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Abstract. We investigated the effect of baoxin decoc-
tion (BXD) on myocardial fibrosis and clarified the possible 
mechanism of action. Dilated myocardiopathy was induced by 
doxorubicin injected intraperitoneally for 6 weeks. Rats that 
demonstrated dilated myocardiopathy were randomly divided 
into five groups plus a control group. Three groups were treated 
with BXD (7.5/kg, 15 g/kg and 30 g/kg) daily for 4 weeks. 
One group was treated with 8.75 g/kg of captopril  (posi-
tive control), and with physiologic saline (negative control). 
Cardiac function was evaluated using echocardiography. 
Hematoxylin and eosin, and Masson's trichrome staining 
were performed, PICP and PIIINP were assessed by ELISA, 
the expression of galectin-3 and collagen types Ⅰ and Ⅲ was 
evaluated with reverse transcription‑quantitative PCR, and 
interrelated proteins were detected by western blot analysis. 
BXD downregulated galectin-3, collagen Ⅰ and Ⅲ and was 
correlated with a high expression of fibrosis markers. It also 
significantly decreased myocardial collagen volume frac-
tion (CVF), together with markedly preventing the upregulation 
of collagen Ⅰ and Ⅲ. In addition, BXD downregulated the 
expression of TGF-β1 and Smad3 in the myocardial fibrosis 
rats. Therefore, BXD treatment significantly improved cardiac 
function and alleviated myocardial fibrosis in a rat model of 

doxorubicin-induced dilated cardiomyopathy (DCM), which 
is the mechanism that may be associated with inhibiting the 
TGF-β1 signaling pathway.

Introduction

Dilated cardiomyopathy (DCM) is a common cardiomyopathy 
leading to heart failure  (HF), and is characterized by the 
enlargement of one or both of the ventricles with associated 
systolic dysfunction  (1). In adults, the prevalence is ~1 in 
2,500 individuals, with an incidence of 7/100,000 per year; 
however, it maybe underdiagnosed. The prevalence of DCM 
in the United States (adjusted for age) is 36/100,000 of the 
population (2). DCM is an important cause of sudden cardiac 
death (SCD) and HF and is the leading indication for cardiac 
transplantation in children and adults worldwide (3).

Ventricular remodeling is the key process of DCM and HF 
pathogenesis, and was originally referred to an alteration in 
the ventricular architecture (4). It is characterized by a struc-
tural rearrangement of the cardiac chamber wall that involves 
not only cardiomyocyte hypertrophy, but also the fibroblast 
proliferation, and an increased deposition of extracellular 
matrix (ECM) proteins (5). It refers to the aberrant deposi-
tion of ECM in the heart, and is characterized by an increase 
of collagen in the interstitium. As shown experimentally, an 
increase in collagen content increases myocardial stiffness 
and promotes abnormalities of cardiac function, whereas its 
regression normalizes stiffness and function (6). Myocardial 
fibrosis is an important pathophysiological process in which 
the accumulation of collagen contributes to DCM and HF (7). 
To understand the components of myocardial fibrosis and 
remodeling, current medication has been used to counteract 
the compensatory mechanism of ventricular remodeling and, 
consequently, to reduce morbidity and mortality (8).

Traditional Chinese medicine (TCM) has been applied 
to treat HF for thousands of years, and some herbal formulas 
have been proven to be effective (9). Baoxin decoction (BXD), 
is a compound that has been prepared and formulated on the 
basic theory of TCM, and consists of a complex combination 
of natural herbs where every herb contains various chemical 
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compounds (10). These compounds can work together in mutual 
coordination and auxiliary, which has been used to treat DCM 
and leads to HF. Clinical studies have demonstrated that BXD 
can improve myocardial dysfunction in DCM patients. In the 
present study, we aimed to examine the hypothesis that BXD 
exerts its cardioprotective effect by preventing myocardial 
fibrosis in a rat model of doxorubicin-induced DCM.

Materials and methods

Drug preparation. Traditional Chinese herb granules manu-
factured by Guangdong Yifang Pharmaceutical Co., Ltd. 
(Guangdong, Guangzhou, China) were purchased from the 
pharmacy of Traditional Chinese Medicine Hospital. The 
granules were prepared from Astragalus (30 g), Salvia milt-
iorrhiza (10 g), Cassia twig (6 g), Wolfiporia extensa (10 g), 
Forsythia suspense  (10  g), Turtle  shell  (10  g),  Angelica 
sinensis  (10  g), Codonopsis pilosula  (10  g), Ophiopogon 
japonicus (10 g) and Schisandra chinensis (6 g). After prepa-
ration, the herbal mixtures were freeze-dried. Prior to use, 
each 2 g of dry herbal mixture was resuspended in 1 ml of 
distilled water.

Experimental animals. Male Sprague-Dawley rats  (n=70) 
weighing 220±10 g, were purchased from the Laboratory 
Animal Center of Xuzhou Medical College [Xuzhou, Jiangsu, 
China, license no. SCXK  (Su) 2010-0003]. The rats were 
housed in a normal 12-h light/dark rhythm under standard 
conditions of temperature (21±2˚C) and humidity (55±5%) and 
fed with a standard diet and tap water. Animals were allowed 
a 1‑week acclimatization period prior to the experimental 
protocol. The animal care, use and experimental protocols 
were approved by the Animal Experimental Ethics Committee 
of Xuzhou Medical University.

Animal models. A total of 62 animals were subjected to intra-
peritoneal injections of doxorubicin hydrochloride (Zhejiang 
Haizheng Pharmaceutical Industry, Zhejiang, China) 2.5 mg/kg 
weekly for 6 consecutive weeks (11). Eight rats received the 
same volume of physiological saline as control. Two weeks 
after cessation of the doxorubicin injection, the two groups of 
rats that survived were examined by transthoracic echocar-
diography to determine whether the model was successful.

Grouping and treatment. With the exception of the control 
animals, the surviving animals developed ventricular dysfunc-
tion with a left ventricular ejection fraction (LVEF) of <60% 
(n=42). The rats were randomly divided into five groups: the 
DCM group (DCM, n=9, saline), the low‑dose BXD group 
(BXD-L, n=9, 7.5/kg), the middle-dose BXD group (BXD-M, 
n=8, 15  g/kg), the high-dose BXD group  (TXL-H, n=8, 
30 g/kg) and the positive group (n=8, captopril, 8.75 g/kg). 
Doses were selected on the basis of human clinical dosage 
and the control group and DCM group rats were administered 
saline.

Echocardiography measurements. Before and after treatment, 
transthoracic echocardiography was performed in all the 
groups. The rats were anesthetized using chloral hydrate. Images 
were captured using a 12 MHz linear transducer connected 

to a Vivid  7 echocardiography machine  (GE Healthcare, 
Aurora, OH, USA). A two‑dimensional short‑axis view of 
the left ventricle was obtained at the level of the papillary 
muscle and two‑dimensional targeted M‑mode tracings were 
recorded. The detection index was as follows: left ventricular 
ejection fraction (LVEF), left ventricular end-diastolic diam-
eter (LVEDD), left ventricular end‑systolic diameter (LVESD) 
and left ventricular fractional shortening  (LVFS). All the 
parameters were measured over three consecutive cardiac 
cycles.

Measurement of serum indicators by ELISA. Blood samples 
were collected from the abdominal artery and the serum was 
separated. Procollagen type Ⅰ carboxy-terminal peptide (PICP) 
and procollagen type Ⅲ aminoterminal peptide  (PIIINP) 
in serum were determined by enzyme-linked immunosor-
bent assay (ELISA) kits (hCG ELISA kit, Ontario, Canada) 
following the manufacturer's instructions.

Pathology and histology. Left ventricular tissues of the same 
region were fixed in 4% paraformaldehyde. Paraffin‑embedded 
tissues were sectioned into slices  (4 µm) and stained with 
hematoxylin and eosin staining (H&E). Masson's trichrome 
staining was performed to assess the degree of myocardial 
fibrosis according to protocol (12). In the Masson's‑stained 
sections, myocardial cells were stained red while the collagen 
was stained blue. Six randomly selected microscopic fields 
of each section were analyzed for collagen deposition using 
Image-Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD, 
USA), which was expressed as collagen volume fraction (CVF), 
the percentage of the area stained blue for collagen to the total 
area of each microscopic field. The CVF of each animal repre-
sents the mean of 6 randomly selected microscopic fields.

RNA extraction and RT-qPCR. Quantitative analysis of the 
mRNA levels of target genes was performed with RT‑qPCR by 
the relative standard curve method using the SYBR-Green 
PCR Master mix (Promega, Madison, WI, USA). Total RNA 
was extracted from frozen ventricular tissue samples using a 
TRIzol reagent (Takara Bio, Inc., Otsu, Japan). Reverse tran-
scription of RNA was carried out according to the instructions 
of RT-PCR kit (Promega). The primer sequences used were as 
follows: galectin‑3 (Gal‑3) forward, 5'-CCCAACGCAAACA 
GTATA-3' and reverse, 5'-TGTCTTTCTTCCCTTCCC-3'; 
collagen  I  (Col  Ⅰ) forward, 5'-GCCAAGAAGACATCCCT 
GAA-3' and reverse,  5'-CTTCTGGGCAGAAAGGA CAG-3'; 
collagen Ⅲ (Col Ⅲ) forward, 5'-GGTGGCTTTCAGTTCAG 
CTATG-3' and reverse, 5'-GTCTTGCTCCATTCACCAG 
TGT-3'; GAPDH forward, 5'-CTGCACCACCAACTGCT 
TAG-3' and reverse, 5'-GGATG CAGGGATGATGTTCT-3'.

Western blot analysis. Total protein was extracted from frozen 
heart tissue by RIPA buffer containing 1 mM PMSF, followed 
by determination of the protein concentrations with a BCA 
protein assay kit. The protein was separated using a 12% 
SDS polyacrylamide gel in electrophoresis sample buffer and 
then transferred onto a PVDF membrane. Following washing 
and blocking, the membrane was incubated overnight at 4˚C 
with mouse monoclonal Gal-3 antibody (dilution, 1:500; cat. 
no. sc-25279), rabbit polyclonal TGF-β1 antibody (dilution, 
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1:500; cat. no. sc-7892), mouse monoclonal Smad3 antibody 
(dilution, 1:500; cat. no.  sc-101154) (all from Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA). After washing, 
the membrane was incubated with bovine anti-mouse 
secondary antibody (dilution, 1:2,000; cat. no. sc-2371; Santa 
Cruz Biotechnology, Inc.) at 37˚C for  1 h. After washing, the 
membrane was incubated with a secondary antibody at 37˚C 
for 1 h. A chemiluminescence detection system was used to 
detect the western blot analysis. Target proteins levels were 
normalized by GAPDH.

Statistical analysis. Data are presented as mean  ±  SD. 
Statistical analysis was performed using a one-way analysis of 
variance (ANOVA). P<0.05 was considered to be statistically 
significant.

Results

BXD improves cardiac function in rats with DCM. In order 
to determine whether BXD improved cardiac function, 
we performed echocardiography 4 weeks post-treatment. 
Echocardiographic parameters of the respective groups of rats 
are shown in Table Ⅰ. It shows a representative echocardiography 
view of hearts from each group after treatment. As shown 
in  Table  Ⅰ, echocardiography analyses after treatment 
indicated that compared to those in the CON group, the rats 
in the DCM, BXD and captopril groups exhibited significant 
left ventricular dilation and systolic dysfunction. The LVEDD 
and LVESD were significantly increased while the LVEF 
and LVFS were significantly decreased (P<0.01,  Fig.  1). 
The LVESD, LVEDD, LVEF and LVFS in the BXD and 

Table Ⅰ. LVEDD, LVESD, LVEF and LVFS in the different subgroups of patients.

Group	 LVEDD	 LVESD	 LVEF	 LVFS

CON	 6.14±0.19a	 3.69±0.14a	 83.09±5.33a	 45.86±3.80a

DCM	 7.80±0.35b	 4.92±0.23b	 53.42±3.83b	 26.09±2.77b

BXD-L	 7.43±0.24b,c	 4.58±0.19b,c	 61.09±4.80a,b	 30.18±1.73b,c

BXD-M	 7.27±0.24a,b	 4.52±0.26a,b	 64.45±3.75a,b	 31.61±2.09a,b

BXD-H	 7.14±0.27a,b	 4.41±0.22a,b	 67.07±3.56a,b	 34.86±1.32a,b

CAP	 7.04±0.32a,b	 4.36±0.33a,b	 67.95±2.96a,b	 35.21±1.49a,b

LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; LVFS, 
left ventricular fractional shortening. aP<0.01 vs. the DCM group; bP<0.01 vs. the CON group; cP<0.05 vs. the DCM group.

Figure 1. Representative echocardiographic M-mode images. The effect of 
BXD on the quantitative data of echocardiography images. DCM, dilated 
cardiomyopathy; BXD, baoxin decoction. 

Figure 2. Effect of BXD on myocytes. Representative of left ventricular 
sections of hearts from different experimental groups, stained with H&E 
(magnification, x200). DCM, dilated cardiomyopathy; BXD, baoxin decoction; 
H&E, hematoxylin and eosin.
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captopril‑treated group were significantly improved after 
treatment when compared to the DCM group (P<0.01, Fig. 1), 
demonstrating that BXD treatment markedly ameliorated 
cardiac dysfunction.

BXD attenuates DCM rat myocardial pathological change. 
Fig. 2 shows the H&E-stained sections of left ventricular 
myocardial tissue with the control group showing normal 
histomorphology. Tissues from the DCM group showed 
enhancement and loose arrangement of the myocardial fibers, 
hypertrophy, myocardial necrosis, loss of myocytes and 
vacuolar degeneration. Administration of BXD and captopril 
improved cardiac hypertrophy and alleviated areas of necrosis. 
As Fig. 3 shows, Masson's trichrome staining for interstitial 
fibrosis on the left ventricular myocardial tissue. The areas 
of fibrosis (blue) show CVF. CVF of the DCM group were 
increased (P<0.001) when compared to the control group. The 
treatment with either BXD or captopril was associated with a 
reduction in CVF (BXD and captopril, P<0.01).

BXD inhibits myocardial collagen. The carboxy-terminal 
propeptides of collagen Ⅰ (PICP) and amino-terminal propep-
tides of collagen Ⅲ (PIIINP) are serum biochemical markers 

of cardiac ECM. As Fig. 4 shows, when compared to the control 
group, the levels of serum PICP and PIIINP were significantly 
increased in the DCM group (P<0.01). BXD and captopril-
treated group decreased the concentration of serum PICP and 
PIIIN (P<0.05-0.01 vs. the DCM group). These data indicated 
that BXD played a protective role in DCM by decreasing the 
synthesis and degradation of myocardial collagen.

Effects of BXD on heart tissue Gal-3, Col Ⅰ and Col Ⅲ mRNA 
expression. Gal-3, Col Ⅰ and Col Ⅲ mRNA levels in the left 
ventricles myocardial were significantly increased in the DCM 
group compared to the control group (P<0.01, Fig. 5). As 
expected, treatment with either BXD or captopril was associ-
ated with a significantly lower expression of Gal-3, Col Ⅰ and 
Col Ⅲ (P<0.01).

Effects of BXD on heart tissue Gal-3, TGF-β1 and Smad3 
protein expression. Gal-3 protein expression levels and mole-
cules involved in the Gal-3 signaling pathway (TGF-β and 
Smad3) were analyzed by western blot analysis for each exper-
imental group. It is well known that TGF-β1/Smad3 signaling 
is a key pathway in the myocardial fibrosis process. Results 
indicated that BXD significantly reduced Gal-3, TGF-β1 and 

Figure 3. Effect of BXD on myocardial fibrosis. Representative of left ventricular sections of hearts from the different experimental groups, stained with 
Masson's trichrome staining (magnification, x200). BXD, baoxin decoction; DCM, dilated cardiomyopathy; ##P<0.01 vs. control group; **P<0.01 vs. DCM group.

Figure 4. Effect of BXD on serum biochemical markers of myocardial fibrosis. The quantitative data of carboxy-terminal propeptides of collagens Ⅰ (PICP) 
and amino-terminal propeptides of collagens Ⅲ (PIIINP). Results are expressed as mean ± SD. ##P<0.01 vs. control group; *P<0.05, **P<0.01 vs. DCM group; 
BXD, baoxin decoction; PICP, propeptides of collagens Ⅰ; PIIINP, propeptides of collagens Ⅲ; DCM, dilated cardiomyopathy.
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Figure 5. Expression of Gal-3, Col I and Col III mRNA in the ventricle of DCM rats and the effect of BXD. RT-qPCR was performed. (A) Gal-3. (B) Col Ⅰ. 
(C) Col Ⅲ. Results are expressed as mean ± SD. ##P<0.01 vs. control group. *P<0.05, **P<0.01 vs. DCM group; DCM, dilated cardiomyopathy; Gal-3, galectin‑3; 
BXD, baoxin decoction; Col Ⅰ, collagen Ⅰ; Col Ⅲ, collagen Ⅲ.

Figure 6. Effect of BXD on TGF-β1/Smad3 signaling expression. (A) Representative western blot analysis of myocardial fibrosis tissue. (B-D) The ratios 
of various proteins to GAPDH. Protein levels were calculated by densitometry. Results are expressed as mean ± SD. ##P<0.01 vs. control group, *P<0.05, 
**P<0.01 vs. DCM group; BXD, baoxin decoction; DCM, dilated cardiomyopathy; Gal-3, galectin-3.
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Smad-3 protein expression (P<0.05, P<0.01, Fig. 6). Notably, 
the inhibitory effect of BXD on myocardial fibrosis signaling 
was associated with the downregulation of TGF-β1/Smad3 
signaling.

Discussion

In this study, we investigated the effects of BXD on myocardial 
dysfunction, fibrosis and interrelated signaling pathways using 
a rat model of doxorubicin-induced DCM. The main findings 
of this study include that BXD reduced left ventricular dila-
tion and improved left ventricular systolic function in rats 
of doxorubicin-induced DCM, BXD effectively attenuated 
interstitial fibrosis by inhibiting collagen production and the 
underlying mechanism may be associated with the suppression 
of Gal-3 and TGF-β1/Smad3 signaling.

Doxorubicin is used as a common chemotherapeutic agent, 
which can also lead to cardiotoxicity. Many experimental 
animal models of Dox-induced cardiomyopathy have been 
used to investigate DCM (13). In this study, we followed the 
animal model of DCM. Echocardiography showed significant 
dilation of the left ventricle and a significant reduction of 
cardiac function. Pathological examination showed a large 
accumulation of collagen in the myocardial interstitial tissues. 
Our results demonstrated that this model is successful, which 
is in agreement with previous findings (14).

A number of previous reports have described herbal medi-
cines as being effective in preventing or decreasing myocardial 
fibrosis in cardiovascular disease. Evidence gathered from a 
systematic review shows that herbal medicine, which seems 
to be relatively safe and convenient, may offer a much needed 
alternative and merit further attention (15). BXD is a specific 
TCM that has been developed based on the meridian theory. 
Therefore, we evaluated the effects of BXD in an animal 
experimental model on myocardial dysfunction, fibrosis and 
interrelated signaling pathways.

Gal-3 is a member of the galectin family, and consists of 
animal lectins that bind β-galactosides (16). In recent years, 
Gal-3 has emerged as a link to the pathophysiology of adverse 
myocardial remodeling (17). This has been associated with 
activation of fibroblasts and macrophages, which leads to the 
development of interstitial and perivascular fibrosis and left 
ventricular dysfunction  (18). Some studies have indicated 
that inhibition of Gal-3 was associated with a downregula-
tion in collagen production. Furthermore, the inhibition of 
Gal-3 has also been shown to attenuate the progression of 
cardiac remodeling in a long-term transverse aortic constric-
tion mouse model (19). Ac-SDKP has been known to prevent 
interstitial and perivascular fibrosis and LV dysfunction was 
caused by Gal-3. These changes were shown to be mediated 
by a transforming growth factor TGF-β/Smad3 pathway (20). 
The mineralocorticoid receptor antagonists eplerenone and 
spironolactone, modulated Gal-3 and TGF-β/Smad3 signaling 
in an experimental model of left ventricular systolic dysfunc-
tion  (21). These findings suggest that therapeutic agents 
targeting Gal-3 might result in innovative new therapies. In 
our study, BXD treatment was associated with an inhibition of 
the observed upregulation of Gal-3.

Myocardial fibrosis is one of the main pathological 
changes in DCM. The TGF-β-Smad3 pathway contributes 

to the long progress of myocardial fibrosis. TGF-β1 plays a 
crucial role in cardiac fibrosis by activating fibroblasts and 
producing collagen (22). TGF-β1 inhibition of cardiac fibro-
blast proliferation requires Smad3 (23). Therefore, inhibiting 
Smad3 transduction may prevent cardiac fibrosis. As shown in 
some studies, inhibiting the TGF-β1-Smad3 signaling pathway 
or modulating the gene expression of Smad3 could effectively 
interfere with myocardial fibrosis  (24-26). Many Chinese 
herbal medicines can inhibit cardiac fibrosis, such as Gualou 
Xiebai decoction, by blocking TGF-β1/Smad3 signaling (27). 
Shensong Yangxin capsule prevents diabetic myocardial 
fibrosis by inhibiting TGF-β1/Smad3 signaling (28). Captopril, 
an ACE inhibitor, prevents the development and progression of 
subsequent fibrosis related to the reduction of TGF-β1 levels. 
The findings of our study show that BXD may possibly be able 
to bring about similar effects in myocardial fibrosis associated 
with Gal-3 and TGF-β-Smad3 pathway.

However, the present findings of the study are limited by 
the experiment. The relationship between cardiac fibrosis and 
Gal-3 and TGF-β/smad3 has not demonstrated causality. In 
addition, the mechanism of BXD needs to be further explored.
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