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Abstract: Little is known about the role of isorhamnetin on endothelial cell apoptosis and inflammation when insult-
ed by TNF-α injury. In our study, HUVECs were treated with TNF-α for 6 hours. HUVECs apoptosis were detected using 
flow cytometry. The expressions of ICAM-1, VCAM-1, E-selectin, NF-κB, AP-1 and eNOS were determined with western 
blotting or flow cytometry. The results showed TNF-α increased of apoptosis and the expression of ICAM-1, VCAM-1 
and E-selectin in HUVECs, accompanied by significant augmentation of NF-κB and AP-1 expression. Pretreatment 
with isorhamnetin significantly reduced apoptosis in TNF-α-treated HUVECs. Moreover, isorhamnetin significantly 
attenuated TNF-α-induced upregulation of ICAM-1, VCAM-1, AP-1, E-selectin and NF-κB expression. Meanwhile, isor-
hamnetin also increased the expression of eNOS. So, isorhamnetin could suppress TNF-α-induced apoptosis and 
inflammation by blocking NF-κB and AP-1 signaling in HUVECs, which might be one of the underlying mechanisms 
for treatment of coronary heart disease.

Keywords: Isorhamnetin, HUVECs, apoptosis, ICAM-1, VCAM-1, E-selectin, eNOS, NF-κB, AP-1

Introduction

Inflammation plays a pivotal role in both the 
development of atherosclerosis and the acute 
activation of the vascular wall with consequent 
local thrombosis and vasoconstriction [1], 
although the mechanism remains unknown [2]. 
In general, the adhesion of the leukocytes to 
the blood vessel endothelium plays a crucial 
role in the inflammation [3]. During the inflam-
mation, an array of adhesion molecules 
expressed by the endothelium mediate the pro-
cess of leukocytes attachment to the vessel 
wall. The leukocyte-endothelial interactions 
require expression of various adhesion mole-
cules such as intercellular cell adhesion mole-
cule-1 (ICAM-1), vascular cell adhesion mole-
cule-1 (VCAM-1) and E-selectin [4, 5]. These 
endothelial cell adhesion molecules increased 
in inflamed tissue including vessel endotheli-
um. As one of the inflammatory cytokines, 
tumor necrosis factor-alpha (TNF-α) is an 
important risk factor in the process of the arte-
riosclerosis [6]. The vascular endothelial cell 

injury induced by the TNF-α promotes the 
expressing of cell adhesion molecules [7]. The 
former stimulates the adhesion of leukocytes to 
the endothelium and mediates the process of 
leukocyte attachment to the vascular wall [8]. 
Simultaneously, the adhesion molecules will 
injury the vascular endothelial cell [9]. E-selectin 
mediates the initial stage of the leukocyte 
attachment to vascular wall by slowing the fluid-
ity of the leukocyte [10]. Nuclear factor-kappaB 
(NF-κB) and activator protein 1 (AP-1) are the 
transcription factors that regulate many genes 
related to apoptosis and inflammation at the 
transcriptional level. NF-κB and AP-1 involved in 
cellular responses to stimuli such as cytokines 
controls transcription of DNA, plays a key role in 
the intracellular regulation of inflammation [11]. 
It might control genes in the inflammation, 
which is found to be active in the inflammatory 
disease, such as sepsis, inflammatory bowel 
disease, atherosclerosis [12, 13]. Endothelial 
nitric oxide synthase (eNOS) plays an important 
role in the regulation of cardiovascular function. 
In general, eNOS expressed in responses to 
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inflammatory stimuli such as cytokines and 
could generate large quantities of nitric oxide 
(NO) [14], which acutely vasodilates blood ves-
sels and inhibits platelet aggregation. 
Chronically, eNOS has a major role in the regu-
lation of prevention of atherosclerosis by 
decreasing leukocyte adhesion and smooth 
muscle proliferation [15].

Isorhamnetin, one of the major and active com-
ponents isolated from the traditional Chinese 
herb Pollen Typhae Angustifoliae or Hippophae 
rhamnoides L., is commonly used in the pre-
vention and treatment of ischemic heart dis-
ease and circulatory disorders. Recent pharma-
cological studies have demonstrated that isor-
hamnetin has anti-inflammatory property [16]. 
The protective effects of isorhamnetin on endo-
thelial cell line EA.hy926 from ox-LDL-induced 
cell injuries via inhibition of lectin-like ox-LDL 
receptor-1 upregulation, interference of ox-LDL-
mediated intracellular signaling pathway [17]. 
Isorhamnetin also inhibits the H(2)O(2)-induced 
activation of the intrinsic apoptotic pathway via 
ROS scavenging and ERK inactivation [18]. 
Isorhamnetin had the potential anti-inflamma-
tory activity in cardiovascular disease [19]. 
However, little is known about the role of isorh-
amnetin on endothelial cell in inflammation 
process when insulted by TNF-α injury.

In this study, we investigated the effects of isor-
hamnetin on TNF-α-induced apoptosis index 
and the expressions of ICAM-1, VCAM-1, 
E-selectin and eNOS in HUVECs. NF-κB and 
AP-1 were tested to further define the signaling 
pathway responsible for isorhamnetin regula-
tion of inflammation and apoptosis. Our study 
may provide a novel therapeutic use of isorh-
amnetin in vascular inflammatory disorders.

Materials and methods

Materials

HUVECs were purchased from the Chinese 
Academy of Sciences (Shanghai, China). 
Chemically pure isorhamnetin was purchased 
from the National Institute for the Control of 
Pharmaceutical and Biological Products 
(Beijing, China), and was dissolved and diluted 
in incubation medium to final concentrations of 
100 μg/ml. Human recombinant TNF-α was 
purchased from R&D systems (USA). The  
antibodies of NF-κB, eNOS, hVCAM-1, hICAM-1, 

AP-1 and E-Selectin was purchased from R&D 
systems (USA). The antibody of β-actin pur-
chased from Santa Cruz Biotechnology (USA).

HUVECs culture and protocol

The HUVECs were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco, USA) sup-
plemented with 10% fetal bovine serum and 
antibiotics in a humidified 37°C incubator with 
an atmosphere of 95% air and 5% CO2. For 
experiments, the cells were grown in 24- or 
96-well plates in DMEM. All cells used in this 
study were passage 3. The HUVESs were ran-
domly assigned to 3 groups: control group 
(Con): HUVECs were cultured with DMEM medi-
um; TNF-α group (TNF): HUVECs were treated 
with TNF-α at a dose of 200 ng/ml for 6 hours; 
Isorhamnetin group (Iso): HUVECs were pre-
treated with isorhamnetin at a dose of 30 µg/
ml for 18 hours prior to TNF-α at a dose of 200 
ng/ml for 6 hours.

Annexin V assay

After treatment, HUVECs in every group were 
trypsinized and washed with PBS, then resus-
pended in annexin V-FITC-added binding buffer 
and PI-containing binding buffer for 15 minutes 
under dark conditions. The samples were then 
analyzed immediately by a FACScan flow cytom-
eter (Becton Dickinson, Mountain View, CA, 
USA) using BD CellQuest Pro software (Becton 
Dickinson) as described previously [20] .

Flow cytometry

Expression of AP-1 and NF-κB in the 3 groups 
was measured by a flow cytometry assay. After 
different process according to the protocol, the 
cells were washed with Perm/Wash Butter, and 
then incubated for 10 minutes with a 5 μl of 
NF-κB-PE or AP-1-FITC antibodies, after 2 wash-
es with Perm/Wash Butter, the fluorescent 
cells were analyzed on a FACScan flow cytome-
ter using BD CellQuest Pro software.

Western blot analysis

For the detection of the protein expression, dis-
posed cells were washed and scraped into 50 
μl lysis buffer. After being quantified by BCA 
reagent, equivalent proteins for each sample 
were resuspended in 10 μl of electrophoresis 
sample buffer and subjected to SDS-PAGE in 
12-15% acrylamide minigels. Proteins were 
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were detected using enhanced chemilumines-
cence (ECL, Santa Cruz Biotechnology, USA) fol-
lowed by autoradiography. Image pro plus 5 
software was used to semiquantify protein in 
every lane.

Statistical analysis

Statistical analysis was performed with one-
way anova followed by Bonferroni multiple-
comparison test. The results were considered 
to be significant at a value of P < 0.05.

then transferred to PVDF membrane in a trans-
fer buffer. After blocking with 5% skim milk, 
PVDF membrane was washed in TBS contain-
ing 0.1% Tween 20 and incubated with a pro-
tein-specific antibody at room temperature fol-
lowed by a secondary antibody. Primary anti-
bodies were used as follows: antibodies specif-
ic to NF-κB, eNOS, hVCAM-1, hICAM-1/CD54, 
AP-1, β-actin and E-Selectin/CD62E. After the 
secondary antibody incubation, the mem-
branes were rinsed and the bound antibodies 

Figure 1. Isorhamnetin decreased TNF- α induced HUVECs apoptosis. Apoptosis index assessed by flow cytometry in 
HUVECs. A. Percentage of apoptotic cells in control group. B. Percentage of apoptotic cells in TNF-α group (TNF). C. 
Percentage of apoptotic cells in isorhamnetin group (Iso). D. Quantification of apoptotic HUVECs by flow cytometry. 
§P < 0.05 vs. control group, ▲P < 0.05 vs. TNF-α group. Data shown are means ± SE representative of 5 indepen-
dent experiments.
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Results 

Isorhamnetin decreased TNF-α induced 
HUVECs apoptosis

TNF-α is an important risk factor in the process 
of the arteriosclerosis, which could induce 
endothelial cell apoptosis and inflammation. 
Recent data suggested that TNF mediated 
endothelial cell activation. Endothelial cell 
apoptosis is likely important in the process 
termed “plaque erosion” that leads to platelet 
aggregation [21]. Hence, in our study, we first 
detected whether isorhamnetin could decrease 
TNF-α induced HUVECs apoptosis. To study the 
effect of these stimuli, HUVECs were exposed 
to TNF-α at a dose of 200 ng/ml for 6 hours 
with or without isorhamnetin were analyzed by 
flow cytometry. In our mode, about 3.6% of 
HUVECs in control group were positive (Figure 
1A). When HUVECs cultured in for TNF-α at a 
dose of 200 ng/ml for 6 hours, the apoptotic 
index was significantly increased (10.005± 
0.903%, §P < 0.05 vs. control group) (Figure 

1B). Compared with TNF-α group, the isorham-
netin pretreatment dramatically decreased cell 
apoptosis index to 7.954±0.347% (▲P < 0.05 
vs. TNF group) (Figure 1C and 1D).

Effect of isorhamnetin on VCAM-1, ICAM-1 and 
E-Selectin expression

The adhesion and migration of circulating leu-
kocytes to the vascular endothelium is a crucial 
step during vascular inflammation. The cell 
adhesion molecules including VCAM-1, ICAM-1 
and E-selectin mediate these processes [22]. 
Therefore, it is a key question whether isorham-
netin could inhibit these adhesion molecules in 
TNF-α-mediated HUVECs injury. Firstly, to inves-
tigate whether isorhamnetin affects adhesion 
molecules, the expression of VCAM-1 in HUVECs 
was studied by western blot. As shown in Figure 
2A and 2B, VCAM-1 expression was upregulat-
ed in TNF-α group compared with control 
groups (1.122±0.048 vs. 0.093±0.027, §P < 
0.05 vs. control group), whereas isorhamnetin 
pretreatment reversed the upregulation of the 
protein VCAM-1 compared with the TNF-α group 
(0.504±0.030 vs. 1.122±0.048, ▲P < 0.05 vs. 
TNF-α group). Then, ICAM-1 in HUVECs was 
studied by western blot. As shown in Figure 3A 
and 3B, hICAM-1 expression was upregulated 
in TNF-α group compared with control groups 
(0.958±0.031 vs. 0.059±0.019, §P < 0.05 vs. 
control group), whereas isorhamnetin pretreat-
ment reversed the upregulation of the protein 
ICAM-1 compared with the TNF-α group 
(0.444±0.026 vs. 0.958±0.031, ▲P < 0.05 vs. 
TNF-α group). To further determine the effects 
of isorhamnetin on HUVECs, we tested 
E-Selectin expression using an antibody specif-
ic to E-Selectin. As shown in Figure 4, E-Selectin 
increased in TNF-α group compared with con-
trol groups (1.120±0.060 vs 0.106±0.016, §P 
< 0.05 vs. control group), whereas isorhamne-
tin pretreatment reversed the upregulation of 
the protein E-Selectin compared with the TNF-α 
group (0.911±0.028 vs. 1.120±0.060, ▲P < 
0.05 vs. TNF-α group). In summary, isorhamne-
tin pretreatment could reverse the upregulation 
of adhesion molecules including VCAM-1, ICAM-
1 and E-selectin induced by TNF-α injury.

Isorhamnetin up-regulated eNOS expression

In addition, eNOS catalyzed the formation of 
NO characterized as an anti-atherosclerosis 
effect. The eNOS produces the low density of 

Figure 2. Effect of isorhamnetin on VCAM-1 expres-
sion. A. 40 µg HUVECs lysates in control, TNF-α and 
isorhamnetin groups were loaded onto an SDS-poly-
acrylamide gel and VCAM-1were detected by West-
ern blotting. Equal loading of protein was confirmed 
by reprobing blots with antibodies against β-actin. B. 
Quantitation of VCAM-1 expression of HUVECs. §P < 
0.05 vs. control group, ▲P < 0.05 vs. TNF-α group. 
Data shown are means ± SE representative of 4 in-
dependent experiments.
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NO, which helps to maintain the normal struc-
ture and function of the endothelium. To further 
determine the underlying mechanism of the 
effects of isorhamnetin on HUVECs, we tested 
the expression of eNOS using a specific anti-
body. The results showed that the eNOS expres-
sion decreased in the TNF-α group compared 
with control groups (0.278±0.049 vs. 0.671± 
0.018, §P < 0.05 vs. control group), whereas 
isorhamnetin pretreatment reversed the down-
regulation of the protein eNOS compared with 
the TNF-α group (0.606±0.032 vs. 0.278± 
0.049, ▲P < 0.05 vs. TNF-α group) (Figure 5).

Isorhamnetin suppressed NF-κB and AP-1 
pathway activation

To elucidate how isorhamnetin plays a role on 
anti-inflammation, it is necessary to further 

Figure 3. Effect of isorhamnetin on ICAM-1 expres-
sion. A. 40 µg HUVECs lysates in control, TNF-α and 
isorhamnetin groups were loaded onto an SDS-poly-
acrylamide gel and ICAM-1were detected by Western 
blotting. Equal loading of protein was confirmed by 
reprobing blots with antibodies against β-actin; B. 
Quantitation of ICAM-1 expression of HUVECs. §P < 
0.05 vs. control group, ▲P < 0.05 vs. TNF-α group. 
Data shown are means ± SE representative of 4 in-
dependent experiments.

Figure 4. Effect of isorhamnetin on E-Selectin expres-
sion. A. 40 µg HUVECs lysates in control, TNF-α and 
isorhamnetin groups were loaded onto an SDS-poly-
acrylamide gel and E-Selectin were detected by West-
ern blotting. Equal loading of protein was confirmed 
by reprobing blots with antibodies against β-actin; B. 

Quantitation of E-Selectin expression of HUVECs. §P 
< 0.05 vs. control group, ▲P < 0.05 vs. TNF-α group. 
Data shown are means ± SE representative of 4 in-
dependent experiments.

Figure 5. Isorhamnetin up-regulated eNOS expres-
sion. A. 40 µg HUVECs lysates in control, TNF-α and 
isorhamnetin groups were loaded onto an SDS-poly-
acrylamide gel and eNOS were detected by Western 
blotting. Equal loading of protein was confirmed by 
reprobing blots with antibodies against β-actin; B. 
Quantitation of eNOS expression of HUVECs. §P < 
0.05 vs. control group, ▲P < 0.05 vs. TNF-α group. 
Data shown are means ± SE representative of 4 in-
dependent experiments.
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Figure 6. Isorhamnetin suppressed AP-1 pathway 
activation. A. Expression of AP-1 in control group 
was measured by a flow cytometry assay; B. Ex-
pression of AP-1 in TNF-α group was measured by 
a flow cytometry assay; C. Expression of AP-1 in 
isorhamnetin group was measured by a flow cy-
tometry assay; D. 40 µg HUVECs lysates in control, 
TNF-α and isorhamnetin groups were loaded onto 
an SDS-polyacrylamide gel and AP-1 were detect-
ed by Western blotting. Equal loading of proteins 
were confirmed by reprobing blots with antibodies 
against β-actin. E. Quantitation of AP-1 expres-
sion of HUVECs. §P < 0.05 vs. control group, ▲P 
< 0.05 vs. TNF-α group. Data shown are means ± 
SE representative of 4 independent experiments.
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determine the possible mechanism of the 
effects of isorhamnetin on HUVECs. The tran-
scription factors, NF-κB and AP-1, play impor-
tant roles in TNF-α-induced transcriptional reg-
ulation. Next, we tested the expression of 
NF-κB and AP-1 using specific antibodies by 
flow cytometry and western blot, respectively. 
In Figure 6, AP-1 increased in TNF-α group com-
pared with control groups (0.919±0.075 vs. 
0.275±0.068, §P < 0.05 vs. control group), 
whereas isorhamnetin pretreatment reversed 
the upregulation of the proapoptotic protein 
AP-1 compared with the TNF-α group 
(0.367±0.103 vs. 0.919±0.075, ▲P < 0.05 vs. 
TNF-α group). As shown in Figure 7, the results 
showed that the NF-κB expression increased in 
the TNF-α group compared with control groups 
(0.922±0.016 vs. 0.326±0.019, §P < 0.05 vs. 
control group), however, isorhamnetin pretreat-
ment reversed the upregulation of the protein 
NF-κB expression compared with the TNF-α 
group (0.686±0.015 vs. 0.922±0.016, ▲P < 
0.05 vs. TNF-α group). This result showed that 
NF-κB and AP-1 may be involved in isorhamne
tin-mediated protection in HUVECs induced by 
TNF-α injury.

Discussion

Endothelial inflammation plays important roles 
in the development of atherosclerotic process, 
which is the leading cause of death in cardio-
vascular disease. The initial inflammatory 
response was regarded as a defense reaction 
and its further speeded up atherosclerosis 
[23]. In this study, TNF-α induced apoptosis 
and up-regulated the expression of ICAM-1, 
VCAM-1 and E-selectin in HUVECs, the expres-
sion of these adhesion molecules could lead to 
vascular inflammation and the development of 
atherosclerosis [24, 25]. Interestingly, isorham-
netin has a significant protective effects on 
HUVECs, which showed that isorhamnetin had 
the ability to inhibit of apoptosis and inflamma-
tion in HUVECs. In our model, we found that 
isorhamnetin could reduce the apoptotic index 
and regulate these adhesion molecules expres-
sion in HUVECs induced by TNF-α. Isorhamnetin 
pretreatment reduced TNF-α-induced apoptot-
ic damage in HUVECs. In our study, NF-κB down-
regulation might participate in isorhamnetin-
mediated protection of apoptosis [26]. Recent 
study had showed that NF-κB could mediate 
endothelial cells apoptosis and endothelial 

NF-κB pathway could switch to AP-1 pathway in 
endothelial injury and repair [27, 28]. Whether 
other pathways contribute to the apoptosis 
need to be further studied. In H9c2 cardiomyo-
cytes, isorhamnetin did not inhibit the death 
receptor dependent pathways. Instead, isorh-
amnetin specifically suppressed the mitochon-
dria-dependent pathways, as characterized by 
maintenance of the mitochondrial membrane 
potential (ΔΨm) and regulation of a series of 
Bcl-2 family genes upstream of ΔΨm [18].

TNF-α-mediated inflammation responses are 
achieved through activating multiple signaling 
pathways. The expression of the adhesion mol-
ecules and the adhesion of leukocytes to the 
injury endothelium are the important steps of 
the inflammation. The current study found that 
isorhamnetin could reduce TNF-α-induced up-
regulation of ICAM-1, VCAM-1 and E-selectin, 
suggesting that isorhamnetin might downregu-
late adhesion molecules expression and reduce 
the leukocytes adhesion. The activation of tran-
scription factors NF-κB and AP-1 plays a critical 
role in mediating HUVECs responses, as shown 
in Figures 6 and 7, NF-κB and AP-1 expression 
significantly increased in TNF-α group. Whereas, 
isorhamnetin downregulated NF-κB and AP-1 
expression, hence, downregulation of NF-κb 
and AP-1 were involved in the protective pro-
cess. There are some crosstalk between ICAM-
1, VCAM-1, E-selectin and NF-κB or AP-1 path-
ways. NF-κB plays a pivotal role in the coordi-
nated transactivation of cytokine and adhesion 
molecule genes involved in endothelial activa-
tion [11, 29, 30]. Previous studies [13] showed 
that VEGF-stimulated expression of ICAM-1, 
VCAM-1 and E-selectin mRNAs was mainly 
through NF-κB activation. NF-κB mediated TNF-
α-induced activation of endothelial cell via 
inducing the genes coding-the genes for adhe-
sion molecules ICAM-1, VCAM-1and E-selectin 
[14, 15]. Though increased NF-κB expression in 
macrophages could secrete and produce TNF-
α, TNF-α significantly activate NF-κB signaling 
pathway in a positive feedback [16]. NF-κB is 
the control and induction of the pro-inflamma-
tory cytokines induced by TNF-α, and it plays a 
major role in TNF-α expression. The pathway 
activating NF-κB is the primarily involved in the 
initiation of inflammatory responses. NF-κB 
modulated the production of proinflammatory 
mediators, and pretreatment with puerarin 
attenuated the inflammatory responses in rats 
via inhibition of NF-κB [17], which showed the 
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Figure 7. Isorhamnetin suppressed NF-κB 
pathway activation. A. Expression of NF-κB in 
control group was measured by a flow cytom-
etry assay; B. Expression of NF-κB in TNF-α 
group was measured by a flow cytometry as-
say: C. Expression of NF-κB in isorhamnetin 
group was measured by a flow cytometry as-
say; D. 40 µg HUVECs lysates in control, TNF-α 
and isorhamnetin groups were loaded onto 
an SDS-polyacrylamide gel and NF-κB were 
detected by Western blotting. Equal loading 
of proteins were confirmed by reprobing blots 
with antibodies against β-actin; E. Quantita-
tion of NF-κB expression of HUVECs. §P < 
0.05 vs. control group, ▲P < 0.05 vs. TNF-α 
group. Data shown are means ± SE represen-
tative of 4 independent experiments.
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effective treatment with inflammation by the 
NF-κB signaling pathway. Previous study sug-
gested that activation of redox-sensitive tran-
scription factors such as NF-κB and AP-1, which 
in turn stimulate the expression of an array of 
inflammatory cytokines [31]. Consistent with 
these observations, our data show that  
isorhamnetin inhibits TNF-α-induced inflamma-
tion, as evidenced by reduced adhesion mole-
cules and decreased NF-κB and AP-1 
activation.

In our study, isorhamnetin also could increase 
the expression of eNOS induced by TNF-α inju-
ry. eNOS produces the low density of NO, which 
helps to maintain the normal structure and 
function of the endothelium. NO is one of the 
vasoactive-substances. It is synthesized by the 
Nitric Oxide Synthase. NO also has the ability of 
anti-inflammation by inhibition of the adhesion 
molecules [9]. NO might decrease endothelial 
cell activation by the mechanism of reducing 
NF-κB activation in vascular endothelial cells. 
Exogenous NO has been showed to inhibit 
NF-κB activation by reducing expression and 
prolonging the half-life of the NF-κB inhibitory 
subunit IκBα [18].

In conclusion, adhesion molecules had an 
important role in the process of atherosclero-
sis, isorhamnetin inhibited TNF-α-induced 
apoptosis and up-regulation adhesion mole-
cules ICAM-1, VCAM-1, E-selectin by suppress 
the NF-κB and AP-1 expression. Simultaneously, 
up-regulating the expression of eNOS by isorh-
amnetin was involved in the protective process 
which could help to keep vascular function. 
This study suggests that isorhamnetin has the 
potential effects of anti-apoptosis and anti-
inflammation on TNF-α induced HUVECs, which 
might be one of the underlying mechanisms for 
the treatment of coronary heart disease.
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