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Heart failure (HF) has been known as a global health problem, and cardiac remodeling plays an essential role in the development of
HF. We hypothesized that YQWY decoction might exert a cardioprotective effect against myocardium inflammation, fibrosis, and
apoptosis via activating the interleukin-10 (IL-10)/Stat3 signaling pathway. To test this hypothesis, the HF model in rats was
established by pressure overload through the minimally invasive transverse aortic constriction (MTAC). Echocardiography was
performed to assess the left ventricular function of rats. Myocardial fibrosis in rats was observed by Masson and Picrosirius red
staining, and the degree of myocardial apoptosis was detected via TUNEL staining. In addition, expression levels of IL-10, tumor
necrosis factor-α (TNF-α), Stat3 (P-Stat3), P65 (P-P65), CD68, collagen I, TGF-β, CTGF, Bax, Bcl-2, cleaved caspase-3, and PARP in
rat serum and myocardium samples were examined by ELISA, western blot, and immunohistochemistry, respectively. YQWY
decoction treatment significantly improved left ventricular function in HF rats, especially in those of the high-dose group (LVEF%:
51.29± 5.876 vs. 66.02± 1.264, P< 0.01;, LVFS%: 27.75± 3.757 vs. 37.76± 1.137, P< 0.01). Furthermore, YQWY decoctionmarkedly
inhibited MTAC-induced myocardial fibrosis as evidenced by downregulated collagen I, TGF-β, and CTGF in myocardium and
alleviated apoptosis (downregulated caspase-3 and PARP and increased Bcl-2/Bax ratio in cardiomyocytes). In addition, YQWY
decoction decreased the level of the proinflammatory cytokine TNF-α in both circulating blood and myocardium and attenuated
infiltration of inflammatory cells in heart tissue from HF rats. Most importantly, YQWY decoction suppressed MTAC-induced NF-
κB activation and phosphorylated Stat3 by upregulating IL-10 in rat heart tissues. Our study showed that YQWY decoction could
attenuate MTAC-induced myocardial inflammation, fibrosis, apoptosis, and reverse the impairment of cardiac function in rats by
activating the IL-10/Stat3 signaling pathway and improving myocardium remodeling. Our findings suggested a therapeutic potential
of YQWY decoction in HF.

1. Introduction

Heart failure (HF) affects more than 2% of the general
population, which is a major public health concern that costs
a high economic burden on the health system [1]. Despite
years of decline in the incidence of HF, it remains severe
conditions with substantial morbidity, mortality, and fre-
quent hospitalizations.

Cardiac remodeling has been considered as a key factor
in the progress of HF [2]. Many clinical studies have
demonstrated that reversal of cardiac remodeling can alle-
viate the progress of HF [3, 4]. It is well known that increased
cardiac hypertrophy, apoptosis, fibrosis, and altered meta-
bolism are characteristic features of cardiac remodeling [3].
Several important signaling pathways, such as cell death
signaling, calcium handling, myocardial energy metabolism,
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oxidative stress, and neurohormonal activation are involved
in the pathophysiology of myocardial dysfunction and
remodeling [5]. Although some agents targeting neurohu-
moral activation process, such as renin-angiotensin-aldo-
sterone system (RAAS) inhibitors and β-adrenergic receptor
blockaders, have been considered as first-line treatments
that are beneficial to the prognosis of HF [6, 7], morbidity
and mortality of HF remain high in clinical practice.
-erefore, exploring the underlying molecular mechanism
of cardiac remodeling is of great significance to develop new
therapeutic strategies for HF.

It is worth mentioning that interleukin-10 (IL-10) is an
effective potential target for the treatment of cardiac
remodeling [8]. IL-10 presents the most potential anti-in-
flammatory and anti-immune activities, which is mainly
produced by T-helper cells andmonocytes/macrophages [9].
In addition to the regulation of -1 cytokines, IL-10 also
attenuates the synthesis of inflammatory cytokines from
monocytes/macrophages, including IL-1, tumor necrosis
factor-α (TNF-α), IL-8, and IL-12 [10]. Recently, growing
evidence has indicated the relationship between IL-10 and
cardiovascular diseases (CVD), particularly atherosclerosis,
and IL-10 is believed to be a potential predictor for CVD risk
[11]. It is further observed that treatment with IL-10 con-
tributes to protecting the left ventricular function, attenuates
cardiac inflammation, inhibits fibrosis, and improves ven-
tricular remodeling in myocardial infarction or pressure
overload mouse model [8, 12]. -e anti-inflammatory
function of IL-10 is mainly regulated via activating the signal
transducer and activator of transcription 3 (Stat3) [10, 13].
Further experimental studies showed that an inhibition of
IL-10/Stat3 inmyocardial tissues recruits inflammation cells,
damages the function of the heart, and enhances mortality
after myocardial infarction (MI) in mice [14]. -erefore, IL-
10/Stat3 is expected to be a novel therapeutic target for heart
disease treatments.

A large number of investigations have suggested the
combined application of herbal and chemical drugs in
preventing and treating diseases nowadays. Yi Qi Wen Yang
(YQWY) decoction has been commonly used in the treat-
ment of HF in the Jiangsu Province Hospital of Traditional
Chinese Medicine (TCM). We have previously reported that
the treatment of YQWY decoction suppresses the car-
diomyocyte hypertrophy as well as reverses the damaged
heart function [15]. In the present study, potential effects of
YQWY on cardiac remodeling, myocardial inflammation,
fibrosis, and apoptosis of HF rats were mainly explored, as
well as the underlying mechanism.

2. Materials and Methods

2.1. Animals and Surgeries. Male Wistar rats (240∼300g, 8
weeks old) were purchased from the Vital River Laboratory
Animal Technology Co. Ltd. All rats were raised in the SPF-
level, Drug Evaluation Center of Nanjing University of
TCM, with the temperature of 20–25°C and the relative
humidity of 50%–70%. Autoclaved and sterilized feed and
hygienic drinking water were given. After one-week adaptive
feeding, the rat HF model was established by MTAC. In

brief, rats were anesthetized with a mixture of 2% isoflurane
and 0.5∼1.0 L/min 100% O2 in an induction chamber. After
fixing in a hypsokinesis position on a heating pad, partial
thoracotomy of the second rib was performed. A 27-gauge
blunt needle was placed parallel to the transverse aorta,
which was removed after two knots using 6–0 silk suture
were tied. Rats in the sham group underwent the same
surgery without constriction.

2.2. Preparation of YQWY Decoction. -e prescription of
YQWY was provided by the Cardiology Department of the
Affiliated Hospital of Nanjing University of Chinese Med-
icine. It is composed of 60 g raw radix of Astragalus
membranaceus (Fisch.) Bge. (Astragali Radix), 15 g radix and
rhizome of Rhodiola crenulata (Hook.f. et-omes.) HOhba.
(Radix Rhodiolae), 10 g radix ofAconitum carmichaeliDebx.
(Aconiti Lateralis Radix Preparata), 15 g sclerotium of
Polyporus umbellatus (Pers.) Fries (Polyporus), 15 g seeds of
Descurainia Sophia (L.) Webb. Ex Prantl. (Descurainia se-
men), 10 g rhizome of Curcuma phaeocaulisVal. (Curcumae
Rhizoma), 12 g radix of Paeonia lactiflora Pall. (Paeoniae
Radix Alba), and 6 g rhizome of Zingiber officinale Rosc.
(Zingiberis Rhizoma Recens). All of the herbal medicine was
purchased from the Affiliated Hospital of Nanjing Uni-
versity of Chinese Medicine and morphologically identified
by Dr. Fu-Qiong Zhou at Nanjing Chinese Hospital of
Nanjing University of Chinese Medicine. Furthermore,
YQWY was concentrated into liquid for convenient use. -e
combined filtrate was concentrated under reduced pressure
and evaporated to dryness. Finally, 27.84% (w/w) YQWY
water extract was yielded. -e concentration of the decoc-
tion in the low-dose group was calculated to be 12.8 g raw
materials/kg/d (3.6 g YQWY water extract/kg/d), which was
equivalent to the dose of the adult. A concentration of 18 g
YQWY water extract/kg/d was applied in the high-dose
group, which was 5 times the equivalent dose of the adult.

2.3. Preparation of Myocardial Tissues and Blood Samples.
After sacrifice, rat hearts were taken out and washed in
normal saline. -e LV tissue was rapidly separated from the
atria, which was fixed in 4% paraformaldehyde for 24 h and
then embedded in paraffin. Blood samples were taken from
the abdominal aorta. After centrifugation for 10min at
3000× g at 4°C, the serum was extracted and frozen at −80°C
until use.

2.4. Cardiac Imaging. After the successful establishment of
the HF rat model, the rat was anesthetized by isoflurane and
placed in the supine position. -e high-frequency color
ultrasound system Vevo 2100 with a resolution of 40 μm, up
to 300, was provided by the ultrasound laboratory of the
Jiangsu Provincial Medical Animal Experimental Base,
which was used for obtaining the 2D image of the sternal LV
short axis. Doppler and M-mode echocardiography was
performed perpendicular to the interventricular septum and
the posterior wall of the LV at the level of the papillary
muscle, which was used to measure left ventricular ejection
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fraction (LVEF) and left ventricular shortening rate (LVFS).
-e average of three cardiac cycles was taken continuously.

2.5. Enzyme-Linked Immunosorbent Assay (ELISA).
Serum and myocardium samples were collected from rats.
Relative concentrations of IL-10 and TNF-αwere detected in
them using a commercial ELISA kit (RayBiotech, Norcross,
GA, USA).

2.6. Masson’s Trichrome Staining. Paraffin-embedded sec-
tions were dewaxed and diluted in distilled water. -ey were
stained in Weigert iron-staining dyeing solution for 5–8
minutes and differentiated 1% hydrochloric acid alcohol for
a few seconds and Lichun red acid magenta dye solution for
3–4 minutes. Between each interval, tissue sections were
washed for several minutes. Later, sections were induced in
1% phosphomolybdic acid solution and differentiated for
about 5 minutes, dried, and washed directly with aniline blue
dye solution for 5 minutes. After incubating in 1% glacial
acetic acid for 1 minute, they were rapidly washed and
dehydrated in 95% alcohol and anhydrous ethanol. We
observed the sections which were permeated with xylene,
dried, and sealed with neutral glue under the microscope.

2.7. Sirius Red Staining. Paraffin-embedded sections were
dewaxed, dyed in Celestin blue B for 5–10 minutes, and
washed in distilled water three times. Subsequently, they
were induced in prepared Sirius red staining solution for
15–30 minutes, followed by differentiation, dehydration,
penetration, and sealing. Sirius red-stained sections were
observed under a microscope.

2.8. Immunohistochemistry (IHC) Analysis. Positive ex-
pressions of CD68, collagen I, TGF-β, and CTGF in heart
tissues were evaluated by IHC. Isolated heart tissues were
placed in 4% paraformaldehyde and fixed for 12 h, followed
by dehydration and embedding with paraffin. -ese tissue-
contained wax blocks were then prepared into sections with
4 μm thickness. After antigen retrieval in citrate, the sections
were incubated with protein blocking buffer (pH 7.5)
(ab126587, Abcam) for an hour at room temperature (RT).
-e samples were then incubated with specific primary
antibodies at 4°C overnight, followed by incubation with
HRP-labeled anti-rabbit antibody for 60 minutes at 37°C.
Antibodies adopted are shown in Table S1. Later, the slices
were intervened with DAB substrate kit (ab64238, Abcam)
for 10 minutes, and the nuclei were stained with hema-
toxylin for another 4 minutes. Five visual fields were ran-
domly selected from each sample, and the images were
recorded using the Olympus BX43 microscope and DP73
camera (Olympus, Tokyo, Japan). Antibodies used in the
experiment are listed in the supplementary material
(Table S1).

2.9. Western Blot Analysis. -e protein of heart tissues was
extracted via RIPA (Beyotime, Jiangsu, China) containing
1% PSMF, and the concentration was determined with BCA

kits (Beyotime, Jiangsu, China). -e sample concentration
was then adjusted to 60 μg using the 5× SDS-PAGE sample
loading buffer, and the diluted sample was heated to 100°C
for 5 minutes. -e denatured proteins were separated using
10% SDS-PAGE and transferred to the polyvinylidene
difluoride membranes. Protein blocking buffer (pH 7.5) was
used to block the polyvinylidene difluoride membranes at
RT for 1 h. Subsequently, the polyvinylidene difluoride
membranes were intervened with specific primary anti-
bodies at 4°C for 12 h. After washing with TBST three times,
they were incubated with HRP-conjugated secondary an-
tibodies (1 :10,000) for 1 h at 37°C. Protein blots were vi-
sualized using a VersaDoc imaging system (Bio-Rad, USA).
GAPDH was used as a loading control. Antibodies used in
the experiment are listed in the supplementary material
(Table S1).

2.10. Terminal Deoxynucleotide Transferase-Mediated dUTP
Nick End Labeling (TUNEL). Tissue sections were induced
in permeabilization solution and blocking buffer and washed
in PBS for at least three times. -en, they were incubated
with TUNEL solution (Roche Applied Science, Indianapolis,
IN, USA) for 60 minutes at 37°C. Immediately, sections were
incubated with 0.1 μg/mL 4,6-diamidino-2-phenyl-indole
(DAPI) for nuclei staining. -e fluorescent staining was
conducted by using an Olympus BX43 microscope and
captured using the DP73 camera.

2.11. Statistical Analysis. All data were expressed as
mean± standard deviation (SD) and performed using
GraphPad Prism 7 (GraphPad Software Inc., San Diego, CA,
USA). One-way ANOVA was used to determine statistical
difference among three or more groups, and P value equal to
or <0.05 was considered to be statistically significant.

3. Results

3.1. YQWY Protected Cardiac Function of HF Rats. To de-
termine the effects of YQWY on protecting the cardiac
function of HF rats, cardiac echocardiography was con-
ducted after 16-week interventions. Doppler and M-mode
echocardiography revealed shorter LVFS and LVEF in the
MTAC group than those of the sham group (P< 0.05).
However, YQWY-treated rats showed increased LVEF and
LVFS than those of the MTAC group, indicating the im-
proved LV function (Figures 1(a)–1(c)).

3.2. YQWY Alleviated MTAC-Induced Cardiac Fibrosis.
Cardiac fibrosis is a crucial event in the pathological process
of ventricular remodeling. -erefore, we assessed fibrotic
changes in HF rats with YQWY treatment. Masson’s
staining was employed to detect the collagen deposition in
LV sections. -e results indicated that the myocardial fi-
brosis degree in the TAC group was remarkably higher than
that in the sham group (Figure 2(a)). Meanwhile, repre-
sentative images of Sirius red staining showed that YQWY
alleviated MTAC-induced cardiac fibrosis (Figures 2(b)–
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2(d)). Both the low-dose and high-dose groups presented
attenuated cardiac fibrosis than the MTAC group (P< 0.05),
which was more pronounced in the high-dose group.

3.3. YQWY Suppressed the Cardiac Fibrotic Signaling in HF
Rats. To further investigate the effect of YQWY on pro-
tectingmyocardial fibrosis, fibrosis genes (collagen I, TGF-β,
and CTGF) were examined. Protein levels of collagen I,
TGF-β, and CTGF were markedly upregulated in the MTAC
group than those of the sham group, which were down-
regulated by YQWY treatment (Figure 3(a)). It is suggested
that YQWY was able to alleviate fibrosis post-HF. Identi-
cally, IHC data also showed decreased positive expressions
of collagen I (Figure 3(b)), TGF-β (Figure 3(c)), and CTGF
(Figure 3(d)) in heart tissues of YQWY-treated rats. Alto-
gether, our results demonstrated an in vivo cardiac pro-
tective role of YQWY in HF rats.

3.4. YQWY Inhibited MTAC-Induced Cardiomyocyte
Apoptosis. TUNEL staining results showed that YQWY
could inhibit cardiomyocyte apoptosis in heart sections of
HF rats (Figure 4(a)). Subsequently, we detected protein
levels of apoptotic genes (Bax, Bcl-2, cleaved caspase-3, and
cleaved PARP) by western blot. Cleaved caspase-3 and PARP
were markedly upregulated after MTAC operation, which
were suppressed by YQWY treatment. Bcl-2 was remarkably
downregulated in the MTAC group, while Bax was upre-
gulated.-eir expression trends were remarkably reversed in
the high-dose group and low-dose group (Figure 4(b)). It is

concluded that YQWY treatment was able to inhibit car-
diomyocyte apoptosis in HF rats.

3.5. YQWY Inhibited Inflammatory Response in HF Rats.
Relative levels of inflammatory factors in serum and myo-
cardium samples were detected. IL-10 levels in both serum
and myocardium samples of the MTAC group were reduced
than those of the sham group, whilst those of TNF-α were
elevated (P< 0.05). Notably, decreased levels of IL-10 and
increased levels of TNF-α were dramatically reversed by
YQWY treatment (P< 0.05) (Figures 5(a)–5(d)). Taken
together, YQWY was capable of inhibiting inflammatory
response following the development of HF through upre-
gulating IL-10 and downregulating TNF-α.

3.6. YQWY Protected HF Rats through Activating the IL-10/
Stat3 Signaling and Inactivating the NF-κB-P65 Signaling.
IL-10 has been shown to track the translocation of P65 and
participate in the regulation of NF-κB activation via inter-
acting with the Stat3 signaling [16]. Here, protein levels of
IL-10 and P-Stat3 were significantly downregulated in the
MTAC group, while P-P65 and its downstream gene TNF-α
were upregulated (Figure 6(a)). Expression changes of IL-10,
P-Stat3, P-P65, and TNF-α were markedly reversed by
YQWY treatment (Figure 6(a)). According to IHC results,
we further confirmed that YQWY acted as an inhibitor of
CD68, a well-knownmarker of inflammatory cell infiltration
(Figure 6(b)). -erefore, YQWY was confirmed to activate
the IL-10/Stat3 signaling and inactivate the NF-κB-P65
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Figure 1: YQWY protected cardiac function of HF rats: (a) representative echocardiography images of LV; (b) LVEF in each group; (c)
FS in each group. Values were expressed as mean ± SD, n � 5. ∗P< 0.05 and ∗∗P< 0.01 vs. sham group. #P< 0.05 and ##P< 0.01 vs. MTAC
group.
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Figure 2: YQWY alleviated MTAC-induced cardiac fibrosis: (a) representative images of Masson’s staining; (b, c) representative images of
Sirius red staining under the light microscopy (b) and polarized light microscopy (c); (d) quantification of fibrosis. Values were expressed as
mean± SD, n� 5. ∗P< 0.05 and ∗∗P< 0.01 vs. sham group. #P< 0.05 and ##P< 0.01 vs. MTAC group.
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Figure 3: YQWY suppressed the cardiac fibrotic signaling in HF rats. (a) Representative western blot bands of collagen I, TGF-β, and CTGF;
(b–d) IHC analysis of collagen I (b), TGF-β (c), and CTGF (d) in rat heart sections.
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signaling, thus downregulating the downstream cytokine
TNF-α.

4. Discussion

In the present study, we focused on the cardioprotective
effects of YQWY decoction, a Chinese herb compound, on
pressure overload-induced HF rats by MTAC. Our finding
demonstrated that YQWY decoction markedly improved
LV function in HF rats as LVFS and LVEF were enhanced.
Importantly, YQWY decoction also significantly reduced
pressure overload-induced left ventricular fibrosis and
cardiomyocyte apoptosis. Furthermore, YQWY decoction
inhibited inflammatory response and attenuated cardiac
infiltration of inflammatory cells in HF rats. IL-10, an anti-
inflammatory cytokine, plays a cardioprotective role in
ventricular remodeling. Interestingly, our results showed
upregulated IL-10 and downregulated NF-κB in HF rats
treated by YQWY decoction, which may be explained by the

phosphorylation of Stat3. Taken together, our study indi-
cated that YQWY decoction reduced inflammation, fibrosis,
and apoptosis in myocardium and improved LV function in
HF rats through activating the IL-10/Stat3 signaling
pathway.

Despite significant advances in Western medication for
the treatment of HF, novel strategies that can effectively and
safely fight against heart diseases are urgently required. TCM
is commonly used as a complementary therapeutic approach
of HF in China for a long time [17]. Recently, several clinical
trials and animal experiments have demonstrated the ben-
eficial effects of Chinese herbs on the management of HF
[18, 19]. However, their fundamental mechanisms in the
treatment of HF remain to be exactly elucidated.

YQWY decoction has been used for the treatment of HF,
which is composed of eight herbs as follows: Astragali Radix,
Rhodiolae Radix, Aconiti Lateralis Radix Preparata, Poly-
porus, Descurainia Semen, Curcumae Rhizoma, Paeoniae
Radix Alba, and Zingiberis Rhizoma Recens. In the present
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Figure 4: YQWY inhibited MTAC-induced cardiomyocyte apoptosis. (a) Representative images of TUNEL staining; (b) representative
western blot bands of Bax, Bcl-2, cleaved caspase-3, and cleaved PARP.
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study, an in vivo pressure overload-induced HF rat was
established by performing MTAC. Rat LV function was
evaluated by echocardiography. Our results showed that LV
function was markedly impaired in HF rats and YQWY
decoction improved rat heart function as evidenced by
increased LVEF and LVFS. Consistently, astragaloside IV,
the major active component of Astragali Radix, has been
reported to improve cardiac function and downregulate
BNP and ANP in TAC-induced pressure overload models
[20]. Calycosin, another bioactive component of Astragali
Radix, is able to reverse impaired LV systolic function in
myocardial infarction rats [21]. Rhodiolae Radix is beneficial
to increase cardiac output in streptozotocin-induced dia-
betic rats with HF [22]. Components of YQWY decoction
are complicated and its pharmacological role against HF
needs to be testified in the future.

-e pathogenesis of HF is complex and cardiac
remodeling has been recognized as the critical determinant
of HF progression. -erefore, targeting therapy for patho-
logical cardiac remodeling is now thought to be the key event
in the management of HF. Myocardial fibrosis and apoptosis

are early indicators of HF. Myocardial fibrosis is charac-
terized by elevated amounts of ECM proteins, which in-
creases ventricular stiffness and impairs cardiac relaxation
and contractility [23]. Apoptosis is of significance in the
development of ventricular remodeling, which markedly
decreases myocardial mass [24]. Here, we firstly assessed
fibrosis in HF rats. Compared to the sham group, cardiac
fibrosis was more pronounced in HF rats, which was at-
tenuated by YQWY treatment via downregulating collagen I,
TGF-β, and CTGF in the heart. Furthermore, the anti-
apoptotic role of YQWY decoction in HF rats was assessed.
Abundant TUNEL-positive cells were observed in the heart
of HF rats, which were remarkably reduced by YQWY
treatment. As expected, activities of caspase-3 and PARP
were reduced by YQWY treatment, while the Bcl-2/Bax ratio
was enhanced. It is concluded that YQWY treatment
markedly alleviated MTAC-induced cardiac fibrosis and
apoptosis.

Notably, accumulated evidences have demonstrated
that persistent inflammation is a key contributor to the
initiation and progression of cardiac remodeling, which
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Figure 5: YQWY inhibited inflammatory response in HF rats. (a, b) YQWY treatment increased IL-10 levels in the serum (a) and
myocardium (b) of HF rats; (c, d) YQWY decreased TNF-α levels in the serum (c) and myocardium (d) of HF rats. Values were expressed as
mean± SD, n� 5. ∗P< 0.05 and ∗∗P< 0.01 vs. sham group. #P< 0.05 and ##P< 0.01 vs. MTAC group.
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plays a central role in the development of HF [25]. Changes
of cardiac inflammation are mediated by infiltration of
neutrophils, monocytes/macrophages, and lymphocytes in
myocardium. Enhanced proinflammatory cytokines se-
creted from these immune cells may contribute to the
pathogenesis of myocardium dysfunction and the syn-
drome of HF [26, 27]. Multiple clinical reports have
revealed that patients with HF have elevated levels of in-
flammatory cytokines, such as TNF-α, IL-1β, MCP-1, and
IL-8 in circulation and myocardial tissues [28, 29]. In-
creased circulating level of TNF-α appears to be associated
with the deterioration of left ventricular function [30]. It is
well established that anticytokine treatments, including
TNF-α, IL-1β, and IL-8, are capable of improving cardiac
function and outcomes in animal experiments [31–33].
Recently, IL-10, a kind of anti-inflammatory cytokine, has
been demonstrated to protect ventricular function and
cardiac remodeling. IL-10 knockout mice exhibit signifi-
cantly decreased left ventricular function and increased
fibrosis and cell death in myocardium compared to wild-
type mice induced with isoproterenol [8]. Following TGF-
β-induced cardiac fibrosis, expression levels of collagen I
and α-smooth muscle actin (α-SMA) in myocardium tis-
sues are remarkably upregulated, which are partially re-
versed by IL-10 intervention [34]. IL-10 is able to decrease

caspase-3 activity and increase Bcl-2/Bax ratio, which al-
leviates TNF-α-induced apoptosis in cardiomyocytes [35].
Our study showed that expression levels of IL-10 in serum
and myocardium tissues of HF rats were significantly lower
than controls, which were elevated after YQWY decoction
treatment. We also found that YQWY decoction reduced
the cardiac level of TNF-α and inhibited cardiac infiltration
of inflammatory cells in HF rats. -erefore, we considered
that YQWY decoction protected cardiac function of HF
rats by maintaining the balance between the pro- and anti-
inflammatory cytokines.

NF-κB activation is a vital event in the cardiac patho-
logical remodeling and progression of HF [36, 37]. P65, one
of the major NF-κB subunits, is a key regulator of myocardia
hypertrophy that promotes adverse ventricular remodeling
[38, 39]. Inactivation of P65 by overexpressing phosphor-
ylation-resistant IkB-α mutant is conductive to protect
ventricular function and prevent apoptosis and inflamma-
tion in HF mice [40]. IL-10 is capable of suppressing
multiple proinflammatory responses. Recent studies have
demonstrated that IL-10 blocks NF-κB activity in cardiac
myocytes in a Stat3-dependent manner [8]. Here, decreased
activation of Stat3 and upregulated P-P65 were observed in
heart tissues of HF rats, which were restored by YQWY
decoction, suggesting that the cardioprotective effect of

P-Stat3

Total Stat3

Total P65

P-P65

TNF-α

GAPDH

IL-10

Sham MTAC Low-dose High-dose

(a)

Magnification X 200

Magnification X 400

Sham MTAC Low-dose High-dose

(b)

Figure 6: YQWY protected HF rats through activating the IL-10/Stat3 signaling and inactivating the NF-κB-P65 signaling. (a) Repre-
sentative western blot bands of IL-10, P-Stat3, Stat3, P-P65, P65, and TNF-α; (b) IHC analysis of CD68 in heart sections.
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YQWY decoction was associated with the activated IL-10/
Stat3 pathway.

5. Conclusion

YQWY decoction could attenuate myocardial inflammation,
fibrosis, and apoptosis and repair cardiac function in
MTAC-induced HF rats through activating the IL-10/Stat3
signaling pathway and improving myocardium remodeling.
Great efforts are required in the future on validating the
efficacy and mechanism of TCM in the treatment of HF.

Abbreviations

ANOVA: Analysis of variance
ACEIs: Angiotensin-converting enzyme inhibitors
CTGF: Connective tissue growth factor
ELISA: Enzyme-linked immunosorbent assay
GATA4: GATA binding protein 4
HF: Heart failure
IL-10: Interleukin-10
LVEF: Left ventricular ejection fraction
LV: Left ventricular
LVFS: Left ventricular shortening fraction
MOM: Mitochondrial outer membrane
MAPKs: Mitogen-activated protein kinases
NF-κB: Nuclear factor κB
PARP: Peak-to-average power ratio
P13K: Phosphoinositide 3-kinase
TUNEL: Terminal deoxynucleotidyl transferase-mediated

dUTP nick end labeling
RT: Room temperature
Stat3: Signal transducer and activator of transcription
TGF-β: Transforming growth factor-beta
TTE: Transthoracic echocardiography
MTAC: Minimally invasive transverse aortic constriction
TNF: Tumor necrosis factor
VEGF: Vascular endothelial growth factor
VMC: Viral myocarditis
WB: Western blot.

Data Availability

-e datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.

Conflicts of Interest

-e authors declare that they have no conflicts of interest.

Authors’ Contributions

He Li and Zhi-Jun Gong contributed equally to this work.

Acknowledgments

-is work was supported by the National Natural Science
Foundation of China (Grant no. 81373605), Natural Science
Foundation of Jiangsu Province, China (Grant no.

BK20181503), and Graduate Research and Innovation
Projects of Jiangsu Province (Grant no.
KYCX18_1547&KYCX19_1188).

Supplementary Materials

Table S1: primary antibodies used in the IHC and WB
experiments. (Supplementary Materials)

References

[1] E. J. Benjamin, M. J. Blaha, S. E. Chiuve et al., “Heart disease
and stroke statistics-2017 update: a report from the American
heart association,”Circulation, vol. 135, no. 10, pp. e146–e603,
2017.

[2] L. H. Opie, P. J. Commerford, B. J. Gersh, and M. A. Pfeffer,
“Controversies in ventricular remodelling,” �e Lancet,
vol. 367, no. 9507, pp. 356–367, 2006.

[3] M. A. Konstam, “Reliability of ventricular remodeling as a
surrogate for use in conjunction with clinical outcomes in
heart failure,” �e American Journal of Cardiology, vol. 96,
no. 6, pp. 867–871, 2005.

[4] W. H. W. Tang, M. S. Larson, R. H. Vagelos, L. Prikazsky,
B. S. Hu, and M. B. Fowler, “Reverse remodeling following
long-term carvedilol therapy is associated with improvement
in survival: the stanford carvedilol echocardiographic regis-
try,” Journal of the American College of Cardiology, vol. 39,
no. Supplement 1, p. 141, 2002.

[5] P. S. Azevedo, B. F. Polegato, M. F. Minicucci, S. A. Paiva, and
L. A. Zornoff, “Cardiac remodeling: concepts, clinical impact,
pathophysiological mechanisms and pharmacologic treat-
ment,” Arquivos brasileiros de cardiologia, vol. 106, no. 1,
pp. 62–69, 2016.

[6] G. Sayer and G. Bhat, “-e renin-angiotensin-aldosterone
system and heart failure,” Cardiology Clinics, vol. 32, no. 1,
pp. 21–32, 2014.

[7] N. S. Rehsia and N. S. Dhalla, “Mechanisms of the beneficial
effects of beta-adrenoceptor antagonists in congestive heart
failure,” Experimental & Clinical Cardiology, vol. 15, no. 4,
pp. e86–e95, 2010.

[8] S. K. Verma, P. Krishnamurthy, D. Barefield et al., “Inter-
leukin-10 treatment attenuates pressure overload-induced
hypertrophic remodeling and improves heart function via
signal transducers and activators of transcription 3-dependent
inhibition of nuclear factor-κB,” Circulation, vol. 126, no. 4,
pp. 418–429, 2012.

[9] E. Ç. Mingomataj and A. H. Bakiri, “Regulator versus effector
paradigm: interleukin-10 as indicator of the switching re-
sponse,” Clinical Reviews in Allergy & Immunology, vol. 50,
no. 1, pp. 97–113, 2016.

[10] D. M. Mosser and X. Zhang, “Interleukin-10: new perspec-
tives on an old cytokine,” Immunological Reviews, vol. 226,
no. 1, pp. 205–218, 2008.

[11] P. Welsh, H. M. Murray, I. Ford et al., “Circulating inter-
leukin-10 and risk of cardiovascular events,” Arteriosclerosis,
�rombosis, and Vascular Biology, vol. 31, no. 10, pp. 2338–
2344, 2011.

[12] P. Krishnamurthy, J. Rajasingh, E. Lambers, G. Qin,
D. W. Losordo, and R. Kishore, “IL-10 inhibits inflammation
and attenuates left ventricular remodeling after myocardial
infarction via activation of STAT3 and suppression of HuR,”
Circulation Research, vol. 104, no. 2, pp. e9–e18, 2009.

[13] K. G. Schmetterer and W. F. Pickl, “-e IL-10/STAT3 axis:
contributions to immune tolerance by thymus and

Evidence-Based Complementary and Alternative Medicine 9

http://downloads.hindawi.com/journals/ecam/2020/7532892.f1.doc


peripherally derived regulatory T-cells,” European Journal of
Immunology, vol. 47, no. 8, pp. 1256–1265, 2017.

[14] H. K. Denise, S. Praphulla, K. Gunnar et al., “Continuous
glycoprotein-130-mediated signal transducer and activator of
transcription-3 activation promotes inflammation, left ven-
tricular rupture, and adverse outcome in subacute myocardial
infarction,” Circulation, vol. 122, no. 2, pp. 145–155, 2010.

[15] J.-J. Huang, Y. Xie, H. Li et al., “YQWY decoction reverses
cardiac hypertrophy induced by TAC through inhibiting
GATA4 phosphorylation and MAPKs,” Chinese Journal of
Natural Medicines, vol. 17, no. 10, pp. 746–755, 2019.

[16] A. P. Hutchins, D. Diez, and D. Miranda-Saavedra, “-e IL-
10/STAT3-mediated anti-inflammatory response: recent de-
velopments and future challenges,” Briefings in Functional
Genomics, vol. 12, no. 6, pp. 489–498, 2013.

[17] Y. Yu, E. S. Spatz, Q. Tan et al., “Traditional Chinese medicine
use in the treatment of acute heart failure in western medicine
hospitals in China: analysis from the China PEACE retro-
spective heart failure study,” Journal of the American Heart
Association, vol. 8, no. 15, Article ID e012776, 2019.

[18] X. Li, J. Zhang, J. Huang et al., “A multicenter, randomized,
double-blind, parallel-group, placebo-controlled study of the
effects of qili qiangxin capsules in patients with chronic heart
failure,” Journal of the American College of Cardiology, vol. 62,
no. 12, pp. 1065–1072, 2013.

[19] Y. Liu, Z. Wang, W. Xiao, and Y. Li, “Use of gated myocardial
perfusion imaging to assess clinical value of xinmailong in-
jection in chronic congestive heart failure,” Journal of Tra-
ditional Chinese Medicine, vol. 34, no. 5, pp. 555–559, 2014.

[20] Z. Dong, P. Zhao, M. Xu et al., “Astragaloside IV alleviates
heart failure via activating PPARα to switch glycolysis to fatty
acid β-oxidation,” Scientific Reports, vol. 7, no. 1, pp. 1–15,
2017.

[21] G. Junqing, C. Tao, J. Huigen, L. Zongjun, and Z. Deqiang,
“Effect of calycosin on left ventricular ejection fraction and
angiogenesis in rat models with myocardial infarction,”
Journal of Traditional Chinese Medicine, vol. 35, no. 2,
pp. 160–167, 2015.

[22] Y.-Z. Cheng, L.-J. Chen, W.-J. Lee, M.-F. Chen, H. Jung Lin,
and J.-T. Cheng, “Increase of myocardial performance by
Rhodiola-ethanol extract in diabetic rats,” Journal of Ethno-
pharmacology, vol. 144, no. 2, pp. 234–239, 2012.

[23] P. Kong, P. Christia, and N. G. Frangogiannis, “-e patho-
genesis of cardiac fibrosis,” Cellular and Molecular Life Sci-
ences, vol. 71, no. 4, pp. 549–574, 2014.

[24] E. Teringova and P. Tousek, “Apoptosis in ischemic heart
disease,” Journal of TranslationalMedicine, vol. 15, no. 1, p. 87,
2017.

[25] T. Anzai, “Inflammatory mechanisms of cardiovascular
remodeling,” Circulation Journal, vol. 82, no. 3, pp. 629–635,
2018.

[26] J. Liu, H. Wang, and J. Li, “Inflammation and inflammatory
cells in myocardial infarction and reperfusion injury: a
double-edged sword,” Clinical Medicine Insights: Cardiology,
vol. 10, Article ID CMC.S33164, 2016.

[27] H. B. Sager, M. Hulsmans, K. J. Lavine et al., “Proliferation
and recruitment contribute to myocardial macrophage ex-
pansion in chronic heart failure,” Circulation Research,
vol. 119, no. 7, pp. 853–864, 2016.

[28] M. Hedayat, M. J. Mahmoudi, N. R. Rose, and N. Rezaei,
“Proinflammatory cytokines in heart failure: double-edged
swords,” Heart Failure Reviews, vol. 15, no. 6, pp. 543–562,
2010.

[29] R. Iskandar, S. Liu, F. Xiang et al., “Expression of pericardial
fluid T-cells and related inflammatory cytokines in patients
with chronic heart failure,” Experimental and �erapeutic
Medicine, vol. 13, no. 5, pp. 1850–1858, 2017.

[30] J. T. Parissis, K. F. Venetsanou, D. G. Mentzikof, N. G. Ziras,
C. G. Kefalas, and S. M. Karas, “Tumor necrosis factor-a
serum activity during treatment of acute decompensation of
cachectic and non-cachectic patients with advanced conges-
tive heart failure,” Scandinavian Cardiovascular Journal,
vol. 33, no. 6, pp. 344–350, 1999.

[31] S. Toldo, A. M. Schatz, E. Mezzaroma et al., “Recombinant
human interleukin-1 receptor antagonist provides car-
dioprotection during myocardial ischemia reperfusion in the
mouse,” Cardiovascular Drugs and �erapy, vol. 26, no. 3,
pp. 273–276, 2012.

[32] S. Liu, T. Yin, X. Wei et al., “Downregulation of adiponectin
induced by tumor necrosis factor α is involved in the ag-
gravation of posttraumatic myocardial ischemia/reperfusion
injury,” Critical Care Medicine, vol. 39, no. 8, pp. 1935–1943,
2011.

[33] X. Zhao, W. Zhang, D. Xing et al., “Endothelial cells over-
expressing IL-8 receptor reduce cardiac remodeling and
dysfunction following myocardial infarction,” American
Journal of Physiology-Heart and Circulatory Physiology,
vol. 305, no. 4, pp. H590–H598, 2013.

[34] S. K. Verma, V. N. S. Garikipati, P. Krishnamurthy et al.,
“Interleukin-10 inhibits bone marrow fibroblast progenitor
cell-mediated cardiac fibrosis in pressure-overloaded myo-
cardium,” Circulation, vol. 136, no. 10, pp. 940–953, 2017.

[35] S. Dhingra, A. K. Bagchi, A. L. Ludke, A. K. Sharma, and
P. K. Singal, “Akt regulates IL-10 mediated suppression of
TNFα-induced cardiomyocyte apoptosis by upregulating
Stat3 phosphorylation,” PLoS One, vol. 6, no. 9, Article ID
e25009, 2011.

[36] J. W. Gordon, J. A. Shaw, and L. A. Kirshenbaum, “Multiple
facets of NF-κB in the heart,” Circulation Research, vol. 108,
no. 9, pp. 1122–1132, 2011.

[37] N. C. Moss, W. E. Stansfield, M. S. Willis, R.-H. Tang, and
C. H. Selzman, “IKKβ inhibition attenuates myocardial injury
and dysfunction following acute ischemia-reperfusion in-
jury,” American Journal of Physiology-Heart and Circulatory
Physiology, vol. 293, no. 4, pp. H2248–H2253, 2007.

[38] Q. Liu, Y. Chen, M. Auger-Messier, and J. D. Molkentin,
“Interaction between NFκB and NFAT coordinates cardiac
hypertrophy and pathological remodeling,” Circulation Re-
search, vol. 110, no. 8, pp. 1077–1086, 2012.

[39] N. H. Purcell, G. Tang, C. Yu, F. Mercurio, J. A. DiDonato,
and A. Lin, “Activation of NF-B is required for hypertrophic
growth of primary rat neonatal ventricular cardiomyocytes,”
Proceedings of the National Academy of Sciences, vol. 98,
no. 12, pp. 6668–6673, 2001.

[40] T. Hamid, S. Z. Guo, J. R. Kingery, X. Xiang, B. Dawn, and
S. D. Prabhu, “Cardiomyocyte NF-κB p65 promotes adverse
remodelling, apoptosis, and endoplasmic reticulum stress in
heart failure,” Cardiovascular Research, vol. 89, no. 1,
pp. 129–138, 2011.

10 Evidence-Based Complementary and Alternative Medicine


