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 Background: Tissues fibrosis is caused by ischemia-reperfusion injury (IRI) and results in organ dysfunction. In this study, 
we aimed to investigate whether fibrosis occurs after uterine ischemia-reperfusion injury, and to investigate 
the effects of puerarin (Pur) on the fibrosis process in rats.

 Material/Methods: Twenty-four female Wistar rats were randomly divided into three groups (8 in each group): the control group 
rats only received operation without uterine ischemic, the IRI group and the IRI + Pur group rats received 30-min-
utes ischemia and 2-weeks of reperfusion. Pur was orally administered at the onset of reperfusion. Picrosirius 
red staining was used to assess uterine fibrosis. Immunohistochemistry was used to detect the expression lev-
els of transforming growth factor (TGF)-b and a-smooth muscle actin (a-SMA). Western blotting was used to 
evaluate the expression of chymase, TGF-b, a-SMA, and the activity of the Wnt/b-catenin pathway.

 Results: Uterine fibrosis in the IRI+Pur group was significantly decreased compared with the IRI group. In addition, im-
munohistochemistry reveals that TGF-b and a-SMA were decreased in the IRI+Pur group compared with the 
IRI group. Western blotting results showed that Pur significantly suppresses the increase in chymase, a-SMA, 
TGF-b, and b-catenin expression levels induced by IRI.

 Conclusions: The results indicated that IRI could induce uterine fibrosis and that Pur had an improvement effect on IRI-
induced uterine fibrosis by downregulating the activity of mast cell chymase, TGF-b, a-SMA, and the Wnt/b-
catenin pathway.
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Background

The phenomenon of temporary ischemia of the uterus is com-
mon in gynecology and obstetrics [1,2]. However, there are 
few studies on the pathophysiologic changes and treatment 
of uterine ischemia and reperfusion injury (IRI).

Fibrosis, which is mechanistically characterized by myofibro-
blast accumulation, collagen deposition, extracellular matrix 
(ECM) remodeling [3,4], and increased tissue stiffness, produces 
a highly collagenized tissue that impairs organ function [5,6]. 
Uterine fibrosis may impair fertility [7] and promote miscar-
riage [8] by reducing uterine elasticity and compliance, which 
is important for normal pregnancy.

As previously reported, IRI induces tissue fibrosis in different 
organs [9,10]. However, the role of fibrosis in the uterus after 
IRI is poorly understood. Therefore, we researched whether 
uterine healing and remodeling following ischemic injury, oc-
curred with characteristic myofibroblast trans-differentiation 
and scar formation. It has been reported that mast cells could 
potentially promote fibrosis, which is intricately linked with 
the pleiotropic cytokine transforming growth factor (TGF)-b. 
TGF-b has important physiological roles in initiation and con-
trol of fibrosis [11,12]. In addition, mast cells produce and ac-
tivate TGF-b, through the production of chymases [13–15]. 
Also, TGF-b is a potent mast cell chemoattractant [16]. It is 
reported that the Wnt/b-catenin signaling pathway is essen-
tial for fibrosis induced by TGF-b [17,18]. The Wnt/b-catenin/
TGF-b signaling pathway is a key mediator of fibroblast acti-
vation [19,20] and drives the aberrant synthesis of the extra-
cellular matrix in fibrotic diseases.

Puerarin (Pur) is a bioactive isoflavone glucoside derived from 
the traditional Chinese medicine pueraria [21,22]. Evidence sug-
gests that Pur has many anti-inflammatory and anti-fibrosis 
properties and has a positive effect on IRI [23–25]. However, 
little is known about the role and detailed mechanism of Pur 
in the fibrosis process induced by uterine ischemic damage.

The aim of this present study was to observe the effects of 
Pur on the signaling transmission of fibrosis mediated by the 
Wnt/b-catenin/TGF-b signaling pathway after uterine isch-
emic damage.

Material and Methods

Chemicals

Pur was purchased from Shanxi Bosen BioPharmaceutical Co., 
Ltd. (Xi’an, China). All other chemicals used in this study were 
analytical grade and commercially available.

Animals

Female Wistar rats (180±20 g) were purchased from the 
Experimental Animal Center of Dalian Medical University 
(Dalian, China). Rats were allowed access to water and food 
ad libitum, but fasted overnight with water available before 
surgery.

Ethical approval

All applicable international, national, and/or institutional guide-
lines for the care and use of animals were followed. All ani-
mal experiments were approved by the ethics committee of 
Dalian Medical University and performed in accordance with 
the institutional guidelines.

Experimental protocol

Since the thickness of the endometrium varies during dif-
ferent sexual cycles, all rats in our study were synchro-
nized in the estrous cycle, which was judged as described by 
Marcondes et al. [26]. The animals were randomly divided into 
three experimental groups: 

Sham group (n=8) received only the operation without uter-
ine ischemic procedure, and had daily administration of nor-
mal saline.

IRI group (n=8) had celiac artery ligatured for 30 minutes, and 
had daily administration of normal saline.

IRI+Pur group (n=8) had celiac artery ligatured for 30 min-
utes and Pur was administered at the onset of reperfusion 
(100 mg/kg intraperitoneally once daily).

Uterine ischemia-reperfusion surgery

The method of model construction was a standard method [27]. 
The surgery was conducted by the same surgeon. Immediately 
after the animals were anesthetized by 10% chloral hydrate 
(3–5 mL/kg, intraperitoneally), the skin was prepped, and the 
mouse placed on a homeothermic blanket of a homeother-
mic monitor system and covered by sterile gauze. The body 
temperature was monitored through a rectal probe and con-
trolled in the range of 36.5–37°C. Surgery started only after: 1) 
the body temperature was stabilized at the set-point, and 2) 
the mouse was in deep anesthesia and thus did not respond 
to pain induced by toe pinch. The operation was performed 
after preoperative fasting for 8 hours. It consisted of making 
about a 4 cm long incision at the middle of the abdomen, pok-
ing the abdominal organs, carefully separating the celiac ar-
tery, clamping the celiac artery with micro-aneurysm clips to 
achieve ischemia; complete ischemia was indicated by a color 

3405
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Lin L. et al.: 
The effects and possible mechanisms of puerarin to treat uterine fibrosis induced…
© Med Sci Monit, 2017; 23: 3404-3411

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



change of the uterine tissue from bright red to dark purple. 
After the ischemia operation, the micro-aneurysm clips were 
released at 30 minutes to start the reperfusion, which was in-
dicated by the change of uterine tissue color to red. The clos-
er of the muscle layer of the incision was followed by the clo-
sure of the skin wound. After the surgery, the rats had free 
food and water.

Morphological changes

At two weeks post-reperfusion, the rats were sacrificed. The 
uteruses of rats were removed, and fixed in 10% (v/v) neutral 
formalin and processed by standard histological techniques. 
The uterine tissue was stained with hematoxylin and eosin 
(H & E) and Picrosirius red staining. Then the uterine tissue was 
examined for morphological changes. The uterine tissue was 
also used to determinate the expression of protein of chymase, 
TGF-b, b-catenin, and a-SMA by Western blot analysis and im-
munohistochemical staining. The thickness of the endometri-
um and myometrium were measured with image-processing 

software (Image-ProPlus 6.0) using photos taking from slides. 
The thickness and morphology were evaluated and compared 
between the groups [28].

Western blot analysis

According to the manufacturer’s instructions, proteins were 
extracted from rat uterine tissue using a protein extraction kit 
(KeyGen Biotech, Nanjing, China), then measured by bicincho-
ninic acid (BCA) (Solarbio, Beijing, China), with bovine serum 
albumin as the standard. Proteins were resuspended in elec-
trophoresis sample buffer and separated by electrophoresis 
on pre-cast 10% SDS-polyacrylamide gels (Bio-Rad, Hercules, 
CA, USA), followed by an electro-transfer to PVDF membranes 
(Millipore, Bedford, MA, USA). Blocking of the membranes 
was done using 5% non-fat milk in Tris-buffered saline with 
0.1% Tween-20 (TBST) for 1.5 hours at 37°C. b-actin served as 
the loading control. Membranes were incubated overnight at 
4°C with a polyclonal antibody for chymase (1: 1,000), TGF-b 
(1: 1,000), b-catenin (1: 1,000), or a-SMA(1: 1,000) (Beijing 
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Figure 1.  The change in uterine photomicrographs of IRI rats. The uterine are stained with H&E. (A–C) 14 days following IRI in rats. The 
endometrium (E) and myometrium (M) are visualized and quantified at their junction (dotted lines). Representative sections 
from uterine tissue of a control rat (A), IRI rat (B), and Pur-treated rat (C). H&E, magnification ×100. (D) Comparison of the 
endometrium or myometrium thickness of groups. Data are expressed as mean ±SD. (* p<0.01 versus control group; # p<0.01 
versus IRI group; n=8)
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Biosynthesis Biotechnology, China), and with a 1: 1,000 dilu-
tion of monoclonal antibody for b-actin (Beyotime, China), then 
wash with TBST. The blots were then incubated with secondary 
antibodies, washed with TBST, and exposed to enhanced che-
miluminescence-plus reagents (ECL) from Beyotime Institute 
of Biotechnology (Haimen, China). The emitted light was doc-
umented with a BioSpectrum-410 multispectral imaging sys-
tem with a Chemi HR camera 410 (Bio-Rad, Hercules, CA, USA). 
Protein bands are visualized and photographed under trans-
mitted ultraviolet light for semi-quantitative measurements.

Immunohistochemical staining

Histological sections of rat uterine tissue (4 µm thick) were 
mounted on poly-L-lysine-coated slides. Slides were deparaf-
finized in xylene and rehydrated in graded alcohols. Sections 
are pretreated with citrate buffer (0.01 mol/L citric acid, pH 6.0) 
for 20 minutes at 95°C. Then at room temperature they are im-
mersed in PBS containing 3% H2O2 for 10 minutes. After treat-
ment, sections were exposed to 10% normal goat serum in 
PBS for 30 minutes at room temperature, and the tissue sec-
tions were incubated at 4°C overnight with rabbit polyclonal 
anti-TGF-b (1: 100) and a-SMA (dilution 1: 100). Then sections 
were rinsed with PBS, incubated with biotinylated goat anti-
rabbit IgG for 20 minutes at room temperature and treated 

with 3,30-diaminobenzidine chromogen for five minutes at 
room temperature. Finally, sections are counterstained with 
hematoxylin for two minutes. For semi-quantitative analysis of 
the protein expression of TGF-b and a-SMA, the sections were 
measured using a quantitative digital image analysis system 
(Image-Pro Plus 6.0) [29].

Collagen quantification

Picrosirius red staining was performed with serially sectioned 
tissues. Paraffin-embedded tissues were deparaffinized in xy-
lene, rehydrated in graded alcohols, and then incubated in 0.1% 
Picrosirius red solution for one hour at room temperature. 
Finally, sections were counterstained with hematoxylin for two 
minutes. The sections were studied under a light microscope 
at different magnifications. For semi-quantitative analysis of 
uterine fibrosis, the sections are measured using a quantita-
tive digital image analysis system (Image-Pro Plus 6.0) [30].

Data analysis

Statistical analysis was computed using the SPSS 13.0 soft-
ware. Group data were expressed as the mean ± standard de-
viation (SD). One-way analysis of variance (ANOVA) following 
Dunnett’s test was used to compare statistically significant 
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Figure 2.  Effect of Pur on the protein expression of chymase, TGF-b, b-catenin, and a-SMA in IRI rat uterine tissue. The bar graph 
shows the relative expression ratio of each protein calculated after normalization by b-actin. Data are expressed as mean 
±SD. (* p<0.01 versus control group; # p<0.01 versus IRI group; n=8).
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differences in the data between two sets. In all statistical analy-
ses, the level of significance is established as p<0.05 or p<0.01.

Results

Histological examinations

H&E staining of uterine tissues showed that the muscle fibers 
were arranged in disorder and uterine tissue from IRI rats ex-
hibit a thinner layer of endometrium (p<0.01), a thicker lay-
er of myometrium (p < 0.01) than those in the control group. 
However, the pathology of IRI uterine tissue was reversed sig-
nificantly by Pur treatment (p<0.01, Figure 1).

Pur reduces mast cell chymase production

Since mast cell chymases play an essential role in the fibrosis 
process, their production level in the case of Pur treatment is of 
interest. To investigate this, rat uterine tissue was immediately 

acquired after sacrifice for Western blot analysis. The results of 
Western blot analysis showed that protein expression of chy-
mase was increased significantly compared with the control 
group (p<0.01, Figure 2). After treatment with Pur for the IRI 
rats, protein expressions in the uterine tissue was significant-
ly decreased compared with the IRI group (p<0.01, Figure 2).

Pur inhibits activity of TGF-b and WNT/b-catenin pathway

TGF-b is a pro-fibrotic cytokine which induces macrophages 
and proliferation of fibroblasts through the induction of other 
growth factors. It has been reported that the Wnt/b-catenin sig-
naling pathway is essential for fibrosis induced by TGF-b. Our 
Western blot analysis of TGF-b (p<0.01) and b-catenin (p<0.01) 
showed that increased expression of both proteins was evi-
dent in the IRI group, whereas treatment with Pur, showed a 
significant decrease (p<0.01, Figure 2).

The immunohistochemistry results were similar to the afore-
mentioned results. The protein expression of TGF-b in the 
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Figure 3.  Effect of Pur on the protein expression of TGF-b in IRI rat uterine tissue. IHC with specific TGF-b antibody detects cellular 
expression pattern in the uterine tissues 14 days following IRI in rats. The positive cells (arrows) are stained brown. 
Representative sections from uterine tissue of a control rat (A), IRI rat (B), and Pur-treated rat (C). Magnification ×400. 
(D) Comparison of the relative areas stained positively for TGF-b of groups. Data are expressed as mean ±SD. (* p<0.01 
versus control group; # p<0.01 versus IRI group; n=8).
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uterine tissue of the IRI group was significantly increased com-
pared with the control group (p<0.01). However, after treat-
ment with Pur in the IRI group, protein expression of TGF-b 
was significantly decreased compared with the IRI group 
(p<0.01, Figure 3).

Pur reduces collagen accumulation in the IRI group uterine 
tissue.

Picrosirius red staining suggested significantly greater colla-
gen content in the IRI group compared with the control groups 
(p<0.01), and the content was decreased after Pur treat-
ment (p<0.01, Figure 4). Moreover, the immunohistochemis-
try (Figure 5) and Western blot (Figure 2) results showed that 
the expression level of a-SMA in the uterine tissue of the IRI 
group was increased significantly compared with the control 
group (p<0.01). However, the protein expression of a-SMA af-
ter Pur treatment was significantly decreased compared with 
the IRI group (p<0.01).

Discussion

Tissue fibrosis is epidemiologically associated with the sub-
sequent development of tissue ischemic-reperfusions injury 
(IRI) in multiple organ systems, leading to dysfunction [19]. 
However, the role of fibrosis induced by IRI in the uterus is 
poorly reported. The fibrosis process is mechanistically char-
acterized by myofibroblast accumulation, collagen deposi-
tion, extracellular matrix (ECM) remodeling, and increased 
tissue stiffness, so that highly collagenized tissue impairs or-
gan function by reducing tissue elasticity and compliance. As 
we all know, uterine elasticity and compliance is important for 
normal pregnancy. Recently, it has been proposed that smooth 
muscle cells respond to injury or ischemia with increased cell 
proliferation and production of extracellular matrix [31]. We 
hypothesized that uterine IRI induced fibrosis, which reduced 
uterine elasticity and compliance, thus impairing fertility and 
promoting miscarriage. Therefore, it is important to suppress 
the fibrosis process that is induced by IRI. In our study, H&E 
staining showed that the muscular layer in uterine tissue in 
the IRI group was arranged in disorder with fracture, a thinner 
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Figure 4.  Effect of Pur on the collagen accumulation in IRI rat uterine tissue. The uterine tissues are Picrosirius red stained (A–C) 14 
days following IRI in rats. Representative sections from uterine tissue of a control rat (A), IRI rat (B), and Pur-treated rat (C). 
Picrosirius red staining, magnification ×100. (D) Comparison of the percent of fibrosis of each group. Data are expressed as 
mean ±SD. (* p<0.01 versus control group; # p<0.01 versus IRI group; n=8).
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Figure 5.  The effect of Pur on the protein expression of a-SMA in IRI rat uterine tissue. IHC with specific a-SMA antibody detects 
cellular expression pattern in the uterine tissues 14 days following IRI in rats. The positive cells (arrows) stain brown. 
Representative sections from uterine tissue of a control rat (A), IRI rat (B), and Pur-treated rat (C). Magnification ×400. 
(D) Comparison of the relative areas stained positively for a-SMA of groups. Data are expressed as mean ±SD. (* p<0.01 
versus control group; # p<0.01 versus IRI group; n=8).

layer of endometrium, and a thicker layer of myometrium com-
pared with the control group. Picrosirius red staining suggest-
ed significantly greater collagen content in the IRI group com-
pared with the control group, and Western blots showed that 
the expression level of a-SMA, known as marker of myofibro-
blast, in the IRI group was significantly higher than in the con-
trol group. However, after treatment with Pur, these changes 
were significantly suppressed, which indicated that fibrosis 
was induced in uterine tissue after IRI, which could then be 
improved by Pur treatment.

Experimental studies have shown that mast cell numbers and 
staining intensity are linked with increased TGF-b production 
and interstitial fibrosis [32]. TGF-b, which can be stimulated 
by mast cell chymase activation, is a ubiquitous pro-fibrotic 
cytokine with variable functions in the processes of cell differ-
entiation, cell proliferation [19,20]. It has been reported that 
TGF-b upregulates the synthesis of many extracellular matrix 
proteins that are associated with tissue fibrosis [11,12]. TGF-b 
transmits its signals through several intracellular signaling 

molecules, and it has been reported that the Wnt/b-catenin 
signaling pathway is essential for fibrosis induced by TGF-b. 
Therefore, inhibition of the Wnt/b-catenin/TGF-b signaling 
pathway may play a role in attenuating fibrosis after IRI. In 
this study, increased expression levels of TGF-b in the uter-
ine tissue of IRI rats compared to the control group were ob-
served. Upon treatment of IRI rats with Pur, a significant de-
crease in the expression level of TGF-b was observed. In IRI 
rats, increased expression levels of chymase, b-catenin, and 
a-SMA were observed, and these were also reduced after Pur 
treatment. Therefore, the anti-fibrotic effect of Pur might be 
due to its ability to interact with mast cell chymase and the 
Wnt/b-catenin/TGF-b signaling pathway. Thus, after IRI, mast 
cells are activated and produce chymases. Then the chymas-
es stimulate TGF-b production to activate the Wnt/b-catenin 
pathway in fibroblasts, which can result in increased collagen 
deposition. However, Pur treatment could also suppress the 
pro-fibrotic process thus inhibiting the fibrosis induced by IRI. 
Evidence for the anti-fibrotic role for Pur appears to be strong 
as supported by our experimental data as discussed.
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Conclusions

In summary, exposure of rats to IRI leads to uterine fibrosis. 
Similar to the pathogenesis of IRI, the progression of fibrosis 
is mediated by multiple cell signaling factors. The decreased 
expression levels of mast cell chymase, TGF-b, and other pro-
teins involved in the Wnt/b-catenin signaling pathway after 
Pur treatment indicated that Pur regulates fibrosis, which is 
aberrant in IRI-induced tissues. The results of this study dem-
onstrated uterine fibrosis after IRI and the anti-fibrotic effect 
of Pur. Therefore, Pur can be considered a candidate drug for 
the treatment of uterine fibrosis induced by IRI.
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