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Abstract 

Background  Recent clinical and experimental studies have confirmed the effects of Xinfuli Granule (XG), a compound Chinese 

medicine in the prevention and treatment of heart failure (HF). This study aimed to investigate the effects and the mechanisms of XG on 

ventricular reconstruction in rats with acute myocardial infarction (AMI). Methods  Sprague-Dawley rats were subjected to left anterior 

descending branch ligation. The rats that survived 24 h were randomly assigned to five groups: medium-dose of XG group (MI+XGM), 

high-dose of XG group (MI+XGH), carvedilol group (MI+C), medium-dose of XG + carvedilol group (MI+C+XGM). Fourteen rats under-

went identical surgical procedures without artery ligation, serving as sham controls. At 28 days, left ventricular weight to body weight 

(LVW/BW) and heart weight to body weight (HW/BW) were calculated; left ventricular ejection fraction (LVEF), left ventricular shortening 

fraction (LVFS), left ventricular internal diameter at systole (LVIDS) were measured by ultrasound; HE staining, Masson staining, and Sirius 

red staining were used to assess the myocardial pathological and physiological changes as well as myocardial fibrosis area and non-infarct 

zone I/III collagen ratio. Expression of Smad3 were detected and analyzed by Western blot, immunohistochemistry and immunofluorescence. 

P-Smad3, Smad2 and Smad7 in the TGF-β/Smads signaling pathway were also analyzed by Western blot. Results  The LVIDS (P < 0.01), 

HW/BW (P < 0.05), type I/III collagen ratio (P < 0.01) and myocardial collagen (P < 0.01) decreased significantly while the LVW/BW, 

LVFS (P < 0.05) increased significantly in MI+XGM group as compared with those in other groups. The expression of key signal molecules 

of the TGF-β/Smads signaling pathway, including Smad3, P-Smad3 and Smad2 protein were decreased, while the expression of Smad7 in-

creased in both XG and carvedilol treatment groups as compared to those of the MI group (all P < 0.01). Immunohistochemistry and im-

munofluorescence further confirmed the down-regulated Smad3 expression. Conclusion  XG can improve ventricular reconstruction and 

inhibit myocardial fibrosis in rats with AMI by regulating TGF-β/Smads signaling pathway. 
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1  Introduction 

The prognosis and outcome after acute myocardial in-
farction (AMI) are related to multiple processes including 
myocyte hypertrophy, necrosis and apoptosis as well as 
ventricular reconstruction and fibrosis.[1] Myocardial is-
chemic injury causes myocardial hypertrophy, reactive hy- 
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pertrophy and elongation of infarct ventricular wall and 
deformation accompanied with cardiac function. Hyperpla-
sia of fibroblasts and vascular structure changes are to a 
great extent found in myocardial interstitial reconstruction.[2] 
Myocardial fibrosis leads to excessive deposition of ex-
tracellular matrix with significantly increased concentration 
and volume of various collagens. The TGF-β/Smads sig-
naling pathway is recognized as the most critical signaling 
pathways of myocardial fibrosis.[3] Xinfuli Granule (XG) is 
a compound traditional Chinese medicine which has been 
used in Fuwai Hospital (Beijing, China) for the treatment of 
heart failure (HF). Previous experimental studies showed 
that XG had certain protective effects on myocardial cells of 
rats with HF,[4,5] but the effects and underlying molecular 
mechanism of XG in preventing or reversing ventricular 
reconstruction and myocardial fibrosis remained unclear.  
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This study aimed to investigate the effects and the mecha-
nisms of XG on ventricular reconstruction in rats with AMI. 

2  Methods 

2.1  Animal model and grouping 

Sprague-Dawley male rats (SPF) weighting 200 ± 20 g 
provided by Beijing Vital River Laboratory Animal Tech-
nology Co., Ltd. were prepared for AMI models. Ultrasonic 
echocardiography was used immediately after modeling, 
and successful modeling was judge by left ventricular ejec-
tion fraction (LVEF < 60%). By confirming successful 
modeling, the rats were randomly divided into six groups: 
medium-dose of XG group (MI+XGM, n = 13), high-dose 
of XG group (MI+XGH, n = 12), carvedilol control group 
(MI+C, n = 12), medium-dose of XG group + carvedilol 
(MI+C+XGM, n = 13), sham group (n = 14) and MI group 
(n = 11). 

2.2  Establishment of AMI models in rats 

Rats were given 10% chloral hydrate (i.p.) for anesthesia. 
The left chests of the rats were prepared, and given en-
dotracheal intubation in supine position. The rats were con-
nected with breathing ventilators for assisted respiration 
under ECG monitoring. The skin, subcutaneous tissue and 
muscles were cut. The catheter entered the chest from the 4th 
intercostal space. The level of the lower edge of left atrial 
appendage was positioned as the mark to ligature the left 
anterior descending branch, with the local color of the ante-
rior cardiac wall changing to pale. ECG showed ST-T 
changes after ligation. When the color of the anterior wall of 
left ventricle changed to pale, and the ventricular wall mo-
tion decreased, the model was confirmed successfully estab-
lished. The sham group was only given threading instead of 
ligation. Ultrasonic echocardiography screening was used 
after successful modeling. The model inclusion criteria were: 
(1) objective indicators, LVEF < 60% recorded as a baseline; 
and (2) subjective indicators, obvious abnormal contraction 
of anterior ventricular wall in at least one level judged by 
the ultrasonic practitioner.  

2.3  Experimental drug dosage  

According to related literature[6] and the rat conversion 
coefficient (6.3) of the human clinical dosage from experi-
mental zoology, the adult clinical dosage of XG is 15 g/d, so 
the lavage dose of the medium-dose group was 1.50 mg/kg 
per day and of the high-dose group was 3.00 mg/kg per day. 
The rats were given lavage once every morning, for 28 
consecutive days. The rats were given carvedilol 10 mg/kg 
per day; all the required doses were prepared in physiologi-

cal saline (10 mL/kg) and then administrated via lavage at a 
fixed time. The sham group and the model groups were 
given equivalent normal saline, 24 h after successful mod-
eling. 

2.4  Hemodynamics and cardiac function parameters  

The rats were put in the supine position after weighted 
and anesthetized, with chest hair removed. M type Doppler 
ultrasound was used to monitor the cardiac function changes 
about the standard short-axis plane of left ventricular papil-
lary muscles and the long-axis plane of left ventricle. For 
each raw data, an average value of three consecutive cardiac 
cycles was selected. The single blind method was adopted 
to record LVEF, left ventricular shortening fraction (LVFS), 
and left ventricular internal diameter at systole (LVIDS). 
Rats hearts were taken out, and the blood was discarded; the 
hearts were flushed with pre-cooled saline, and dried by 
filter paper. Heart weight (HW) was recorded. The left ven-
tricle was cut completely and weighted to obtain the left 
ventricular weight (LVW). The LVW/body weight (BW) 
and HW/BW were calculated, respectively. 

2.5  Tissue sample preparation 

The great vessels and left and right auricle were removed. 
The heart was transected along the left ventricular infarction. 
HE staining was used to observe the pathological physiol-
ogy changes of myocardial tissues. Masson staining was 
used to observe the myocardial interstitial fibrosis, and to 
calculate the collagen fraction, the percentage of the colla-
gen fiber accounting for the total infarction area under 100 × 
vision. The ratio of collagen I/III in the non-infarction was 
calculated by Sirius red staining. Parts of the myocardium 
were fixed by myocardial liquid, and preserved under 
80C. Western blot analysis was used to detect the expres-
sions of Smad3, P-Smad3, Smad2 and Smad7, the key sig-
naling molecule proteins of TGF-β/Smads signal pathways. 
Immunohistochemical staining and immunofluorescence 
were also used to verify the expressions of Smad3. 

2.6  Statistical analysis 

All data were presented as mean ± SD. Homogeneity 
tests of variance were carried out on the sample mean values. 
Least significant difference (LSD) was used on the sample 
mean values with equal variance. For sample mean values 
with unequal variance, the Kruskal-Wallis method of multi-
ple rank-sum inspection was used. Rank-based variance 
analysis for pair-wise comparison was also used. Statistical 
analysis was performed with SPSS 16.0 (Santa Cruz, Cali-
fornia, USA). A P value of less than 0.05 was considered as 
statistically significant. 
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3  Results 

3.1  Gross observation of the condition before and after 
treatment  

Among the 120 successful modeling rats, 79 survived, 
with an overall survival rate of 65.8%. Rats of the sham 
group were sensitive in response, quick in action, with luster 
fur. Rats of all the groups decreased in activity in the first 
week of lavage. A few rats were extremely weak, three rats 
developed concurrently with ascites and death; the rats 
started to improve in spirit after 1–2 weeks and symptoms 
basically disappeared on the 18th day, and BWs were in-
creased. One rat died due to various reasons. After 28-day 
intervention, a total of 75 rats survived: 13 rats in the 
MI+XGM group, 12 rats in the MI+XGH group, 12 rats in 

the MI+C group, 13 rats in the MI+C+XGM group, 14 rats 
in the sham group and 11 in the MI group. 

Rat hearts of each modeling group were slightly enlarged 
during sampling and severely adhered to the pleural cavity. 
The overall ventricle of the infarction area was yellow-white, 
dry and lackluster. The left ventricular chamber wall often 
collapses, with interaction of infarct and non-infarct myo-
cardium. The heart was cut longitudinally, and different 
degrees of thinning in the infarction ventricular wall, with 
necrosis involving layers of ventricular wall, were found. 

3.2  Changes of ventricular reconstruction hemody-
namics and cardiac function parameters  

As shown in Figure 1, compared with the sham group, 
LVEF and LVFS were obviously decreased in the MI group 

 

Figure 1.  Changes of hemodynamics and cardiac function parameters in rats of each group after AMI. (A): ECG of ventricular wall 
motion of each group at baseline and after treatments; (B–D): changes of LVEF, LVFS and LVIDS before and after the treatments; (E–F): 
comparison on HW/BW and LVW/BW in each group; (G): changes of BW before and after treatments. *P < 0.05, compared with the Sham 
group; #P < 0.05 and ##P < 0.01 compared with the MI group. AMI: acute myocardial infarction; BW: body weight; LVW: left ventricular 
weight MI+C: carvedilol group; MI+C+XGM: medium-dose of XG + carvedilol group; MI+XGH: high-dose of XG group; MI+XGM: me-
dium-dose of XG group; XG: Xinfuli granule group. 
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(P < 0.01), and LVIDS was increased significantly (P < 0.01). 
Compared with the MI group, the LVEF of the MI+XGM 
and MI+XG groups increased (P < 0.05), a more signifi-
cantly increased were found in the MI+C and MI+C+XGM 
groups; LVFS was increased in the MI+C group (P < 0.01) 
while LVIDS was significantly decreased in the MI+XGM 
group (P < 0.01); both LVFS and LVIDS were changed in 
the MI+XGH group (P < 0.05).   

There were no significant differences in BW between 
each group before (baseline) and after the treatments (28th 
day). Compared with the sham group, HW/BW was higher 
in the MI group (P < 0.05), and LVW/BW was at a low 
level (P < 0.01). Compared with the MI group, HW/BW 
was decreased in the MI+XGM and MI+C+XGM groups (P 
< 0.05); LVW/BW was increased in the MI+XGM group, 
and significantly increased in MI+C group (P < 0.01).  

3.3  Histopathological changes in the structure of the 
infarction area 

HE staining results showed that there were significant left 
ventricular pathophysiology changes in rats of the model 
groups compared with the sham group; part of the myocytes 
at the infarction edge had hypertrophy and elongation, and 
part of the left ventricular wall had myocardial coagulation 
necrosis. Cytoplasm was deeply stained by eosin; and some 
parts appeared loosening or edema, enlargement, degenera-
tion, dissolved or necrosis of myocardial cells, myofibril 
twist, inflammatory cells infiltration, myocardial fiber rup-
ture, and extensive necrotic lesions. Most lesions were ab-

sorbed in the treatment groups; individuals still had a small 
amount of inflammatory cells infiltration, hyperplasia of 
fibrous tissue, and myofibril dissolution (Figure 2); Masson 
staining results showed that compared with the sham group, 
the myocardial collagen fibers were obviously increased in 
the MI group, with fibrous scar formation and larger myo-
cardial collagen area. Compared with the MI group, there 
was a certain degree of alleviation in the MI+C+XGM (P < 
0.05); the MI+XGH and MI+C groups were most obvious 
(P < 0.01), but there were no significant statistical differ-
ences between the two groups (P > 0.05) (Table 1). Sirius 
red staining results showed that type I collagen and type III 
collagen were significantly increased in the infarction area 
in the MI group (P < 0.01) compared with the sham group. 
There were obvious deposition of type I and III collagen in 
each group, including smaller areas of myocardial collagen 
in the MI+C group, and the lower ratio of type I/III collagen 
(P < 0.01), compared with the MI Group (Table 1).  

3.4  Expressions of TGF-β/Smads signal pathways 

Western blot was used to analyze and detect the key sig-
nal molecules including Smad3, P-Smad3, Smad2 and 
Smad7 in TGF-β/Smads pathways in the infarction area in 
rats with AMI of each group (Figure 3). Smad3, P-Smad3 
and Smad2 in the MI group showed a high expression level 
while the expression of Smad7 in the MI Group was sig-
nificantly down-regulated (P < 0.01), compared with the 
Sham group. The expressions of key signal molecules in-
cluding Smad3, P-Smad3 and Smad2 proteins in TGF-β/ 

 

Figure 2.  Pathological changes of the infarction area in rats with AMI of each group under HE staining (12.5 ×/200 ×), Masson 
staining (400 ×), and Sirius red staining (100 ×). AMI: acute myocardial infarction; MI+C: carvedilol group; MI+C+XGM: medium-dose 
of XG + carvedilol group; MI+XGH: high-dose of XG group; MI+XGM: medium-dose of XG group; XG: Xinfuli granule group. 
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Smads pathways of each group were down-regulated at dif-
ferent levels and the expression of Smad7 was up-regulated 
(P < 0.01), compared with the MI Group. Immunohisto-
chemical staining and immunofluorescence were used to 
respectively verify the expressions of Smad3 in groups, 
which were generally the same with that of Western blot 
(Figure 4). 

4  Discussion 

In the present study, we showed that XG can improve 
ventricular reconstruction and inhibit myocardial fibrosis in 
rats with AMI. This effect may related to the regulation of  
 
Table 1.  Changes of ratio of collagen area and type I/III col-
lagen in the infarct border zone in rats with AMI of each 
group. 

Groups n 
Collagen area in infarction 

area (Masson 100 ×) 

Type I/III collagen 

(Sirius Red 100 ×)

MI+XGM 13 47.88 ± 6.23 2.25 ± 0.26 

MI+XGH 12 25.72 ± 4.18## 4.87 ± 0.31 

MI+C 12 28.61 ± 10.38## 0.61 ± 0.39## 

MI+C+XGM 13 30.01 ± 8.34# 4.81 ± 0.24 

Sham 14 8.42 ± 9.70 0.85 ± 0.25  

MI 11 44.54 ± 10.91* 1.63 ± 0.16* 

Data are presented as mean ± SD. *P < 0.05 compared with the Sham group; 
#P < 0.05 and ##P < 0.01 compared with the MI group. AMI: acute myocar-

dial infarction; MI+C: carvedilol group; MI+C+XGM: medium-dose of XG 

+ carvedilol group; MI+XGH: high-dose of XG group; MI+XGM: me-

dium-dose of XG group; XG: Xinfuli granule group. 

TGF-β/Smads signaling pathway. High dose of XG has a 
more significant effect over medium dose. 

Changes of ventricular walls in the infarction area of rats 
with AMI in each group reflected the generation of ventricu-
lar remodeling, including a series of processes such as myo-
cardial thinning and elongation of ventricular wall in infarction 
area, progressive expansion of the left ventricle and defor-
mation with decreasing cardiac function caused by infarct 
expansion and the reactive hypertrophy and elongation of 
myocardium of ventricular wall in the non-infarction area.[7] 

The very complicated formation mechanism of myocar-
dial fibrosis is the result of collagen synthesis metabolism 
and degradation mechanism imbalance.[8] For instance, 
much of the myocardial collagen was deposited due to 
changes of ratio of type I and III collagen contents caused 
by the loss of myocardial cells and myocardial interstitial 
cells in the case of HF, and the activation of myocardial 
fibroblasts including proliferation and phenotype shift as 
well as changes of collagen components through the synthe-
sis and secretion of myocardial fibroblasts. In addition to the 
down-regulated expression and decreased activity of matrix 
metalloproteinase promoting collagen degradation, the syn-
thesis of collagen was greatly increased and the degradation 
of collagen was greatly decreased, which led to the occur-
rence of myocardial fibrosis, which was a process of con-
tinuous changes.[9] Mesenchyme outside myocardial cells 
was mainly a co-adjacent and complicated three-dimen-
sional spatial network structure formed by collagen, 

 

Figure 3.  Expression of key proteins in TGF-β/Smads signaling pathway in the infarction area in rats with AMI. *P < 0.05 com-
pared with the Sham group; #P < 0.05 and ##P < 0.01 compared with the MI group. AMI: acute myocardial infarction; MI+C: carvedilol 
group; MI+C+XGM: medium-dose of XG + carvedilol group; MI+XGH: high-dose of XG group; MI+XGM: medium-dose of XG group; 
XG: Xinfuli granule group. 
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Figure 4.  Protein expressions of Smad3 detected by IHC staining and IM in each group. IF: immunofluorescence; IHC: immunohis-
tochemical; MI: acute myocardial infarction; MI+C: carvedilol group; MI+C+XGM: medium-dose of XG + carvedilol group; MI+XGH: 
high-dose of XG group; MI+XGM: medium-dose of XG group; XG: Xinfuli granule group. 

fibronectin and so on. Its main components were type I and 
III collagen. The increasing expression of the two and in-
constant increased rate were reasons for left ventricular 
dysfunction.[10] This research found that myocardial colla-
gen fibers in the infarction area were increased significantly. 
Fibrotic scars were formed. The area of myocardial collagen 
was large; the deposition of type I and III collagen was ob-
vious; type I collagen played a supporting role and main-
tained normal movement; type III collagen determined the 
diameter and flexibility of collagen fibers.[11,12] In the model 
groups, much of collagen was deposited, among which type 
I collagen was in the majority and led to the poor elasticity 
of ventricular wall. After the intervention of XG, collagen 
fibers were significantly decreased and the proportion of 
type I and III collagen was reduced. Ventricular wall had 
certain ability in compensatory movement. 

Several previous studies had investigated effects of Chi-
nese medicine on the myocardial fibrosis of ventricular re-
modeling in rats with AMI.[13–15] Our present study showed 
that XG significantly increased LVEF, LVFS and LVW/ 
BW and was able to improve the ventricular remodeling of 
experimental rats with AMI and restrain myocardial fibrosis. 
It had similar effect with carvedilol. It could be concluded 
that the high dose of XG has a more significant effect over 
medium dose. Carvedilol is a third generation β receptor 
blocker and the first one approved to treat HF after MI by 
FDA. In recent years, clinical researches have showed that 
carvedilol can not only reduce the mortality rate of patients 
with HF and improve prognosis, but also prevent, and even 
reverse, the left ventricular remodeling of patients with 
ischemic HF.[16] In this research, the combination of me-
dium-dose XG and carvedilol was not superior to the single 
application of carvedilol. This remains to be further studied. 

TGF-β/Smads signal transduction pathways were closely 
related to cardiovascular diseases.[17] The activated trans-
forming growth factor β could promote the transformation 
and proliferation of myocardial fibroblasts through phos-
phorylation of the induced Smads proteins. Smads proteins 
were the downstream signal molecules of silk/threonine 
kinase receptors and also the only substrate of intracellular 
kinase in TGF-β receptor and possessed the effect of tran-
scriptional activation. The research results were in line with 
expectations. Expressions of Smad2, Smad3 and PSmad3 
were up-regulated in rats with AMI, restraining the reduc-
tion of protein Smad7. This indicated that TGF-β/Smads 
signal transduction pathways participated in the ventricular 
remodeling process of experimental AMI rats. XG could 
significantly down-regulate the expressions of Smad2, Smad3 
and PSmad3 proteins caused by AMI in the left ventricle 
and restrain the elevation of protein Smad7. It gave a hint 
that medication might intervene with the ventricular remod-
eling process of experimental AMI rats through regulating 
TGF-β/Smads signal transduction pathways. Immunohisto-
chemical staining and immunofluorescence were used to 
confirm the expression of Smad3 in each group. Although it 
is not flawless, it was consistent with Western blot. 
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