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Epigallocatechin gallate (EGCG) attenuates myocardial hypertrophy and fibrosis
induced by transverse aortic constriction via inhibiting the Akt/mTOR pathway
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ABSTRACT

Context: Epigallocatechin gallate (EGCG) is the most abundant catechin from tea. Previous studies have
indicated EGCG has a cardioprotective effect.

Objective: This manuscript mainly explores the role of EGCG in pressure-overload cardiac hypertrophy
and its mechanism related to the Akt/mTOR pathway.

Methods and methods: Transverse aortic constriction (TAC) was utilized to establish the cardiac hyper-
trophy mice model. C57BL/6 mice were assigned into 6 groups. Starting from the first day after surgery,
mice received different doses of EGCG (20, 40, 80 mg/kg) or vehicle orally for four weeks. Heart weight to
body weight (HW/BW) ratio and heart weight to tibia length (HW/TL) ratio as well as hematoxylin-eosin
staining were utilized to evaluate cardiac hypertrophy. Masson’s trichrome and Sirius red staining were
used to depict cardiac fibrosis. The expressions of fibrosis and hypertrophy-related markers and Akt/
mTOR pathway were quantified by western blot and gRT-PCR.

Results: EGCG significantly attenuated cardiac function shown by decreased HW/BW (TAC, 6.82+0.44 vs.
20mg/kg EGCG, 5.53+0.45; 40 mg/kg EGCG, 4.79+0.32; 80 mg/kg EGCG, 4.81+0.38) and HW/TL (TAC,
11.94+0.69 vs. 20mg/kg EGCG, 11.44+0.49; 40mg/kg EGCG, 8.83+0.58; 80mg/kg EGCG, 8.98+0.63)
ratios as well as alleviated cardiac histology. After treatment, hemodynamics was improved, cardiac fibro-
sis was attenuated. The activated Akt/mTOR pathway was inhibited by EGCG.

Discussion and conclusions: EGCG plays a protective role in the TAC model by regulating the Akt/mTOR
pathway, which provides a theoretical basis for its clinical treatment.
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Introduction

Heart failure is a major cause of death all around the world; it
has been determined that maladaptive remodeling of the heart,
which occurs after hemodynamic loads, is the element respon-
sible for heart failures, such as those after myocardial infarction
or chronic hypertension. Myocardial hypertrophy is thought to
be an adaptive response to pressure or volume stress and many
other problems. Initially, it is adaptively against increased work-
load or defects in the efficiency of contractile machinery.
However, in the longer term, hypertrophy growth may result in
the development of heart failure and sudden death (Frey et al.
2004). Myocardial hypertrophy is also defined as the increase in
ventricular myocardial mass and is a common disease that can
be found in the majority of patients with heart failure with pre-
served ejection fraction (HFpEF, Heinzel et al. 2015). Myocardial
hypertrophy is often characterised by elevated fibrosis, mostly
reactive interstitial fibrosis. The increases in total collagen
expression and cross-linking were associated with diastolic dys-
function, and the fibrosis may result in the progression of left
ventricular hypertrophy to heart failure (Falcao-Pires et al. 2011).
Fibrillar collagens are the most abundant collagen types in the
heart, among which type I/III accounting together for over 90%
of the total collagen. These two types of collagen functions differ
from each other. Type I collagen molecules assemble into thick
fibers while type III forms a fine fibrils network (Weber et al.

1994). Connective tissue growth factor (CTGF) has been indi-
cated to regulate many signalling pathways and contribute to tis-
sue remodeling and fibrosis, and the inhibition of CTGF
expression can reverse fibrosis after significant collagen depos-
ition (Lipson Kenneth et al. 2012). CTGF has been reported to
interact with other molecules to positively or negatively alter the
signal transduction pathways in with they are involved, and
when connected with fibronectin, CTGF promotes fibroblast
(Chen et al. 2004).

Recent research is dedicated to the investigation of down-
stream effector pathways involved in the progression of cardiac
hypertrophy and heart failure, Akt and mammalian target of
rapamycin (mTOR) are included (Aoyagi and Matsui 2011).
A previous study indicated that Akt/mTOR axis plays an import-
ant role in eccentric hypertrophy during volume overload in
response to diastolic wall stress. The study also pointed that
mTOR activity regulates the rate of eccentric hypertrophy pro-
gression (Ikeda et al. 2015). Acute Akt activation itself may pro-
tect cardiomyocytes from apoptosis in vitro and in vivo,
however, chronic Akt overexpression is sufficient to contribute
to myocardial hypertrophy in transgenic mice with preserved
systolic function and cardioprotection to massive cardiac dilata-
tion and sudden death. The mTOR is one of the downstream
targets of Akt in hypertrophic signalling, mTOR-induced acceler-
ation of protein translation can enhance cell growth and mass.
The mTOR activation further activates key protein translation
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regulators such as p70S6 kinase and 4EBP1/eIF4E, thereby
enhancing protein synthesis, a classic feature of cardiomyocyte
hypertrophy (Frey et al. 2004).

Catechins are a category of bioactive chemicals rich in tea.
Tea catechins and polyphenols are capable of scavenging effects
for reactive species, which have recently acquired multiple atten-
tion for the treatment of cardiovascular attention (Li H-L et al.
2006). Epigallocatechin gallate (EGCG) is the most abundant
among catechins (Higdon and Frei 2003; Negri et al. 2018). A
previous study indicated that EGCG alleviated pressure overload-
induced cardiac hypertrophy by inhibiting cardiomyocytes apop-
tosis and oxidative stress, possibly through inhibition of p53
induction and Bcl-2 decrease (Sheng et al. 2007). Research also
revealed that EGCG exhibited a cardioprotective effect by induc-
ing NO production, inhibited the proliferation of cardiac fibro-
blasts both in vitro and in vivo, thereby preventing myocardial
fibrosis in cardiac hypertrophy (Sheng et al. 2006). However, the
study for the underline mechanism of EGCG associated with
AKT/mTOR signalling in cardiac hypertrophy and fibrosis is
still unknown.

Therefore, elucidating the relationship between EGCG and
underlying signalling connections is important for the develop-
ment of a potential therapeutic strategy for cardiac hypertrophy.
Several signal pathways have been reported to be involved in the
hypertrophic responses in cardiomyocytes (Sugden 1999;
Molkentin and Dorn II 2001; Frey and Olson 2003). This study
will focus on the role of EGCG in the development of myocar-
dial hypertrophy and its treatment effect associated with myocar-
dial fibrosis, as well as its interaction with the Akt/mTOR signal
pathway that plays a pivotal role in cardiac hypertrophy and reg-
ulating mRNA translation and cell growth. Efforts are made to
provide a more comprehensive understanding of EGCG treat-
ment for cardiac hypertrophy.

Material and methods
Animals

Male C57BL/6 mice weighing between 23-27g and aged
8-10 weeks were purchased from Beijing HFK bioscience
(Beijing, China). The animal treatment and experiment proce-
dures conducted in this study were all approved by an ethical
committee of local and strictly following the guidelines of the
Institutional Animal Ethics Committee (IAEC). Mice were
housed for accommodation for one week before surgery. During
accommodation, the environment was under control with a tem-
perature of around 22°C environments with 12/12 light and
dark cycles. Mice were fed with normal chow and allowed free
access to water. After accommodation, mice were assigned into
6 groups (control, sham, TAC, TAC+EGCG 20mg/kg,
TAC +EGCG 40 mg/kg, TAC+EGCG 80 mg/kg) with 20 mice
for each group (Yang et al. 2014). Transverse aortic constriction
(TAC) was carried out according to a previous study (Tagashira
et al. 2010). Briefly, mice were anaesthetized with pentobarbital
sodium (0.077 g/kg). The mice were equipped with an endo-
tracheal tube connected to a rodent ventilator. The chest cavity
was opened and then the aortic arch was isolated, the transverse
aorta was isolated and constricted by a 7-0 silk suture ligature
against a 27-gauge needle. The needle was then withdrawn
immediately to make an aortic constriction with 0.4 mm diam-
eter. After the surgery, each mouse chest was closed. Control
group mice experienced none of the experiment and sham-oper-
ated animals underwent the same procedure with the omission

of aorta ligation. Starting from the first day after surgery, mice
received different doses of EGCG (20, 40, 80 mg/kg) or vehicle
orally for four weeks before the therapeutic evaluation for myo-
cardial hypertrophy. EGCG was purchased from Aladdin
Reagent Co., Ltd. (Shanghai, China).

Measurement of cardiac hypertrophy

At the end of 4 weeks of EGCG or vehicle administration, mice
were weighed and then sacrificed. The thoracic cavity was
opened followed by the harvest of the heart. The heart was also
weighed and compared with the body weight, the cardiac hyper-
trophy was estimated as HW-BW ratio (mg/g), and HW-TL
(mg/mm).

Serum biochemical analysis

Blood samples were left to clot at room temperature and centri-
fuged at 3,000rpm for 15min. The serum was separated and
stored at —20 °C for further biochemical analysis. CK-MB, ¢TnT,
and cTnl were evaluated according to the protocol using the kits
(Roche Diagnostics).

Hemodynamic detection

As described previously (Liu et al. 2013), the changes in cardiac
function were assessed by observing hemodynamics. After mice
were anaesthetized by isoflurane inhalation, the right carotid
artery was visualized the intubated with a Midro-Tip catheter
(Millar) which was connected to a pressure sensor. The catheter
was inserted into the left ventricle which was confirmed by the
alteration of the pressure curve plotted by the Powerlab 4/25
Biological Analysis system. The left ventricular systolic pressure
(LVSP) and left ventricular end-diastolic pressure (LVEDP),
mean arterial pressure (MAP), the maximum rate of left ven-
tricular pressure decay (—dp/dt), and mean flow velocity (Vean)
were measured and recorded.

Histology staining

In order to measure cardiomyocyte area and cardiac fibrosis,
heart tissues were separated and washed with ice-cold PBS. The
tissues were then fixed in 4% paraformaldehyde and embedded
in paraffin and then sliced into serial sections (3 pm). The proce-
dures of hematoxylin and eosin (H&E), Masson’s trichrome
(Sigma, USA) and Sirius red (Polysciences, USA) staining were
following the previous studies and manufacturer’s instructions
(Chen et al. 2011). A microscope was used to observe the patho-
logical changes.

Western blot analysis

Heart tissues were dissected and rapidly frozen in liquid nitrogen
and stored at —80°C before use. For an experiment, tissue
lysates were prepared by the method previously described
(Tagashira et al. 2010). An equal amount of protein (25pg) was
subjected to SDS-PAGE and transferred onto PVDF membranes
(Millipore). Membranes were blocked with 5% low-fat milk in
TBST and then incubated with primary antibodies overnight at
4°C. The antibodies were all purchased from Proteintech
(Wuhan, China) without specific notification: ANP (Cat. No.



10843-1-AP), BNP (Cat. No. 13299-1-AP), a-MHC (Abcam,
ab134189), B-MHC (Abcam, ab23990), Collagen I (Cat. No.
14695-1-AP), Collagen III (Cat. No. 22734-1-AP), fibronectin
(Cat. No. 15613-1-AP), CTGF (Cat. No. 23936-1-AP), GAPDH
(Abcam, ab181602), p-ATK (Cat. No. 66444-1-Ig), AKT (Cat.
No. 10176-2-AP), p-mTOR (Abcam, ab109268)), mTOR (Cat.
No. 20657-1-AP), p-ERK (Cell Signalling Technology, Cat. No.
9101), ERK (Cat. No. 16443-1-AP). After incubation with pri-
mary antibodies, the membrane was then exposed to anti-rabbit
or anti-mouse horseradish peroxidase-conjugated secondary anti-
bodies for 2h at 25°C, and blots were visualized using ECL
immunoblotting detecting system.

Quantitative real-time PCR analysis

Primers were designed according to the ANP, BNP, a-MHC,
B-MHC, collagen I, collagen III, fibronectin, and CTGF sequen-
ces reported in GeneBank and synthesized by General
Biosystems (Anhui, China). Primers used in PCR are listed in
Table 1. Total RNA from heart tissue was isolated with Trizol
reagent (Invitrogen). Reverse transcription was performed with
2pg of RNA using the Superscript II RNase H_Reverse
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synthesized by reverse transcription. QRT-PCR analysis was per-
formed following the real-time fluorescence quantitative PCR kit
(TAKARA, Beijing, China). The experiment protocols were
strictly following the manufacturer’s instructions.

Statistical analysis

All the experimental results were expressed as meansz+ SD.
Differences among groups were tested by one-way ANOVA.
Comparisons between the two groups were performed by
unpaired Student’s t-test. ANOVA with post hoc Fisher’s pro-
tected least significant difference test was used for comparison
among groups. A value of p <0.05 was considered to be signifi-
cantly different.

Results
EGCG reversed cardiac hypertrophy in mice with TAC

To determine whether EGCG alleviates cardiac hypertrophy
under pressure overload, mice were administrated with EGCG
for 4 weeks after TAC surgery. According to the results

Transcriptase (TAKARA, Beijing, China). First-strand DNA was (Figure 1(A,B)), TAC mice treated with vehicle control

Table 1. Primer sequences used in gRT-PCR experiment.
Gene Forward Reverse
ANP 5'-GAGAAGATGCCGGTAGAAGA-3' 5'-AAGCACTGCCGTCTCTCAGA-3’
BNP 5/-CTGCTGGAGCTGATAAGAGA-3' 5/-TGCCCAAAGCAGCTTGAGAT-3’
B-MHC 5/-GATGCTGTCCGTGCCAATGACGA-3’ 5'-TGATGAGGCTGGTGTTCTGCGAGT-3/
a-MHC 5/-CTCTGCTCTGTGACAGGCTTCTACC-3/ 5’-CACCAAGCTCTGGGATCATTTCC-3
collagen | 5'-CAGACCCAAGGACTATGAAGTTGATGC-3' 5'-AATCCAGTAGTAATCGCTGTTCCACTCT-3’
collagen Il 5'-GGTTTGGAGAATCTATGAATGGTGGTT-3’ 5'-CAGTGGTATGTAATGTTCTGGGAGGC-3'
fibronectin 5/-GAGGCACAAGGTTCGGGAAGAGG-3' 5/-TGGCGTAATGGGAAACCGTGTAA-3’
CTGF 5/-CTGTGCCTGCCATTACAACTGTCC-3' 5/-TCGTGTCCCTTACTTCCTGGCTTTAC-3'
GAPDH 5'-CTTCAACAGCAACTCCCATTCTTCC-3' 5’-GGGTGGTCCAGGGTTTCTTACTCC-3'
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Figure 1. EGCG reverses cardiac hypertrophy in mice with TAC. (A) Heart weight to body weight (HW/BW) ratio. (B) Heart weight to tibia length (HW/TL) ratio.
(C) H&E staining of different groups. **p < 0.01 as compared with the sham group. *p < 0.05, *p < 0.01 as compared with the TAC group.



1308 Y. CUI ET AL.

developed cardiac hypertrophy which exhibited elevated HW/
BW and HW/TL ratios (p < 0.001). EGCG treatment significantly
restored both elevated ratios (p < 0.01). In the results above, the
effect of 40 and 80 mg/kg EGCG dosages exhibited no significant
differences but better than the 20 mg/kg group on treatment for
cardiac hypertrophy. Therefore, we chose 40 mg/kg as the experi-
mental dose in the following test. The cardioprotective effect of
EGCG against cardiac hypertrophy was further confirmed by
morphological analysis. The result of H&E staining (Figure 1(C))
indicated that EGCG (40 mg/kg) decreased myocyte cross-sec-
tional area which was increased by TAC pressure overload sur-
gery (p <0.001).

EGCG improved the cardiac function in mice with TAC

As shown in Figure 2, the markedly increased MAP and
impaired cardiac functions confirmed the successful establish-
ment of the TAC model. Compared with the sham group, the
LVSP and V., decreased significantly while the LVEDP, MAP,
and -dp/dt increased in mice subjected to TAC. However, the
values of LVSP and V., were dramatically increased while
LVEDP as well as —dP/dt were significantly reduced in EGCG
(40 mg/kg) administrated mice exposed to TAC. Taken together,
we found that EGCG (40 mg/kg) could improve cardiac function
in TAC mice (p <0.05). Then, serum markers of heart failure
were detected by kits. As shown in Figure 2, compared with the
sham group, the levels of CK-MB, ¢TnT, and cTnl in the TAC
group were increased significantly. EGCG group could signifi-
cantly decrease the levels of CK-MB, cTnT, and cTnl compared
with the TAC group.

EGCG reduced expression of hypertrophic marker genes in
mice with TAC

In the present experiment, the protein expression levels of hyper-
trophic markers, including atrial natriuretic peptides (ANP), B-
type natriuretic peptides (BNP), and P-myosin heavy chain
(MHC), were increased by TAC surgery in TAC group mice
(p<0.001) (Figure 3(A)). However, the level of a-MHC was
decreased by the stimulation of pressure overload. Treatment
with EGCG (40 mg/kg) reversed the protein expression levels
with decreased hypertrophic markers and increased o-MHC
expression level (p < 0.01). The mRNA expression levels detected
by qRT-PCR further verified the hypertrophic markers expres-
sions and indicated that EGCG attenuated cardiac hypertrophy.

EGCG reduced fibrotic and condensed collagen-deposition
areas in mice with TAC

To determine whether EGCG attenuates fibrosis and collagen
deposition following TAC, Masson’s trichome staining and Sirius
red staining were performed. As the results are shown in Figure
4(A), a larger degree of cardiac interstitial and perivascular fibro-
sis was exhibited in the TAC group than that of normal and
sham control groups. The administration of EGCG (40 mg/kg)
significantly decreased cardiac fibrosis compared with vehicle
control group mice (p < 0.001). Sirius red staining results repre-
sent collagen disposition situations in heart tissues. A similar
result was observed in Sirius red staining that EGCG reduced the
collagen deposition and fibrosis caused by TAC (p<0.001)
(Figure 4(B)).
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Figure 2. EGCG improves cardiac function in mice with TAC. Hemodynamic parameters (LVSP (A), LVEDP (B), -dp/dt (C), MAP (D), Vimean (E)) of mice in different groups
were detected, respectively. The levels of CK-MB (F), cTnT (G), and cTnl (H) in the serum were detected by kits. *p < 0.05, **p < 0.01, as compared with the sham
group. *p < 0.05 as compared with the TAC group.
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Figure 3. EGCG reduces the expression of hypertrophic marker genes in mice with TAC. (A) Western blot assay for protein expression of hypertrophic markers. (B)
QRT-PCR assay for mRNA expressions of hypertrophic markers. *p < 0.05, **p < 0.01, ***p < 0.001 as compared with the sham group. *p < 0.05 as compared with

the TAC group.
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Figure 4. EGCG reduces fibrotic and condensed collagen-deposition areas in mice with TAC. (A) Masson'’s trichrome staining of different groups. (B) Sirius red staining
of different groups. ***p < 0.001 as compared with the sham group. **p < 0.01 as compared with the TAC group.

Epigallocatechin gallate (EGCG) attenuated expression of
cardiac fibrosis marker genes in mice with TAC

Cardiac fibrosis is recognised as an important marker for hyper-
trophic pathology. In our present study, we further investigated
the protein and mRNA expression levels of fibrosis markers.
Here, we found that TAC surgery triggered the protein

overexpression of collagen I, collagen III, fibronectin, and CTGF
(Figure 5(A)). Nevertheless, EGCG (40 mg/kg) administration
decreased these protein expressions, indicating the attenuated
fibrosis in cardiac hypertrophic mice (p <0.01). The qRT-PCR
results demonstrated the similar mRNA expressions of these
genes and further verified the results in western blot
(Figure 5(B)).



1310 Y. CUI ET AL.

A oo 1.04 1.5+
(00 0.8 -
2> (9] o = z
P A s g 064 g #
; g 2 g | =
2 o) SRty T reAs = 044 =
R o . e ] —_— = |
collagen || we &MNS @& | 130KD 3 | % 308
ARAEIEER N A e 0.0 T T 0.0 T
collagen |1l | - 220 KD s & <,°°h s & &
D oA G‘Q' 0‘00
<¥ <&
fibronectin 285KD o6 os-
8
< 0.4 z 06
CTGF 38KD ¢ g 5
F # g 0.4
£ 0.24 &
S p— o
) O 0.2
GAPDH 36KD ©
0.0
X4 ul 0‘9 ° @ (<) oS
N Al »
B @ ‘,ooc’ ° < <8
(9] &
\g o
< &
4 a4 3 4
x3 x3 5 x3
o - 22 o
E g 9 g
g* £ g " 3 = ¥ ¢
3, % 3, § 1 8 \ ——]
<.'~ <O N <~: O » e (<) N @ 9 N
& <& -é,geb & <& _&é’ & & .é,o(," & & é,é"
& & & o

Figure 5. EGCG attenuates expression of cardiac fibrosis marker genes in mice with TAC. Western blot assay for protein expression of cardiac fibrosis markers. (B)
QRT-PCR assay for mRNA expression of cardiac fibrosis markers. *p < 0.05, **p < 0.01 as compared with the sham group. *p < 0.05 as compared with the TAC group.

EGCG attenuates the activation of AKT/mTOR signalling and
ERK1/2 phosphorylation in mice with TAC

To explore the underline mechanism of EGCG treatment for car-
diac hypertrophy, we examined the AKT/mTOR signalling path-
way and the phosphorylation of ERK. According to the results
(Figure 6), phosphorylation of AKT, mTOR, and ERK were sig-
nificantly increased in response to TAC (p <0.001), approxi-
mately two-fold when compared with a sham control group.
However, with the administration of EGCG (40 mg/kg), the
phosphorylation ratios were dramatically decreased (p <0.01).
The result indicated that the signalling was activated following
TAC, but inhibited by EGCG treatment.

Discussion

Myocardial hypertrophy is thought to be an adaptive response to
pressure or volume stress and many other problems. Initially, it
is adaptively against increased workload or defects in the effi-
ciency of contractile machinery. However, in the longer term,
hypertrophy growth may result in the development of heart fail-
ure and sudden death (Frey et al. 2004). EGCG is the most
abundant catechin extracted from green tea and possessed several
biologic activities, such as anti-inflammatory anticancer, antioxi-
dant activities (Liu and Yan 2019). Moreover, a previous study
indicated that EGCG can also prevent the risk of cardiovascular
disease (Deka and Vita 2011). However, whether the AKT/
mTOR signalling pathway was involved in the treatment effect of

EGCG for cardiac hypertrophy and fibrosis remains unclear. In
this study, we found that EGCG attenuated pressure overload-
induced cardiac hypertrophy and the following fibrosis after
TAC surgery. More importantly, the activated Akt/mTOR signal
pathway during cardiac hypertrophy was inhibited by
EGCG treatment.

EGCG was found to be the major polyphenolic compound
and exhibit numerous bioactivities. EGCG has also been proved
to possess a cardiovascular protective effect, and several signal
pathways were implicated in this beneficial process. A study indi-
cated that the treatment of EGCG alleviated cardiac hypertrophy
caused by Angll through the inhibition of the NF-kB signal
pathway (Cai et al. 2013). Another study showed that the admin-
istration of EGCG attenuated cardiac hypertrophy induced by
pressure overload, and exhibited through the telomere-dependent
apoptotic signal pathway (Sheng et al. 2013). There is another
study suggested that ROS-dependent and -independent mecha-
nisms involving inhibition of different intracellular signalling
transductional pathways participated in EGCG prevention for the
development of cardiac hypertrophy (Li H-L et al. 2006). In this
study, EGCG was verified to attenuate the cardiac hypertrophic
response induced by TAC pressure overload injury, as evidenced
by reduced HW/BW and HW/TL ratios. Furthermore, H&E
histological staining also proved the attenuation of cardiac hyper-
trophic injury. ANP, BNP, and B-MHC are the hypertrophic
markers in the heart, the over-expression of these molecules in
the ventricular cardiomyocytes are indicating hypertrophy occur-
rence (Li et al. 2014). The secretions of ANP and BNP from
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Figure 6. EGCG attenuates the activation of AKT/mTOR signalling and ERK1/2 phosphorylation in mice with TAC. *p < 0.05 as compared with the sham group.

*p < 0.05 as compared with the TAC group.

cardiac atria and the ventricles are in response to increased car-
diac stretch and functioning to regulate blood pressure (Ellmers
et al. 2007). Their expression levels are in parallel with the
degree of cardiac dysfunction, therefore, becoming the main
indicator for cardiovascular disease (Sergeeva and Christoffels
2013). In our study, the result revealed that EGCG down-regu-
lated the ANP, BNP, and B-MHC protein and gene expression
levels, while o-MHC expression level was increased, suggesting
that EGCG alleviated cardiac hypertrophy induced by
TAC surgery.

Myocardial hypertrophy is often characterised by elevated
fibrosis, mostly reactive interstitial fibrosis. The increase of total
collagen expression and cross-linking was associated with dia-
stolic dysfunction, and the fibrosis may result in the progression
of left ventricular hypertrophy to heart failure (Falcao-Pires et al.
2011). To further verify the cardioprotective effect of EGCG, the
myocardial fibrosis situation was also evaluated in this study.
Although previous studies have shown that EGCG inhibited car-
diac fibrosis in cardiac hypertrophic rats, the underlying

mechanism in the EGCG treatment process remains unknown
(Sheng et al. 2009). The elevated CTGF expression has been
reported in heart failure patient’s heart tissue and the over-
expression of CTGF has been demonstrated to be correlated with
the severity of fibrosis. A previous study indicated that EGCG
reduced collagen synthesis and fibronectin expression induced by
abdominal aortic constriction or angiotensin, and in the mean-
time, alleviated the over-expression of CTGF (Cai et al. 2013).
Our results from the present study were following previous stud-
ies that collagen I, collagen III, fibronectin, and CTGF gene and
protein expressions were all down-regulated by EGCG (Cai et al.
2013). Histological staining results from Masson’s trichrome and
Sirius red staining have further confirmed the attenuation
of fibrosis.

To determine the molecular mechanisms through which
EGCG attenuates cardiac hypertrophy and myocardial
fibrosis, we examined the involvement of the AKT/mTOR
signalling pathway under pressure overload-induced injury.
Our results indicated that EGCG down-regulated the
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phosphorylation of Akt/mTOR. Therefore, we speculated that
Akt/mTOR may be involved in the EGCG treatment process. A
previous study showed that activated Akt accelerated the cardiac
myocytes growth and increases protein synthesis, and cardio-
myocyte-specific Akt over-expression may result in cardiac
hypertrophy (Condorelli et al. 2002). Another study also indi-
cated that the cardiac hypertrophy induced by cholesterol was
through the activating of the Akt pathway (Lee et al. 2013). The
constitutive activation of cardiac Akt suggested that Akt is a vital
factor for the increase in myocyte size downstream of phosphoi-
nositide-3-kinase (PI3K) (Shiojima and Walsh 2006). Activated
Akt would inhibit TSC1/2 and therefore active mTOR. The
administration of mTOR inhibitor rapamycin may decrease the
cardiac weight caused by continuous activation of Akt (Shioi
et al. 2002). A previous study indicated that EGCG is an ATP-
competitive inhibitor of PI3K and mTOR (Van Aller et al. 2011;
Chen et al. 2016). In an endometrial cancer model, a pro-drug of
EGCG inhibited Akt/mTOR pathway to decrease VEGFA secre-
tion, thus can be used as a promising drug (Wang et al. 2018).
In another study performed in human hepatocellular carcinoma,
EGCG reduced the levels of p-Akt and phosphorylated extracel-
lular signal-regulated kinase (p-ERK) (Caban et al. 2019). In this
present study, EGCG treatment at 40 mg/kg dosages significantly
down-regulated the amount of p-AKT to Akt, p-mTOR to
mTOR, and p-ERK to ERK, which indicated that the Akt/mTOR
signal pathway was involved in the EGCG treatment process for
cardiac hypertrophy, and the alleviation of hypertrophy induced
fibrosis may also be associated with the inhibition of Akt/mTOR
signal pathway. Our finding broadens the understanding for the
protective role of EGCG in pressure overload-induced cardiac
hypertrophy and provides a promising therapeutic strategy for
attenuating the progression of heart failure.

Conclusions

Our results indicated that the administration of EGCG alleviated
the cardiac functions and fibrosis caused by pressure overload.
The cardioprotective effect of EGCG may contribute to the
inhibition of the Akt/mTOR signal pathway. Our study provided
a new promising treatment approach for cardiac hypertrophy.
More experiments focusing on upstream or downstream factors
of Akt/mTOR are needed.
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