
Int J Clin Exp Med 2015;8(9):14896-14905
www.ijcem.com /ISSN:1940-5901/IJCEM0010643

Original Article
Berberine protects vascular endothelial cells in  
hypertensive rats

Yang Wang1, Yun Ding2

1Department of ECG, The First Affiliated Hospital, Harbin Medical University, Harbin 150001, P. R. China; 
2Department of Orthopedic Surgery, The First Affiliated Hospital, Harbin Medical University, Harbin 150001, P. R. 
China

Received May 25, 2015; Accepted August 2, 2015; Epub September 15, 2015; Published September 30, 2015

Abstract: Objective: This study is to investigate the effect and mechanism of berberine on vascular endothelial 
cell injury. Methods: The isolated aortic endothelial cells were divided into negative control group, spontaneous 
hypertension group, and berberine group (1.25, 2.5, and 5 μmol/L berberine). CCK-8 assay was performed to 
detect cell proliferation. Annexin V-FITC flow cytometry and Hochest33342/PI staining were used to measure cell 
apoptosis. Expression of TLR4, Myd88, and NF-κB was detected with Western blotting analysis. Level of IL-6 and 
TNF-α was measured with ELISA. Results: Compared with spontaneous hypertension group, cell proliferation in 
berberine group was significantly improved (P < 0.05). Flow cytometry showed that cell apoptosis was reduced in 
berberine group in a dose-dependent manner and there was statistically significant difference between spontane-
ous hypertension group and berberine group (P < 0.05). This result was further confirmed by Hochest33342/PI 
staining. Expression levels of TLR4, Myd88 and NF-κB were increased in spontaneous hypertension group. However, 
their expression levels were significantly reduced in berberine group than those in spontaneous hypertension group 
(P < 0.05). Similarly, levels of IL-6 and TNF-α were increased in spontaneous hypertension group and decreased in 
berberine group. And, the difference was significant (P < 0.05). Importantly, there were significant differences be-
tween negative control group and spontaneous hypertension group in cell proliferation, apoptosis, and expression of 
TLR4, Myd88, NF-κB, IL-6 and TNF-α. Conclusion: Berberine plays a protective role in vascular endothelial cell injury 
through inhibiting apoptosis and expression of TLR4, Myd88, NF-κB, IL-6 and TNF-α.
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Introduction

Vascular endothelial cells could produce many 
vasoactive substances, such as nitric oxide, 
prostacyclin2, and endothelin-1, through auto-
crine, endocrine, or paracrine secretion [1, 2]. 
Vascular endothelial cells play important roles 
in regulating vascular tension, inhibiting throm-
bosis, repressing proliferation of smooth mus-
cle cells and inhibiting inflammation of the ves-
sel wall [3]. When vascular endothelial cells are 
stimulated by factors such as oxidative stress, 
renin-angiotensin system, oxidized low density 
lipoprotein, and homocysteine, the production 
of vasodilator factors is decreased whereas the 
production of vasoconstrictor factors is 
increased [4-7]. This could break the homeo-
stasis of vasoconstriction and vasodilation, 
resulting in a series of cardiovascular events 
[8]. There is endothelial damage in almost all 

patients with essential hypertension [9]. It is 
believed that endothelial damage is secondary 
to hypertension [10, 11]. And, endothelial dam-
age is the initiating event of atherosclerosis 
associated with hypertension [12]. Therefore, 
drug intervention against endothelial cell dys-
function has become a new trend in the field of 
cardiovascular disease research [13].

The myeloid differentiation factor 88 (MyD88) 
dependent toll-like receptor 4 (TLR4) signaling 
pathway expresses in human embryonic kidney 
cells (HEK293), cardiac cells, and microvascu-
lar endothelial cells [14]. It may play a role in 
endothelial damage induced by hypertension 
[15, 16]. It could activate interleukin-1 receptor 
associated kinase (IRAK-1), nuclear factor-κB 
(NF-κB) and activator protein-1 (AP-1), leading 
to production of large amounts of inflammatory 
cytokines (such as COX-2, IL-1, and IL-6) and 
resulting in endothelial cell injury [17].
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Berberine is the active ingredient extracted 
from the rhizome of Ranunculaceae Coptis 
[18]. Studies have found that berberine has 
clinical application in the treatment of cancer, 
diabetes, cardiovascular disease, high choles-
terol, inflammation, and bacterial and viral 
infections [19-22].

In this study, the protective effect of berberine 
on vascular endothelial cell injury was investi-
gated. Whether this protective effect is related 
with MyD88 dependent TLR4 signaling pathway 
was also studied.

Materials and methods

Animals

SD rats and rats with spontaneous hyperten-
sion were purchased from Model Animal 
Research Center of Nanjing University (Nanjing, 
China). They were kept in standard conditions 
with free access to food and water. All animal 
experiments were conducted according to the 
ethical guidelines of Harbin Medical University.

Isolation and culture of aortic endothelial cells

Aortic endothelial cells were isolated from SD 
rats and rats with spontaneous hypertension 
as previously described [23, 24]. Briefly, rats 
were anesthetized with ether and the thoracic 
aortas were isolated under sterile condition. 
After washing with PBS and removing vascular 
adventitia, vascular intima was exposed. The 
vascular intima was digested with 2.0 g/L of 
type I collagenase (Beyotime Institute of 
Biotechnology, Shanghai, China) for 1 h and 
then the vascular intima were cultured with 
DMEM/F12 medium (General Electric Company, 
South Logan, Utah, USA) in flasks coated with 
collagen. After culturing for 3 to 4 days, endo-
thelial cells were released from the intima tis-
sue. Endothelial cells were cultured in DMEM/
F12 medium supplemented with 10% fetal 
bovine serum (General Electric Company, South 
Logan, Utah, USA) and 0.1% penicillin-strepto-
mycin (Beyotime Institute of Biotechnology, 
Shanghai, China) in an incubator at 37°C with 
5% CO2.

Immunohistochemistry

Immunohistochemistry was performed to iden-
tify aortic endothelial cells. As previously 
described [25], the endothelial cell specific 

antigen von Willebrand factor (vWF) was detect-
ed. The isolated endothelial cells were cultured 
on glass slides and then incubated with 0.3% 
H2O2-methanol solution at room temperature 
for 10 min. After washing with PBS, the slides 
were blocked with 10% normal goat serum 
(General Electric Company, South Logan, Utah, 
USA) for 1 h. Then the primary antibody of rab-
bit anti-rat vWF (Cell Signaling Technology, 
Danvers, MA, USA) was added and incubated at 
4°C overnight. After washing with PBS for 3 
times, the secondary antibody of HRP-labeled 
goat anti-rabbit antibody (Cell Signaling Tech- 
nology, Danvers, MA, USA) was added and incu-
bated in the dark at room temperature for 1 h. 
Finally, the slides were developed with DAB 
reagent. After dehydration and transparency, 
the slides were mounted with neutral gum and 
observed under a fluorescent microscope 
(Biological Microscope XSP-8C, SHANGHAI 
ZOUSUN OPTICAL INSTRUMENT CO., LTD., 
Shanghai, China).

Cell grouping

The cells were divided into negative control 
group (aorta endothelial cells isolated from SD 
rats), spontaneous hypertension group (aorta 
endothelial cells isolated from rats with sponta-
neous hypertension), berberine group (aorta 
endothelial cells isolated from rats with sponta-
neous hypertension + berberine (1.25, 2.5, and 
5 μmol/L)). Cells in berberine group were treat-
ed with berberine (1.25, 2.5, and 5 μmol/L) for 
24 h.

CCK-8 assay

The isolated endothelial cells at logarithmic 
growth phase were seeded in 96-well plates at 
a concentration of 1 × 105/L. After culturing for 
24 h, CCK-8 was added to each well and cul-
tured for 1 h. The OD value was measured at 
450 nm using a microplate reader (SpectraMax 
M3, Molecular Devices, Sunnyvale, CA, USA). 
The cell viability was represented by OD450 
values.

Flow cytometry analysis after Annexin V-FITC 
staining

Cells were collected, washed twice with cold 
PBS, and suspended in Annexin V buffer (cell 
concentration 1 × 106/ml). Then 5 μl Annexin 
V-FITC and 5 μl PI (Beyotime Institute of 
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Biotechnology, Shanghai, China) were added to 
100 μl cell suspension. After gently mixing, 
cells were incubated in the dark at room tem-
perature for 15 min. Flow cytometry analysis 
was performed within 1 h to detect cell 
apoptosis.

Hochest33342 and PI double staining

Cells were collected and suspended in 1 ml cul-
ture medium. Then 10 μL Hochest 33342 stock 
solution (100 mg/L, dissolved in distilled water) 
and incubated for 15 min. After centrifugation, 
the cells were re-suspended in 1 ml PBS and 5 

MA, USA), rabbit anti-rat polyclonal NF-κB anti-
body (Cell Signaling Technology, Danvers, MA, 
USA) and rabbit anti-rat polyclonal β-actin anti-
body (Cell Signaling Technology, Danvers, MA, 
USA) at 4°C overnight. After washing, the mem-
brane was then incubated with goat anti-rabbit 
monoclonal antibody (Cell Signaling Technology, 
Danvers, MA, USA) at room temperature for 1 h. 
Finally, the membrane was developed by 
enhanced chemiluminescence plus reagent. 
The developed film was scanned using the 
AlphaImager gel imaging systems (AlphaImager, 
Santa Clara, California, USA). And the Western 
blot images were analyzed using Image-Pro 

Figure 1. Identification of aortic endothelial cells. Aortic endothelial cells were isolated from SD rats and rats with 
spontaneous hypertension as previously described. A. Cell morphology was observed under microscope. Magnifica-
tion: × 400. B. Immunohistochemistry was performed to detect vWF expression in isolated cells. Magnification: × 
400. Cells with brown staining were defined as positive.

Figure 2. Analysis of aortic endothelial cell proliferation. The isolated 
cells were divided into negative control group (aorta endothelial cells iso-
lated from SD rats), spontaneous hypertension group (aorta endothelial 
cells isolated from rats with spontaneous hypertension), berberine group 
(aorta endothelial cells isolated from rats with spontaneous hyperten-
sion + berberine). Cells in berberine group were treated with berberine 
(1.25, 2.5, and 5 μmol/L) for 24 h. Cell proliferation was detected with 
CCK-8 assay. Compared with negative control group, *P < 0.05. Com-
pared with spontaneous hypertension group, #P < 0.05.

μL PI stock solution (1 g/L, dis-
solved in distilled water) was 
added. Cells were observed 
under a fluorescent microscope 
(XSP-17CE, Shanghai Changfang 
Optical Instrument Co., LTD, 
Shanghai, China).

Western blotting 

Total proteins were extracted and 
separated by SDS-PAGE. Then 
proteins were transferred onto 
nitrocellulose membrane. After 
blocking with non-fat milk, the 
membrane was incubated with 
primary antibodies of rabbit anti-
rat polyclonal TLR-4 antibody 
(Cell Signaling Technology, Dan- 
vers, MA, USA), rabbit anti-rat 
polyclonal Myd88 antibody (Cell 
Signaling Technology, Danvers, 
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Plus analysis software (Media Cybernetics, 
Inc., Rockville, MD, USA). β-actin was used as 
an internal control.

ELISA

The assay was carried out according to the 
manual provided by the ELISA kit (Rat IL-6 ELISA 
kit and Rat TNF-α ELISA kit, Uscn Life Science 
Inc., Wuhan China). Briefly, cell culture superna-
tant was added to the pre-coated microplate 
and incubated at 37°C for 30 min. After wash-
ing for 5 times, detection antibody was added 
to the wells. After incubation at room tempera-
ture for 1 h, the microplate was washed again. 
Then HRP conjugated antibody was added and 
incubated at room temperature for 30 min. 
After washing for 5 times, substrate solution 
was added and incubated at room temperature 
for 15 min. Finally, stop solution was added to 
stop color development and the plate was read 

at 450 nm using a microplate reader (Spectra-
Max M3, Molecular Devices, Sunnyvale, CA, 
USA). The standard curve was generated by 
2-fold serial dilutions of the standard samples. 
The content of IL-6 and TNF-α was calculated 
according to the standard curve.

Statistical analysis

Data was processed using SPSS 19.0 statisti-
cal software. All data were presented as mean 
± standard deviation. One-Way ANOVA was per-
formed to compare differences among differ-
ent groups. Mean values between groups were 
analyzed by SNK method. P < 0.05 was consid-
ered statistically significant.

Results

Identification of aortic endothelial cells

To identify the isolated cells, the isolated cells 
were first observed under microscope. As 

Figure 3. Analysis of apoptosis of aortic endothelial cells by flow cytometry. The isolated cells were divided into nega-
tive control group (aorta endothelial cells isolated from SD rats), spontaneous hypertension group (aorta endothelial 
cells isolated from rats with spontaneous hypertension), berberine group (aorta endothelial cells isolated from rats 
with spontaneous hypertension + berberine). Cells in berberine group were treated with berberine (1.25, 2.5, and 
5 μmol/L) for 24 h. Cell apoptosis was analyzed by flow cytometry after Annexin V staining. A. Representative flow 
cytometry results. Numbers in the upper right quadrant indicate the percentage of apoptotic cells. B. Quantitative 
flow cytometry results. Compared with negative control group, *P < 0.05. Compared with spontaneous hypertension 
group, #P < 0.05.
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shown in Figure 1A, cells were flat showing 
short spindle or polygonal morphology and 
were arranged in monolayer, like “paving stone”. 
This morphology is characteristic of endothelial 
cells. Then, immunohistochemistry was per-
formed to detect the expression of the endo-
thelial cell specific antigen vWF. As shown in 
Figure 1B, there was positive vWF expression 
in the isolated cells. Therefore, the isolated 
cells were identified as aortic endothelial cells.

Effect of berberine treatment on proliferation 
of aortic endothelial cells

To determine the effect of berberine on prolif-
eration of aortic endothelial cells, CCK-8 assay 
was performed. Cells in negative control group 
were aorta endothelial cells isolated from SD 
rats. Cells in spontaneous hypertension group 
and berberine group were aorta endothelial 
cells isolated from rats with spontaneous 
hypertension. Cells in berberine group were 
treated with berberine (1.25, 2.5, and 5 μmol/L) 
for 24 h. As shown in Figure 2, cell proliferation 
in spontaneous hypertension group was signifi-
cantly decreased than that in negative control 
group (P < 0.05). However, after treatment with 
berberine, cell proliferation was increased. 
Compared with spontaneous hypertension 
group, cell proliferation in berberine group was 
significantly increased (P < 0.05). Thus, prolif-
eration of aortic endothelial cells isolated from 
rats with spontaneous hypertension is inhibit-
ed and this inhibition is alleviated by berberine 
treatment.

Effect of berberine treatment on apoptosis of 
aortic endothelial cells by flow cytometry

To investigate the effect of berberine on apop-
tosis of aortic endothelial cells, flow cytometry 

analysis was conducted. Cell grouping was 
described in Materials and methods. Repre- 
sentative flow cytometry results were shown in 
Figure 3A and quantitative flow cytometry 
results were shown in Figure 3B. The apoptosis 
rate in negative control group was 21.02 ± 
0.05% whereas in spontaneous hypertension 
group was 60.69 ± 5.92%. Compared with neg-
ative control group, the apoptosis rate in spon-
taneous hypertension group was significantly 
higher (P < 0.05). The apoptosis rate in berber-
ine group treated with 1.25, 2.5, and 5 μmol/L 
berberine was 37.51 ± 0.19%, 31.44 ± 0.25%, 
and 25.63 ± 0.21%, significantly lower than 
that in spontaneous hypertension group (P < 
0.05). And, this decrease in apoptosis rate was 
dependent on the dose of berberine. These 
results indicate that apoptosis of aortic endo-
thelial cells isolated from rats with spontane-
ous hypertension is increased and this 
increased apoptosis is inhibited by berberine 
treatment.

Effect of berberine treatment on apoptosis of 
aortic endothelial cells by Hochest33342/PI 
staining

To further verify the inhibitory effect of berber-
ine on apoptosis of hypertensive aortic endo-
thelial cells, Hochest33342/PI staining was 
performed. Similarly, as shown in Figure 4, in 
the negative control group, cells were stained 
blue and apoptotic cells were barely observed. 
In the spontaneous hypertension group, some 
cells were stained red, indicating that there 
were apoptotic cells. However, the number of 
apoptotic cells was reduced in the berberine 
group in a dose-dependent manner. This data 
further suggests that berberine treatment 
inhibits apoptosis of aortic endothelial cells iso-
lated from rats with spontaneous hyper- 
tension.

Figure 4. Analysis of apoptosis of aortic endothelial cells by Hochest33342/PI staining. The isolated cells were 
divided into negative control group (aorta endothelial cells isolated from SD rats), spontaneous hypertension group 
(aorta endothelial cells isolated from rats with spontaneous hypertension), berberine group (aorta endothelial cells 
isolated from rats with spontaneous hypertension + berberine). Cells in berberine group were treated with berberine 
(1.25, 2.5, and 5 μmol/L) for 24 h. Cell apoptosis was analyzed by Hochest33342/PI staining. 



Berberine protects vascular endothelial cell

14901 Int J Clin Exp Med 2015;8(9):14896-14905

Effect of berberine on expression of TLR4, 
Myd88 and NF-κB

To detect the expression of TLR4, Myd88 and 
NF-κB in aortic endothelial cells after berberine 
treatment, Western blotting analysis was per-
formed. As shown in Figure 5, the expression 
levels of TLR4 (Figure 5A), Myd88 (Figure 5B) 
and NF-κB (Figure 5C) were relatively low in the 
negative control group. However, their expres-
sion levels were increased in the spontaneous 

hypertension group, significantly higher than 
those in the negative control group (P < 0.05). 
After treatment with berberine, the expression 
levels of TLR4, Myd88 and NF-κB in the berber-
ine group were further decreased. Statistically, 
the expression levels of TLR4, Myd88 and 
NF-κB in the berberine group were significantly 
lower than those in the spontaneous hyperten-
sion group (P < 0.05). Thus, these findings 
showed that berberine treatment inhibited the 
expression of TLR4, Myd88 and NF-κB in aortic 

Figure 5. Analysis of TLR4, Myd88 and NF-κB 
expression. The isolated cells were divided into 
negative control group (aorta endothelial cells 
isolated from SD rats), spontaneous hypertension 
group (aorta endothelial cells isolated from rats 
with spontaneous hypertension), berberine group 
(aorta endothelial cells isolated from rats with 
spontaneous hypertension + berberine). Cells 
in berberine group were treated with berberine 
(1.25, 2.5, and 5 μmol/L) for 24 h. Expression of 
TLR4 (A), Myd88 (B) and NF-κB (C) was detected 
with Western blotting analysis. Representative 
Western blotting results were shown in the upper 
panel and quantitative Western blotting results 
were shown in the lower panel. Compared with 
negative control group, *P < 0.05. Compared with 
spontaneous hypertension group, #P < 0.05.
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endothelial cells isolated from rats with sponta-
neous hypertension.

Effect of berberine on expression of IL-6 and 
TNF-α

ELISA was carried out to measure the levels of 
IL-6 and TNF-α in culture supernatant of aortic 
endothelial cells. The levels of IL-6 (Figure 6A) 

has certain protective effect on hypertensive 
vascular endothelial injury.

To further reveal the underlying mechanism of 
the protective effect of berberine on vascular 
endothelial cells, we detected cell apoptosis 
after berberine treatment. Flow cytometry anal-
ysis showed the apoptosis rate in hypertension 
group was significantly higher than that in neg-

Figure 6. Analysis of IL-6 and TNF-α expression. The isolated cells were 
divided into negative control group (aorta endothelial cells isolated from 
SD rats), spontaneous hypertension group (aorta endothelial cells iso-
lated from rats with spontaneous hypertension), berberine group (aorta 
endothelial cells isolated from rats with spontaneous hypertension + 
berberine). Cells in berberine group were treated with berberine (1.25, 
2.5, and 5 μmol/L) for 24 h. Expression of IL-6 (A) and TNF-α (B) was 
detected with ELISA. Compared with negative control group, *P < 0.05. 
Compared with spontaneous hypertension group, #P < 0.05.

and TNF-α (Figure 6B) in the spon-
taneous hypertension group were 
significantly higher than those in 
the negative control group (P < 
0.05). However, after berberine 
treatment, the levels of IL-6 and 
TNF-α decreased. Statistically, the 
berberine group had significantly 
lower levels of IL-6 and TNF-α than 
the spontaneous hypertension 
group (P < 0.05). Therefore, the 
levels of IL-6 and TNF-α in culture 
supernatant of aortic endothelial 
cells isolated from rats with spon-
taneous hypertension are decrea- 
sed by berberine. 

Discussion

There is vascular endothelial cell 
injury during the development of 
hypertension [26]. However, the 
mechanism underlying hyperten-
sive vascular endothelial cell inju-
ry is not clear. It is generally con-
sidered that vascular endothelial 
cell injury is secondary to hyper-
tension [27]. Vascular endothelial 
cell injury is accompanied with 
inflammation and apoptosis [28, 
29]. Meanwhile, TLR4 pathway is 
an important pathway involved in 
inflammation [30]. As a traditional 
Chinese medicine, berberine is 
widely used in the treatment of 
heart failure, arrhythmia, high 
cholesterol, and inflammatory dis-
eases [31]. The results of this 
study showed that berberine 
could improve the proliferation of 
cells isolated from rats with spon-
taneous hypertension. Compared 
with spontaneous hypertension 
group, the difference was statisti-
cally significant. Thus, berberine 
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ative control group. However, after treatment 
with berberine, the apoptosis rate was signifi-
cantly reduced in a dose dependent manner. 
Similarly, Hochest33342/PI staining showed 
that many cells in hypertension group were 
stained red. And, the number of cell with red 
staining in berberine group was obviously less-
er. These results suggest that apoptosis of aor-
tic endothelial cells isolated from rats with 
spontaneous hypertension is increased and 
this increased apoptosis is inhibited by berber-
ine treatment.

Hypertensive vascular endothelial cell injury is 
related with TLR4 signaling pathway [32, 33]. 
TLR4 signaling pathway is involved in inflamma-
tion and immune response through promoting 
the synthesis and release of cytokines [34]. 
The results of this study showed that expres-
sion levels of TLR4, Myd88 and NF-κB were 
increased in hypertension group. After the 
intervention with berberine, expression levels 
of TLR4, Myd88 and NF-κB was significantly 
reduced. 

TNF-α and IL-6 play important roles in endothe-
lial damage, inflammation, smooth muscle pro-
liferation and vascular remodeling in hyperten-
sion patients [35, 36]. IL-6 is a glycoprotein 
with a molecular weight of 26 kD and is pro-
duced by a variety of tissues [37]. It can induce 
activation of B cells to produce immunoglobu-
lins, promote T cell growth, and induce the gen-
eration of hepatic acute phase protein [38]. 
TNF-α, which is mainly produced by mononucle-
ar macrophages, is a kind of peptide with a 
molecular weight of 17 kD [35]. It is an impor-
tant inflammatory mediator and immunomodu-
latory factor that is involved in many pathophys-
iological processes, such as immune response, 
tissue repair, and cell apoptosis [39, 40]. In this 
study, levels of IL-6 and TNF-α in spontaneous 
hypertension group were significantly higher 
than those in negative control group. However, 
after treatment with berberine, IL-6 and TNF-α 
levels were significantly decreased, compared 
with spontaneous hypertension group. 

In conclusion, our findings indicate that berber-
ine may protect vascular endothelial cells iso-
lated from hypertensive rats from injury. And, 
this protective effect may be acted through 
regulating apoptosis and the expression of 
TLR4, Myd88, NF-κB, IL-6 and TNF-α. 
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