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Abstract
Background: (-)-Epicatechin (EPI) is an important substance involved in protective effects of flavanol-rich
foods. Many studies indicate EPI has cardioprotective effect, but the effect of EPI in inhibition of cardiac
fibrosis is unclear. Thus, we aimed to evaluate the effect of EPI in preventing cardiac fibrosis and unveil
the molecular mechanisms.

Methods: Cardiac fibrosis model was established by transaortic constriction (TAC). The acutely isolated
cardiac fibroblasts were induced to myofibroblasts with angiotensin II (AngII).

Results: EPI markedly attenuated TAC-induced cardiac dysfunction and fibrosis in mice. In cultured CFs,
EPI blocked AngII-induced myofibroblast transformation and collagen production. Furthermore, EPI
conducted anti-fibrotic effects by activating the the SIRT1/AKT/GSK3β pathway.

Conclusions: These findings will supply new agent and mechanism of action for treating cardiac fibrosis
in the future. 

Introduction
Cardiac fibrosis is the key pathophysiological process in cardiac remodeling and heart failure [1, 2].
Cardiac fibroblasts (CFs) can be transformed into myofibroblasts by pathological stress [3]. There is a
potential treatment for inhibiting cardiac fibrosis by suppressing myofibroblasts transformation. (-)-
Epicatechin (EPI), extracted from many flavanol-rich substances, including cocoa and green tea, which is
known as an important constituent exerted protective effects on cardiovascular system [4-7]. The above
of these studies focused especially on role of EPI in cardiac function. The specific action of EPI on
cardiac fibrosis remains unclear, and exact mechanism of EPI regulating pathway in cardiac fibroblasts
needs to be determined.

SIRT1, a member of the sirtuin family of nicotinamide adenine dinucleotide (NAD+)- dependent histone
deacetylases, not only involved in regulating oxidative stress and inflammatory, but also played a
protective role in organ fibrosis [8-10]. Previous study found that activation of SIRT1 could prevent
cardiac fibrosis [11]. Recently, lots of studies found that EPI could mediate activation of SIRT1 in hepatic
and endothelial cell [12, 13]. But whether SIRT1 participating in EPI-inhibited cardiac fibrosis is unclear.
Glycogen synthase kinase-3β (GSK-3β), a member of serine/threonine kinase family which regulated
various cellular physiology [14]. Meantime, GSK-3β played an important role in cardiac physiology.
Moreover, GSK-3β could be phosphorylated by AKT (protein kinase B, a multifunctional protein kinase),
which showed cardioprotective effect [14].

Therefore, our aim was to evaluate the protective effect of EPI on cardiac fibrosis and elucidate the exact
mechanism. Through established cardiac fibrosis model in vivo and in vitro, we demonstrated an
antifibrotic effect of EPI on cardiac fibrosis, and SIRT1/AKT/GSK3β pathway participated in EPI inhibiting
cardiac fibrosis.
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Methods
Animal model and treatment

Mice were fed though freely available diet for 7 days acclimatization under normal room temperature and
humidity conditions. Mice were then randomly separated into sham/control, EPI (1mg/kg/day),
transaortic constriction (TAC), and TAC+EPI (1 mg/kg/day) groups. The dose selection of EPI was
conformed in accordance with previous study [15]. Tribromoethyl alcohol (20 mg/kg, i.p., MCE, USA) were
used to anaesthetize mice. TAC was conducted as previous study [16]. Intragastric administration of EPI
was conducted in mice for 28 days. Equal volume of saline was given into control group animals. Animal
experiments approved by the Institutional Animal Care and Use Committee of Harbin Medical University
and were complied with Guide for the Use and Care of Laboratory Animals published by National
Institutes of Health (NIH Publication No. 85-23, revised 1996).

Echocardiographic measurement

Echocardiography of cardiac structure and function was determined as previously reported [17].
Echocardiographic measurement were conducted with ultrasonic echocardiographic instrument
(Visualsonic Vevo 1100, Canada). The cardiac parameters of five mice were measured in each group
after 28 days of TAC or treatment.

Histological analysis

Histological analysis of mice’s hearts were determined with H&E or Masson method. The myocardial
sections were observed by microscope (Carl Zeiss Co. Ltd., USA). Collagen deposition was evaluated with
collagen volume fraction (CVF). HW/BW index was calculated using mouse heart weight to body weight
ratio.

Cell culture

Cardiac fibroblasts (CFs) were acutely isolated from neonatal SD rats (1-3-day-old). CFs were cultured in
routinely conditions (37 °C, 5 % CO2). The cells were divided into different groups and subjected to
experimental procedures at 80 % confluence. According to experimental group, CFs were treated with 10
µM AngII or / and 10 µM EPI for 24 h.

Small interference RNA (Si-RNA) transfection

CFs were transfected with SIRT1 Si-RNA or NC Si-RNA (Genechem, Shanghai, China). The SIRT1 and NC
Si-RNA sequences: SIRT1, sense 5’-GATCCCA
CCCTGTAAAGCTTTCAGAAACTCGAGTTTCTGAAAGCTTTACAGGGTTTTTTGGAT-3’ and antisense 5’-
AGCTATCCAAAAAACCCTGTAAAGCTTTCAGA AACTCGAGTTTCTGAAAGCTTTACAGGGTGG-3’; and NC,
sense 5’-GATCCCT TCTCCGAACGTGTCACGTCTCGAGACGTGACACGTTCGGAGAATTTTTGGA T-3’ and
antisense 5’-AGCTATCCAAAAA TTCTCCGAACGTGTCACGTCTCG AGACGTGACACGTTCGGAGAAGG-3’.
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After CFs had grown to 80% confluence on 60mm dish, transfection was accomplished by using
GoldenTran®-DR.

Western blot analysis

Cell protein was extracted from CFs under different given condition for analysis. The blots were probed
with primary antibody including α-SMA (Santa Cruz, USA), COLI/COLIII (Santa Cruz, USA), SIRT1 (Abcam,
USA), AKT/Phospho-AKT (Santa Cruz, USA), GSK3β/Phospho-GSK3β (Santa Cruz, USA), and GAPDH
(Zsgb, China). The blots were probed with secondary antibody (Zsgb, China). The bands were detected by
imaging instrument (LI-COR, USA).

Immunofluorescence assay

Briefly, CFs were stained with α-SMA antibody for 12h. Cells were washed with PBS. Then, secondary
antibody (Molecular Probes, Invitrogen) was added for 1 h. DAPI was added for 3 min.
Immunofluorescence were detected by microscope (Carl Zeiss , USA). The magnification is ×200.

Statistical analysis

Results were shown as the mean ± SEM and analyzed with SPSS 20.0 statistical software. Difference
comparisons were determined using one-way ANOVA and considered to be statistically significant when
P < 0.05.

Results
EPI prevents cardiac fibrosis

To examine whether EPI protects heart against cardiac fibrosis, we firstly established the TAC mouse
models. Then intragastric administration of EPI was conducted into mice for 28 days after established
TAC models. Echocardiography was used to monitor the cardiac function (Figure 1). LVEF, LVFS, LVIDs,
LVIDd, LVPWs, LVPWd, IVSs and IVSd were detected. Compared to control group, TAC decreased LVEF,
LVFS and increased LVIDs, LVIDd, which were ameliorated by EPI treatment.

  The protective effect of EPI on the TAC-induced alteration of cardiac structure was determined. As
shown in Figure 2, the results showed that collagen content was increased in the heart tissues of TAC
group, which was significantly reduced by EPI treatment (Figure 2A-C). In addition, administration of EPI
substantially reduced HW/BW index in TAC group (Figure 2D).

EPI blocks AngII-induced myofibroblasts transformation

To examine whether EPI protects cardiac fibroblast (CFs) against AngII-induced myofibroblasts
transformation, we used primary cultured neonatal rat cardiac fibroblast for vitro models of cardiac
fibrosis. Cells were incubated using Ang II or/and EPI for 24 h. As indicated in Figure 3A-B, α-SMA-positive
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area was significantly increased in AngII-treated group, and EPI inhibited AngII-induced fibroblast
transformation.

  To further evaluate protective effect of EPI on cardiac fibrosis, protein of α-SMA and collagenI/III
(COLI/III) were detected by western blot (Figure 3C-E). As we expected, Ang II increased the protein
expression of α-SMA and COLI/III. EPI efficiently inhibited these changes, suggesting that the
myofibroblasts transformation and collagen synthesis induced by AngII could be mitigated by EPI.

EPI activates SIRT1/AKT/GSK3β pathway

To determine the signaling pathway participated in EPI-blocked myofibroblasts transformation, we
studied the effect of EPI on the protein expression of SIRT1, AKT, GSK3β, P-AKT and P-GSK3β (Figure 4).
As shown in Figure 4A-C, western blot analysis indicated EPI significantly increased the protein
expression of SIRT1, P-AKT and P-GSK3β in CFs.

Next, we explored whether SIRT1 participates in EPI-induced activation of AKT/GSK3β. As shown in
Figure 4D, EPI increased the protein level of SIRT1. We used Si-RNA approach to knock down SIRT1,
which blocked SIRT1 proteins increased by EPI. We tested whether knockdown of SIRT1 could affect
activation of AKT/GSK3β induced by EPI. As we expect, knockdown of SIRT1 significantly decreased
protein level of P-AKT and P-GSK3β (Figure 4E-F), which illustrated that EPI-induced activation of AKT
and GSK3β was mediated by SIRT1. These data suggested that EPI might activate SIRT1/AKT/GSK3β
pathway for inhibiting cardiac fibrosis. These observations also found that SIRT1/AKT/GSK3β pathway
was not affected by AngII.

SIRT1 participates in EPI-inhibited myofibroblasts transformation

Furthermore, as SIRT1 has been shown to participate in EPI-induced activation of AKT and GSK3β, we
tested whether SIRT1 was involved in EPI-inhibited myofibroblasts transformation. We used Si-RNA
approach to knock down SIRT1, which removed SIRT1, P-AKT and P-GSK3β proteins increased by EPI,
and abolished the protective role of EPI against AngII (Figure 5A-C).

Next, we used Si-RNA approach to knock down SIRT1 in CFs. Then cells were incubated using Ang II
or/and EPI for 24 h. As indicated in Figure 6A-B, α-SMA-positive area was significantly decreased in
EPI+AngII-treated group, and Si-SIRT1 blocked EPI-inhibited myofibroblasts transformation. These results
even further suggested that SIRT1 was essential for EPI-induced activation of AKT and GSK3β, which
was also required for EPI-inhibited myofibroblasts transformation.

Discussion
The protective effect and mechanism of EPI on cardiac fibrosis was identified in this study. We found that
EPI could alleviate cardiac fibrosis. The anti-fibrosis mechanism of EPI might be conducted via the
SIRT1AKT/GSK3β signaling. The previous study found that flavanol-rich foods such as EPI and
epigallocatechin-3-gallate (EGCG) had cardioprotective effects [6, 18]. EPI could protect cardiovasculature
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through reducing arginase expression and increasing NOS expression [19, 20]. Furthermore, EPI protected
myocardial ischemia induced-cardiac injury through activation of PTEN/PI3K/AKT signaling [15]. There
were many studies had reported that EGCG cloud ameliorate cardiac hypertrophy and fibrosis [21, 22]. In
our study, we found that EPI could improve heart function and reduce cardiac fibrosis in hearts of TAC
mice and inhibit AngII-induced α-SMA and COLI/III expression.

  SIRT1 could inhibit oxidative stress and inflammatory, and attenuate cardiac fibrosis [11]. In our study,
we found EPI up-regulated protein level of SIRT1. Moreover, EPI could also up-regulate protein level of P-
AKT and P-GSK3β. Previous studies found that GSK3β mediated in regulation of several signaling
proteins [23, 24]. GSK3β also involved in activation of CFs and cardiac remodeling [24]. AKT/GSK3β
pathway played a pivotal role in regulating cell proliferation and apoptosis [25]. Furthermore, the
activation of SIRT1 and AKT signaling could prevent cardiac fibrosis in post-myocardial infarction [26]. In
our study, we observed that knock down SIRT1, which removed SIRT1 proteins, significantly decreased
protein level of P-AKT and P-GSK3β, and blocked EPI-inhibited myofibroblasts transformation. These data
deeply indicated that SIRT1 involved in EPI-induced activation of AKT/GSK3β, which was also required
for EPI-inhibited myofibroblasts transformation. In our study, AngII did not affect SIRT1/AKT/GSK3β
pathway. The previous study indicated that AngII could induce myofibroblasts transformation though
TGFβ1-SMAD3 pathway [27]. The activation of GSK3β could inhibit the TGFβ1-SMAD3 pathway [28]. So,
our results indicate that EPI-induced activation of AKT/GSK3β maybe inhibit the AngII/TGFβ1-SMAD3
pathway for reducing myofibroblasts transformation. The follow-up mechanism needs further study.

Conclusions
In summary, our study indicates that EPI can prevent cardiac fibrosis. SIRT1/AKT/GSK3β pathway
mediates EPI-inhibited cardiac fibrosis. These findings will supply new agent and mechanism of action
for treating cardiac fibrosis in the future.
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Figure 1

The effect of EPI on cardiac function in mice. (A) Representative cardiac echocardiography of the
indicated groups. (B)-(I) LVEF: left ventricular ejection fraction, LVFS: left ventricular fractional shortening,
LVIDs: left ventricular systolic internal diameter, LVIDd: left ventricular diastolic internal diameter, LVPWs:
Left ventricular posterior wall thickness in systole, LVPWd: left ventricular posterior wall thickness in
diastole, IVSs: interventricular septal thickness at end systole, IVSd: interventricular septal thickness at
end diastole. Data are shown as mean ± SEM (n=5). *P<0.05, **P<0.01 compared with control group; #
P<0.05, ## P<0.01 compared with TAC group.
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Figure 2

The effect of EPI on myocardial structure in mice. Representative graph of H&E (A) and Masson (B). The
magnification is ×200, scale bar = 20 μm. Statistical analysis of collagen deposition (C) and HW/BW
index (D). Data are shown as mean ± SEM (n=5). **P<0.01 compared with control group; ## P<0.01
compared with TAC group.
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Figure 3

EPI blocks AngII-induced myofibroblast transformation. (A) CFs stained with α-SMA (red) and DAPI (blue)
antibody in each group. (B) Statistical analysis of α-SMA. The magnification is ×200, scale bar = 20 μm.
(C-E) Western blot bands and statistical analysis of α-SMA, COLI and COLIII after incubation with EPI
or/and AngII in CFs. Data are shown as mean ± SEM (n=6). **P<0.01 compared with control group; ##
P<0.01 compared with AngII group.
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Figure 4

The effect of EPI on protein levels of SIRT1/AKT/GSK3β. (A-C) Representative western blot bands and
statistics of SIRT1, AKT/P-AKT and GSK3β/P-GSK3β after incubation with EPI or /and AngII in CFs. (D-F)
Representative western blot bands and statistics of SIRT1, P-AKT and P-GSK3β after incubation with EPI
or /and Si-SIRT1 in CFs. Data are shown as mean ± SEM (n=6). *P<0.05, **P<0.01 compared with control
group; #P<0.05, ##P<0.01 compared with AngII or EPI group. & P<0.05, && P<0.01 compared with EPI +
Si-SIRT1 group.
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Figure 5

The effect of SIRT1 on EPI-induced protein levels of P-AKT and P-GSK3β. (A) Representative western blot
bands and statistics of SIRT1, P-AKT and P-GSK3β after incubation with AngII, EPI, Si-SIRT1 and Si-N in
CFs. Data are shown as mean ± SEM (n=6). # P<0.05, ## P<0.01 compared with AngII group; && P<0.01
compared with AngII + EPIgroup. △△P<0.01 compared with AngII + EPI + Si-SIRT1 group.
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Figure 6

The effect of SIRT1 on myofibroblast transformation. (A) CFs stained with α-SMA (red) and DAPI (blue)
antibody in each group. (B) Statistical analysis of α-SMA. The magnification is ×200, scale bar = 20 μm.
Data are shown as mean ± SEM (n=6). **P<0.01 compared with control group; ##P<0.01 compared with
AngII group; &&P<0.01 compared with AngII + EPI group; △△P<0.01 compared with AngII + EPI + Si-SIRT1
group.


