expressions of the different levels of VCAM-
1 and ICAM-1 in HUVECs. Western blot was used to analyze the activity of the NF-κB transcription factor. Results: 
In this study, a significant inhibition of HUVECs viability exposed to 2.0 μg/mL LPS and an obvious relief after the 
use of 2.5 μM TSIIA were emphasized. Furthermore, TSIIA inhibited the expressions of the inflammatory factors 
(TNF-α, IL-1β, IL-6), chemokine (IL-8) and adhesion molecules (VCAM-1 and ICAM-1) and suppressed the adhesion 
of monocytes (THP-1 cells) to HUVECs in LPS-stimulated HUVECs. Remarkably, like the NF-κB inhibitor PDTC, TSIIA 
also attenuates the activity of the NF-κB signaling pathway effectively, as mainly reflected in the decreased expres-
sion of phosphorylated p65 and IKBα. Conclusion: The protective effects of TSIIA on LPS-stimulated HUVECs injury, 
including promoting viability, anti-inflammation, and anti-adhesion, are likely mediated through the suppression of 
the NF-κB pathway.
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Introduction

Atherosclerosis (AS) is a series of chronic in- 
flammatory changes that accumulate large 
amounts of cholesteryl esters on blood vessel 
walls to form atherosclerotic plaques, a thick-
ening of the vessel walls and stenosis of the 
lumen and is a crucial pathological factor in the 
pathogenesis and development of cardiovascu-
lar diseases [1-3]. Endothelial cells play an 
important role in maintaining the homeostasis 
of the cardiovascular system and its dysfunc-
tion, especially the inflammatory response, whi- 
ch has been proven to be the primary cause of 
AS [4, 5]. Lipopolysaccharide (LPS), as a major 
component of gram-negative bacteria cell wa- 

lls, has been applied to many cellular inflam- 
matory models, including endothelial cell in- 
flammatory model [6, 7]. Endothelial cells expo- 
sed to LPS cause an inflammatory response by 
releasing a plentiful amount of pro-inflammato-
ry cytokines, chemokines, cell adhesion mole-
cules, and nitric oxide (NO) [8]. Furthermore, AS 
is likely to be initiated by the activation of endo-
thelial cells with the expression of cell adhesion 
molecules, including intercellular adhesion mol-
ecule-1 (ICAM-1) and vascular cell adhesion 
molecule-1 (VCAM-1). These cell adhesion mol-
ecules can enable the adhesion of mononucle-
ar leukocytes in turn, such as monocytes, which 
further leads to a cascade of inflammatory re- 
actions [9]. Previous studies showed that NO 
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plays a dual role in the pathogenesis of AS. On 
the one hand, the endothelial nitric oxide syn-
thase (eNOS) expressed by endothelial cells, 
which is dependent on calcium ions or calmod-
ulin and reduced nicotinamide adenine dinucle-
otide phosphate (NADPH), produces a small 
amount of NO and exerts many physiological 
functions such as the regulation of blood pres-
sure and blood flow, anti-platelet aggregation 
and the inhibition of leukocyte adhesion. On 
the other hand, inducible nitric oxide synthase 
(iNOS) can be induced by some inflammatory 
mediators, producing a large amount of NO, 
exacerbating inflammation and damaging the 
body [10, 11]. Therefore, the destruction of 
monocyte adhesion to the endothelium to re- 
duce the inflammatory reaction is considered a 
new therapeutic strategy for atherosclerosis.

A large number of inflammatory signaling path-
ways has been shown to be involved in the 
occurrence and development of AS. The nucle-
ar factor-κB (NF-κB) signaling pathway, which 
can be activated by a number of inflammatory 
stimuli, such as exogenous LPS or endogenous 
tumor necrosis factor-α (TNF-α) and interleukin 
(IL)-1β, is the most important signaling pathway 
in AS [4, 12]. The activated NF-κB signaling 
pathway dominates the development of AS by 
manipulating the function of some genes. For 
example, the activated NF-κB signaling path-
way has been demonstrated to be directly 
responsible for promoting leukocyte adhesion 
to the endothelium and for the increased ex- 
pression of adhesion molecules in TNF-α-sti- 
mulated endothelial cells [13]. Similarly, a lot of 

animal experiments have shown that the inhibi-
tion of the NF-κB pathway results in reduced 
lesion size and reduced inflammatory cell infil-
tration and thus alleviates disease [14]. Hence, 
the use of drugs that inhibit the NF-κB signaling 
pathway is a top priority in the treatment of AS. 

Danshen (Salvia miltiorrhiza), an herbal supple-
ment, has been widely used in cardiovascular 
disease for hundreds of years in China [15]. 
Tanshinone IIA (TSIIA) is the most important 
bioactive lipophilic isolated from the root of 
danshen (Figure 1). Its pharmacological effects 
have been generally recognized, including anti-
oxidation [16], anti-inflammation [17], anti-cho-
lesterol [18], myocardial regeneration [19], and 
even anti-obesity [20], and so on. In particular, 
its characteristics of anti-inflammatory, anti-
cholesterol, and anti-aggregation make it an 
important research object in the treatment of 
AS in recent years. The significant inhibitory 
effects of TSIIA on AS both at the cellular and 
animal levels have been highlighted in multiple 
studies. However, the mechanism of action of 
TSIIA in the amelioration of injury to endothelial 
cells has not yet been unified.

In this study, we demonstrate that TSIIA can 
effectively improve viability, inhibit inflammato-
ry response and the activity of viscous mole-
cules (ICAM-1 and VCAM-1) of LPS-induced 
endothelial cells in large part by suppressing 
the NF-κB signaling pathway, which will lay the 
theoretical foundation for the clinical treatment 
of AS and related diseases.

Materials and methods

Chemicals and reagents

Tanshinone IIA (TSIIA, ≥ 97% (HPLC), Code: 
T4952) and lipopolysaccharides (From Esche- 
richia coli 055: B5; Code: L6529) were pur-
chased from Sigma Aldrich (St. Louis, MO, USA). 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) cell proliferation and 
cytotoxicity detection kit (Code: C0009), NF-κB 
inhibitor/antioxidant (pyrrolidine dithiocarba-
mate, PDTC, Code: S1809) and 2’, 7’-Bis (2-car-
boxyethyl)-5 (6)-carboxyfluorescein acetoxy-
methyl ester (BCECF-AM, 5 mM in DMSO, Co- 
de: S1006) were purchased from Beyotime 
(Shanghai, China). Total protein extraction kit 
(Code: W034), the total protein assay kit (BCA 
method, Code: A045-3), nitric oxide (NO) assay 

Figure 1. Chemical structure of Tanshinone IIA (TSI-
IA).
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kit (Code: A012-1) and enzyme-linked immuno-
sorbent assay (ELISA) kits of Human TNF-α 
(Code: H052), IL-1β (Code: H002), IL-6 (Code: 
H007) and IL-8 (Code: H008) were purchased 
from Nanjing Jiancheng Bioengineering Institute 
(Jiangsu, China). TRIzol reagent (Code: 15596-
018) and SYBR™ Green PCR Master Mix (Code: 
4364344) were purchased from Thermo Fi- 
sher Scientific (USA). Antibodies against CD106 
(VCAM-1-FITC, Code: 551146) and CD54 (ICAM-
1-FITC, Code: 561899) were purchased from 
BD (New Jersey, USA). Antibodies against eNOS 
(Code: ab5589), iNOS (Code: ab3523), VCAM-1 
(Code: ab134047), ICAM-1 (Code: ab53013), 
p-IKBα (Code: ab92700), NF-κB/p-p65 (Code: 
ab86299), GAPDH (Code: ab9485) and Goat 
Anti-Rabbit IgG H&L (HRP) (Code: ab6721) were 
purchased from Abcam (Cambridge, UK). Other 
chemicals and reagents were from Sinopharm 
Chemical Reagent Co., Ltd and Sigma.

Cell culture

The HUVEC cell line (Code: BNCC337616) and 
the F12K culture medium were purchased fr- 
om ATCC (Manassas, VA, USA). The cells were 
cultured in a 90% F12K culture medium, 10% 
fetal bovine serum (FBS), 100 units/mL of peni-
cillin and 100 mg/mL of streptomycin. THP-1 
cell line was purchased from the Type Culture 
Collection of the Chinese Academy of Sciences 
(Shanghai, China) and cultured in 90% Gibco™ 
RPMI-1640 medium, 10% FBS, 0.05 mM β-Mer 
(Sigma-Aldrich) and 1% penicillin/streptomycin 
solution. Both the HUVECs and THP-1 cells were 
maintained at 37°C with a humidified 95% air, 
5% CO2 atmosphere and passaged about 3 
times before doing the experiments. In all cell 
experiments, the culture medium was replaced 
by a serum-free medium for 12 h before medi- 
cation.

Toxicity assay of LPS and TSIIA to HUVECs by 
MTT

In order to select the optimal concentration of 
LPS and TSIIA for the HUVECs cells, we first  
performed a toxicity assay of LPS and TSIIA to 
HUVECs, respectively. Following culture in 96- 
well plates, the HUVEC cells were plated at a 
density of 1.0 × 104 cells/well. The cells were 
added to 50 μL of LPS suspended in sterilized 
water at different concentrations (0, 0.1, 0.5, 
1.0, 1.5, 2.0 μg/mL) or 50 μL of TSIIA suspend-
ed in 0.9% normal saline at different concentra-

tions (0, 0.5, 2.5, 5.0, 10 μM) for 12 h. Then, 20 
μL MTT (5 mg/mL) was added to each well for 
an additional 4 h at 37°C. With that, the super-
natant in each well was removed and 150 μL 
DMSO with formazan used to dissolve the pre-
cipitate. The toxicity of LPS and TSIIA to HUVECs 
was assessed by measuring the absorbance at 
490 nm using a microplate reader (Bio-Rad, 
USA). Finally, the optimal concentrations of LPS 
and TSIIA for the HUVECs cells were chosen to 
carry out the final experiment design.

Cytokine assays by ELISA

Cultured HUVECs were seeded in 96-well plates 
and pre-incubated with 2.5 μM TSIIA for 2 h, 
and the supernatants and cell aggregates were 
collected after 12 h of stimulation with 2.0 μg/
mL LPS at 37°C and stored at -20°C or -80°C 
until assay. The protein levels of cytokine TNF-
α, IL-1β, IL-6, and IL-8 in supernatants were 
determined by an ELISA kit according to manu-
facturer’s instructions. The absorbance was 
measured with a microplate reader (Bio-Rad, 
USA) at 450 nm. Finally, the value of various 
cytokines was calculated by a standard curve. 
Stored cell aggregates were used for subse-
quent RNA and protein extraction.

Measurement of nitric oxide (NO) production

Cultured HUVECs were seeded in 96-well plates 
once more and preincubated with 2.5 μM TSIIA 
for 2 h. The supernatants were collected af- 
ter 12 h of stimulation with 2.0 μg/mL LPS at 
37°C, and we measured the level of NO in each 
sample of supernatants immediately. Total NO 
production was estimated using a nitric oxide 
(NO) assay kit according to the manufacturer’s 
instructions. The absorbance at 550 nm was 
measured using a microplate reader (Bio-Rad, 
USA). Finally, the concentration of NO in each 
sample of the supernatants was calculated by 
comparing the absorptions with a standard 
curve. The remaining cell aggregates were 
stored at -80°C and used for collecting and 
evaluating the proteins later.

Adhesive ability of HUVECs to THP-1 cells by 
cell adhesion assay

According to the previous experimental opera-
tion, cultured HUVECs were seeded in 96-well 
plates and preincubated with 2.5 μM TSIIA for 2 
h followed by stimulation with 2.0 μg/mL LPS at 
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37°C for 12 h. The THP-1 cells that grow well 
were labeled with 10 μM BCECF-AM for 30 min 
in RPMI-1640 culture medium and added to the 
treated HUVECs and incubated for 1.5 h. Then, 
the unbound THP-1 cells were removed by 3 
washes with soft phosphate-buffered saline 
(PBS). Subsequently, the adsorbed THP-1 cells 
were counted at least three horizons by a fluo-
rescence microscope (Olympus, Tokyo, Japan), 
and the average of each group was incorporat-
ed into the final result.

Expression of VCAM-1 and ICAM-1 in HUVECs 
by flow cytometry

The TSIIA and PBS-treated HUVECs were col-
lected, and the supernatants were removed by 
2 washes with PBS. The cells were then resus-
pended in a 200 μL binding buffer. Subse- 
quently, 20 μL antibodies of anti-VCAM-1-FITC 
or 20 μL antibodies of anti-ICAM-1-FITC was 
added in cells according to the group, blended 
gently and incubated 30 min in the dark at 4°C. 
At last, 300 μL binding buffer was added in 
each sample, followed by flow cytometry. The 
expression of VCAM-1 and ICAM-1 in HUVECs 
were counted by FC500 MCL flow cytometer 
(Beckman, USA) and expressed as a percen- 
tage.

Reverse transcription-quantitative PCR (RT-
qPCR)

The VCAM-1 and ICAM-1 mRNA expression lev-
els in HUVECs were measured by reverse tr- 
anscription-quantitative PCR (RT-qPCR). The 
stored cell aggregates in the previous ELISA 
experiment were reused and the total RNA was 
extracted using TRIzol reagent according to the 
manufacturer’s instructions and quantified by 
spectrophotometry. RT-qPCR was carried out 
using a first strand cDNA synthesis kit and 
SYBR™ Green PCR Master Mix for Quant- 
Studio™ 6 Flex Real-Time PCR System (Applied 
Biosystems). The relative amount of each gene 
was normalized to the housekeeping gene 

The total proteins of TSIIA and PBS-treated 
HUVECs in previous experiments were extract-
ed using a total protein extraction kit and quan-
tified by the total protein assay kit (BCA meth-
od). With that, whole proteins were electropho-
resed under the conditions in 12% polyacryl-
amide gels. The separated proteins were trans-
ferred to polyvinylidene difluoride membranes. 
Nonspecific binding was blocked with 5% 
skimmed milk for 2 h at 37°C. And then, the 
membranes were then incubated with rabbit 
anti-human eNOS (1:600 dilution), rabbit anti-
human iNOS (1:500 dilution), rabbit anti-human 
VCAM-1 (1:10000 dilution), rabbit anti-human 
ICAM-1 (1:1000 dilution) monoclonal or poly-
clonal antibodies (Abcam, Cambridge, UK) at 
4°C overnight. Rabbit anti-human GAPDH poly-
clonal antibody (1:2500 dilution; Abcam, Cam- 
bridge, UK) was used as a control. Next, the 
membranes were incubated with goat anti rab-
bit secondary antibody IgG (1:5000 dilution; 
Abcam, Cambridge, UK). Finally, images were 
obtained from a multifunctional gel imaging 
system (Bio-Rad), and the gray value of each 
band was calculated and analyzed.

Western blot for downstream proteins of NFkB

Cultured HUVECs were seeded in 96-well plates 
once more and preincubated with 2.5 μM TSIIA 
or 20 μM PDTC for 2 h. Cell aggregates were 
collected after 12 h of stimulation with 2.0 μg/
mL LPS at 37°C. And the total protein in each 
sample was extracted and quantified. Then, the 
protein levels of NF-κB/p-p65 and p-IKBα were 
measured according to the previous procedure. 
This was followed by the these steps: SDS-
PAGE, transfer membrane, membrane block-
ing, primary antibody incubation (Rabbit anti-
human p-IKBα antibody, 1:500 dilution; rabbit 
anti-human NF-κB/p-p65 antibody, 1:5000 
dilution; Rabbit anti-human GAPDH antibody, 
1:2500 dilution), washing membrane, second-
ary antibody incubation (Goat anti rabbit sec-

Table 1. Primer sequences
Primer name Sequences (5’→3’)
Human VCAM-1 forward primer TACAACCGTCTTGGTCAGCC
Human VCAM-1 reverse primer CGCATCCTTCAACTGGGCCT
Human ICAM-1 forward primer GTGACCATCTACAGCTTTCC
Human ICAM-1 reverse primer CTGCTACCACAGTGATGACA
Human GAPDH forward primer AGAAGGCTGGGGCTCATTTG
Human GAPDH reverse primer AGGGGCCATCCACAGTCTTC

GAPDH. Relative quantity values were an- 
alyzed using the 2-ΔΔCt method, which re- 
flects the difference in threshold for each 
target gene relative to that of control gro- 
up. The primer sequences synthesized by 
Sangon Biotech (Shanghai, China) are list-
ed in Table 1.

Protein extraction and Western blotting 
analysis
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IL-1β, IL-6 and IL-8 production in LPS-stimulated 
HUVEC cells effectively (Figure 3).

Tanshinone IIA inhibited iNOS-derived exces-
sive production of NO induced by LPS

First, the total NO production in the superna-
tants of HUVECs was estimated using a nitric 
oxide (NO) assay kit. The results showed that 
LPS can significantly induce the production of 
NO, but TSIIA has a significant inhibitory effect 
on it (Figure 4A). Next, we examined the levels 
of two important proteins, iNOS and eNOS, 
which are associated with NO production. The 
results of western blot showed that TSIIA also 
prominently reduced LPS-induced excess pro-
duction of iNOS and recovered the eNOS ex- 
pression simultaneously (Figure 4B-D).

Tanshinone IIA inhibited the LPS-induced ad-
hesive ability of HUVECs to THP-1 cells

In order to more intuitively show the adhesive 
ability of HUVECs to THP-1 cells. The adherent 
THP-1 cells labeled with BCECF-AM dye were 

Figure 2. Tanshinone IIA promotes the viability of LPS-induced HUVECs. A: 
The toxicity assay of LPS to HUVECs. The cells were added to 50 μL of LPS 
suspended in sterilized water at different concentrations (0, 0.1, 0.5, 1.0, 
1.5, 2.0 μg/mL) for 12 h. B: The toxicity assay of TSIIA to HUVECs. The cells 
were added to 50 μL of TSIIA suspended in 0.9% normal saline at different 
concentrations (0, 0.5, 2.5, 5.0, 10 μM) for 12 h. C: Repair test of TSIIA on 
LPS-induced HUVECs. Data are the mean ± S.D. *, P<0.05, **, P<0.01 vs. 
the 0 μg/mL LPS or 0 μM TSIIA; #, P<0.05 vs. the model group.

ondary antibody IgG, 1:5000 dilution), color, 
photographs, and finally, quantification.

Statistical analyses

All values are presented as the means ± SD 
and were obtained from at least three indepen-
dent experiments. ANOVA followed by Tukey’s 
post hoc test were used to compare three  
and more groups using SPSS 19.0 software. 
P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Tanshinone IIA promoted the viability of LPS-
induced HUVECs

Before the formal experiment, we explored the 
experimental conditions. We found that the 
viability of HUVECs correlated with LPS and 
Tanshinone IIA in a dose-dependent manner. 
2.0 μg/mL LPS will cause significant viability 
inhibition in 12 h (Figure 2A), and 2.5 μM TSIIA 
is its maximum safe concentration (Figure 2B). 

So, 2.0 μg/mL LPS and 2.5  
μM TSIIA were used for final 
experiment. A significant inhibi-
tion of cell viability exposed to 
2.0 μg/mL LPS and an obvious 
relief after the use of 2.5 μM 
TSIIA were noted (Figure 2C).

Tanshinone IIA inhibited the 
secretion of inflammatory cyto-
kines induced by LPS

Inflammatory cytokines and 
chemokines, such as TNF-α, 
IL-8 and so on, have been 
reported to actively participa- 
te in the occurrence and devel-
opment of inflammation. The- 
refore, to analyze the potenti- 
al anti-inflammatory effect of 
TSIIA in LPS-stimulated HUV- 
ECs, levels of TNF-α, IL-1β, IL-6 
and IL-8 were determined by 
ELISA. The results showed that 
the levels of TNF-α, IL-1β, IL-6 
and IL-8 increased significantly 
when HUVECs were stimulated 
in 2.0 μg/mL LPS for 12 h. On 
the other hand, 2.5 μM TSIIA 
was found to suppress TNF-α, 
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examined under a fluorescen- 
ce microscope, digital images 
were captured, and the visible 
cells were counted at × 200 
magnification. The observati- 
ons showed that 2.0 μg/mL 
LPS markedly increased the 
adhesive ability between THP-1 
cells and HUVECs following 12 
h of previous incubation with 
the HUVECs and accompanied 
by a marked increase of fluo-
rescent THP-1 cells. On the 
other hand, the pre-treatment 
of the HUVECs with 2.5 µM 
TSIIA significantly suppressed 
the LPS-induced adhesive abil-
ity between the THP-1 cells 
and HUVECs, and with a signifi-
cant reduction of fluorescent 
THP-1 cells (Figure 5A, 5B).

Tanshinone IIA decreased 
the expression of ICAM-1 and 
VCAM-1 induced by LPS

ICAM-1 and VCAM-1 are uni- 
versally considered the main 
adhesion molecules which me- 
diate the adhesive action of 
monocytes to HUVECs. The- 
refore, we hypothesized that 
TSIIA modulates adhesion be- 
tween HUVECs and THP-1 cells 
by mediating the expression of 
ICAM-1 and VCAM-1. We deter-
mined the protein expressi- 
on of VCAM-1 and ICAM-1 in 
HUVECs by flow cytometry and 
western blot. The consistent 
results showed that 2.0 μg/mL 
LPS alone significantly increa- 
sed the protein expression of 
ICAM-1 and VCAM-1. However, 
the protein levels of ICAM-1 
and VCAM-1 were markedly 
down-regulated following pre-
treatment with 2.5 µM TSIIA 
(Figure 6A, 6B, 6D). In addi-
tion, we also examined the 
mRNA levels of ICAM-1 and 
VCAM-1 by RT-qPCR. The re- 
sults showed that the mRNA 
expression levels of ICAM-1 
and VCAM-1 were markedly up-

Figure 3. Tanshinone IIA inhibited the secretion of inflammatory cytokines 
induced by LPS. Cultured HUVECs were seeded in 96-well plates and pre-
incubated with 2.5 μM TSIIA for 2 h followed by stimulation with 2.0 μg/mL 
LPS at 37°C for 12 h. A: Expression level detection of TNF-α in supernatants 
by ELISA. B: Expression level detection of IL-1β in supernatants by ELISA. C: 
Expression level detection of IL-6 in supernatants by ELISA. D: Expression 
level detection of IL-8 in supernatants by ELISA. Data are the mean ± S.D. **, 
P<0.01 vs. the control group; ##, P<0.01 vs. the model group.

Figure 4. Tanshinone IIA inhibited iNOS-derived excessive production of NO 
induced by LPS. Cultured HUVECs were seeded in 96-well plates and pre-
incubated with 2.5 μM TSIIA for 2 h followed by stimulation with 2.0 μg/mL 
LPS at 37°C for 12 h. A: Determination of total NO production in superna-
tants of HUVECs using a nitric oxide (NO) assay kit. B: Protein level detection 
of iNOS and eNOS by western blot. C: Relative expression analysis of iNOS 
protein. D: Relative expression analysis of eNOS protein. Data are the mean 
± S.D. **, P<0.01 vs. the control group; ##, P<0.01 vs. the model group.
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regulated following stimulation with 2.0 μg/mL 
LPS. Consistent with the results of analysis for 
protein levels, pre-treatment with 2.5 µM TSIIA 
significantly decreased the mRNA levels of 
ICAM-1 and VCAM-1 (Figure 6C).

Tanshinone IIA and PDTC promoted the viabil-
ity of LPS-induced HUVECs and decreased the 
expression of downstream proteins of NFkB

The effects of the NF-κB inhibitor PDTC on LPS-
induced HUVECs viability are unclear. As shown 
in Figure 7A, like TSIIA, PDTC also promoted the 
viability of LPS-induced HUVECs compared with 
the model group. NF-κB is a key transcription 
regulator of inflammation and proliferation, so 
its important position is self-evident. Therefore, 
we hypothesized that the anti-inflammatory 
and repair effects of TSIIA on the endothelial 
cells are closely related to the NF-κB pathway. 
In this study, we determined the effects of TSIIA 
on LPS-induced NF-κB activation. The results of 
the western blot showed that 2.0 μg/mL LPS 
activated the NF-κB pathway with a high expres-
sion of phosphorylated NF-κB/p65 and IKBα. 
However, such LPS-induced activation was sup-

pressed by pre-treatment with 2.5 µM TSIIA 
and accompanied by a marked decrease of 
p-p65 and p-IKBα expression levels. And PDTC 
also decreased of p-p65 and p-IKBα expres-
sion levels (Figure 7B-D). So, we suspect that 
TSIIA and the NF-κB inhibitor PDTC had the 
same function of promoting the viability of  
LPS-induced HUVECs by suppressing the NF-κB 
pathway.

Discussion

Atherosclerosis (AS) is a crucial pathological 
factor in the development of cardiovascular dis-
eases [21]. It is understood that the atheroscle-
rotic mechanisms include lipid metabolism dis-
orders, oxidative stress, increased inflamma-
tion, proliferation, enhanced adhesive action to 
monocytes, as well as NO damage, and so on, 
which result in endothelial dysfunction and fur-
ther atherosclerotic plaque formation [22, 23]. 
Vascular endothelial dysfunction and inflamma-
tory reactions occur when endothelial cells are 
exposed to physiological stress or exogenous 
and endogenous chemicals, leading to the ear-
liest pathological changes in the development 

Figure 5. Tanshinone IIA inhibits the LPS-
induced adhesive ability of HUVECs to THP-1 
cells. The adherent THP-1 cells labeled with 
BCECF-AM dye were examined under a fluo-
rescence microscope, digital images were 
captured, and the visible cells were counted 
and analyzed at × 200 magnification. A: The 
results of microscopic observation. B: Visible 
THP-1 cells counting and analysis. Data are 
the mean ± S.D. **, P<0.01 vs. the control 
group; ##, P<0.01 vs. the model group.
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of AS, which can be more severe if left untreat-
ed [24]. Hence, seeking novel therapeutic tar-
gets to maintain vascular homeostasis is par-
ticularly important for endothelial function. In 
recent years, plenty of natural medicines have 
become the new favorites of medical research.

Tanshinone IIA (TSIIA), the main active lipophilic 
component of the traditional Chinese medicine 
danshen, has been shown to have good effects 
on the prevention and treatment of cardiovas-
cular and cerebrovascular diseases [25]. Many 
studies have reported that TSIIA has various 
biological properties, including anti-inflamma-
tory [26], anti-oxidative [27], myocardial injury 
repair [28], inhibition of endogenous cholester-
ol, cardio-protective effects [29] and even anti-
cancer [30]. Nevertheless, relevant studies 
about the mechanisms of TSIIA in atherosclero-
sis are limited. With this goal in mind, the pres-
ent study showed that LPS accelerates the pro-
gression of atherosclerosis at the cellular level, 
and that this could be prevented by TSIIA 
treatment. 

Inflammation plays an important role in the 
development of atherosclerosis. LPS, the major 
constituent of the outer membrane of gram-
negative bacteria, is one of the strongest stimu-
lators that target the endothelium. Previous 
reports have shown that a mass of inflamma-
tory cytokines and chemokines, such as TNF-α 
and IL-8 can be induced by LPS [31]. Hence, we 
selected LPS to construct a model of HUVECs 
inflammation which is closely related to athe- 
rosclerosis. The results showed that a large  
number of inflammatory cytokines (TNF-α, IL-1β 
and IL-6) and chemokine (IL-8) were detected in 
the cell culture supernatants of model group. 
Moreover, 2 μg/mL LPS caused cell injury and 
viability inhibition by MTT assay. It is worth 
mentioning that 2.5 µM TSIIA effectively re- 
versed this phenomenon. In terms of inhibiting 
cell apoptosis, emerging research suggests 
that HUVECs incubated with 1.1 mM H2O2 for 
12 h significantly decrease the viability of  
endothelial cells, a process that is accompa-
nied by obvious cell apoptosis. However, treat-

ment with TSIIA (8 mM, 24 h) results in a signifi-
cant resistance to H2O2-induced apoptosis [32]. 
Consistent results show that TSIIA significantly 
increases the viability of H2O2-injured human 
umbilical vein endothelial cell line by flow cyto-
metric analysis and MTT assay [33]. In addition, 
TSIIA also attenuates the inflammatory res- 
ponse and apoptosis in the model of spinal 
cord injury in adult rats, which is accompanied 
by an obviously decreased production of pro-
inflammatory cytokines (TNF-α, IL-1β and IL-6) 
and a low rate of apoptosis [34]. Therefore, the 
abilities of TSIIA to promote damaging cell via-
bility and suppress inflammatory response are 
evident.

Nitric oxide (NO), a short-lived free radical and 
an internal messenger and an important indica-
tor of endothelial function, is synthesized from 
L-arginine by nitric oxide synthases (NOS) [35]. 
Studies show that endothelial nitric oxide syn-
thase (eNOS) is responsible for the low level of 
NO production involved in endothelium-depen-
dent vasodilatation and maintains endothe- 
lial homeostasis [36]. However, inducible nitric 
oxide synthase (iNOS) can be easily induced by 
pro-inflammatory substances and then releas-
es a lot of NO [37]. In our results, iNOS expres-
sion was increased and eNOS expression was 
decreased in the LPS-induced model group, but 
total NO content in the medium was increased 
significantly. Oppositely, TSIIA prominently inc- 
reased eNOS enzymatic activity and reduced 
the increased iNOS expression caused by  
LPS, but the NO content in the medium was 
decreased significantly. All of these results sug-
gest that LPS-induced the release amount of 
total NO increase is due mainly to iNOS and 
that TSIIA ameliorates this state. Research by 
other scholars showed that TSIIA can prevent 
the loss of nigrostriatal dopaminergic neurons 
by inhibiting NADPH oxidase and iNOS in the 
MPTP model of Parkinson’s disease [38]. Con- 
sequently, based on the data shown in present 
research and other scholars, we conclude that 
TSIIA effectively suppresses iNOS-derived NO 
over-expression and regulates eNOS-derived 
NO to the normal levels in HUVECs, thereby 

Figure 6. Tanshinone IIA decreased the expression of ICAM-1 and VCAM-1 induced by LPS. The mRNA levels of 
ICAM-1 and VCAM-1 were tested by RT-qPCR, and the protein expression of VCAM-1 and ICAM-1 in HUVECs were 
evaluated by flow cytometry and Western blot, respectively. A: Percentage detection of ICAM-1 protein level by flow 
cytometry. B: Percentage detection of VCAM-1 protein level by flow cytometry. C: The mRNA level detection of ICAM-1 
and VCAM-1 by RT-qPCR. D: The protein level detection of ICAM-1 and VCAM-1 by Western blot. Data are the mean 
± S.D. **, P<0.01 vs. the control group; ##, P<0.01 vs. the model group.
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maintaining the balance of the endothelial NO 
pathway.

The adhesion of endothelial cells to monocytes 
is a crucial step in the inflammatory response 
which precedes the development of atheros- 
clerosis. Undoubtedly, ICAM-1 and VCAM-1, as 
the important molecules involved in adhesion, 
play an important role in the regulation of endo-
thelial cell adhesion and also in the inflamma-
tory response [39]. Accordingly, impeding the 
adhesion of monocytes to the endothelial cells 
is of great importance in early AS. In addition, it 
is remarkable that a previous study linked the 
unbalanced expression of ICAM-1 and VCAM-1 
to an increased risk of the incidence of clinical 
coronary artery disease [40]. In this study, we 
found that TSIIA inhibits the adhesion of fluo-
rescent THP-1 cells to LPS-stimulated endothe-
lial cells. Meanwhile, TSIIA suppresses the up-
regulation of VCAM-1 and ICAM-1 in mRNA and 
protein levels induced by LPS. Similar results 
have demonstrated a novel underlying mecha-
nism for anti-inflammatory effect of TSIIA by 

IL-6), chemokine (IL-8) and adhesion molecules 
(VCAM-1 and ICAM-1) [43]. But up to now, the 
relationship between TSIIA and NF-κB pathway 
has been unclear. With this confusion in mind, 
in this study, we detected the effects of TSIIA 
on LPS-induced NF-κB activation. Our results 
demonstrated that TSIIA may inhibit LPS-
induced pro-inflammatory mediator, adhesion 
molecule production by suppressing NF-κB 
activation. The effect is similar to that of the 
NF-κB inhibitor (PDTC), accompanied by a de- 
crease in phosphorylated NF-κB/p-65 (p-p65) 
level.

Briefly, the present study shows that TSIIA pro-
motes viability, restrains the expression of 
inflammatory factors, chemokines, and adhe-
sion molecules, and suppresses the adhesion 
of monocytes (THP-1 cells) to HUVECs in LPS-
stimulated HUVECs. Moreover, the protective 
effects of TSIIA on LPS-stimulated HUVECs are 
likely mediated through the suppression of the 
NF-κB pathway. These findings not only shed 
new light on the mechanisms of action of TSIIA 

Figure 7. Tanshinone IIA and PDTC promote the viability of LPS-induced HU-
VECs and decrease the expression of downstream proteins of NFkB. Cul-
tured HUVECs were seeded in 96-well plates and preincubated with 2.5 μM 
TSIIA or 20 μM PDTC for 2 h followed by stimulation with 2.0 μg/mL LPS 
at 37°C for 12 h. A: Changes of cell viability when applying TSIIA or PDTC. 
B: Protein level detection of p-IκBα and p-p65 by Western blot. C: Relative 
expression analysis of p-IκBα protein. D: Relative expression analysis of 
p-p65 protein. Data are the mean ± S.D. **, P<0.01 vs. the control group; #, 
P<0.05, ##, P<0.01 vs. the model group.

modulating TNF-α-induced ex- 
pression of VCAM-1, ICAM-1 
and fractalkine in HUVECs [41]. 
Thus, TSIIA may prove to be 
effective in protecting against 
the development of early AS 
lesions.

The NF-κB pathway, as a major 
signaling pathway, is involved 
in the activation of HUVECs 
induced by exogenous LPS. 
Once stimulated with LPS, 
NF-κB is activated by phos-
phorylation and regulates the 
expression of a network of 
inflammatory mediators [42]. 
Under normal physiological 
conditions, NF-κB is seques-
tered into the cytoplasm by IκB 
proteins. Upon inflammatory 
events stimuli, including LPS or 
TNF-α, IκBα is phosphorylated 
and degraded, which further 
enables NF-κB to translocate 
to the nucleus. And then NF-κB 
starts playing its powerful tran-
scriptional role in numerous 
genes, such as the inflamma-
tory factors (TNF-α, IL-1β and 
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but also suggest that TSIIA may play an impor-
tant role in the protection against the early 
development of atherosclerosis.
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