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Epigallocatechingallate attenuates myocardial injury in a mouse
model of heart failure through TGF-f$1/Smad3 signaling pathway
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Abstract. The present study aimed to assess the protective
effect of epigallocatechingallate (EGCG) against myocardial
injury in a mouse model of heart failure and to determine
the mechanism underlying regulation of the transforming
growth factor-pf1/mothers against decapentaplegic homolog 3
(TGF-B1/Smad3) signaling pathway. Mouse models of heart
failure were established. Alterations in ejection fraction,
left ventricular internal diastolic diameter (LVIDd) and left
ventricular internal systolic diameter (LVIDs) were measured
by echocardiography. Pathological alterations of myocardial
tissue were determined by hematoxylin and eosin, and Masson
staining. The levels of serum brain natriuretic peptide (BNP),
N-terminal-proBNP, interleukin (IL)-1f, IL-6, tumor necrosis
factor-a, malondialdehyde, superoxide dismutase and gluta-
thione peroxidase were detected with ELISA. Expression of
collagen I, collagen III were detected by western blotting and
reverse transcription quantitative polymerase chain reaction.
Transforming growth factor-f1 (TGF-B1), Smad3, phosphory-
lated (p)-Smad3, apoptosis regulator BAX (Bax), caspase-3 and
apoptosis regulator Bcl, in mouse cardiac tissue were measured
by western blotting. P-smad3 and TGF-f1 were measured by
immunofluorescence staining. EGCG reversed the alterations
in LVIDd and LVIDs induced by establishment of the model
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of heart failure, increased ejection fraction, inhibited myocar-
dial fibrosis, attenuated the oxidative stress, inflammatory and
cardiomyocyte apoptosis and lowered the expression levels of
collagen I and collagen III. Following treatment with TGF-f31
inhibitor, the protective effect of EGCG against heart failure
was attenuated. The results of the present study demonstrated
that EGCG can inhibit the progression and development of
heart failure in mice through inhibition of myocardial fibrosis
and reduction of ventricular collagen remodeling. This protec-
tive effect of EGCG is likely mediated through inhibition of
TGF-p1/smad3 signaling pathway.

Introduction

Heart failure is the terminal stage of the development
of various cardiovascular diseases and it results in high
morbidity and mortality (1). A variety of drug treatments used
in recent years improve the quality of life of patients with
heart failure, but patients' survival rate remains unaltered (2).
Epigallocatechingallate (EGCG) is a catechin monomer
extracted from leaves or buds of Camellia sinensis (3). It is
an active and water-soluble ingredient which extracted from
tea tree and its catechin content in was the highest among
polyphenols (4). Previous studies demonstrated that EGCG
can effectively attenuatecardiac hypertrophy and remodeling
caused by pressure load, prevent cardiomyocyte apoptosis and
oxidative stress in cardiac hypertrophy, inhibit the abnormal
proliferation of cardiac fibroblasts and improve myocardial
remodeling (5,6). Sriram et al (7) demonstrated that EGCG
attenuates fibroblast proliferation and excessive collagen
production by interfering with transforming growth factor-f1
(TGF-f1) signaling. Hsieh et al (8) demonstrated that EGCG
can inhibit TGF-pl-induced collagen production by attenu-
ating expression of early growth response protein 1 in buccal
mucosal fibroblasts. TGF-1 is a pleiotropic cytokine that regu-
lates cell proliferation, differentiation and apoptosis through
autocrine and paracrine signaling pathways that operate via
cell surface receptors (9). It also serves a role in the regulation
of synthesis of extracellular matrix, tissue repair following
trauma and immune function (10-12). TGF-p1 can bind to its
receptors TGF-f receptor type-1 (TBRI) and type-1I (TPRI),
regulate intracellular signal transduction and exert numerous
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biological effects (13). Several studies have demonstrated
that TGF-B1 signaling pathway is a regulator of myocardial
repair and remodeling following myocardial infarction and it
can participate in the repair process of myocardial hypoxia
through Smad and non-Smad signaling pathways [including
p38 protein, c-Jun N-terminal kinase, TGF-B-activated kinase
(TAK)] (14-16). Smad proteins is are downstream regulators
of the TGF-PI1 signaling pathway (17). Following binding
to its receptors TPRI and TPRII, TGF-f1 phosphorylates
and activates Smad proteins. Smad proteins exhibit specific
DNA binding activities and can function as transcription
factors to regulate gene expression of the associated cytokines
[including platelet-derived growth factor, fibroblast growth
factor and tumor necrosis factor (TNF)], leading to fibrosis.
Downregulation or inhibition of TGF-1/Smad expression
can reduce collagen synthesis and improve myocardial
fibrosis (18,19). A previous study demonstrated that inhibi-
tion of activation of TGF-B1/mothers against decapentaplegic
homolog 3 (Smad3) or TGF-1/TAKI can attenuate cardiac
hypertrophy and remodeling (20).

In the present study, the protective effect of EGCG in
mouse models of heart failure and the underlying mechanism,
were investigated, providing a theoretical basis for clinical
drug therapy of this disease and development of novel drugs.

Materials and methods

Animal experimental protocols. A total of 40 (6 weeks old,
male, weight 20-23 g) C57/B6 mice were obtained from
the Experimental Animal Center of Liaoning University of
Traditional Chinese Medicine (Shenyang, China) [produc-
tion license no. SCXK (Lia0)2013-0004; application license
no. SYXK (Liao)-2013-0008]. The present study was approved
by the Liaoning University of Traditional Chinese Medicine
Laboratory Animal Welfare and Ethics Committee (approval
no. 2016048). Mice were given a normal diet and water, and
the following housing conditions: Ambient temperature of
20-26°C, 40-70% relative humidity, 12-h light/dark cycle.
TGF-P1 inhibitor LY364947 (cat. no. abl41890) was supplied
by Abcam (Cambridge, UK). Mice were randomly divided into
four groups with 8 mice in each group, including sham, heart
failure (HF), EGCG and LY (EGCG+LY364947) groups. In
the sham group, a skin incision was made to bluntly separate
the aortic arch and then the skin incision was closed. In the
HF group, a 27G blunt needle and the aortic arch were ligated.
Mouse models of heart failure were established, as described
below. In the EGCG group, following establishment of a
model of heart failure, 10 mg/kg/day EGCG was intraperito-
neally administered for 4 successive weeks. In the LY group,
following induction of heart failure, 10 mg/kg/day EGCG was
intraperitoneally administered and simultaneously TGF-f1
inhibitor LY364947 (1 umol/l) was administered via the tail
vein for 4 successive weeks. In the sham group, mouse were
injected intraperitoneally with the same amount of saline for
4 weeks.

Sample collection. Folllowing the 4 weeks of treatment, all
mice were sacrificed by cervical dislocation under anesthesia.
Mouse venous blood was collected and serum was separated
by centrifugation at 500 x g at 4°C for 10 min, and used for
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ELISA. Mouse heart tissue was harvested, as previously
described (21). One portion of heart tissue was preserved
in liquid nitrogen for subsequent western blot analysis and
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The remaining tissue was fixed in formaldehyde
at room temperature for 48 h for hematoxylin and eosin (H&E)
and Masson staining.

Establishment of mouse models of heart failure. Heart failure
model was performed as previously reported with minor
modifications (21). Mice were anesthetized by intraperitoneal
administration of 2% pentobarbital sodium. A 0.5 cm long
incision was made on the sternum to expose the aortic arch. A
27G blunt needle and the aortic arch were ligated. The needle
was removed and the incision was closed.

Color Doppler ultrasonography. A total of 4 weeks following
surgery, mice were weighted. Following anesthesia, mice were
placed in the dorsal position. Echocardiography was performed
using a Philips CX50 ultrasound system (probe pattern S-12-4,
frequency 4-12 MHz) to measure the ejection fraction (EF),
left ventricular internal diastolic diameter (LVIDd) and left
ventricular internal systolic diameter (LVIDs). The mean value
for each index across three cardiac cycles was calculated.

H&E staining. A total of 48 h following fixation in formal-
dehyde, heart tissue was dehydrated, cleared, embedded,
5 um sliced, dewaxed, hydrated, stained with hematoxylin for
20 min at room temperature, differentiated with hydrochloric
acid and ethanol for 3-5 sec, stained with eosin for 1 min at
room temperature, dehydrated in alcohol gradients, cleared
and mounted. Pathological alteration of myocardial tissue was
observed under a light microscope.

Masson staining. Formaldehyde sections were dewaxed,
hydrated, stained with Regaud's hematoxylin for 5-10 min at
room temperature, washed, stained with Masson ponceau acid
fuchsin solution for 5-10 min at room temperature, soaked
in 2% acetic acid aqueous solution for 3-5 sec, differentiated
with 1% phosphomolybdic acid aqueous solution for 3-5 min at
room temperature, stained with aniline blue for 5 min at room
temperature, immersed in 0.2% acetic acid aqueous solution
for 3-5 sec, treated with 95% ethanol and absolute ethanol,
cleared with xylene, and mounted with neutral gum.

ELISA. Mouse peripheral blood was collected. Serum levels
of brain natriuretic peptide (BNP; cat. no. JIM-E10001485; Tsz
Biosciences, San Francisco, CA, USA), N-terminal proBNP
(NT-proBNP; cat. no. JM-E10001510; Tsz Biosciences),
IL-1B (cat. no. SEA563Mu; Cloud-Clone Corp, Katy, TX,
USA), IL-6 (cat. no. SEA079Mu; Cloud-Clone Corp), TNF-a
(cat. no. SEA133Mu; Cloud-Clone Corp), malondialdehyde
(MDA cat. no. CEA597Ge; Cloud-Clone Corp), superoxide
dismutase (SOD; cat. no. SES134Mu; Cloud-Clone Corp),
glutathione peroxidase (GSH-Px; cat. no. CEA294Ge; CCC)
were measured according to manufacturer's instructions of the
kits. Optical density was measured at a wavelength of 450 nm
with a microplate reader. A standard curve was generated by
plotting optical density value vs. the standard concentration.
The curve equation and r value were calculated and used
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Table I. Primers used for reverse transcription-quantitative polymerase chain reaction.

Primer sequence (5'-3")

Gene GenBankID Forward Reverse

Collagen I 12842 TGCTCATAGCAGCCCCCTCCG TCCTTGACTTGGGAAGGTTT
Collagen III 12825 GCAACAGGCATACTAACT GGTCCCCGAGGAAACAA
GAPDH 14433 AACTTTGGCATTGTGGAAGG CACATTGGGGGTAGGAACAC

to determine concentrations of samples using Excel (2010;
Microsoft Corporation, Redmond, WA, USA).

Western blot analysis. Mouse myocardial tissue was lysed in
a RIPA lysate containing protease inhibitor (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and homogenized on
ice. Supernatant was collected following centrifugation at
4,000 x g at 4°C for 10 min to determine protein concentration
using the Bicinchoninic acid Protein Assay kit. Protein samples
(30 pug) were subjected to 10% SDS-PAGE and transferred to
PVDF membranes. Following addition of TGF-p1 (1:1,000;
cat. no. ab92486), Smad3 (1:1,000; cat. no. ab40854), phos-
phorylated (p)-Smad3 (1:1,000; cat. no. ab52903), collagen I
(1:1,000; cat. no. ab34710) and collagen III (1:1,000; cat.
no. ab7778), Bcl-2 (1:1,000; cat. no. ab59348), apoptosis regu-
lator BAX (Bax; 1:1,000; cat. no. ab32503), caspase-3 (1:1,000;
cat. no. ab13847) and GAPDH (1:2,000; cat no. ab8245)
antibodies (all Abcam), protein samples were incubated at
4°C overnight. Following addition of goat anti-rabbit immu-
noglobulin G/horseradish peroxidase conjugated antibody
(1:2,000; cat. no. bs-0295G-HRP; BIOSS, Beijing, China),
protein samples were incubated at room temperature for
2 hand western blots were developed using ECL-Plus chemi-
luminescence reagent kit (Thermo Fisher Scientific, Inc.) and
visualized by UVP Bio-Imaging Systems. Thereafter, the
optical density analysis was performed (Image J 1.8.0 soft-
ware; National Institutes of Health, Bethesda, MD, USA).

RT-gPCR. Primers were designed according to the sequences
of collagen I and III reported in GenBank (Table I), and were
synthesized in Sangon Biotech Co., Ltd. (Shanghai, China).
Total RNA was isolated using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and reverse transcribed
42°C for 1 h; 70°C for 5 min) to cDNA using High-Capacity
RNA-to-cDNA kit (Invitrogen; Thermo Fisher Scientific,
Inc.). Fluorescent qPCR kit (SYBR-Green Master Mix: SYBR
Premix Ex Taq II, TIliRNase H Plus; Takara Biotechnology
Co., Ltd., Dalian, China) was used for the detection. The
following thermocycling conditions were used for qPCR:
Initial denaturation at 95°C for 30 sec; 40 cycles of 95°C for
5 sec, 60°C for 30 sec. The relative gene expression data were
analyzed using the 224 method (21,22). Primers used for
RT-gPCR are listed in Table I.

Immunofluorescence staining. Mouse myocardial tissue
was dewaxed, dehydrated, treated with 0.1 M sodium
citrate buffer (OriGene Technologies, Inc., Beijing, China)
for antigen retrieval, washed three times with PBS and

incubated at 4°C overnight following addition of TGF-f31
(1:100), p-Smad3 (1:200) antibodies (the same antibodies
as used for western blotting). Subsequently, samples were
washed three times and incubated with fluorescent secondary
antibodies [goat anti-rabbit IgG H&L (Alexa Fluor® 488),
1:500, cat. no. ab150077; goat anti-rabbit IgG H&L (Alexa
Fluor® 594), 1:250, cat. no. ab150080, all Abcam] at room
temperature for 2 h in the dark. Samples were washed with
PBS, stained with DAPI for 10 min at room temperature,
mounted with glycerine, and finally observed under fluores-
cence microscope.

Statistical analysis. All data were statistically analyzed
using SPSS 19.0 software (IBM Corp., Armonk, NY, USA).
Multiple comparisons were made using one-way analysis
of variance with Student-Newman-Keuls test. Each experi-
ment was repeated three times. All data are presented as the
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference.

Results

EGCG improves heart failure in mice. Following liga-
tion of the aortic arch, morphological alterations of mouse
myocardial tissue were observed by H&E staining. In the
sham group, cardiomyocytes were well stained and swollen
and necrotic cells were observed. In the heart failure group,
widening of myocardial cell gap and myocardial fiber rupture
were observed. Following EGCG treatment, myocardial
fiber rupture attenuated, the gap slightly widened. In the LY
group, injury to cardiomyocytes was not alleviated (Fig. 1A).
Color Doppler ultrasonography revealed that EF significantly
decreased, and LVIDs and LVIDd significantly increased, in
the heart failure group compared with the sham group (all
P<0.05). EF significantly increased, and LVIDs and LVIDd
significantly decreased in the EGCG group compared with the
HF group (all P<0.05). There were no significant differences in
EF, LVIDs and LVIDd between LY and HF group (Fig. 1B). To
further confirm the role of EGCG in mouse with heart failure,
serum levels of BNP and NT-proBNP were determined.
Serum levels of BNP and NT-proBNP significantly increased
in the HF group compared with the sham group (P<0.05).
Serum levels of BNP and NT-proBNP significantly decreased
in the EGCG group compared with the HF group (P<0.05) and
there was no significant difference between EGCG and LY
groups (Fig. 1C). These results suggest that EGCG markedly
improved heart failure in mice and that the observed effects
may be associated with TGF-f}1 signaling pathway.
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Figure 1. The model of heart failure in mice was established and verified in
all treatment groups. (A) The pathological alterations of myocardium were
observed by hematoxylin and eosin staining (arrows represents widened
myocardial cell gap and myocardial fiber rupture). (B) Alterations of LVIDs,
LVIDd and EF in mice were observed by echocardiography in order to
determine whether the model of heart failure was successfully established.
(C) The peripheral blood of mice was collected, and serum was isolated,
ELISA was used to detect BNP and NT-proBNP levels. “P<0.05 vs. the sham
group; “P<0.05 vs. the HF group. HF, heart failure; LVIDs, left ventricular
internal systolic diameter; LVIDd, left ventricular internal diastolic diam-
eter; BNP, brain natriuretic peptide; NT-proBNP, N-terminal-proBNP;
EGCG, epigallocatechingallate; LY group, LY364947 inhibitor and EGCG
treatment group.

EGCG attenuates myocardial fibrosis in mice with heart
failure. Masson staining was performed to investigate the
extent of myocardial fibrosis. Myocardial fibrosis was visibly
aggravated in the heart failure group compared with the
sham group. Following EGCG treatment, the size of collagen
fibers were significantly reduced and myocardial fibrosis
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was alleviated. Following inhibition of TGF-f1 receptor,
the expression of cardiomyocyte collagen fibers increased
(Fig. 2A). Expression levels of collagen I and III were deter-
mined in myocardial tissue. The expression levels of collagen
I and III significantly decreased in the HF group compared
with the sham group (P<0.05), but significantly decreased in
the EGCG group compared with the HF group (P<0.05). The
expression levels of collagen I and III were not significantly
different in the LY group compared with the heart failure
group (Fig. 2B). RT-qPCR confirmed these results (Fig. 2C).
The above results suggest that EGCG attenuated myocardial
fibrosis in mice with heart failure and suggest that EGCG
alleviated heart failure and myocardial fibrosis.

EGCG attenuates oxidative stress in mice with heart failure.
ELISA was used to detect the level of SOD, MDA and GSH-Px
in serum. Results demonstrated that the level of MDA was
significantly increased in the HF group compared with the
sham group (P<0.05; Fig. 3). The levels of SOD and GSH-Px
were significantly decreased in the HF group compared with
the sham group (P<0.05). Following EGCG treatment, the
level of MDA significantly decreased, SOD and GSH-Px
levels were significantly elevated compared with the HF group
(P<0.05). Following treatment with TGF-f1 receptor inhibitor,
the effect of EGCG was reduced. Those results suggested
that following treatment with EGCG, antioxidative effect of
cardiomyocytes increased and oxidative stress injury in heart
failure was attenuated.

EGCG attenuates inflammation in mice with heart failure.
ELISA was used to detect inflammatory factors in serum.
Data demonstrated that the levels of IL-1f, IL-6 and TNF-a
significantly increased in the HF group compared with the
sham group (all P<0.05; Fig. 4). Following treatment with
EGCG, the levels of IL-1p, IL-6 and TNF-a significantly
decreased compared with the HF group (all P<0.05). These
results suggest that EGCG attenuated inflammation in mice
with heart failure.

EGCG attenuates cardiomyocyte apoptosis in mice with heart
failure. Western blot analysis was used to detect the expression
of Bax, apoptosis regulator Bcl2 (Bcl2) and caspase-3. In the
HF group, Bax and caspase-3 expression significantly increased
compared with the sham group (both P<0.05; Fig. 5). Bcl2
expression significantly decreased in the HF group, compared
with the sham group (P<0.05). Following EGCG treatment,
expression of Bax and caspase-3 significantly decreased and
expression of Bcl2 significantly increased compared with
the HF group (all P<0.05). Following treatment with TGF-f1
inhibitor, the effect of EGCG was reduced. Those results indi-
cate that EGCG attenuates cardiomyocyte apoptosis in mice
with heart failure.

EGCG attenuates myocardial injury in mice with heart
failure through TGF-f1/Smad3 signaling pathway. To iden-
tify the mechanism by which EGCG attenuates myocardial
fibrosis in mice with heart failure, the expression levels of
TGF-f1/Smad3 signaling pathway-associated proteins were
detected. Expression levels of TGF-f1 and p-Smad3 signifi-
cantly increased in the HF group compared with the sham
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Figure 2. The model of heart failure was established in mice and collagen remodeling-associated alterations were observed in different groups. (A) Masson
staining was used to observe myocardial fibrosis. (B) Western blot assay was used to detect heart tissue collagen I and III protein expression. (C) Reverse
transcription-quantitative polymerase chain reaction was used to detect mRNA expression of collagen I and II1. “P<0.05 vs. the sham group; “P<0.05 vs. the
HF group. HF, heart failure; EGCG, epigallocatechingallate; LY group, LY364947 inhibitor and EGCG treatment group.
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Figure 3. Peripheral blood of mice was collected and serum was isolated.
ELISA was used to detect expression levels of oxidative stress-associated
factors, including MDA, SOD and GSH-Px. "P<0.05 vs. the sham group;
#P<0.05 vs. the HF group. HF, heart failure; EGCG, epigallocatechingallate;
LY group, LY364947 inhibitor and EGCG treatment group; MDA, malondi-
aldehyde; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase.
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Figure 4. The peripheral blood of mice was collected and serum was isolated.
ELISA was used to detect expression levels of inflammatory factors IL-1f3,
IL-6 and TNF-a. "P<0.05 vs. the sham group; “P<0.05 vs. the HF group. HF,
heart failure; EGCG, epigallocatechingallate; LY group, LY364947 inhibitor
and EGCG treatment group; IL, interleukin; TNF-a, tumor necrosis factor-o.
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Figure 5. The model of heart failure was established in mice. Heart tissue was collected and total protein was extracted. Western blot assay was used to detect
Bax, Bcl2 and caspase-3 protein expression. "P<0.05 vs. the sham group; “P<0.05 vs. the HF group. HF, heart failure; EGCG, epigallocatechingallate; LY group,
LY364947 inhibitor and EGCG treatment group; Bax, apoptosis regulator BAX; Bcl2, apoptosis regulator Bel2.

group (both P<0.05). Expression levels of these proteins signif-
icantly decreased in the EGCG group compared with the heart
failure group (P<0.05). Expression levels of these proteins
were significantly increased in the LY group compared with
the sham group (P<0.05; Fig. 6). Immunofluorescence staining
(Fig. 6) confirmed these results. All above results suggest that
EGCG attenuated myocardial injury in mice with heart failure
through TGF-B1/Smad3 signaling pathway.

Discussion

EGCQG is a catechin monomer extracted from leaves or buds
of Camellia sinensis that exhibits antioxidative, anti-inflam-
matory and anticancer effects (23). In the present study, mouse
models of heart failure were established and it was determined
that EGCG alleviated heart failure. It was also determined
that EGCG decreased expression if collagen I and III and
decreased TGF-B1 and p-Smad3 expression. These results
suggest that EGCG exhibits protective effects against myocar-
dial injury in mice with heart failure, which is inhibited
through TGF-B1/Smad3 signaling pathway.

Ventricular remodeling serves a role in the occurrence and
development of chronic heart failure (24). Myocardial fibrosis
is a common pathological alteration during the development
of various heart diseases (25). It is the primary manifestation
of cardiac remodeling (26). The main pathological altera-
tions include deposition of excessive extracellular matrix,
fibrin hyperplasia and disproportion of various collagens,
which lead to increased cardiac stiffness and decreased
cardiac diastolic and systolic functions, and may result in
chronic heart failure (27). The myocardial collagen network
is primarily composed of collagen I and collagen III, which
provide supportive framework for cardiomyocytes, and deter-
mine ventricular compliance (28). Under normal condition,
interstitial collagen depends on a dynamic balance between
synthesis and degradation. Under pathological condition,
the balance between collagen synthesis and degradation is
disturbed, collagen gradually accumulates and the proportion
of collagen I and collagen III is altered, resulting in collagen
remodeling which leads to increased wall hardness, decreased
compliance, impaired ventricular systolic and diastolic

function. Therefore, delaying or reversing myocardial fibrosis
is the key to prevention and treatment of heart failure (29).
Zhou et al (30) demonstrated that EGCG attenuates angio-
tensin II-induced oxidative stress and apoptosis in human
umbilical vein endothelial cells through the activation of
Nrf2/caspase-3 signaling. In the present study, mouse models
of heart failure were established by ligating the aortic arch.
Following heart failure, Masson staining revealed occurrence
of fibrous myocardial tissue. ELISA assay revealed that EGCG
reduced the expression of MDA, increased the expression of
SOD and GSH-Px and enhanced the anti-oxidative stress in
cardiomyocyte. Western blot assay revealed that expression
levels of collagen I and IIT in myocardial tissue were markedly
increased. These results suggested that following heart failure,
cardiac collagen remodeling occurred.

EGCG is an active ingredient in the leaves or buds of
Camellia sinensis. Oyama et al (5) demonstrated that in
H/M-SOD2" mouse models of heart failure, EGCG mark-
edly increased the survival rate of mice and alleviated
cardiac contraction and myocardial dilatation. Feng et al (31)
demonstrated that EGCG alleviated heart failure by inducing
alteration of Ca** content in the sarcoplasmic reticulum, inhi-
bition of Na*-Ca** exchange, regulation of Ca*" load in the
sarcoplasmic reticulum and regulation of the contraction of
cardiomyocytes.

In the present study, following EGCG treatment, EF was
markedly increased, and LVIDs and LVIDd were markedly
decreased compared with the HF group. Serum levels of BNP
and NT-proBNP were markedly decreased compared with the
HF group. The above results suggest that EGCG can effec-
tively treat heart failure. Masson staining demonstrated that
following EGCG treatment, myocardial fibrosis was markedly
decreased and the expression levels of collagen I and III in
the myocardial tissue were markedly decreased. These results
were confirmed by RT-qPCR. The results of the present study
suggest that EGCG can effectively inhibit myocardial fibrosis
and collagen remodeling following heart failure.

TGF-f1, as a pro-fibrogenic factor, exhibits anti-fibrotic,
anti-proliferative, and anti-inflammatory effects (32,33). It
participates in the proliferation, transformation, migration,
and apoptosis of fibroblasts and the synthesis of extracellular
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Figure 6. Continued. (C) Immunofluorescence was also used to detect p-Smad3 expression. HF, heart failure; EGCG, epigallocatechingallate; LY group,

LY364947 inhibitor and EGCG treatment group.

matrix, mainly of collagen (34). Simultaneously, it induces
cardiac fibroblasts to differentiate into myofibroblasts with
stronger connection function (35). Smads are downstream
signaling molecules of TGF-f1 and are the only substrates that
can bind to TGF-f1 (36). One study demonstrated that EGCG
attenuates fibroblast proliferation and excessive collagen
production by interfering with TGF-f1 signaling (37). EGCG
inhibits the expression of tumor necrosis factor receptor asso-
ciated factor 6, inhibits the activation of TGF-bl and regulates
rheumatoid arthritis (38). The present study demonstrated
that following EGCG treatment, TGF-f1 p-Smad3 expres-
sion levels were significantly increased in mouse models of
heart failure. The authors of the present study hypothesized
that TGF-31 receptor is likely to be targeted by treatment with
EGCG. Therefore, LY364947, a competitive TGF-f3 receptor
inhibitor was used in the present study and it was determined
that the therapeutic effects of EGCG on myocardial fibrosis
in mice with heart failure were markedly decreased. This

suggests that EGCG inhibits the myocardial fibrosis through
TGF-f1/Smad3 signaling pathway.

Taken together, EGCG can inhibit the progression of heart
failure through inhibiting myocardial fibrosis and reducing
ventricular collagen remodeling. The regulatory mechanism
of EGCG may be associated with TGF-f1/smad3 signaling
pathway.
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