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Warming Yang Promoting Blood Circulation and Diuresis
Alleviates Myocardial Damage by Inhibiting Collagen Fiber and
Myocardial Fibrosis and Attenuating Mitochondria Signaling
Pathway Mediated Apoptosis in Chronic Heart Failure Rats

Yong Chen,' Yadan Tu,' Lei Du,' Ruixue Nan' and Yi Ren'

'Department of Classical Chinese Medicine, Chongqing Hospital of Traditional Chinese Medicine, Chongqing,
China

Warming Yang promoting blood circulation and diuresis (WYPBD) has been proven effective in treating
some diseases. This study aimed to evaluate therapeutic effect of WYPBD in treating chronic heart failure
(CHF). CHF rats were established by intraperitoneally injecting doxorubicin (DOX). Therapeutic effects of
WYPBD on cardiac function and hemodynamic parameters of myocardial tissues were analyzed. Collagen
fiber production and myocardial fibrosis were evaluated. Transcriptions of COL1A71 gene, COL3A1 gene,
and TGFB1 gene were evaluated with RT-PCR. Expression of BNP, AVP, PARP, caspase-3, and Bcl-2 in
myocardial tissues were evaluated. TUNEL assay was used to identify apoptosis of cardiomyocytes.
WYPBD alleviated degree of myocardial hypertrophy in CHF rats compared to the rats in CHF model group
(P < 0.05). WYPBD significantly improved cardiac hemodynamics (increased LVEF and LVSF) of CHF rats
compared to rats in the CHF model group (P < 0.05). WYPBD protected myocardial structure and inhibited
collagen fiber production in myocardial tissues of CHF rats. WYPBD markedly decreased myocardial
fibrosis mediators (Col1a, Col3a, TGF-£1) transcription in myocardial tissues of CHF rats compared to rats
in CHF model group (P < 0.05). WYPBD significantly reduced BNP and AVP expression in myocardial
tissues of CHF rats compared to rats in the CHF model group (P < 0.05). WYPBD markedly reduced the
expression of PRAP and caspase-3, and increased Bcl-2 expression in myocardial tissues of CHF rats
compared to rats in the CHF model group (P < 0.05). In conclusion, WYPBD alleviated CHF myocardial
damage by inhibiting collagen fiber and myocardial fibrosis, attenuating apoptosis associated with the
mitochondria signaling pathway of cardiomyocytes.
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heart failure in one year is up to 50%, and the 5-year sur-

Introduction

Chronic heart failure (CHF) is caused by various
causes, such as changes in the heart structure, dysfunction
of ventricular contraction and relaxation, which leads to a
decrease in cardiac output and cannot meet body metabo-
lism needs, thus causing a series of diseases such as fatigue,
dyspnea, and fluid retention (Waku et al. 2020; Taniguchi et
al. 2021). CHF is the last stage of the development of com-
mon clinical heart disease. Mortality in patients with severe

vival rate is similar to that of malignant tumors (Chioncel et
al. 2017). CHF patients generally experience a vicious dis-
order cycle, including hospitalization, improvement, dis-
charge, rehospitalization (Wang et al. 2019). In China, the
prevalence of heart failure among the adult population is
approximately 0.9%, indicating that there are about 4 mil-
lion patients with heart failure in China every year, and
200,000 new cases every year (Wang et al. 2021). At pres-
ent, ACEI/ARB, p receptor blockers and aldosterone recep-
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tor antagonists (MRA) are used in the treatment of chronic
heart failure (Greene et al. 2018). Although these drugs can
improve the prognosis, the readmission rate and the death
rate of patients are still high.

In recent years, research on the pathogenesis of heart
failure has undergone important changes. The pathogenesis
and treatment of heart failure in Chinese and Western medi-
cine have gradually achieved unity in some aspect. From
the perspective of traditional Chinese medicine, in the pro-
cess of occurrence and development of heart failure, heart
Qi deficiency is the pathological basis and blood stasis is an
inevitable pathological process (Wu et al. 2021). In the
early stages of CHF, most patients mainly suffer from a
simple Qi deficiency, with palpitations, chest tightness,
shortness of breath, and mental fatigue (Wang et al. 2019).
Therefore, traditional Chinese medicine for invigorating Qi
and activating blood circulation has been widely used in the
treatment of heart failure. Many traditional Chinese medi-
cines have shown efficacy and safety in treating heart fail-
ure in both humans and animal models (Li et al. 2013;
Wang et al. 2019).

Warming Yang promoting blood circulation and diure-
sis (WYPBD) is considered a specific traditional Chinese
medicine extracted from more than 10 types of herbs (Yuan
et al. 2012). WYPBD has been proven to exhibit many
pharmacological activities, such as promoting Yang Qi,
improving blood circulation and facilitating urine excretion,
and has been used for mini-nephrotic syndrome (Yuan et al.
2012), endometriosis (Jia et al. 2015) and chronic heart fail-
ure (Wang 2011). However, there has been little research
focusing on the specific mechanism of efficacy of WYPBD
on CHF until now. Therefore, this study aimed to evaluate
the efficacy and explore the mechanism of WYPBD for the
treatment of CHF in an animal model.

Materials and Methods

Animals, experimental design and CHF modeling

The specific pathogen-free (SPF) Sprague Dawley
male rats (age, 6-8 weeks, weight 200-250 g) (Approval
No. SCXK (Chuan) 2020-034) were purchased from
Chengdu Kangsheng Biotech Co. Ltd., China.

The experimental design of this study was as follows:
After 4 weeks of doxorubicin hydrochloride (DOX)-
induced CHF modeling, an echocardiography was con-
ducted to confirm the establishment of CHF rat model. The
rats were then administration WYPBD for 4 consecutive
weeks once a day. An echocardiography was performed
and the heart tissue samples were taken as detection sam-
ples for subsequent experiments (such as HE, Masson,
QPCR, WB).

For the CHF model, rats (n = 30) were injected intra-
peritoneally with DOX at a dose of 2.5 mg/kg body weight
per time for 8 times (2 times/week, continuous injection for
4 weeks), according to a previous study (Wen et al. 2019).
DOX injection was not stopped until the total dose of DOX
was 20 mg per rat.

Ethical statement

This study was approved by the Ethical Committee of
the Chongqing Hospital of Traditional Chinese Medicine,
China. All animal processes here were carried out accord-
ing to the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. This study has
not involved the humans.

Preparation of the WYPBD reagent

The WYPBD was prepared according to the descrip-
tion in a previous study (Huang et al. 2015), which mainly
includes the following ingredients: Radix angelicae sinensis
(Danggui), Ramulus cinnamomi (Guizhi), Radix paeoniae
alba (Baishao), Herba asari mandshurici (Xixin), Radix
glycyrrhizae (honey fried Gancao), Medulla tetrapanaicis
(Tongcao), Fructus jujubae (Dazao), Radix linderae aggre-
gatae (Wuyao), Radix aconiti lateralis preparate (Fuzi),
Rhizoma zingiberis (Ganjiang). The above ingredients were
boiled and centrifuged at a speed of 2,000 /min for 10 min
and 4,000 r/min for 10 min, to obtain a crude drug at a con-
centration of 700 mg/ml in liquid. According to the raw
drug content marked on the package, the theoretical equiva-
lent dose of rats was obtained by conversion from the Meeh
Rubner formula and then dissolved in a suspension with
distilled water.

Experimental grouping and treatment

CHF rats were prepared as above and randomly
divided into 6 groups with 5 rats in each group, including
the CHF model group (intragastrically administering with a
dose of 0.2 ml/20 g saline), the CHF+L-WYPBD group
(intragastrically administering with a low dose of WYPBD,
0.1 ml/20 g), the CHF+M-WYPBD group (intragastrically
administering with a medium dose of WYPBD, 0.2 ml/20
g), the CHF+H-WYPBD group (intragastrically administer-
ing with a high dose of WYPBD, 0.4 ml/20 g), the
CHF+Cap (intragastrically administering with a dose of
captopril (Cap), 0.1 ml/20 g (100 mg/kg)), and the
CHF+WYPBD+Cap group (intragastrically administering
with a dose of 0.2 ml/20 g WYPBD and 0.1 ml/20 g Cap
(100 mg/kg)). While rats in the normal control group (NC,
n = 5) were administered saline intragastrically at a dose of
0.2 ml/20 g. In this study, the dosage of drugs used by
humans was converted into the dosage of experimental ani-
mals, which is widely used in traditional Chinese medicine
research (Xu et al. 2002).

Cardiac function assessment

Rats in both the CHF model group and the NC group
were anesthetized with 7% chloral hydrate, and transtho-
racic echocardiography was performed with an echocar-
diography machine equipped with a transducer. In this
study, the following parameters were comprehensively
evaluated, including the thickness of the interventricular
septum in diastole (IVSd), left ventricular end diastolic
diameter (LVDd), left ventricular diastolic posterior wall
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thickness (LVPWd), interventricular septal thickness at sys-
tole (IVSs), left ventricular end systolic diameter (LVDd),
left ventricular systolic posterior wall thickness (LVPWs).
The following hemodynamic indices were evaluated,
including the left ventricular ejection fraction (LVEF), left
ventricular fractional shortening (LVFS). Meanwhile, heart
weight, heart-to-body weight ratio (heart/weight), ratio of
heart weight and diameter of rib (heart/rib diameter).

Histological evaluation

Rats were sacrificed by administering an overdose of
7% chloral hydrate and rats’ serum and heart tissue were
collected and stored at —80°C to evaluate different biomark-
ers. Hematoxylin and eosin staining (H&E) and Masson’s
trichrome staining were conducted to evaluate the morpho-
logical characteristics and formation of myocardial fibrosis
in heart tissues of rats in each group, according to the
description of a previous study (An et al. 2013). Picrosirius
red staining was also carried out to evaluate collagen fiber
in myocardial tissues, based on a previous report (Kim et al.
2021). Furthermore, immunohistochemical staining was
also performed to evaluate myocardial damage biomarkers
[brain natriuretic peptide (BNP) and arginine vasopressin
(AVP)] and biomarkers associated with apoptosis [poly
ADP-ribose polymerase (PRAP), caspase-3, and B-cell
lymphoma-2 (Bcl-2)], as described by a previously pub-
lished study (Yang et al. 2014). The dematoxylin and eosin
were purchased from Jiancheng Bioengineering Ins. (Cat.
No. D006-1-4, Nanjing, China) and Beyotime Biotech Inc.
(Shanghai, China). The Masson’s trichrome stain kit was
purchased from SolarBio (Cat. No. G1343, Beijing, China).
Rabbit anti-rat BNP (Cat. No. ab243440), anti-rat VAP (Cat.
No. AB213708), anti-rat PARP (Cat. No. ab191217), and
anti-rat caspase-3 (Cat. No. ab179517) were purchased
from Abcam Biotech (Cambridge, MA, USA), and rabbit
anti-rat Bcl-2 antibody (Cat. No. ET1603-11) was pur-
chased from HuaBio. (Guangzhou, China). Horseradish
peroxidase (HRP)-labeled goat anti-rabbit IgG (Cat. No.
A0208) was purchased from Beyotime Biotech Inc.

TUNEL staining
Heart tissues were fixed with 4% paraformaldehyde,
embedded with paraffin, and subjected to TUNEL staining

to determine myocardial cell apoptosis. Briefly, the paraf-
fin-fixed heart tissue section was stained using the terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end labeling (TUNEL) method, as instructed by the manu-
facturer (Cat. No. C1091, Beyotime Biotech Inc.)

ELISA

Serum levels of BNP and AVP were measured with an
ELISA reader (Model: Immulon 4 HBX, Thermo Fisher
Scientific, Rockford, IL, USA). All experiments were per-
formed according to the BNP ELISA detection kit protocol
(Cat. No. JIM-0147R1, Jingmei Bio., Jiangsu, China) and
AVP ELISA detection kit (Cat. No. IM-02197R1, Jingmei
Bio.).

Real-time PCR (RT-PCR)

Total RNA was extracted from the above stored heart
tissues with the RNAiso plus RNA extraction kit (Cat. No.
9109Q, Takara Bio., Tokyo, Japan) as a manufacturer pro-
tocol. The complementary DNA (cDNA) was synthesized
with an Hifair III 1st-strand cDNA synthesis kit (Cat. No.
11139ES10, Yeasen Bio., Shanghai, China), using the above
RNAs as template. Then, the RT-PCR assay for amplifying
COLIAI gene (encoding collagen la, Colla), COL3A41
gene (encoding collagen Ila, Col3a), and TGFBI gene
(encoding transforming growth factor-f1, TGF-f1) in heart
tissues was performed by analyzing with a Hieff UNICON
universal blue qPCR Sybr green master mix (Cat. No.
11184ES03, Yeasen Bio.). The primer sequences are listed
in Table 1. The relative gene transcription of Colla, Col3a,
TGF-B1 was determined based on calculations of 272" with
GAPDH as the internal reference.

Western blot assay

The western blot assay was performed according to the
process of a previous study (Gao et al. 2020), with a few
modifications. In summary, total proteins were extracted
from heart tissues with pre-cold RIPA buffer (Cat. No.
P0013, Beyotime Biotech Inc.). The protein concentration
was examined with a BCA protein detection kit (Cat. No.
ST-2222, Beyotime Biotech Inc.) as instructed by the manu-
facturer. Equal amounts of the proteins were loaded to
SDS-PAGE and electro-transferred onto the PVDF mem-

Table 1. The primers for the PCR assay.

Genes Sequences (5'-3) Length (bp)
Collo Forward CAGACGGGAGTTTCACCTCC 3
Collo Reverse TCTTTGCGGCTGGGGTGG

GAPDH Forward GGCAAGTTCAACGGCACAG 0
GAPDH Reverse CGCCAGTAGACTCCACGACAT

Col3a Forward TTCACCCCTCTCTTATTTTGGCA

Col3a Reverse CAGATCCCGAGTCGCAGACAC %
TGF Forward CCAAGGAGACGGAATACAGGG <
TGF Reverse CATGAGGAGCAGGAAGGGTC
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branes. Subsequently, the PVDF membranes were incu-
bated with mice anti-rat BNP (Cat. No. ab239510, Abcam
Biotech.), rabbit anti-rat AVP (Cat. No. ab213708, Abcam
Biotech.), rabbit anti-rat cleaved caspase-3 (Cat. No.
AF7022, Affinity Biosciences, Cinchinnati, OH, USA), rab-
bit anti-rat cleaved PARP (Cat. No. AF7023, Affinity
Biosciences), rabbit anti-rat Bcl-2 (Cat. No. ET1702-53,
HuaBio.), rabbit anti-rat Bax (Cat. No. ET1603-34,
HuaBio.) and rabbit anti-rat GAPDH (Cat. No. EM1101,
HuaBio.) antibody at 4°C overnight. The PVDF mem-
branes were then treated with HRP-labeled goat anti-rabbit
IgG (Cat. No. A0208, Beyotime Biotech Inc.) or HRP-
conjugated goat anti-mouse IgG (Cat. No. A0216, Beyotime
Biotech Inc.) at room temperature for 2 h. Finally, protein-
antibody bands were detected with an enhanced chemilumi-
nescence (ECL) solution and visualized with the X-ray film.
Quantification of the bands was performed with densito-
metric analyzes using the Tanon-4200 gel imaging system.

Statistical analysis

Data were expressed as means + SD and analyzed
using SPSS 20.0. ANOVA followed by the post hoc Turkey
test was used to compare the differences between groups.
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The assumptions for normality and homogeneity of vari-
ances necessary for means comparisons were analyzed and
tested with the Kolmogorov-Smirnov test and the Leven
test, respectively (all with normality and homogeneity in
this study). A P value less than 0.05 was considered statis-
tically significant.

Results

WYPBD alleviated the degree of myocardial hypertrophy in
CHF rats

According to echocardiography findings in this study,
the values of LVIDs (P = 0.005) were increased signifi-
cantly, and the values of LVPWd (P = 0.004), LVPWs (P =
0.036), LVEF (P < 0.001), and LVFS (P < 0.001) were sig-
nificantly decreased in CHF rats compared to rats in the NC
group (Fig. 1A-C). Therefore, the CHF rat model was suc-
cessfully established due to the above echocardiography
results. WYPBD treatment at all doses increased the
LVPWd and LVPWs values of CHF rats compared to those
of rats in the CHF model group, however, without signifi-
cant differences (Fig. 1A, B). Furthermore, WYPBD treat-
ment also improved the inhibitive effects of Cap on myo-
cardial hypertrophy in CHF rats (Fig. 1A, B).
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Fig. 1. Effects of WYPBD treatment on the degree of myocardial hypertrophy and cardiac hemodynamics of CHF rats.
A. Comparison of the IVSd, LVIDd, and LVPWd values among different groups. B. Comparison of the IVSs, LVIDs,
and LVPWd values among different groups. C. Comparison of the LVEF and LVES values between different groups. D.
Comparison of the heart/weight ratio and the left ventricle/weight ratio among different groups. E. Comparison of the
heart/rib diameter ratio among different groups. The P-values have been labeled in figures to compare the difference

between two groups.
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WYPBD improved the cardiac hemodynamics of CHF rats

Due to results of ANOVA, there were significant dif-
ferences for the LVEF values (P < 0.001) and the LVFS
values (P < 0.001) among rats in all groups (Fig. 1C). The
medium dose of WYPBD (P = 0.009) and the high dose of
WYPBD (P = 0.002) significantly increased the LVEF val-
ues of CHF rats compared to those of rats in the CHF model
group (Fig. 1C). Meanwhile, the LVFS values of CHF rats
also increased markedly in rats of both the CHF+M-
WYPBD group (P = 0.023) and the CHF+H-WYPBD
group (P = 0.005) compared to rats from the CHF model
group (Fig. 1C). Furthermore, WYPBD combining Cap
(CHF+WYPBD+Cap group) obviously increased LVEF
values (P = 0.008) and LFFS values (P = 0.026) in CHF
rats compared to those of rats in the CHF+Cap group (Fig.
10).

Furthermore, there were no significant differences for
heart/weight ratio (P = 0.747), left ventricle/weight ratio (P
= 0.433) and heat/rib diameter (P = 0.320) in rats between
different groups (Fig. 1D, E).

WYPBD protected the myocardial structure and inhibited
collagen fiber production

H&E staining showed that the arrangement of the
myocardial fibers of CHF rats was disordered and seriously
damaged, and some myocardial cells were fragmented (Fig.
2A). While WYPBD treatment at different doses obviously
protected the myocardial fibers from damage in the CHF
modeling process (Fig. 2A). Masson’s staining (Fig. 2B,
collagen with blue staining) and Picrosirius red staining
(Fig. 3C, collagen with red staining) also showed that

WYPBD treatments obviously suppressed collagen fiber
production in myocardial tissues of CHF rats. The WYPBD
that combined Cap also demonstrated an obvious improve-
ment in myocardial fiber arrangement and suppression of
collagen fibers in myocardial tissues of CHF rats compared
to that of the CHF+Cap group (Fig. 2A-C).

WYPBD downregulated the transcriptions of myocardial
fibrosis mediator genes in myocardial tissues of CHF rats

In this study, myocardial fibrosis mediators, including
Colla, Col3a, and TGF-f1, were identified with an RT-PCR
assay. The results showed that there were marked differ-
ences for the transcription of Colla gene (P < 0.001),
Col3a gene (P < 0.001), and TGF-p1 gene (P < 0.001) in
myocardial tissues of rats of different groups (Fig. 3A-C).
The transcriptions of Colla gene (P < 0.001), Col3a gene (P
< 0.001), and TGF-p1 (P < 0.001) gene in myocardial tis-
sues of CHF rats were significantly increased compared to
those of rats in the NC group. However, WYPBD at low,
medium, and high doses markedly decreased the transcrip-
tions of Colla gene (Fig. 3A, P = 0.001, P < 0.001, P <
0.001), Col3a gene (Fig. 3B, all P < 0.001), and TGF-f1
(Fig. 3C, P=0.005, P <0.001, P<0.001) gene in myocar-
dial tissues of CHF rats compared to those of CHF rats in
CHF model group. Furthermore, WYPBD could also
strengthen the inhibitive effect of Cap on the transcription
of Colla gene (Fig. 3A), Col3a gene (Fig. 3B), and TGF-
p1 gene (Fig. 3C) in CHF rats compared to those of the
CHF+Cap group, however, without significant differences
(all P> 0.05).
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Fig. 3. WYPBD treatment decreased the transcription of myocardial fibrosis mediator genes in the myocardial tissues of
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A. Transcription of Colla gene identified by RT-PCR assay. B. Transcription of Co/3a identified by RT-PCR assay. C.
Transcription of T7GF-f1 identified with the RT-PCR assay. P-values have been labeled in figures to compare the differ-
ence between two groups.
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Fig. 5. WYPBD treatment inhibited cardiomyocyte apoptosis in CHF rats.

A. TUNEL assay showing the apoptotic cardiomyocytes (brown staining). B. Western blot assay showing expression of
cleaved PRAP (C-PRAP), cleaved caspase-3 (C-caspase-3), Bcl-2, and Bax in myocardial tissues (brown staining). C.
Immunohistochemical assay showing the expression of C-PRAP, C-caspase-3, and Bcl-2 in myocardial tissues (brown
staining). P-values have been labeled in figures to compare the difference between two groups.

WYPBD reduced BNP and AVP expression of CHF rats

In this study, the myocardial damage associated bio-
markers, BNP and AVp, were evaluated. The transcription
of BNP gene and AVP gene in the serum of CHF rats was
evaluated with ELISA (Fig. 4A). The expressions of BNP
and AVP protein were evaluated using western blot assay
(Fig. 4B) and immunohistochemical assay (Fig. 4C).
According to the ELISA and statistical analysis, there were
marked differences for BNP levels (P < 0.001) and AVP
levels (P < 0.001) in myocardial tissues between different
groups. As shown in Fig. 4A, BNP levels (all P < 0.001)
and AVP levels (all P <0.001) were significantly reduced in
myocardial tissues of CHF rats from WYPBD groups com-
pared to CHF rats from the CHF model group. WYPBD
also promoted the suppressive effect of Cap
(CHF+WYPBD+Cap) on BNP levels (P < 0.001) and AVP
levels (P < 0.001) compared to CHF rats treated with Cap
alone (CHF+Cap group) (Fig. 4A). Furthermore, Western
blot findings (Fig. 4B) and immunohistochemical results
(Fig. 4C) showed that different doses of WYPBD could also
decrease BNP expression and AVP expression in myocar-
dial tissues of rats compared to those of CHF rats.

Furthermore, the combination of WYPBD with Cap could
also obviously decreased the expressions (levels) of BNP
and AVP in the myocardial tissues of CHF rats
(CHF+WYPBD+Cap) compared to those of CHF rats from
the CHF+Cap group (Fig. 4A-C).

WYPBD attenuated mitochondria pathway-associated
cardiomyocyte apoptosis

The TUNEL stain showed obvious apoptosis in the
myocardial tissues of CHF rats, which were attenuated by
different doses of WYPBD (Fig. 5A), therefore, WYPBD
could inhibit apoptosis. The biomarkers related to mito-
chondria pathway apoptosis, Bcl-2, Bax, cleaved PRAP
(C-PRAP), and cleaved caspase-3 (C-caspase-3), were
determined using both the western blot assay (Fig. 5B) and
the immunohistochemical assay (Fig. 5C), respectively. As
shown in Fig. 5B, the expression of pro-apoptotic biomark-
ers (C-PRAP, C-caspase-3, Bax) increased significantly, and
the expression of the anti-apoptotic biomarker (Bcl-2)
decreased significantly in the myocardial tissues of CHF
rats compared to those of the NC group rats (all P < 0.001).
At the same time, low, medium and high doses of WYPBD
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markedly reduced the expression of C-PRAP, C-caspase-3
and Bax, and increased the expression of Bcl-2 in myocardial
tissues of CHF rats compared to those of CHF rats of the
CHF model group (Fig. 5B, all P < 0.001). The immunohis-
tochemical findings showed that the expression of cleaved
PARP and cleaved caspase-3 in the myocardial tissues of
WYPBD treated CHF rats was obviously decreased, and the
expression of Bcl-2 was obviously increased, compared to
those of rats in the CHF model group (Fig. 5C).
Furthermore, WYPBD could also promote the antiapoptotic
effect of Cap in the myocardial tissues of CHF rats (Fig. 5C).

Discussion

CHF patients are mainly characterized by deterioration
in cardiac functions and clinically decreasing athletic toler-
ance (An et al. 2013). Traditional Chinese medicine has
been used to treat patients with CHF accompanied by acute
symptoms exacerbating for many years in China (Zhu et al.
2016), therefore, traditional Chinese medicine can serve as
an effective and complementary treatment strategy combin-
ing with standard treatment strategies. WYPBD, as a form
of traditional Chinese medicine, has been long applied to
clinical practice in the treatment of different diseases (Zhu
et al. 2016) in China and has achieved favorable clinical
results. This study demonstrated pharmacodynamics and
specific mechanism evidence that WYPBD treatment alle-
viated the CHF rat model induced by doxorubicin (DOX).
According to anti-collagen fiber formation, anti-myocardial
damage effects and antiapoptosis functions, these findings
suggested that WYPBD may improve myocardial functions
by decreasing collagen fiber production and blocking the
mitochondrial-associated apoptosis pathway in the myocar-
dial tissues of CHF rats. To our knowledge, this is the first
study investigating the protective effects of WYPBD on
DOX-induced CHF.

In this study, DOX-induced CHF rat model was suc-
cessfully established via intraperitoneally injected with
DOX at a dose of 2.5 mg/kg body weight per time for 8
times (Wen et al. 2019). The potential mechanism for the
DOX-induced cardiotoxicity seems to be multifactorial.
However, some previous studies (Cui et al. 2017; Wang et
al. 2019) proved that the DOX-induced CHF rat model
demonstrated obvious cardiotoxic effects of DOX, such as
cardiomyocyte apoptosis, dysmodulation of metabolites,
cardiac energy homeostasis, and myocardial inflammation.
Based on echocardiography findings of increased LVIDs
values and decreased LVPWd, LVPWs, LVEF and LVFS
values in CHF rats in the present study, suggesting that the
CHF rat model was successfully established. The echocar-
diography diagnosis of CHF rats also showed that the left
ventricular ejection fraction was less than 50%, indicating
the successful modeling of heart failure. These findings are
similar to those experimental heart failure models previ-
ously established (Bai et al. 2017; Wu et al. 2019; Sun et al.
2021; Wei et al. 2022; Xu et al. 2022; Suto et al. 2023).
Furthermore, according to the design plan of this study, an

echocardiogram test was performed after the construction
of the CHF model, with the aim of screening the success-
fully modeled rats. After completion of WYPBD treatment,
this study conducted another echocardiography test to
observe the treatment status of the medication to ensure that
CHF model is effective during drug therapy process.
Furthermore, the CHF model rats were prone to death dur-
ing the modeling process. Anesthesia is required for each
echocardiography, and excessive time point echocardiogra-
phy detection may lead to a higher number of rat deaths,
making it impossible to carry out subsequent experiments.

WYPBD treatment at all doses improved the LVPWd
and LVPWs values of CHF rats compared to those of rats in
the CHF model group. WYPBD treatment also improved
the inhibitive effects of Cap on myocardial hypertrophy in
CHF rats. These results suggest that WYPBD could obvi-
ously alleviate myocardial hypertrophy during the CHF
modeling process. Meanwhile, the values of LVEF and
LVSF increased significantly in CHF rats treated with
WYPBD compared to those of rats in the CHF model
group, suggesting that WYPBD could improve the cardiac
hemodynamics of CHF rats.

Myocardial dysfunction must be caused by the injury
or damage to the myocardium (Yu et al. 2018), therefore,
we determined myocardial structures and collagen fiber for-
mation in the myocardial tissues of CHF rats. H&E stain-
ing showed the disordered arrangement of myocardial fibers
and seriously damaged myocardial tissues in CHF rats,
while WYPBD obviously protected against these damages.
Masson’s and Picrosirius red staining showed that WYPBD
obviously suppressed collagen fiber production in the myo-
cardial tissues of CHF rats. Meanwhile, WYPBD in com-
bination with Cap obviously improved myocardial fiber
arrangement and suppressed collagen fibers in the myocar-
dial tissues of CHF rats. Furthermore, the gene transcrip-
tions of the mediators of myocardial fibrosis in the myocar-
dial tissues of CHF rats (Ma et al. 2019), including Colla,
Col3a, and TGF-p1, were significantly decreased by
WYPBD administration. These findings suggest that
WYPBD could protect myocardial structure, inhibit colla-
gen fiber production, and suppress myocardial fibrosis.

BNP is released mainly from the left ventricle as a
response to increased filling pressure and injury (Kjaer et
al. 2004). Increased AVP levels in CHF patients were
closely correlated with long-term outcomes, such as death
(Lanfear et al. 2013). Therefore, both BNP and AVP were
used as biomarkers to evaluate myocardial damage. The
results of the ELISA, Western blot, and immunohistochemi-
cal assays demonstrated that BNP levels (or expressions)
and AVP levels (or expressions) were significantly reduced
in serum or myocardial tissues of CHF rats from the
WYPBD groups compared to the CHF model group.
Therefore, WYPBD alleviated myocardial damage by
reducing BNP and AVP expression in the serum or myocar-
dial tissues of CHF rats.

The infarcted wall thinning causes scar formation,
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while the noninfarcted myocardium causes myocardial
hypertrophy in response to increased growth factors and
stress (Gao et al. 2020). Cardiomyocyte apoptosis usually
occurs during the development of myocardial hypertrophy
and induces heart failure (Whelan et al. 2010). Here, the
TUNEL staining result indicated that WYPBD obviously
attenuated cardiomyocyte apoptosis. Therefore, to verify
that WYPBD triggered an alleviated degree of myocardial
hypertrophy, biomarkers associated with apoptosis (You et
al. 2013), including cleaved PRAP, cleaved caspase-3, Bax
and Bcl-2, were detected in myocardial tissues of CHF rats.
Our findings showed that WYPBD significantly decreased
the expression of the pro-apoptotic biomarkers (cleaved
PRAP, cleaved caspase-3, Bax) and markedly increased the
expression of the anti-apoptotic biomarker (Bcl-2) in the
myocardial tissues of CHF rats. Meanwhile, WYPBD also
promoted the antiapoptotic effect of Cap on the myocardial
tissues of CHF rats. According to a previous study, Bcl-2,
Bax, cleaved caspase-3 and cleaved PRAP belong to the
mitochondrial associated apoptosis pathway, therefore,
WYPBD attenuated cardiomyocyte apoptosis by activating
mitochondrial associated signaling. Furthermore, inflam-
mation as well as the apoptosis could also contribute to the
DOX-induced cardiotoxicity, therefore, it is essential to
evaluate the inflammation of the myocardial tissues of CHF
rats.

This study also has some limitations. First, the sample
size of the CHF rat model was relatively small. In the next
study, we would involve more rats to further confirm the
associated findings and conclusions. Second, the detection
of LVEF and LVFS did not adequately represent the hemo-
dynamics, and we would directly evaluate the therapeutic
effect of WYPBD on hemodynamic parameters by catheter-
ization. Third, we have not analyzed the specific reason
that WYPBD selectively affected the LV hypertrophy at
sites within LV (posterior wall) in this study. Fourth, the
difference in fibrosis and/or gene expressions between IVS
and PW in DOX-induced rat heart failure model has not
been clarified. We would explore the specific mechanism
for the effect of WYPBD on LV hypertrophy and determine
fibrosis and gene expression in DOX-induced rat heart fail-
ure model. Fifth, this study only investigated effect of
WYPBD in CHF rat model, but not in cultured cells. We
would conduct the cultured cell-based assays to reveal the
molecular mechanism underlying effect of WYPBD treat-
ment. Sixth, although biomarker expressions of mitochon-
dria pathway mediated apoptosis were evaluated, this study
has not shown evidence of mitochondrial dysfunction. We
would identify mitochondrial dysfunction and further con-
firm conclusion of this study. Seventh, this study investi-
gated effects of WYPBD and captopril alone and in combi-
nation on CHF, however, the mechanism of their combined
effects has not been clearly discussed.

In conclusion, this study demonstrated that WYPBD
effectively alleviated myocardial damage by inhibiting col-
lagen fiber production and myocardial fibrosis and by atten-

uating apoptosis mediated by the mitochondria signaling
pathway of cardiomyocytes in CHF rat model. These find-
ings may provide evidence for the potential therapeutic
effects of WYPBD on CHF in the clinic.
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