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Introduction

Chronic heart failure (CHF) is a complex clinical syndrome 
caused by various cardiovascular diseases. In CHF patients, 
the cardiac structure and function are found abnormal 
and the ventricular filling and/or ejection capacity are  
reduced (1). The prevalence of heart failure in adult 

population is about 1–2% in developed countries. Cardiac 
remodeling is an important mechanism for the occurrence 
and development of CHF. It can reduce myocardial 
compliance and contractility (2). In recent years, studies 
have reported that immune-inflammatory activation and 
sustained myocardial inflammation may play an important 
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role in the development of cardiac remodeling (3-5). 
Previous studies have found that methotrexate, rapamycin 
and triptolide can regulate inflammatory responses, alleviate 
cardiac fibrosis and improve cardiac function in rats (6-8).  
Therefore, more and more scholars all over the world 
began to explore the application value of anti-inflammatory 
and immunomodulation strategy in CHF.

Paeoniflorin (Pae) is a monoterpenoid glycoside 
compound and is the main active ingredient of Paeonia 
lactiflora (9). It has many biological activities, such as 
immunosuppression, anti-inflammatory and anti-cell 
proliferation (10,11). Besides, Pae can improve renal, 
lung and liver fibrosis by inhibiting the expression of 
transforming growth factor β1 (TGF-β1) and reducing 
the level of inflammatory factors (12,13). However, the 
effect and underlying mechanism of remains unclear. In the 
present study, we hypothesized that Pae alleviates cardiac 
remodeling and improves cardiac function in isoprenaline 
(Iso) induced CHF rats. Therefore, this study was 
conducted to examine the hypothesis.

Methods

Animal

A total of thirty-two male SPF Wistar rats (SCXK YUE 
2011-0029), aged 8-week-old, weighting 200–230 g, were 
provided by Laboratory Animals Center of Sun Yat-sen 
University (Guangzhou, China). The rats were acclimatized 
to the laboratory environment and allowed free access to 
food and water for 3 days prior to the experiments.

Material

Masson’s Trichrome Stain Kit was purchased from 
PanEra Co. Ltd (Guangzhou, China). Anti-collagen type 
I antibody were purchased from Boster Co. Ltd (Wuhan, 
China). BCA Protein Assay kit was purchased from KGI 
Biological Technology Co. Ltd (Jiangsu, China). Trizol 
was purchased from Invitrogen (CA, USA). Primers were 
provided by GENEWIZ Co. Ltd (NJ, USA). Synthesis Kit 
of the first-strand cDNA and RT-PCR Kit were purchased 
from GeneCopoeia (MD, USA). Hydroxyproline (HYP) 
assay kit was obtained from Jiancheng Bioengineering 
Institute (Nanjing, China). Iso was purchased from 
Boyuan Pharmaceutical Co. Ltd (Jinan, China). Pae was 
purchased from Gold Wheat biology Co. Ltd (Shanghai, 
China). Captopril was purchased from Jinshi General 

Pharmaceutical Factory (Shantou, China). Other materials 
are all analytical reagents.

Grouping and modeling

The rats were numbered by weight before modeling. Eight 
rats were randomly selected as vehicle control group (Veh). 
To establish the cardiac remodeling model, rats were 
administered multiple back injections of 5 mg/(kg·d) Iso per 
24 hours for 10 days. In the next six weeks after modelling, 
the CHF rats were randomly divided into three groups: 
Iso, Pae and Cap group. In the Iso group, rats were given 
dimethyl sulfoxide (DMSO) (1 mL/100 g/d) daily. Pae 
was dissolved with DMSO. The concentration of Pae was 
2.5 mg/L. Rats in Pae group were administered with Pae 
[20 μg/(kg·d)] daily. Rats in Cap group were administered 
with Cap [15 mg/(kg·d)] daily. Rats in Veh group was 
administered DMSO (1 mL/100 g/d) daily.

Echocardiography

The rats were subsequently fasted in 24 hr after the 
last administration. The rats were anaesthetized by 
intraperitoneal injection with 2% pentobarbital sodium 
(50 mg/kg). Echocardiography was used to examine the 
cardiac function and structure. Three images containing 
consecutive cardiac cycle at each position were saved. Left 
ventricular internal diameter at end-systole (LVIDs), left 
ventricular internal diameter at end-diastole (LVIDd), 
fractional shortening fraction (FS) and ejection fraction (EF) 
were measured.

Histopathology

The rat ventricular samples were fixed in 10% formalin, 
embedded in paraffin and cut into sections. The sections 
were dyed with Masson’s trichrome stain kit to evaluate the 
myocardial fibrosis. Immunohistochemistry was also used 
to assess the collagen I expression in myocardial tissue. The 
collagen I presents brown fine particles under a microscope 
if the immunohistochemistry is positive.

Collagen volume fraction (CVF) and perivascular collagen 
area (PVCA)

To evaluate severity of cardiac remodeling, Masson staining 
slices were taken to calculate CVF and PVCA by using 
Image-Pro Plus 6.0 image analysis system. CVF = collagen 
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area/total area. PVCA = collagen area around the arterial 
lumen/arterial lumen area. Six visions under microscope 
of each sample were randomly chosen. The histological 
specimens were observed under microscope (ZEISS Axio 
Scope A1, Oberkochen, Germany). Image Pro Plus 6.0 
software (Media Cybernetics, MD, USA) was used for 
image analysis (14).

HYP concentration

About 30–100 mg ventricular  t i ssue was cut  and 
centrifuged. The tissue was added into 1ml hydrolytic 
agent in 95 ℃ constant temperature bath for 20 min. The 
PH was adjusted to 6.0–6.8. HYP kit was used to detect 
the content of HYP. HYP concentration in ventricular 
tissue (μg/mg) = (sample tube OD-blank tube OD) × 
standard sample concentration (5 μg/mL) × total volume 
(10 mL)/[(standard tube OD − blank tube OD) × tissue 
wet weight (mg)].

Western blot

Western blots were used to quantify the protein levels of 
TGF-β1 and Smad3. Standard curve was made to quantify 
protein sample preliminarily according to the manual of 
BCA assay kit. And then protein solution was mixed with 
pre-prepared 5× loading buffer. The mixture was separated 
using gel electrophoresis until bromophenol blue moved 
out. PVDF membrane of methanol pretreatment was put 
in transfer liquid and infiltrated. Gel was placed on the 
filter, forming “sandwich” structure of gel transferring 
stacking layer. Horseradish peroxidase-conjugated anti-
immunoglobulin G was used as a secondary antibody. 
Tanon multi-function gel imaging system was used for 
quantitative analysis.

Real-time PCR

Myocardial tissue was ground with liquid nitrogen and then 1 
mL Trizol was added in and mixed. As a result, the total RNA 
had been extracted. Genomic DNA degraded using RNase-
free DNase I before detection of the purity and integrity of the 
total RNA. Dissolve the first chain cDNA and put it on the ice. 
Base sequences of primers are in the following table (Table 1).  
Each experiment was performed at least three times. In this 
study, β-actin was used as an internal control gene to normalize 
the mRNA levels of TGF-β1 and Smad3 in ventricular tissues. 
The test was repeated 3 times and the results were averaged.

Statistical analysis

In this study, the quantitative data were presented as mean 
± standard deviation. Normality test and homogeneity test 
of variance were used. One-way ANOVA was used for the 
multi-independent sample. While Kruskal-Wallis test was 
performed if non-normal distribution or heterogeneity of 
variance was found. A two-tale P<0.05 was considered to 
indicate a significant difference. All data were analyzed with 
IBM SPSS software Version 20.0 for Windows (SPSS Inc., 
Chicago, USA).

Results

Cardiac structure and function

As shown in Figure 1, compared to Veh group, rats in Iso 
group seemed to be apathetic and fatigued. Cardiomegaly 
was also found in the Iso group. Furthermore, LVIDd 
and LVIDs were elevated. EF and FS were also decreased 
significantly in Iso group. However, compared to Iso group, 
LVIDd (6.12±0.32 vs. 8.40±0.52 mm, P=0.002) and LVIDs 
(4.16±0.19 vs. 6.44±0.93 mm, P=0.001) in Pae group had 
been decreased. EF (73.67%±4.41% vs. 46.44%±3.50%, 
P<0.001) and FS (36.44%±2.34% vs. 23.00%±2.08%, 
P<0.001) increased significantly. Besides, LVIDd (6.57±0.41 
vs. 8.40±0.52 mm, P=0.005) and LVIDs (4.82±0.28 vs. 
6.44±0.93 mm, P=0.005) were also found decreased in 
Cap group. Amelioration of EF (63.44%±1.64% vs. 
46.44%±3.50%, P=0.001) and FS (32.00%±1.45% vs. 
23.00%±2.08%, P=0.003) were also found in Cap group in 
the comparison with Iso group (Figure S1, Table S1).

VB/WB ratio

As shown in Figure 2, higher VW/BW ratio was found 

Table 1 The base sequences of primers used in this study

mRNA Sequences

TGF-β1 (F) 5’-TGCTTCAGCTCCACAGAGAA-3’

TGF-β1 (R) 5’-TGGTTGTAGAGGGCAAGGAC-3’

Smad3 (F) 5’-GGCAGGATGTTTCCAGCTA-3’

Smad3 (R) 5’-GCAGTCCACAGA CCATGTCA-3’

β-actin (F) 5’-AGGGAAATCGTGCGTGACAT-3’

β-actin (R) 5’-GAACCGCTCATTGCCGATAG-3’

TGF-β1, transforming growth factor β1.
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in Iso group (3.48±0.62 vs. 6.39±1.03 mg/g, P<0.001) 
compared with Veh group. Compared to Iso group, Pae 
(3.25±0.17 vs. 6.39±1.03 mg/g, P<0.001) or Cap (3.09±0.43 
vs. 6.39±1.03 mg/g, P<0.001) treatment could reduce the 
VW/BW ratios markedly.

HE and Masson staining

As shown in Figure 3, in the HE staining, the myocardial 
tissues of Veh group were arranged in order. Myocardial 
tissues was arranged irregularly and infiltrated with 
inflammatory cells in the Iso group. Pae or Cap treatment 
could ameliorate the myocardial injury in CHF rats. 
Besides, as shown in Figure 4, in the Masson staining, there 
were few stained collagen fibers in Veh group. Collagen 
fibers in the Iso group were markedly increased compared 
with normal controlled group, especially in subendocardial 
myocardium and perivascular areas. Compared to Iso 
group, Pae or Cap treatment can significantly reduce the 
expression of collagen fibers and ameliorate the myocardial 
injury in myocardial tissues.

HYP concentration

As shown in Figure 5, compared to Veh group, the HYP 
concentration was increased markedly in Iso group 

Figure 1 Effects of Pae on cardiac structure and function in CHF rats. (A) For the comparison of LVIDd in different groups; (B) for the 
comparison of LVIDs in different groups; (C) for the comparison of EF in different groups; (D) for the comparison of FS in different groups. *, 
P<0.05 vs. Veh group; #, P<0.05 vs. Iso group. Veh, vehicle; Iso, isoprenaline; Pae, paeoniflorin; Cap, captopril; LVIDd, left ventricular 
internal diameter at end-diastole; LVIDs, left ventricular internal diameter at end-systole; EF, ejection fraction; FS, fractional shortening 
fraction.
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Figure 3 HE staining of myocardial tissues in CHF rats (100×). (A) Veh, vehicle group; (B) Iso, isoprenaline group; (C) Pae, paeoniflorin 
group; (D) Cap, captopril group.

Figure 4 Masson staining of myocardial tissues in CHF rats (200×). (A) Veh, vehicle group; (B) Iso, isoprenaline group; (C) Pae, paeoniflorin 
group; (D) Cap, captopril group.
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(0.27±0.10 vs. 0.66±0.06 μg/mg, P=0.001). Pae (0.66±0.10 
vs. 0.28±0.06 μg/mg, P<0.001) or Cap (0.66±0.10 vs. 
0.32±0.07 μg/mg, P=0.014) treatment can decrease the HYP 
concentration in myocardial tissue significantly compared 
with the Iso group.

CVF and PVCA

As shown in Figure 6, compared to Veh group, CVF 
(6.85%±1.48% vs .  30.97%±4.22%, P<0.001)  and 
PVCA (8.97%±3.16% vs. 28.31%±3.16%, P<0.001) of 
myocardial tissues were increased in Iso group. The 
treatment with Pae can decrease the CVF (13.75%±3.77% 
vs. 30.97%±4.22%, P<0.001) and PVCA (14.32%±2.50% 
vs. 28.31%±3.16%, P<0.001) significantly (P<0.001). 
Besides, CVF (11.90%±3.01% vs.  30.97%±4.22%, 
P<0.001) and PVCA (15.27%±1.24% vs. 28.31%±3.16%, 
P<0.001) were also decreased in Cap group, compared 

with Iso group.

Effect of Pae on protein level of TGF-β1 and Smad3

According to the results in Figure 7, the protein levels of 
TGF-β1 (0.09±0.04 vs. 0.66±0.07, P<0.001) and Smad3 
(0.09±0.05 vs. 0.40±0.22, P=0.012) were significantly 
increased in Iso group compared with the Veh group. 
Compared to Iso group, the protein levels of TGF-β1 
(0.30±0.07 vs. 0.66±0.07, P<0.001) and Smad3 (0.16±0.05 
vs. 0.40±0.22, P=0.037) in Pae group had been decreased 
in CHF rats. The protein levels of TGF-β1 (0.23±0.07 vs. 
0.66±0.07, P<0.001) and Smad3 (0.13±0.02 vs. 0.40±0.22, 
P=0.025) in Cap group were also lower than Iso group.

Effect of Pae on relative expression of TGF-β1 mRNA and 
Smad3 mRNA

As shown in Figure 8, compared to Veh group, the relative 
expression of TGF-β1 and Smad3 mRNA in myocardial 
tissues were increased in Iso group (P<0.001). Compared 
to Iso group, the relative expressions of TGF-β1 mRNA 
were decreased significantly in Pae group (3.51±0.44 
vs. 7.58±0.58, P<0.001) and Cap group (2.01±0.18 vs. 
7.58±0.58, P<0.001). Also, the relative expressions of 
Smad3 mRNA were lower than Iso group in Pae (1.32±0.28 
vs. 1.69±0.08, P=0.047) or Cap (1.09±0.09 vs. 1.69±0.08, 
P=0.047) treated rats.

Discussion

In this study, Pae was administrated to Iso induced CHF 
rats for 6 weeks. Compared to Iso group, Pae can alleviate 

Figure 5 Effects of Pae on HYP concentration in myocardial 
tissue. *, P<0.05 vs. Veh group; #, P<0.05 vs. Iso group. HYP, 
hydroxyproline; Veh, vehicle; Iso, isoprenaline; Pae, paeoniflorin; 
Cap, captopril. 
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cardiac remodeling and improve cardiac function. The 
levels of CVF and PVCA reduced in Pae and Cap group. 
The expression of TGF-β1 and Smad3 proteins decreased 
in Pae and Cap group. The relative expression of mRNA 
of TGF-β1 and Smad3 also decreased markedly in Pae and 
Cap group.

CHF, the severe and end stage of a variety of heart 
diseases, is one of the most important cardiovascular 
diseases in the 21st century and seriously threatens people's 
health and life all over the world (1). Cardiac remodeling is 
the basic mechanism of CHF (3). Myocardial inflammation 
and immune disorder have been reported to be related to 
the development of cardiac remodeling (5,15). Therefore, 
anti-inflammatory and immunomodulation has become one 
of the research hot spots in the prevention and treatment of 
CHF (5,6).

Pae is a monoterpene glycoside compounds with 
immunosuppressive,  anti- inf lammatory and anti-
proliferation activities. It is the main active ingredient of 

traditional Chinese medicine peony (16-18). Recent studies 
have found that Pae can inhibit the secretion of HIF-1α 
through mTOR signaling pathway, reduce the expression of 
α-SMA and collagen protein and relieve liver fibrosis (19). 
However, the effects of Pae in CHF remain unclear.

In this study, Pae and Cap were given in CHF rats for  
6 weeks. It was found that Pae and Cap could alleviate 
cardiac remodeling, reduce LVIDd, LVIDs, CVF and 
PVCA, and improve cardiac function in CHF rats. The 
effect of Pae on cardiac remodeling found in this study 
was similar to other reports in hypertensive rats (20,21). 
Meanwhile, in order to explore the potential mechanism of 
Pae on cardiac remodeling, this study examined the effect 
of Pae on the transcription and translation of TGF-β1 and 
Smad3. As we know, TGF-β1/Smads signaling pathway 
is the most important pathway for organ fibrosis (6,22). 
In this study, the expression of the protein and mRNA of 
TGF-β1 and Smad3 were found decreased markedly in the 
Pae treated group, indicating that Pae may reverse cardiac 

Figure 7 Effect of Pae on expression of TGF-β1 and Smad3 protein. (A) For the comparison of expression of TGF-β1 protein in different 
groups; (B) for the comparison of expression of Smad3 protein in different groups. *, P<0.05 vs. Veh group; #, P<0.05 vs. Iso group. Veh, 
vehicle; Iso, isoprenaline; Pae, paeoniflorin; Cap, captopril; TGF-β1, transforming growth factor β1. 

Figure 8 Effect of Pae on relative expression of TGF-β1 and Smad3 mRNA. (A) For the comparison of relative expression of TGF-β1 
mRNA in different groups; (B) for the comparison of relative expression of Smad3 mRNA in different groups. *, P<0.05 vs. Veh group; #, 
P<0.05 vs. Iso group. Veh, vehicle; Iso, isoprenaline; Pae, paeoniflorin; Cap, captopril; TGF-β1, transforming growth factor β1. 

Veh              Iso             Pae            Cap Veh              Iso             Pae            Cap

0.8

0.6

0.4

0.2

0.0

0.8

0.6

0.4

0.2

0.0

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 T
G

F-
β 1

 p
ro

te
in

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 S
m

ad
3 

pr
ot

ei
n

A B*

#

#

*

#

#

Veh              Iso             Pae            Cap Veh              Iso             Pae            Cap

10

8

6

4

2

0

2.0

1.5

1.0

0.5

0.0

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 T
G

F-
β 1

 m
R

N
A

R
el

at
iv

e 
ex

pr
es

si
on

 
of

 S
m

ad
3 

m
R

N
A

A B
*

#

#

*
#

#



279Cardiovascular Diagnosis and Therapy, Vol 9, No 3 June 2019

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2019;9(3):272-280 | http://dx.doi.org/10.21037/cdt.2019.06.01 

remodeling in CHF rats via inhibiting the TGF-β1/Smad 
pathway (Figure S2). Therefore, this study has provide basic 
research proof for the mechanism of Pae through TGF-β1/
Smad pathway on cardiac remodeling in CHF rats.

Conclusions

The results indicated that Pae could reduce the expression 
of HYP and TGF-β1, reduce cardiac remodeling and 
improve cardiac function in CHF rats. The cardio-
protective effect of Pae may be associated with the 
inhibition of TGF-β1/Smad pathways.
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Supplementary

Figure S1 Effects of Pae on cardiac structure in M mode of UCG in CHF rats. (A) Veh, vehicle group; (B) Iso, isoprenaline group; (C) Pae, 
paeoniflorin group; (D) Cap, captopril group. UCG, ultrasonic cardiogram; CHF, chronic heart failure.

Table S1 Effects of Pae on cardiac structure and function

Parameter Veh Iso Pae Cap

LVIDd (mm) 5.67±0.93 8.40±0.52* 6.12±0.32
#

6.57±0.41
#

LVIDs (mm) 3.89±0.32 6.44±0.93* 4.16±0.19
#

4.82±0.28
#

EF (%) 74.11±4.67 46.44±3.50* 73.67±4.41
#

63.44±1.64
#

FS (%) 38.00±3.84 23.00±2.08* 36.44±2.34
#

32.00±1.45
#

*, P<0.05 vs. Veh group; 
#
, P<0.05 vs. Iso group. Veh, vehicle; Iso, isoprenaline; Pae, paeoniflorin; Cap, captopril; LVIDd, left ventricular 

internal diameter at end-diastole; LVIDs, left ventricular internal diameter at end-systole; EF, ejection fraction; FS, fractional shortening 
fraction. 
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Figure S2 Pathway schematic of the effect of paeoniflorin on TGF-β1/Smads signaling pathway in chronic heart failure rats. TGF-β1, 
transforming growth factor β1.
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