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ABSTRACT
To investigate the effect of astragalus heart-protecting decoction on rats with dilated cardiomy-
opathy (DCM). 36 healthy rats were divided into normal control group (n = 12, unmodeled rats
without receiving decoction), DCM+ control group (n = 12, modeled rats without decoction), and
DCM+ treatment group (n = 12, modeled rats receiving decoction). Outcomes of the three groups
were compared. Serumbrain natriuretic peptide andmatrixmetallopeptidase 10, ventricular remod-
eling indicators, whole heart weight index and left ventricular weight index were significantly lower
in normal control group than in the DMC+ treatment and DMC+ control groups, so was that in
DMC+ treatment group compared with those in DMC+ control group (P < 0.05). Additionally, the
normal control grouphadhigher superoxidedismutase level but lowermalondialdehyde and lactate
dehydrogenase levels than the DMC+ treatment and DMC+ control groups (P < 0.05). Regarding
myocardial histology or myocardial fibrosis, the DMC+ treatment group highlighted better perfor-
mance than the DMC+ control group, with differences from those in the normal control group
though. Astragalus heart-protecting decoction has a positive effect in the treatment of rats with
DCM.
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Introduction

Dilated cardiomyopathy (DCM) involves the
myocardium and is characterized by hypofunction of
the ventricular systole as well as by left and right ven-
tricular hypertrophy. It is one of the important causes
of congestive heart failure and heart transplantation
(Schultheiss et al. 2019). Epidemiological surveys on
the annual incidence of cardiomyopathy have reported
that among the 36–66 cardiomyopathy cases reported
per hundred thousand, almost half are DCM and that
these patients suffer from progressive heart failure,
ventricular or supraventricular arrhythmia, and other
clinical manifestations (Yu et al. 2019). The 5-year
mortality rate since its diagnosis is approximately 50%.
These manifestations result in heavy burdens on the
family and society as a whole (Jammal Addin et al.
2019).

CONTACT Jiangbo Wang jianbowwwi@163.com Department of Neurology, Xuzhou Central Hospital, No.199, Jiefang South Road, Xuzhou, Jiangsu,
221009, People’s Republic of China
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Although the pathogenesis of DCM remains
unknown, it has been reported that DCM has
hereditary characteristics and that myocardial remod-
eling serves as a pathological feature therein. Hered-
itary factors play a crucial role in the occurrence
and development of DCM. Currently, the identi-
fied pathogenic genes include autosomal dominant
pathogenic genes, X-linked genetic pathogenic fac-
tors, autosomal recessive pathogenic genes, and mito-
chondrial DNA genes (Schelbert 2019). Several com-
plex molecular mechanisms may lead to a signifi-
cant increase in interstitial collagen volume fraction,
excessive deposition or reduced degradation of the
extracellular matrix (ECM), and ultimately to the
replacement of normal myocardial tissues with fibrous
tissues, resulting in changes in the structure, func-
tion, and phenotype of the myocardium. This process
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is clinically called myocardial fibrosis (Chaves et al.
2019). This condition gives rise to myocardial remod-
eling and heart failure. In the treatment of DCM, it
is essential to not only inhibit myocardial fibrosis but
also to reverse it. Evidence-based studies have indi-
cated the use of β-blockers, angiotensin converting
enzyme inhibitors, aldosterone receptor antagonists,
and adrenergic II receptor blockers as drugs for the
treatment of myocardial fibrosis. Furthermore, a small
proportion of related studies have proposed the use
of signaling pathway blockers, gene antibodies, and
matrix metalloproteinase (MMP) inhibitors; however,
thesemethods have not beenwidely popularized (Sanz
et al. 2019; Treibel et al. 2019).

Traditional Chinesemedicine (TCM) has been used
since a long time for the treatment of various dis-
eases. Compounded Chinese medicinal prescriptions
with Astragalus membranaceus as the main drug have
recently played a promising role in the treatment of
several heart diseases (Shan et al. 2019). A study on
contemporary age has demonstrated that most TCMs
for blood circulation promotion to treat blood sta-
sis exert their effects by improving microcirculation,
thereby preventing or improving myocardial fibro-
sis (Hu and Wang 2019). In TCM, holistic healing
is emphasized by the use of prescriptions with the
belief that the principle of ‘benefiting vital energy to
regulate the immunity, detoxify, and dissipate any sta-
sis’ should be followed by specifically focusing on the
relief of ‘toxicity,’ ‘deficiency,’ and ‘blood stasis.’ Astra-
galus heart-protecting decoction can relieve qi defi-
ciency and blood stasis as well as stasis associated
with toxins (Ma et al. 2019). Previous clinical studies
and animal experiments have confirmed the thera-
peutic values of this decoction in DCM. In addition,
studies have shown that astragalus heart-protecting
decoction can improve the levels of various neuroen-
docrine factors in patients with DCM (Gao et al.
2020). Some studies have also shown that astragalus
heart-protecting decoction can improve heart failure
in patients with DCM (Lin et al. 2018). However, the
underlying mechanisms of actions are unknown. Tak-
ing these findings into consideration, this study inves-
tigated whether astragalus heart-protecting decoction
can improve cardiac function in a DCM rat model by
investigating the effect of this decoction on ventric-
ular remodeling and myocardial fibrosis in rats with
DCM.

Materials andmethods

Materials

Animals
Thirty-six healthy clean male rats (180–220 g) were
provided by Experimental Animal Center of Xuzhou
Medical University [License number: SCXK (Su)
2019-0003] and were housed in separate cages (6 rats
per cage) under the conditions of 50% humidity and
temperature at approximately 23°C. They were given
the special feed supplied by Beijing HFK Bioscience
Co., Ltd. with ad libitum access to food and water. The
disposal of rats in this studywas in accordancewith the
regulations of animal ethics. This study was approved
by Xuzhou Central Hospital.

Drugs
Astragalus heart-protecting decoction is a poly-
herbal medicine composing of astragalus 30 g, Ophio-
pogon japonicus 12 g, turtle shell 12 g, Salvia mil-
tiorrhiza 12 g, Poria cocos 12 g, Forsythia suspensa
12 g, Codonopsis pilosula 12 g, cassia twig 6 g, and
Schisandra chinensis 6 g; Doxorubicin: [Specifications:
5ml: 0.5 g (C38H72N2012), Approval No.: SFDA
H20020342, Manufacturer: (Suzhou Pharmaceutical
Factory of Jiangsu Wuzhong Pharmaceutical Group
Corporation)].

Methods

Animalmodel
The 24 rats were randomly selected from 36 rats for
model preparation. The specific methods are as fol-
lows: TheDCMratmodelwas established by intraperi-
toneally injecting Doxorubicin 2.5 (mg/kg·times)
three times a week, six times in total for two weeks,
with a total weekly dose of 15mg/kg each week. The
needle was inserted 0.5 cm to the right of the umbilicus
along the midline of the abdomen.

Grouping and treatment
The 12 unmodeled rats were used as the normal con-
trol group without receiving any drugs but received
an equal volume of normal saline. The 24 rats suc-
cessfully modeled were randomly divided into two
groups, among which 12 rats were intragastrically
administered 8 g/kg/day astragalus heart-protecting
decoction (DCM+ treatment group), and another 12
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rats did not receive astragalus heart-protecting decoc-
tion but received an equal volume of normal saline
(DCM+ control group). Rats were euthanized after 4
weeks of continuous intervention.

Outcomemeasures

Levels of serum brain natriuretic peptide (BNP) and
matrix metallopeptidase 10 (MMP10)
Blood samples were collected from the main abdom-
inal vein of rats, followed by centrifugation. The
supernatant was collected. The levels of serum BNP
and MMP10 were determined via enzyme-linked
immunosorbent assay (ELISA) according to the man-
ufacturer’s instructions (You et al. 2017).

Ventricular remodeling
Color Doppler ultrasound was used to scan two-
dimensional image of the standard zone of the left
ventricular from the parasternal long-axis of the
left ventricular. The indicators of ventricular remod-
eling, namely left ventricular end-diastolic diame-
ter (LVEDD), left ventricular end-systolic diameter
(LVESD), left ventricular ejection fraction (LVEF),
fractional shortening (FS), and stroke volume (SV),
were determined, and the average value of three car-
diac cycles was used as the final
result.

Determination of whole heart weight index (HWI) and
left ventricular weight index (LVWI)
With curved forceps clamping the lower part of the
atrial appendage, the heart was excised and cleared
of residual blood. An analytical balance was used
to measure heart weight (HW). The right ventricle,
atrium, and vessels were then removed for measuring
left ventricular weight (LVW). HWI was calculated as
HW/BW and LVWI was calculated as LVW/BW (Li
et al. 2016).

Myocardial tissues: Left ventricular myocardial tis-
sue was collected and processed to obtain the car-
diomyocyte suspension. Total protein content was
determined using Coomassie Brilliant Blue. The lev-
els of superoxide dismutase (SOD), malondialdehyde
(MDA), and lactate dehydrogenase (LDH) were deter-
mined using kits according to the manufacturers’
instructions (Zhang et al. 2017).

Myocardial histology andmyocardial fibrosis
The myocardial tissue was stained using via Masson
trichrome staining to evaluate the histological status of
the myocardium and the degree of myocardial fibro-
sis. Myocardial collagen volume fraction (CVF) was
calculated as a quantitative indicator of the degree of
myocardial fibrosis using the following formula: CVF
(%) = Collagen area/Total visual field area ×100%
(Omori et al. 2020).

Statistical analysis
Statistical analyses were performed using the Statistic
Package for the Social Science (SPSS) 22.0 software.
Measurement data are expressed as mean± standard
deviation. The groups were using ANOVA. P < 0.05
indicated statistically significant difference.

Results

BNP andMMP10 levels

The levels of BNP and MMP10 were significantly
lower in the normal control group than in the
DCM+ treatment group and DCM+ control group
(all P < 0.05). The levels of BNP and MMP10 were
lower in the DCM+ treatment group than in the
DCM+ control group (P < 0.05) (Table 1; Figure 1).

Ventricular remodeling

LVEDD, LVESD, LVEF, FS, and SV were signifi-
cantly lower in the normal control group than in the
DCM+ treatment group and in the DCM+ control
group (all P < 0.05). On the other hand, LVEDD,
LVESD, LVEF, FS, and SV were higher in the
DCM+ control group than in the DCM+ treatment
group (P < 0.05) (Table 2).

Table 1. Levels of BNP and MMP10 in the three groups of rats
(x̄±s).

Group N BNP (μg/L) MMP10 (ng/mL)

Normal control 12 43.09± 2.66 1.65± 1.02
DCM+ treatment 12 62.19± 4.32∗ 4.51± 2.16∗
DCM+ control 12 83.16± 5.19∗& 7.55± 2.75∗&
F 4.857 4.263
P 0.016 0.023

Note: ∗P < 0.05 compared with the normal control group.
& P < 0.05 compared with the DCM+ treatment group.
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Figure 1. Levels of BNP and MMP10 in the three groups of rats The normal control group reported lower levels of BNP (A) and
MMP10 (B) compared with the other groups (all P < 0.05). Both BNP and MMP10 were lower in the DCM+ treatment group than the
DCM+ control group (& P < 0.05).

Table 2. Qualitative indexes of ventricular remodeling in the three groups of rats (x̄±s).

Group n LVEDD (mm) LVESD (mm) LVEF (%) FS (%) SV (mL)

Normal control 12 5.42± 0.48 2.99± 0.46 85.21± 4.65 46.95± 3.86 0.30± 0.03
DCM+ treatment 12 6.18± 0.43∗ 4.03± 0.49∗ 62.35± 4.08∗ 29.86± 4.31∗ 0.25± 0.03∗
DCM+ control 12 7.46± 0.58∗& 5.95± 0.53∗& 49.52± 3.22∗& 20.23± 2.28∗& 0.17± 0.02∗&
F 3.629 4.521 4.813 5.038 5.741
P 0.019 0.008 0.003 0.001 0.000

Note: ∗P < 0.05 compared with the normal control group.
& P < 0.05 compared with the DCM+ treatment group.

HWI & LVWI

The DCM+ treatment group had higher BW than
the DCM+ control group (P < 0.05). However, when
comparedwith theBWof rats in theDCM+ treatment
or DCM+ control groups, the BW of rats in the nor-
mal control group was notably higher (P < 0.05).
HWI and LVWI were higher in the DCM+ control
group than in the DCM+ treatment group. In addi-
tion, HWI and LVWI were higher in the DCM+
treatment group than in the normal control group
(P < 0.05 for all) (Table 3; Figure 2).

Myocardial tissues

The level of SOD was higher in the normal control
group than in theDCM+ treatment orDCM+ control
groups. On the other hand, the levels of MDA and
LDH were notably lower in the normal control group
than in the DCM+ treatment or DCM+ control
groups (P < 0.05 for all). The DCM+ treatment
group had higher level of SODbut lower levels ofMDA
and LDH than the DCM+ control group (P < 0.05)
(Table 4).

Myocardial histology

In the normal control group, myocardial tissues
were normally shaped, myocardial fibers were orderly

Figure 2. Comparison of heart weight index (HWI) and left
ventricular weight index (LVWI) in the three experimental
groups Both HWI and LVWI were lower in the normal control
group than in the DCM+ treatment and DCM+ control groups
(∗P < 0.05 for all).

arranged, transverse striations were clearly observed,
and intimal cells were intact with centrally located
nuclei surround by clear cytoplasm. Small histological
changes were apparent (Figure 3a).

However, in the DCM+ control group, cardiomy-
ocyte necrosis was observed under the intima of
the left ventricle and in the myocardium, with some
fibrotic areas with a small number of myocardiocytes
and with vascular proliferation, interstitial edema,
and inflammatory cell infiltration. Granulation tissue
could be locally found, and adjacent cardiomyocytes
were disorganized and hypertrophic (Figure 3b).
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Table 3. BW, HWI, and LVWI of the three groups of rats (x̄±s).

Group n BW HWI LVWI

Normal control 12 485.36± 24.71 2.98± 0.13 2.03± 0.16
DCM+ treatment 12 365.42± 22.15∗ 3.24± 0.18∗ 2.46± 0.21∗
DCM+ control 12 305.42± 19.64∗& 3.86± 0.22∗& 2.85± 0.29∗&
F 6.851 4.983 4.125
P 0.009 0.020 0.027

Note: ∗P < 0.05 compared with the normal control group.
& P < 0.05 compared with the DCM+ treatment group.

Table 4. Effects of astragalus heart-protecting decoction on the levels of oxidative stress
markers in the three groups of rats (x̄±s).

Group n SOD (U/mg) MDA (nmol/mg) LDH (U/g)

Normal control 12 124.16± 7.59 1.36± 0.56 3908.45± 168.45
DCM+ treatment 12 112.34± 6.17∗ 2.18± 0.59∗ 4365.58± 172.59∗
DCM+ control 12 98.76± 5.71∗& 3.05± 0.63∗& 5034.85± 177.45∗&
F 5.289 3.645 4.872
P 0.006 0.015 0.009

Note: ∗P < 0.05 compared with the normal control group.
& P < 0.05 compared with the DCM+ treatment group.

Compared with the lesions in the DCM+ control
group, those observed in the DCM+ treatment group
were improved based on the fact that the lesions in the
DCM+ treatment group had less degree of necrotic
fibrosis, a small amount of fibrosis adjacent to some
cardiomyocytes, and better cardiomyocyte arrange-
ment. However, they had slight interstitial edema and
presence of inflammatory cell infiltration (Figure 3c).

Myocardial fibrosis

There was little difference between the CVF of the nor-
mal control and DCM+ treatment groups (P > 0.05).
However, the CVF of the DCM+ control group
was higher than that of the normal control and
DCM+ treatment groups (P < 0.05). Masson stain-
ing mainly showed the presence of myocardial tis-
sues in normal state mingled with a small amount
of interstitial collagen fibers in the rats of the con-
trol group (Figure 4a). On the other hand, the rats
in the DCM+ control group had myocardial inter-
stitial collagen fibers that were obviously hyperplastic
and adjacent to the vessels as well as many extracellu-
lar matrices (Figure 4b). The DCM+ treatment group
had the presence of blue collagen fibers in awide range,
separating the myocardium into islands (Figure 4c).

Discussion

Although the complex pathogenesis of DCM con-
firmed by a large number of studies has not been

elucidated, TCM has unique advantages in its treat-
ment (Reichart et al. 2019). Clinical experiences cou-
pled with the integrated thoughts of medical experts
have led to the proposition that DCM is character-
ized by asthenia in origin and excessive superficiality.
Asthenia in origin refers to the presence of phlegm
and retained fluid, water dampness, and blood sta-
sis. It is characterized by qi and yang deficiencies and
commonly involves the heart. The lungs, spleen, and
kidneys are also functionally related to it (Liu et al.
2014). Qi deficiency is the characteristic of asthenia
in origin, whereas toxin accumulation, blood stasis,
and water dampness are the characteristics of exces-
sive superficiality. TCM believes thattreatment should
be implemented by stages in different disease peri-
ods (Bai et al. 2013). In the early stage, the syndrome
includes qi deficiency in the heart and lungs, blood
stasis, blocked phlegm, and fluid retention, with chest
tightness, shortness of breath, blood-stained sputum,
palpitation after exertion, and panting that does not by
resting. In the middle stage, there may be qi deficiency
in the heart and spleen, pathogenic factors, blockade of
yang and blood circulation, intermingled phlegm and
blood stasis, fluid retention in the gastrointestinal tract
that changes to phlegm and retained fluid, and edema
or abdominal distension. In the late period, pathogenic
factors lead to kidney and heart dysfunction, blood
stasis that is difficult to reverse, water dampness caus-
ing anasarca, intolerance to cold and cold limbs, edema
of the lower limbs, and in severe cases, hydrothorax
and abdominal dropsy (Shen et al. 2016; Sun et al.
2017; Wang et al. 2018). For the treatment of DCM,
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Figure 3. Changes in myocardial histology in the three
groups of rats HE staining (×200) showing the pathomorphol-
ogy of the myocardial tissues in the three groups of rats. (A)
Normal histology in the myocardial tissues of the rats in the
normal control group. (B) Cardiomyocyte necrosis was observed
under the intima of the left ventricle and throughout the
myocardium in the DCM+ control group. (C) Tissues of rats in the
DCM+ treatment group exhibited less severe necrotic fibrosis, a
small amount of fibrosis adjacent to some cardiomyocytes, and
better cardiomyocyte arrangement.

Figure 4. Degree of myocardial fibrosis in the three groups
of ratsMasson staining (×200) showing the degree ofmyocardial
fibrosis in the three groups of rats, Erythrocytes, cardiac muscle
fibers, and cytoplasm appear red, whereas myocardial interstitial
collagen appears blue. (A) Masson staining mainly showing nor-
malmyocardial tissues in the normal control group. (B)Myocardial
interstitial collagen fiber accumulation and obvious hyperplasia
wereobserved in themyocardiumof theDCM+ control group. (C)
Blue-stained collagen fibers were observed in the myocardium of
the DCM+ treatment group.
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TCM emphasizes that both symptoms and root causes
should be addressed. In particular, attention should
be given to the treatment of symptoms so as to pro-
mote blood circulation to remove blood stasis, allevi-
ate water retention for dehumidification, and resolve
phlegm accumulation to reduce edema. On the other
hand, the treatment of root causes focuses on com-
plementing yin and yang by benefiting vital energy
(Liang et al. 2004). Astragalus heart-protecting decoc-
tion contains Astragalus membranaceus, Forsythia sus-
pensa, Codonopsis pilosula, Cassia twig, Salvia milti-
orrhiza, Angelica sinensis, Radix Ophiopogonis, turtle
shell, Schisandra chinensis, and Poria cocos. Astragalus
membranaceus, Forsythia suspensa, and Codonopsis
pilosula help in tonifying vital energy for detoxifica-
tion.On the other hand, Cassia twig removed coronary
collaterals; Salvia miltiorrhiza and Angelica sinensis
cool and invigorate blood circulation; Radix Ophio-
pogonis, turtle shell, and Schisandra chinensis are con-
ductive for tonifying vital energy to nourish yin; and
Poria cocos improves splenic function and calms the
nerves (Phacharapiyangkul et al. 2019). The prescrip-
tion acts mainly by tonifying vital energy to acti-
vate blood circulation, nourishing yin, detoxifying
the body, and by promoting dieresis, thereby effec-
tively relieving the symptoms of DCM such as vital
energy deficiency, blood stasis, and stasis due to toxic-
ity. Molecular mechanism studies have shown that the
components of Astragalus and Codonopsis can scav-
enge free radicals, enhance SOD activity and play an
antioxidant role; the volatile oil, polysaccharide and
other components of angelica can play a role in anti-
tissue fibrosis, anti-inflammation, and anti-oxidation
effects; Schisandra chinensis can regulate the energy
metabolism of cardiomyocytes and reduce the degree
of oxygen free radical damage to cardiomyocytes (Xu
et al. 2020).

DCM is followed by left ventricular dilation, hyper-
trophic or necrotic cardiomyocytes, inflammatory cell
infiltration, and fibrous tissue proliferation, which in
turn trigger ventricular remodeling (Martens et al.
2019). BNP is a hormone released by ventricular cells
and serves in mirroring the extent to which heart fail-
ure has occurred as well as determined the prognosis
of patients (Chin et al. 2019). MMP10 is a class of
proteins whose generation is mainly due to mechani-
cal stimulation of the myocardium. It is spontaneously
generated when there is a strain force. MMP10 can be
expressed by normal cardiomyocytes and fibroblasts

and is clinically considered an indicator of myocar-
dial fibrosis and myocardial hypertrophy. However,
MMP10 level is not closely related to age, BW, or renal
function but is related to the prognosis of heart fail-
ure (Mirastschijski et al. 2019). In the present study,
higher levels of BNP and MMP10 in rats with DCM
decreased after the use of. In addition, increased ven-
tricular remodeling in rats with DCM was also con-
trolled by the use of this decoction. These results
suggest that astragalus heart-protecting decoction is
effective in controlling ventricular remodeling in rats
with DCM. Similarly, lower weight gain and elevated
HWI and LVWI in rats withDCMwere improved after
treatment with astragalus heart-protecting decoction,
indicating that this decoction may increase the HW
and ventricular weight of rats with DCM. The levels of
SOD, MDA, and LDHmirror oxidative stress. Follow-
ing treatment with astragalus heart-protecting decoc-
tion, the levels of SOD, MDA, and LDH decreased
in rats with DCM via antioxidant stress and car-
diomyocyte protection. Other studies have also found
that the treatment of DCM in rats by astragalus
heart-protecting decoction can increase SOD level and
reduce LDH level (Wei et al. 2019). In addition, after
treatment with astragalus heart-protecting decoction
in this study, the degree of myocardial fibrosis in rats
with DCM was significantly reduced, with the CVF in
the normal control group of (6.82± 1.23) %, the CVF
in the DCM+ treatment group of (6.78± 1.19) %, and
theCVF in theDCM+ control group of (20.62± 6.83)
%, indicating that astragalus heart-protecting decoc-
tion can reduce the abnormal changes in myocardial
tissues and suppresses the manifestations of myocar-
dial fibrosis. The above results indicated that the treat-
ment of DCM in rats by astragalus heart-protecting
decoction could promote the improvement of curative
effect.

In summary, astragalus heart-protecting decoction
has a positive effect in the treatment of rats with
DCM. However, this study still has some limitations.
First, astragalus heart-protecting decoction contains
nine components; however, this study did not clar-
ify which components play a role in promoting ven-
tricular remodeling, and did not compare differences
between different doses, which need to be further
studied in the future. Besides, there are few observa-
tional indicators in this study, which lacks compre-
hensiveness. In addition, only rat experiments were
conducted, and the translational value of this rat study
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to humans remains uncertain. However, as this decoc-
tion has been widely used in humans with good safety,
future clinical studies are warranted to gradually trans-
form the value of astragalus heart-protecting decoc-
tion from basic to clinical so that it can play a practical
role in the treatment of clinical diseases.
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