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Abstract. Puerarin, an active ingredient of Pueraria lobata, 
has a range of pharmacological effects and excellent phar-
macodynamic properties. In the present study, the effect of 
puerarin on angiotensin II‑induced aortic aneurysm forma-
tion and the potential underlying molecular mechanisms 
were examined. The results revealed that puerarin signifi-
cantly suppressed the viability, and induced the apoptosis, 
of aneurysm‑inducing cells in a time‑ and dose‑dependent 
manner. Furthermore, treatment with puerarin significantly 
suppressed the production of reactive oxygen species (ROS) 
and the expression of matrix metalloproteinase‑2 (MMP‑2) 
protein in aneurysm cells. Puerarin treatment significantly 
increased caspase‑9 and ‑3 activity, induced the protein 
expression of phosphorylated (p)‑Jun and inhibited the protein 
expression of activator protein 1 (AP‑1) in aneurysm cells. It 
was also demonstrated that Puerarin significantly suppressed 
the reduced nicotinamide‑adenine dinucleotide phosphate 
(NADPH) oxidase activity in aneurysm cells. Therefore, it was 
demonstrated that puerarin on suppressed the cell growth of 
angiotensin II‑induced aortic aneurysm formation by affecting 
the rate of apoptosis, the generation of ROS, MMP‑2, AP‑1 
and p‑Jun protein expression and NADPH oxidase.

Introduction 

Abdominal aortic aneurysm (AAA) refers to the local perma-
nent expansion of the aorta, and is defined as an aortic diameter 
>1.5  times larger than the normal value (typically >3 cm). 

Aortectasia refers to the local expansion of the aorta with a 
diameter <1.5 times of the normal value (1). The morbidity of 
AAA for individuals >65 years is up to 9% (2). The majority 
of arterial aneurysms are asymptomatic; however, damage to 
the vascular structure of the aorta subsequent to aneurysm 
will lead to an increase in the aorta tube diameter (3). If the 
diameter is >5.5 cm, it is likely to eventually rupture; the risk 
of aortoclasia is associated with the diameter size (4). The 
prognosis for AAA ruptures remains poor, with a mortality 
rate of 80‑90% (4). The primary therapeutic strategy for AAA 
with a diameter >5.5 cm includes surgery and intracavitary 
interventional treatment (5). However, for AAA with a diam-
eter <5.5 cm, no effective therapy option is available (5).

Inflammatory cell infiltration is a critical event in the 
formation of AAA. Inflammatory cells may secrete a large 
number of inflammatory cytokines, chemokines, chemotaxis 
cytokines, leukotrienes, reactive oxygen species (ROS) 
and immunoglobulins (6). The vasa vasorum of the aorta is 
the channel for inflammatory cell intrusion into the aortic 
intima and membrane (6). Mesolamella neovascularization 
formation and vascular smooth muscle cell reduction are 
characteristics of AAA (7). An intraluminal thrombus may 
induce neovascularization and inflammation by inducing 
hypoxia in the endometrium and membrane. Inflammatory 
cells in the thrombus may release proteases, including matrix 
metalloproteinase 9 (MMP‑9) and urokinase‑type fibrinolytic 
enzymes (8). Inflammation of AAA is primarily induced by 
cytokines expressed by type 2 T helper cells  (8); however, 
there may also be cytokines from type 1 T helper cells (8). 
In addition, ROS and reactive nitrogen species function in a 
number of types of chronic disease. An increase in ROS is 
associated with a local inflammatory reaction that may lead 
to cell and tissue damage, i.e. oxidative stress (9). A previous 
study demonstrated the effects of oxidative stress on the patho-
genesis of AAA (9).

Puerarin (Fig.  1) is an active ingredient abundant in 
Pueraria lobata  (10). Puerarin demonstrates a variety of 
pharmacological activities and specific pesticide effects; in 
particular, puerarin has demonstrated efficacy in the treatment 
of cardiovascular and cerebrovascular diseases (11). Puerarin 
is a promising medicine with the potential for a variety of 
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clinical applications, as is effective despite low toxicity and 
few side effects  (12). A previous study demonstrated that 
puerarin exerts an endothelium‑dependent dilation effect (12). 
Puerarin mediated ion channels in smooth muscle cells have 
been demonstrated to improve its water solubility and lipid 
solubility, enhance combination capacity between drugs and 
hemoglobin, reduce drug polarity, improve oral bioavailability 
and drug targeting effects (13,14).

In the present study, it was examined whether puerarin 
exhibited an anti‑inflammation effect. The results of the present 
study demonstrated that puerarin significantly inhibited cell 
growth in angiotensin II (angII)‑induced aortic aneurysm 
formation by activating reduced nicotinamide‑adenine 
dinucleotide phosphate (NADPH) oxidase and oxidative 
stress‑induced activator protein 1 (AP‑1) signaling pathways.

Materials and methods

Ethical statement and animals. C57BL/6 background 
mice (n=24, male, 5‑6 weeks, 20‑22 g) were obtained from 
the Experiment Center of The First Affiliated Hospital of 
Guangzhou Medical University (Guangzhou, China) and 
housed at 22‑24˚C, 55‑60% humidity, 12 h light/dark cycle, 
and free access to food and water. All mice were randomly 
divided into the following 4 experimental groups: Sham 
(n=6), angII model (n=6), 100  mg/kg puerarin treatment 
(n=6) and 200 mg/kg puerarin treatment (n=6) groups. Mice 
from the angII model, 100 mg/kg puerarin treatment and 
200  mg/kg puerarin treatment groups were continuously 
treated with angII (1,000  ng/kg/min) for 4 weeks, as previ-
ously described  (15). From the third week onwards, mice 
from the 100 and 200 mg/kg puerarin treatment groups were 
continuously administered with 100 or 200 mg/kg puerarin for 
2 weeks, respectively. All protocols in the present study were 
approved by the Ethics Committee of the Hainan Provincial 
People's Hospital (Guangzhou, China). Following treatment 
with puerarin, mice were anesthetizated using 35  mg/kg 
pentobarbital sodium, and then sacrificed using decollation. 
The tissue of aortic aneurysm was acquired and stored at 
‑80˚C.

Determination of the activity of NADPH oxidase. Proteins were 
extracted from isolated abdominal aortic tissues homogenized 
using PTN50 buffer (50 mM Na3PO4, pH 7.4, 50 mM NaCl 
and 1% Triton X‑100) with protease inhibitors (cat. no. P8340; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) at 4˚C 
for 15 min. A bicinchoninic acid (BCA) kit (Pierce; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) was used to 
determine protein concentration. NADPH oxidase activity 
was assessed using a NADPH oxidase activity kit (catalog no. 
A127, Nanjing Jiancheng Biology Engineering Institute) in a 
50‑mmol/l phosphate buffer (pH 7.0) containing 100 µmol/l 
NADPH as the substrate. Photoemissions were then detected 
using the Lumat LB9507 luminometer (Berthold Technologies 
GmbH & Co. KG, Bad Wildbad, Germany).

Detection of ROS production. Isolated abdominal aortic 
tissues were homogenized with a homogenizer for 20  sec 
in 2 ml RIPA assay (Beyotime Institute of Biotechnology, 
Nanjing, China). An aliquot of 2'7'‑dichlorodihydroflurescein 

diacetate (25 µmol/l) was added to the homogenates and ROS 
production was determined by absorbance at 530 nm using an 
ELISA plate reader (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA).

Western blot analysis. Proteins were extracted from isolated 
abdominal aortic tissues homogenized using PTN50 buffer 
with protease inhibitors, as previously described. The BCA kit 
was used to determine protein concentration. A total of 60 µg 
protein/lane was separated using 12% SDS‑PAGE and trans-
ferred to a polyvinylidene difluoride membrane (Invitrogen; 
Thermo Fisher Scientific, Inc.). The membrane was blocked 
using 5% skimmed milk in PBS‑Tween‑20 (0.05%) for 1 h at 
37˚C and immunoblotted using anti‑MMP‑2 (sc‑10736; dilution, 
1:3,000), anti‑AP‑1 (sc‑52; dilution, 1:3,000), and anti‑β‑actin 
(dilution, 1:3,000; all Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA) and anti‑phosphorylated‑Jun (p‑Jun; 3270; dilution, 
1:4,000; Cell Signaling Technology, Inc., Danvers, MA, USA) 
antibodies overnight at 4˚C. Subsequently, the membrane 
was incubated with horseradish peroxidase‑conjugated rabbit 
anti‑goat secondary antibody (sc‑2004 dilution, 1:5,000; Santa 
Cruz Biotechnology, Inc.) at 37˚C for 1 h, detected using an 
enhanced chemiluminescence substrate (GE Healthcare, 
Chicago, IL, USA) and analyzed using Image Lab version 3.0 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Cell culture and proliferation. Murine hemangioendothelioma 
(EOMA) cells were obtained from the Shanghai Cell Bank 
(Shanghai, China) and cultured with Dulbecco's modified 
Eagle's medium (Thermo Fisher Scientific, Inc.) containing 
10% fetal bovine serum (Thermo Fisher Scientific, Inc.) at 
37˚C in an atmosphere containing 5% CO2. EOMA cells were 
plated at 3,000 cells/well in 96‑well plates and cultured with 
dimethyl sulfoxide (DMSO; Thermo Fisher Scientific, Inc.), 
50, 100 or 200 µM puerarin for 0, 24 or 48 h. Subsequently, 
150 µl MTT (Thermo Fisher Scientific, Inc.) was added to 
each well and incubated at room temperature for 4 h. The 
medium was removed and 200 µl of DMSO (Thermo Fisher 
Scientific, Inc.) was added into each well for 20 min to dissolve 
formazan. The cell viability rate was determined at 490 nm 
using an ELISA plate reader.

Apoptosis rate determination. EOMA cells were plated at 
1x106 cells/well in 6‑well plates and cultured with DMSO, 
or 50, 100 or 200 µM puerarin for 48 h. EOMA cells were 
stained with 10 µl annexin V‑allophycocyanin (eBioscience; 
Thermo Fisher Scientific, Inc.) and 5 µl propidium iodide at 
room temperature in the dark for 30 min. The rate of apoptosis 
was determined using flow cytometry (EPICS® ALTRA™; 
Beckman Coulter, Inc., Brea, CA, USA) and analyzed using 
FlowJo version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Detection of caspase‑9/3 activity. EOMA cells were plated at 
1x106 cells/well in 6‑well plates and cultured with DMSO, or 
50, 100 or 200 µM puerarin for 48 h. EOMA cells were stained 
with Ac‑LEHD‑pNA (Beyotime Institute of Biotechnology) 
for caspase‑9 activity and Ac‑DEVD‑pNA (Beyotime Institute 
of Biotechnology) for caspase‑3 activity at 37˚C for 1 h. The 
caspase‑9/3 activity was determined at the wavelength of 
405 nm using an ELISA plate reader.
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Statistical analysis. The data are expressed as the 
mean ± standard error of the mean using SPSS version 17.0 
(SPSS, Inc., Chicago, IL, USA). Statistical analysis was 
performed with an analysis of variance followed by Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Puerarin at tenuates angII‑induced A A A in mice. 
AngII‑induced AAA was initially observed in the different 
groups. As presented in Fig. 2, the angII‑induced AAA rate of 
the AAA model was markedly increased, compared with that 
of the sham control group. However, puerarin decreased the 
angII‑induced AAA rate in mice (Fig. 2).

Puerarin suppresses the NADPH oxidase activity in 
angII‑induced AAA in mice. Subsequently, the NADPH 
oxidase activity from each group was determined, to 
analyze the protective effect of puerarin on the formation of 
angII‑induced aortic aneurysms. Compared with the sham 
group, NADPH oxidase activity was observably increased by 
angII (Fig. 3). Treatment with puerarin significantly decreased 
the angII‑induced NADPH oxidase activity in mice (Fig. 3).

Puerarin suppresses MMP‑2 protein expression in 
angII‑induced AAA in mice. It was hypothesized that an 

effect on MMP‑2 protein expression was important in 
the protective effect of puerarin on angII‑induced aortic 
aneurysm formation. The results from western blot analysis 
demonstrated that angII markedly induced MMP‑2 protein 
expression in the AAA model group compared with the sham 
group (Fig. 4). Puerarin treatment significantly inhibited the 
expression of MMP‑2 protein in angII‑induced AAA in mice 
(Fig. 4).

Puerarin inhibits the AP‑1 protein expression in angII‑induced 
AAA in mice. The effect of puerarin on the AP‑1 protein 
expression of angII‑induced AAA in mice was analyzed. As 
presented in Fig. 4, angII significantly induced AP‑1 protein 
expression in AAA mice compared with the sham group. 
Treatment with puerarin significantly inhibited the AP‑1 
protein expression of angII‑induced AAA in mice (Fig. 4).

Puerarin induces the p‑Jun protein expression of 
angII‑induced AAA in mice. Western blot analysis was used 
to determine the effect of puerarin on p‑Jun protein expres-
sion in angII‑induced AAA in mice. As presented in Fig. 4, 
p‑Jun protein expression of AAA in mice was significantly 
suppressed by angII compared with the sham mice. Puerarin 
treatment significantly increased the p‑Jun protein expression 
of AAA in mice (Fig. 4).

Puerarin suppresses the ROS production in angII‑induced 
AAA in mice. Subsequently, whether puerarin suppressed the 
ROS production of angII‑induced AAA in mice was investi-
gated. As presented in Fig. 5, there was a marked increase in 
ROS production of angII‑induced AAA model mice compared 
with the sham group. Puerarin treatment significantly 
decreased the extent of ROS production in angII‑induced 
AAA mice (Fig. 5).

Puerarin attenuates the viability of EOMA cells. A total of 
50, 100 or 200 µM puerarin was added to EOMA cells and 
viability was determined using an MTT assay. As presented 
in Fig. 6, puerarin significantly suppressed the viability of 
EOMA cells, compared with the sham group (DMSO only).

Puerarin induces the apoptosis of EOMA cells. The effect of 
puerarin on the apoptosis of EOMA cells was subsequently 
determined. As presented in Fig.  7, puerarin induced the 
apoptosis of EOMA cells in a dose‑dependent manner. In 

Figure 1. Molecular structure of puerarin.

Figure 3. Pue treatment suppressed the NADPH oxidase activity in 
angII‑induced AAA in mice. ##P<0.01 vs. sham group; *P<0.05, **P<0.01 vs. 
angII model group. Pue, puerarin; NADPH, reduced nicotinamide‑adenine 
dinucleotide phosphate; angII, angiotensin II; AAA, abdominal aortic 
aneurysm; RLU, relative light units.

Figure 2. Pue treatment attenuated angII‑induced AAA in mice. ##P<0.01 vs. 
sham group; *P<0.05, **P<0.01 vs. angII model group. Pue, puerarin; AAA, 
abdominal aortic aneurysm; angII, angiotensin II.
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particular, 100 and 200 µM puerarin significantly induced the 
apoptosis of EOMA cells at 48 h (Fig. 7).

Puerarin induces increased caspase‑9 and ‑3 activity in 
the EOMA cells. To determine the effect of puerarin on the 
caspase‑9 and ‑3 activity of EOMA cells, caspase‑9 and 
caspase‑3 were measured using a chromogenic assay. As 
presented in Fig. 8, 100 and 200 µM puerarin significantly 

increased the activities of caspase‑9 and caspase‑3 in EOMA 
cells.

Discussion 

During the development of AAA, a large number of ROS will 
be generated and inflammatory cells will release cytokines, 
damaging the normal structure of the vascular wall (4). The 
expression level of ROS and reactive nitrogen species (RNS) 
in human AAA specimens is significantly increased (16). A 
previous study demonstrated that the oxidative stress reaction 
in the aorta wall is associated with the incidence of AAA; it 
can prevent the formation of atherosclerosis (16). Oxidative 
stress may promote the formation of AAA through the regula-
tion of p‑Jun/AP‑l (8). To the best of our knowledge, the present 
study was the first to demonstrate that puerarin significantly 
decreased the angII‑induced AAA rate in mice and suppressed 
viability, induced apoptosis and increased the caspases 9 and 3 
activity in EOMA cells. Zhang et al (17) revealed that puerarin 
inhibits growth and induces apoptosis of hepatocellular carci-
noma cells. In addition, Yu et al (13) indicated that puerarin 
induced apoptosis and decreased the viability of colon cancer 
cells.

Figure 5. Pue treatment suppressed ROS production in angII‑induced abdom-
inal aortic aneurysm in mice. ##P<0.01 vs. sham group; *P<0.05, **P<0.01 
vs. angII model group. Pue, puerarin; ROS, reactive oxygen species; angII, 
angiotensin II.

Figure 7. Pue treatment induced the apoptosis of murine hemangioendothe-
lioma cells. Flow cytometric analysis was performed following treatment 
with dimethyl sulfoxide (sham), or the indicated concentrations of Pue. 
*P<0.05, **P<0.01 vs. control. Pue, puerarin.

Figure 6. Pue treatment attenuated the viability of murine hemangioendo-
thelioma cells. Cell viability was determined using an MTT assay following 
treatment with dimethyl sulfoxide (sham) or the indicated concentrations of 
Pue, for 0, 24 or 48 h. *P<0.05, **P<0.01 vs. sham group. Pue, puerarin.

Figure 4. Pue treatment suppressed MMP‑2 and AP‑1 protein expression, and promoted p‑Jun protein expression, in angII‑induced abdominal aortic aneurysm 
in mice. (A) Western blotting was performed, and the results for (B) MMP‑2, (C) AP‑1 and (D) p‑Jun were quantified by normalization to GAPDH. ##P<0.01 
vs. sham group; *P<0.05, **P<0.01 vs. angII model group. Pue, puerarin; MMP‑2, matrix metalloproteinase 2; AP‑1, activator protein‑1; p‑Jun, phosphorylated 
Jun; angII, angiotensin II.
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NADPH oxidase's substrates are O2 and NADPH. The 
catalytic reaction process may generate a large amount of 
O2

‑; NADPH oxidase is the principal source of ROS in the 
vascular wall (18). The specific inhibitor of NADPH oxidase, 
acetovanillone, was determined to inhibit AAA in a mouse 
model (19). NADPH oxidase requires membrane coupling and 
accessory proteins (including Rac, p47phox and p67phox) to 
catalyze the generation of superoxide (20). It was previously 
identified that quercetin downregulated the expression of 
p47phox in vitro and in vivo, decreasing the generation of O2

‑ 
in the aorta (20). Following the gene knockout of p47phox, 
oxidative stress levels are alleviated and the formation of 
AAA is inhibited (19). Furthermore, the results of the present 
study demonstrated that puerarin significantly decreased the 
angII‑induced NADPH oxidase activity in AAA in mice. 
Kim et al (14) demonstrated that puerarin inhibits the apop-
tosis of retinal pericytes by inhibiting NADPH oxidase‑related 
oxidative stress.

Oxidative stress is associated with the pathological 
process of the inflammatory reaction. Oxidative stress is tissue 
damage incurred subsequent to ROS increase and/or deple-
tion (21). There is a balance between the generation of ROS 
(including NADPH oxidase) with antioxidants and antioxidant 
enzymes (22). It is hypothesized that ROS and oxidative stress 
may be associated with human AAA pathogenesis; ROS and 
RNS are increased in AAA tissue  (22). The results of the 
present study demonstrated that puerarin treatment signifi-
cantly decreased the production of ROS in angII‑induced 
AAA mice. Zhang et al (23) previously identified that puerarin 
attenuates cognitive dysfunction and oxidative stress by ROS 
generation in a rat model of vascular dementia.

The balance between MMPs and their inhibitors is 
required to maintain the integrity of the arterial wall struc-
ture (24). MMP‑2 and ‑9 are predominantly expressed in AAA 
tissue. A previous study has identified that MMP regulation 
may serve a protective role in AAA; for example, mice lacking 
MMP‑2 or ‑9 did not form AAA (25). Oxidative stress is an 
important regulator of MMPs; ROS may activate MMPs and 
induce the degradation of the extracellular matrix. In thoracic 
aortic aneurysms, the MMP activity is enhanced subsequent to 
NADPH oxidase overexpression (26). In addition, in a mouse 
model with thin arteries and veins, an increase in silicate 
increased the activity of MMP‑2 and ‑9, and induced vascular 
remodeling  (27). In the present study, puerarin treatment 
significantly inhibited the expression of MMP‑2 protein in 

angII‑induced AAA mice. Yang et al (28) demonstrated that 
puerarin decreased alveolar bone loss and collagen destruction 
by inhibiting the production of MMP‑2 and MMP‑9 in rats.

The stress response in various cell types activates c‑Jun 
N‑terminal kinases (JNKs). For this reason, JNKs are also 
known as stress‑activated protein kinases (29). It has been 
established that ROS and RNS stimulate the production of 
NADPH. It has also been demonstrated that JNKs are important 
in the incidence of AAA. Through drug inhibition, it has been 
demonstrated that JNKs may decrease the activity of MMPs 
and prevent the formation of AAA (30). JNKs may regulate 
the phosphorylation and nuclear translocation of transcription 
factors, including AP‑1, and other kinases (31). Gang et al (10) 
demonstrated that puerarin suppressed angII‑induced cardiac 
hypertrophy by the AP‑1 and JNK1/2 signaling pathways. In 
the present study, puerarin significantly inhibited AP‑1 protein 
expression and increased the p‑Jun protein expression in AAA 
in mice. Thus, puerarin treatment may reduce the oxidative 
stress level and prevent the development of AAA via the regu-
lation of the JNK/AP‑1 pathway and MMPs.

In conclusion, in the present study, it was demonstrated that 
puerarin significantly decreased the angII‑induced AAA rate 
in a mouse model, suppressed viability, induced apoptosis, and 
increased the activity of caspase‑9 and ‑3 in EOMA cells. This 
may have been due to the inhibition of NADPH oxidase activa-
tion and oxidative stress‑triggered AP‑1 signaling pathways.
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