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1 Introduction
Arteriosclerosis obliterans (ASD) is a disease in which the 

atherosclerosis lesions involves the peripheral arteries and causes 
the chronic occlusion. It is a part of systemic arteriosclerosis, 
and is the lesion arising from the vascular degenerative change 
(Juergens et al., 1960). Lower limb ASD is the local performance 
of systemic atherosclerosis at the lower limb. The incidence of 
lower limb ASD is increasing year by year. If this disease doses 
not receive proper treatment, it will lead to the occurrence of 
amputation and even endangers the life of patients, which brings 
great economic burden to the family and society (Davì et al., 
1985; Safar, 1991; Huang et al., 2007). Lower limb ASD will cause 
extensive multi-segment vascular lesions. It is the main reason 
of severe ischemia in the lower extremity, and is also a difficult 
and hot spot in clinical treatment (Phornphibulaya et al., 1981).

Puerarin (PUE) is a kind of flavonoid compounds, which is 
extracted from the root and stalk of leguminous plant Pueraria 
lobata or Pueraria edulis Pamp.. Studies have indicated that, 
PUE has obvious protective effects on cardiac and cerebral 
vessels (Zhou et al., 2014a), nervous system (Li et al., 2014) and 
cognitive function (Zhou et al., 2014b). In addition, it can play 
an anti-atherosclerosis role by anti-inflammation (Singh et al., 
2013), anti-hyperlipidemia (Liu et al., 2011) and protecting the 
blood vessel endothelium (Huang et al., 2012). In this study, a 
rat model of lower limb ASD was established, and the effects of 
PUE on blood lipids and inflammatory factors in rats with lower 

limb ASD were observed. The objective was to provide a basis 
for further application of PUE to treatment of lower limb ASD.

2 Materials and methods
2.1 Animals and reagents

Sixty male Sprague-Dawley rats (8 weeks age; 280-300 g) were 
provided by Beijing Vital River Laboratory Animal Technology 
Co., Ltd., (Beijing, China). The rats were single-cage raised in 
the condition avoiding strong light and noise (12/12-h day-night 
cycle; free to feed and water). PUE was provided by Shaanxi 
Tianyi Biotech Co., Lid. (Xianyang, China). Simvastatin was 
purchased from Hangzhou Moshadong Pharmaceutical Co., 
Ltd. (Hangzhou, China). The enzyme-linked immunosorbent 
assay (ELISA) kits were provided by Shanghai Sangon Biological 
Engineering Technology And Service Co., Ltd. (Shanghai, 
China). Dther reagents were provided by Sigma-Aldrich Corp. 
(MD, USA).

2.2 Establishment of rat model of lower limb ASO

Rat model of lower limb ASD was established according to 
the reported method (Che et al., 2008). The rats were anesthetized 
with hydrate hydrate. The left lower limb of rat was disinfected 
using iodophor. The skin from the inguinal point to the lower 
knee point was longitudinally incised, and the bifurcation of 
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femoral artery and popliteal artery was separated and exposed. 
The proximal and distal ends of femoral artery were blocked 
using an artery clamp. 0.2 mL sterile distilled water was slowly 
injected in the vessel at blocking site until the vessel was filled. 
After 5 min, the artery clamp was released, followed by hemostasis 
and suture.

2.3 Animal grouping and drug administration

Sixty rats were randomly divided into control, model, 
simvastatin, low-dose PUE, middle-dose PUE and high-dose 
PUE group, 10 rats in each group. The animals in later 5 groups 
were the rats with lower limb ASD. The rats in control group 
were given normal diet. The rats in other 5 groups were fed 
with high-fat feed (basic feed + 5% lard + 2% cholesterol + 0.5% 
sodium cholate hydrate + 0.2% propylthiouracil + 130000 U/kg 
vitamin D3 powder). In addition, the simvastatin, low-dose PUE, 
middle-dose PUE and high-dose PUE group were intragastrically 
administrated with 1 mg/kg simvastatin and 5, 10 and 20 mg/kg 
PUE, respectively. The feeding and administration were continued 
for 40 days.

2.4 Determination of serum lipid levels in rats

At the end of experiment, 3 mL of blood was drawn from 
the carotid artery of rats. After centrifugation at 2000 rpm 
for 10 min, the serum was obtained. The serum levels of total 
cholesterol (TC), triglyceride (TG), low-density lipoprotein 
cholesterol (LDL-C) and high-density lipoprotein cholesterol 
(HDL-C) were determined used in Hitachi 7600-020 automatic 
biochemical analyzer (Hitachi High-Technologies Corp., Tokyo, 
Japan).

2.5 Determination of serum inflammatory factor levels in rats

Serum levels of inflammatory factor interleukin-6 (IL-6), 
tumor necrosis factor-α (TNF-α) and high-sensitivity C-reactive 
protein (hs-CRP) were determined using ELISA. The operation 
was in accordance with the manufacturer’s instructions of kits.

2.6 Statistical analysis

All statistical analysis was carried out using SPSS17.0 
software (SPSS Inc., Chicago, IL, USA). The data were presented 
as mean±SD. Comparisons between two groups were performed 
using t test. P <0.05 and P <0.01 were considered as statistically 
significant and highly statistically significant, respectively.

3 Results
3.1 Effects of PUE on serum lipid levels in rats with lower 
limb ASO

After 40 days of feeding, compared with the control group, 
the serum levels of TC, TG and LDL-C in the model group were 
significantly increased (P <0.01), while the serum HDL-C level 
was significantly decreased (P <0.01). Compared with the model 
group, the serum levels of TC, TG and LDL-C in the high-dose 
PUE group and simvastatin group were significantly decreased 
(P <0.01), and the serum HDL-C level was significantly increased 
(P <0.01). In addition, the serum LDL-C level in middle-dose 
PUE group was significantly lower than that in model group 
(P <0.05). Compared with the simvastatin group, the serum levels 
of TC, TG and LDL-C in the PUE groups were increased, and 
the serum HDL-C level was decreased. There were significant 
differences of TC, TG and HDL-C level between low-dose 
PUE group and simvastatin group and between middle-dose 
PUE group and simvastatin group (P <0.05), with significant 
difference of LDL-C level between low-dose PUE group and 
simvastatin group (P <0.05), but the difference of each index 
between high-dose PUE and simvastatin group was not significant 
(P >0.05) (Table 1).

3.2 Effects of PUE on serum IL-6 level in rats with lower 
limb ASO

Compared with the control group, the serum IL-6 level in 
model group was significantly increased (P <0.01). Compared 
with the model group, the serum IL-6 level in simvastatin group 
was significantly reduced (P <0.05), and that in middle-dose PUE 
group and high-dose PUE group was also significantly reduced 
(P <0.05). There was no significant difference between low-dose 
PUE group and model group (P >0.05), with no significant 
difference among simvastatin group, middle-dose PUE group 
and high-dose PUE group (P >0.05). The IL-6 level in low-dose 
PUE group was significantly higher than that in simvastatin 
group (P <0.05) (Figure 1).

3.3 Effects of PUE on serum TNF-α level in rats with lower 
limb ASO

Serum TNF-α level in model group was significantly higher 
than that in the control group (P <0.01). Compared with the 
model group, the serum TNF-α level in simvastatin group was 
significantly decreased (P <0.05), and that in high-dose PUE 

Table 1. Effects of PUE on serum TC, TG, LDL-C and HDL-C level in rats with lower limb ASD.

Group TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)
Control 1.2 ± 0.3 0.6 ± 0.1 0.8 ± 0.1 2.0 ± 0.2
Model 10.1 ± 0.8a 2.3 ± 0.2a 6.2 ± 0.7a 0.3 ± 0.1a

Simvastatin 3.0 ± 0.5b 1.0 ± 0.2c 2.3 ± 0.4b 0.9 ± 0.1c

Low-dose PUE 7.2 ± 0.2d 1.9 ± 0.0d 5.1 ± 0.1d 0.4 ± 0.1d

Middle-dose PUE 6.5 ± 0.6d 1.7 ± 0.0d 2.8 ± 0.0c 0.5 ± 0.1d

High-dose PUE 4.1 ± 0.4c 1.1 ± 0.0c 2.3 ± 0.0b 0.8 ± 0.1c

aP <0.01 compared with control group. bP <0.01 compared with model group. cP <0.05 compared with model group. dP <0.05 compared with simvastatin group. PUE, puerarin; TC, 
total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; ASD, arteriosclerosis obliterans.
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group was also significantly decreased (P <0.05). There was 
no significant difference between low-dose PUE group and 
model group (P >0.05) or between middle-dose PUE group 
and model group (P >0.05), with no significant difference 

between simvastatin group and high-dose PUE group (P >0.05). 
The TNF-α levels in low-dose PUE group and middle-dose PUE 
group were significantly higher than that in simvastatin group 
(P <0.05) (Figure 2).

3.4 Effects of PUE on serum hs-CRP level in rats with lower 
limb ASO

Compared with the control group, the serum hs-CRP 
level in model group was significantly increased (P <0.01). 
Compared with the model group, the serum hs-CRP level in 
simvastatin group was significantly reduced (P <0.05), and that 
in high-dose PUE group was also significantly reduced (P <0.05). 
The hs-CRP levels in low-dose PUE group and middle-dose 
PUE group were significantly higher than that in simvastatin 
group (P <0.05). There was no significant difference between 
low-dose PUE group and model group (P >0.05) or between 
middle-dose PUE group and model group (P >0.05), with no 
significant difference between simvastatin group and high-dose 
PUE group (P >0.05) (Figure 3).

4 Discussion
Arteriosclerosis includes three kinds such as atherosclerosis, 

artery medial calcification and thin artery sclerosis. AS is a 
systemic vascular lesion. If AS occurs in the peripheral blood 
vessels and causes the distal limb ischemia, leading to a series 
of symptoms, this is known as ASD. Therefore, the pathology 
of ASD is closely linked to arteriosclerosis (Uchida et al., 1995). 
The  pathogenesis of arteriosclerosis is not completely clear. 
At present, the damage response theory it is generally accepted, 
which proposes that arteriosclerosis is a chronic inflammatory 
reaction (Berliner  et  al., 1995). The lower limb ASD is the 
performance of systemic atherosclerosis in the local parts of 
body. It is the degenerative and proliferative change of the arterial 
intima and media (Juergens et al., 1960). The establishment of 
animal model of lower limb ASD is of great significance to the 
study of the pathological process of this disease. This study used 
rats as the experiment animals, and had successfully constructed 
the lower limb ASD model.

PUE is one of the main active components of Pueraria lobata 
or Pueraria edulis Pamp.. Its chemical name is 7,4’-dihydroxy-
8-C-glucosylisoflavone, with molecular weight of 416. 
Puerarin has multiple effects such as lowering blood glucose, 
dilating micro-arteries, decreasing blood viscosity, improving 
microcirculation, clearing free radicals after glycosylation and 
relieving oxidative stress response (Zhang  et  al., 2013). It is 
mainly used in clinical treatment of cardiovascular diseases 
such as coronary heart disease (Shi et al., 2002), angina pectoris 
(Wang  et  al., 2006) and myocardial infarction (Zhang  et  al., 
2006). In this study, PUE was used to intervene in the lower limb 
ASD of rat model. The results showed that, PUE had the effect 
to lower limb ASD which was similar to that of simvastatin.

TC refers to the sum of cholesterols in the blood, including 
free cholesterols and cholesterol esters. The level of TC will be 
significantly elevated in atherosclerosis (Futema et al., 2015). 
TG is the fat molecule formed by three molecules of long-chain 
fatty acids and glycerol. As a kind of fatty substance in the blood, 

Figure 1. Effects of PUE on serum IL-6 level in rats with lower limb 
ASD. aP <0.01 compared with control group; bP <0.05 compared with 
model group; cP <0.05 compared with simvastatin group. PUE, puerarin; 
IL-6, interleukin-6; ASD, arteriosclerosis obliterans.

Figure 2. Effects of PUE on serum TNF-α level in rats with lower limb 
ASD. aP <0.05 compared with control group; bP <0.05 compared with 
model group; cP <0.05 compared with simvastatin group. PUE, puerarin; 
TNF-α, tumor necrosis factor-α; ASD, arteriosclerosis obliterans.

Figure 3. Effects of PUE on serum hs-CRP level in rats with lower limb 
ASD. aP <0.05 compared with control group; bP <0.05 compared with 
model group; cP <0.05 compared with simvastatin group. PUE, puerarin; 
hs-CRP, high-sensitivity C-reactive protein; ASD, arteriosclerosis 
obliterans.
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most of TG can be obtained from the diet. The level of TG also 
increases significantly in atherosclerosis (Ma et al., 2015). LDL-C 
is a kind of lipoprotein rich in cholesterol which originates 
from HDL-C. The increase of LDL-C is also one important 
index which reflects the atherosclerosis (Kosmas & Frishman, 
2015). HDL-C is one of the serum proteins, which is rich in 
phospholipids. HDL-C plays a role in delivering cholesterol in 
extrahepatic tissue to the liver, which can prevent the deposition 
of cholesterol in extrahepatic tissue cells. The level of HDL-C 
is reduced in coronary heart disease and other cardiovascular 
diseases (Ishigaki et al., 2014). Results of this study showed that, 
after 40 days of feeding, compared with the control group, the 
serum levels of TC, TG and LDL-C in the model group were 
significantly increased (P <0.01), while the serum HDL-C level 
was significantly decreased (P <0.01). This indicates that, the rat 
model of lower limb ASD is basically successfully established. 
Compared with the model group, the serum levels of TC, TG and 
LDL-C in the high-dose PUE group were significantly decreased 
(P <0.01), and the serum HDL level was significantly increased 
(P <0.01). This indicates that, PUE can obviously decrease the 
serum levels of TC, TG and LDL-C in rat model of lower limb 
ASD, and enhance the serum HDL-C level, namely, PUE has 
the anti-ASD effects.

Inflammatory reaction plays an important role in the 
occurrence, development and evolution of atherosclerosis. 
The  inflammatory mechanism has become one important 
pathogenesis of atherosclerosis. IL-6 is an important inflammatory 
factor, and it is also a key factor in the induction of hs-CRP 
in the liver cells (Liu  et  al., 2016). TNF-α is produced by 
macrophages, which can regulate the immune function of body. 
It promoted the function of T cells and other killer cells, and its 
level is also significantly increased in stress state (Shiraki et al., 
2012). The serum hs-CRP is a sensitive indicator reflecting the 
inflammatory reaction in body (Pearle et al., 2007). The level of 
hs-CRP is consistent to the severity of atherosclerosis. It exists 
widely in the site of atherosclerotic lesion, and it may also a 
direct factor which promotes the arteriosclerosis (Zhong et al., 
2013). Therefore, seeking the method of curing atherosclerosis 
and other cardiovascular diseases from aspect of relieving the 
inflammatory reaction and finding the effective drugs to reduce 
the hs-CRP level in the body can provide new ideas and ways 
for the prevention and treatment of disease. Results of this study 
showed that, compared with the control group, the serum levels 
of IL-6, TNF-α and hs-CRP in model group were significantly 
increased (P <0.01). This indicates that, there was obvious 
inflammatory reaction in rats with lower limb ASD. Compared 
with the model group, the serum levels of IL-6, TNF-α and 
hs-CRP in high-dose PUE group were also significantly reduced 
(P <0.05). This indicates that, PUE can obviously reduce the 
inflammatory reaction, thus exerting the anti-ASD effects.

5 Conclusions
This study has successfully established the rat model of 

lower limb ASD. PUE has obvious function of decreasing the 
blood lipids and inflammatory factors in rats with lower limb 
ASD. This study has provided a basis for further application of 
PUE to treatment of lower limb ASD. This study still has some 

limitations. Firstly, the sample size of this study is relatively 
small. Larger sample size will make the results more convincing. 
Secondly, there may be other mechanisms for effects of PUE 
on lower limb ASD. In next studies, the sample size should be 
further increased for obtaining more satisfactory outcomes, 
and the further action mechanisms of PUE on lower limb ASD 
should be investigated.
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