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Abstract: Transforming growth factor-β1 (TGF-β1) and inflammation play important roles in the cardiac fibrosis de-
velopment associated with myocardial infarction (MI). Puerarin is wildly used for treatment of diabetes, cardiovas-
cular disease and cerebrovascular disease in China, and recently some studies have shown its anti-cardiac fibrotic 
effect on myocardial hypertrophy. The purpose of our study was to determine whether puerarin has an anti-cardiac 
fibrotic effect after MI and find the potential mechanism. A mouse model of MI was established by standard LAD 
coronary artery ligation, and cardiac fibrosis was confirmed by Masson’s staining and the expression of collagen I, 
III and α-SMA. The expression level of F4/80 (macrophage/monocyte marker in mouse), monocyte chemoattractant 
protein (MCP)-1 and TGF-β1 in cardiac tissue treated with or without puerarin was evaluated by immunohistochem-
istry analysis, enzyme-linked immunosorbent assay (ELISA) and quantitative polymerase chain reaction (qPCR). The 
downstream protein phospho-Smad (small mother against decapentaplegic) 2/3 was evaluated by westernblot. The 
results displayed that puerarin could inhibit the recruitment and activation of monocytes/macrophages, decrease 
the expression of TGF-β1 in the cardiac tissues, and consequently significantly attenuated cardiac fibrosis after 
MI. Our results also displayed a strong positive correlation between MCP-1 and TGF-β1 expression in MI. Thus, this 
study revealed the mechanism by which prevented cardiac fibrosis after MI through a decrease in MCP-1 expres-
sion and an inhibition TGF-β1 pathway, and indicated puerarin could be a potential agent in attenuating MI-induced 
cardiac fibrosis.
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Introduction 

Maladaptive pathological changes lead to heart 
failure in the cardiac remodeling process after 
myocardial infarction (MI), including cardiomyo-
cyte hypertrophy, enhanced inflammation and 
fibrosis. Several evidences indicated that car-
diac fibroblasts proliferation and excessive 
extracellular matrix (ECM) deposition induced 
myocardial fibrosis and contributed to ventricu-
lar dysfunction, ventricular dilation and heart 
failure [1]. Myofibroblast was transformed from 
fibroblasts and other cell types and played 
essential roles in fibrosis [2, 3]. However, the 

exact etiology of myocardial fibrosis and avail-
able pharmacological interventions are elimi-
nated remains poorly investigated [4-6]. 
Therefore, there is an urgent need to seek novel 
therapeutic strategies for improving functional 
recovery from myocardial fibrosis.

Previous intensive studies have paid attention 
to the TGF-β-induced ECM and fibrosis in vari-
ous diseases, including cardiac fibroblast–myo-
fibroblast transition [7, 11]. TGF-β1 function 
was mediated by TGF-β type I and type II recep-
tors. Activation of this receptor complex leads 
to Smad2/Smad3 phosphorylating, binding to Sm- 
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ad4 and then entering the nucleus. Nuclear 
Smad2/3 complex activates transcription of 
α-SMA and collagen I [12, 13]. In addition, fibro-
sis typically results from simultaneous chronic 
inflammation, tissue remodeling during repair 
processes [14, 15]. Therefore, therapies that 
target the inflammatory response or TGF-β1 
signaling pathways might effectively attenuate 
the progression of fibrosis in cardiac re- 
modeling.

Interestingly, various traditional Chinese medi-
cine materials have been shown to safely sup-
press the pro-inflammatory and pro-fibrotic 
pathway and control myocardial fibrosis in sev-
eral studies [16, 18]. Puerarin, [7-hydroxy-3- 
(4-hydroxyphenyl)-1-benzopyran-4-one-8- (β-D-
gluco-pyranoside)], the major bioactive in- 
gredient derived from the pueraria lobata 
(ohwi), has been widely used for thousands of 
years in traditional Chinese medicine. With few 
side effects, it is used to treating cardiovascu-
lar disease, cerebrovascular disease, diabetes 
and diabetic complications [19]. Recently, sev-
eral reporters demonstrated it had healing and 
anti-fibrotic effects on cardiac remodeling 
through its anti-inflammatory, anti-oxidant 
effects [20, 22]. 

In light of above points, we supposed that puer-
arin could abolish cardiac fibrosis by inhibition 
of TGF-β1 signaling pathways and inflammatory 
responds. For this purpose, we developed a 
mouse model to investigate whether puerarin 
is a potential therapeutic compound for cardiac 
fibrosis induced by MI.

Materials and methods

Drugs

Injections, made of the extract of puerarin (98% 
purity as determined by high-performance liq-
uid chromatography analysis) were from 
Shanghai Winherb Medical S&T Development 
Co. Ltd. (Shanghai, China). 

Animal groups

C57BL/6J male mice, weight from 18 to 22 g 
were bought from the animal center of Nanjing 
Medical University Animal Centre. All protocols 
of animal experiments were approved by the 
Animal Care and Use Committee of Nanjing 
Medical University. Mice myocardial infarction 

(MI) model was generated by surgical ligation of 
LAD coronary artery according to previous 
description [23, 24]. Briefly, after initial anes-
thesia with pentobarbital sodium (50 mg/kg), 
mice were incubated with a tracheal cannula. 
Then the chest cavity was opened to expose 
the heart, and the 8-0 silk suture was used for 
permanent ligation of LAD coronary artery. The 
suture was passed approximately 2-3 mm 
below the tip of the left auricle. The thorax was 
closed layer by layer with 6-0 silk suture. MI 
was confirmed by the pale color of the anterior 
wall of the left ventricle (LV). Fifty survived MI 
mice and 10 sham mice (thoracotomy without 
ligation) were randomly divided into six groups: 
Sham group (sham mice injected intraperitone-
ally with equal volume of saline for 28 days, 
n=10); Sham + puerarin group (injected intra-
peritoneally with 200 mg/kg/day puerarin for 
28 days, n=10); Myocardial infarction group (MI 
mice injected intraperitoneally with equal vol-
ume of saline for 28 days, n=10); MI+P50 group 
(MI mice injected intraperitoneally with 50 mg/
kg/day for 28 days, n=10); MI+P100 group (MI 
mice injected intraperitoneally with 100 mg/
kg/day for 28 days, n=10); MI+P200 group (MI 
mice injected intraperitoneally with 200 mg/
kg/day for 28 days, n=10). The treatment was 
started at 48 h from MI operation. After 4 
weeks of MI, the animals of each group were 
sacrificed by carbon dioxide. The hearts were 
taken for further examination. For histology 
study, the hearts were perfused with 20 ml of 
0.01 M PBS and followed by 30 ml of 4% para-
formaldehyde after anesthetized. The myocar-
dial samples were then dipped into 4% parafor-
maldehyde for another 24 h at 4°C and 
embedded in paraffin. 

Histology

The 5 μm-thick sections of paraffin embedded 
myocardial samples were dewaxed and rehy-
drated in xylene and ethyl alcohol and washed 
in tap water. The quantification for cardiac fibro-
sis was used by routine Masson’s Trichrome 
Staining. 

Immunohistochemistry 

For immunohistochemical staining, paraffin 
embedded myocardial samples were dewaxed 
and rehydrated in xylene and ethyl alcohol fol-
lowed by incubation in 0.3% methanol/H2O2 to 
block endogenous peroxidases. Antigen retriev-
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al was performed by boiling slides in a 10  mM 
citrate pH 6.0 solution for 20 min using a micro-
wave oven. Next, sections were incubated over-
night at 4ºC with the primary antibodies. Two-
step technique (SuperPictureTM3rd Gen IHC 
Detection kit; Invitrogen, CA, USA) was used for 
visualization, with 3, 3’-diaminobenzidine (DAB, 
0.1 mg/ml, 0.02% H2O2) (Vector Laboratories, 
Burlingame, USA) as a chromogen and sections 
were counterstained with haematoxylin. 
Primary antibodies for immunohistochemistry 
were as follows: MCP-1, F4/80 (Macrophages/
Monocytes markers in mouse) (Millipore 
Corporation, MA, USA), α-SMA, Collagen I (Col 
1), Collagen III (Col 3) (Abcam, MA, USA) and 
TGF-β1 (Santa Cruz, CA, USA). 

Western blot analysis

Cardiac tissues were homogenized in RIPA buf-
fer and the protein concentrations were deter-
mined by the bicinchoninic acid (BCA) protein 
assay (Pierce, Rockford, IL, USA). Total 30 μg 
proteins was separated on a 10% SDS-PAGE 
gel and transferred to polyvinylidene fluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
U.S.). After blocking with 5% non-fat dry milk, 
the membranes were incubated with primary 
antibodies, then with corresponding secondary 
anti-mouse or anti-rabbit IgG peroxidase (1:50 

-00, Santa Cruz Biotechnology, Texas, USA) at 
room temperature for 50 min. The primary anti-
bodies were used as followed: p-Smad 2/3, 
Smad2/3, GAPDH (1:1000, Cell Signaling 
Technology, Boston USA), α-SMA (1:1000, 
Abcam, MA, USA), Collagen I, Collagen III, 
(1:500, Santa Cruz Biotechnology, Texas, USA). 
The bands were visualized by an ECL kit 
(Millipore). Images were quantified by densi-
tometry. The results were normalized to GAPDH. 
All experiments were repeated for 3 times. 

RNA preparation and quantitative real-time 
PCR

Total RNA in cardiac tissues was isolated with 
TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) 
and reverse transcription was performed using 
the RevertAidTM First Strand cDNA Synthesis 
Kit (Fermentas, Ottawa, Canada) refer to the 
manufacturer’s instructions. The random RT 
primer 5’- (dN) 9-3’ was used for MCP-1, TGF-β 
and GAPDH reverse transcription. The poly-
merase chain reaction (PCR) was performed 
using an SABI SYBR Green Master Mix (In- 
vitrogen) according to the manufacturer’s pro-
tocol. Primers were designed as follows: TGF-β: 
Sense: 5’-TTCCTGGCGTTACCTTGGT-3’; Anti-
sense: 5’-TACGCCTGAGTGGCTGTCTTTTGA-3’; 
MCP-1: Sense: 5’-CGCCTCCAGCATGAAAGTCT- 

Figure 1. Micrograph of Masson’s Trichrome Staining in mouse myocardium. The fibrotic area in MI model increased 
dramatically compared with that in the sham and puerarin treated alone groups both in infracted zone and border 
zone. The level of fibrosis was reduced in those treated with puerarin in middle and high dose groups. 
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3’; Antisense: 5’-GGGAATGAAGGTGGCTGCTA 
-3’; GAPDH: Sense: 5’-TGCACCACCAACTGCTT- 
AGC-3’; Antisense: 5’-GGCATGGACTGTGGTCAT- 
GAG-3’. All mRNA quantification data were nor-
malized to GAPDH as an endogenous control 
for the mRNA detection. The data were pro-
cessed using 2-ΔΔCt methods.

Concentration of inflammatory cytokines 

Cardiac tissues were homogenized in Iscove’s 
protein medium using a polytron and centri-
fuged twice at 10,000 × g at 4°C for 15 min. 
The supernatants were removed and protein 
concentrations were determined by BCA meth-

od. The cytokine levels were measured using 
mouse MCP-1 and TGF-β1 ELISA kits (R&D 
Systems, Minneapolis, MN, USA) according to 
the manufacturer’s instructions and all sam-
ples were run in duplicate and expressed as a 
pg per 100 μg of total protein. 

Statistical analysis

Data were expressed as mean ± SD. Differences 
between groups were analyzed by Student’s t 
test or by one-way analysis of variance (One-
way ANOVA). P < 0.05 was considered statisti-
cally significant. Data were analyzed using the 
GraphPad Prism 5.0. 

Figure 2. The deposition of extracellular matrices in the MI myocardium treated with or without puerarin. A. Micro-
graph of Collagen I, III and α-SMA immunohistochemical staining in MI (left panel) and MI plus high dose puerarin 
treatment (right panel). B. Representative micrograph of expression of Collagen I, III and α-SMA in westernblot 
analysis and quantitative results. #P < 0.05 VS MI, *P < 0.05 VS sham group, n=5.
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The expression of TGF-β1 was determined by 
qPCR, ELISA and immunohistochemical stain-
ing. The downstream of TGF-β1, phosphorylat-
ed Smad2/3 was also detected by westernblot. 
Compared to the level in MI mice, TGF-β1 
expression in the cardiac tissue was reduced 
following treatment with a high dose of puera-
rin (Figure 4A, 4B and Table 1). The results of 
phospho-Smad2/3, which is downstream of 
TGF-β1, confirmed the effect of puerarin (Figure 
4C, 4D) and demonstrated its inhibitory effect 
on the TGF-β/Smad pathway. 

Discussion

In this study, we provided evidence that puera-
rin inhibited MI-induced cardiac fibrosis through 
attenuating MCP-1 and TGF-β1 expression. 
Some studies have demonstrated the healing 
and scarring processes and the subsequent 
fibrosis were always the results of myocardial 
infarction. At the 4th week after MI established, 
a series of pathological alterations could be 
observed in the MI mice, including extensive 
fibrosis in the heart along the infarcted and the 
border zone, the increased expression of colla-
gen I and III, and enhanced myofibroblast 
recruitment, as previously reports [3, 25, 26]. 
In our study, it has shown that puerarin effect 
on cardiac fibrosis was dose-dependent. For 
example, puerarin in the middle and high dose 
groups significantly attenuated the pathologi-
cal changes in the MI, such as the myofibro-
blast recruitment, collagen synthesis and fibro-
sis formation in the cardiac tissues, while the 
low dose puerarin did not show the similar 
effect. These results indicated that puerarin 
had an anti-fibrotic effect on cardiac fibrosis, 

Figure 3. A. Micrograph of MCP-1 and F4/80 immunohistochemical staining 
in the MI (left panel) and MI plus high dose puerarin treatment (right panel). 
B. Real-time qPCR quantification of MCP-1. All data are shown as means ± 
SD and experiments were repeated three times. #P < 0.05 VS MI, *P< 0.05 
VS sham group, n=5. 

Results

Effect of puerarin on cardiac fibrosis in MI 
mice

According to the data from the Masson’s tri-
chrome staining analysis, fibrosis was dramati-
cally increased in both infarcted and border 
zone in MI mice compared to the sham and 
puerarin alone animals. The MI mice treated 
with the middle and high doses of puerarin 
exhibited significantly ameliorated fibrosis in 
both infarcted and border zone compared to MI 
mice (Figure 1). However, puerarin treatment 
alone did not affect the morphology and fibro-
sis of the cardiac tissues. Immunohistochemical 
staining and westernblot revealed deposition of 
extracellular matrices, including type I and III 
collagen and activated fibroblast (increased 
α-SMA-positive staining and expression) was 
extensive in MI mice and decreased in MI mice 
treated with a high dose and middle dose of 
puerarin (Figure 2). These results indicated 
that treatment with puerarin both in middle and 
high doses of puerarin could reduce the cardiac 
fibrosis in vivo. Based on these results, we 
chose the high dose of puerarin for subsequent 
experiments to determine the underlying mech-
anisms of these effects. 

Effect of puerarin on MCP-1 expression and 
macrophage recruitment in MI mice

Compared to the MI mice, the number of MCP-1 
positive cells was significantly decreased in the 
border zone of the cardiac tissue from MI mice 
treated with a high dose of puerarin (Figure 
3A). These results were confirmed by qPCR 

(Figure 3B) and ELISA (Table 
1). As the result of MCP-1 pro-
duction, the increased num-
ber of anti-F4/80 positive 
cells (macrophage recruit-
ment) in the MI mice was also 
reduced in the MI mice treat-
ed with a high dose of puera-
rin (Figure 3A). These results 
indicated that puerarin effec-
tively reduced MCP-1 expres-
sion and macrophage recruit-
ment in the MI cardiac tis- 
sues. 

Effect of puerarin on TGF-β1 
expression in MI mice
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which was in consistent with results displayed 
in other tissues [27, 29].

Activated fibroblasts transformation into myofi-
broblasts expressing α-SMA plays essential 
roles in the healing and scarring processes fol-
lowing myocardial infarction. However, chronic 
inflammation and prolonged repair process 
could trigger myofibroblasts transformation 
leading to exceed synthesis of new collagen 
and fibrosis [30, 31]. Monocytes/macrophages 
are widely distributed and potent inflammation 
regulators. Under conditions of injury or inflam-
mation, resident cells at sites of injury or inflam-
mation secrete chemokines to recruit mono-
cytes from the bloodstream, which are involved 
in various inflammatory respond by switching 
into macrophages phenotype. One of the most 
effective chemokine is monocyte chemoattrac-
tant protein (MCP-1), which plays a critical role 
in the process of various fibrotic and inflamma-

tory diseases progression, such as renal fibro-
sis [32], diabetic nephropathy [33], and perito-
neal dialysis [34]. Compelling evidence 
indicates that MCP-1 regulates several func-
tions involved in cardiac fibrosis, which is asso-
ciated with the recruitment and activation of 
monocytes/macrophages [35, 36]. In this 
study, puerarin has been experimentally vali-
dated as the novel inhibitor of MCP-1. Firstly, 
we confirmed by immunohistochemistry assay 
that puerarin significantly decreased the sum 
of MCP-1 positive cells in the border zone from 
MI mice. Secondly, elevated MCP-1 expression 
in the MI cardiac tissues was significantly abol-
ished by puerarin (Table 1). Thirdly, puerarin 
repressed the augmented macrophage recruit-
ment (increased F4/80 positive cells), in which 
associated with the MCP-1 production. These 
results demonstrated that puerarin could effec-
tively downregulate the expression of MCP-1 

Table 1. Concentration of inflammatory cytokines in the myocardial infarction mice
Cytokines
(pg per 100 μg Protein n=10) Normal Control Puerarin Myocardial infarction Myocardial infarction + 

Puerarin
MCP-1 8.7 ± 0.4 8.9 ± 0.1 21.5 ± 2.7* 9.1 ± 1.0#

TGF-β 24.3 ± 2.8 26.0 ± 1.9 59 ± 1.7* 29.3 ± 2.2#

Mean ± SEM: *P < 0.05 compared to the normal controls; #P < 0.05 compared to myocardial infarction.

Figure 4. The expression of TGF-β1 in the MI myocardium treated with or without puerarin. A. Micrograph of TGF-β1 
immunohistochemical staining in MI (left panel) and MI plus high dose puerarin treatment (right panel). B. Real-
time qPCR quantification of TGF-β1. All data are shown as means ± SD and experiments were repeated three times. 
#P < 0.05 VS MI, *P < 0.05 VS sham group, n=5. C. Representative micrograph of expression of phospho-Smad2/3 
in westernblot analysis which is downstream of TGF-β1. D. Quantitative results. #P < 0.05 VS MI, *P < 0.05 VS 
sham group, n=5.
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and inhibit macrophage recruitment in the MI 
mice.

The TGF-β/Smad pathway is closely associated 
with the cardiac fibrosis development and 
Macrophage-derived TGF-β1 is observed to 
promote fibrosis, which is attributed to the EMT 
of resident mesenchymal and epithelial cells 
[37]. In this study, the decreased expression of 
MCP-1 and macrophage recruitment was 
accompanied by a decrease of TGF-β1 expres-
sion both in mRNA and protein level, indicating 
the essential roles of TGF-β1 in cardiac fibrosis. 
On the other hand, compared to the MI mice, 
puerarin in a high dose could decrease the 
products of the downstream of TGF-β1 phos-
pho-Smad2/3. The results confirmed the effect 
of puerarin and indicated inhibition of TGF-β/
Smad pathway was involved in puerarin anti-
fibrotic effect. At last, our study demonstrated 
that puerarin could attenuate cardiac fibrosis 
after MI, and its mechanisms may be involved 
in mediating the expression of TGF-β/Smad 
pathway and MCP-1. It could be used as a 
potential therapeutic drug to retard the process 
of cardiac fibrosis after MI.
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