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Potential Biological Effects of (-)-Epigallocatechin-3-gallate
on the Treatment of Nonalcoholic Fatty Liver Disease

Cheng Chen, Qian Liu, Lin Liu, Yi-yang Hu,* and Qin Feng*

Nonalcoholic fatty liver disease (NAFLD) is a major health issue throughout
the world. However, no validated treatments for NAFLD are currently
available. In-depth studies have demonstrated the efficacy of
(-)-epigallocatechin-3-gallate (EGCG), a main bioactive chemical extracted
from green tea, in treating NAFLD. EGCG exhibits multi-pronged preventive
and therapeutic activities, including promoting lipid and glucose metabolism,
anti-lipid peroxidation and anti-inflammation activities, anti-fibrosis, and
anti-NAFLD related tumor, thus contributing to the mitigation of NAFLD
occurrence and progression. The objectives of this paper are to review and
discuss the currently known targets, signaling pathways and roles of EGCG
that interfere with NAFLD pathogenesis, then providing additional
experimental evidence and the foundation for the further studies and clinical
applications of EGCG in the prevention and treatment of NAFLD.

1. Introduction

Green tea (Camellia sinensis, Theaceae) is the most popular
beverage, other than water, especially in East Asian countries.
Epigallocatechin-3-gallate (EGCG) is the major polyphenolic cat-
echin in green tea, accounting for approximately 50–80% of the
catechin content; 200 to 300 mg of EGCG is present in a brewed
cup of green tea.[1,2] Although the biological effects of EGCG
are not fully understood, studies have indicated that EGCG re-
duces tumor incidence andmultiplicity in different organ sites,[3]

and plays roles in cardiovascular, neurodegenerative diseases and
metabolic syndromes including obesity, insulin resistance and
dyslipidemia.[4,5] In addition, EGCG has many beneficial effects
on different kinds of liver injuries, such as immune-mediated
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liver injury,[6] NaF-induced oxidative hep-
atic injury,[7] and chronic alcohol-induced
liver injury.[8]

Many of the potential health advan-
tages and beneficial effects of EGCG are
primarily a result of its unique structure.
EGCG has both a trihydroxy group at car-
bons 3’, 4’, and 5’ on the B ring and a
gallate moiety esterified at carbon 3 on
the C ring, which contributes to its abil-
ity to scavenge free radicals and chelate
transition metal ions[4,9–11] (Figure 1).
EGCG is water soluble, and the stability
of the EGCG molecule is not greatly in-
fluenced when it is exposed to high tem-
peratures (for instance, boiling water).[11]

The biological effects and stable char-
acteristics of EGCG may be partly re-
sponsible for the popularity of green tea.

Nonalcoholic fatty liver disease (NAFLD) is a common hepatic
disorder characterized by an abnormal accumulation of triglyc-
erides (TG) in hepatocytes without an obvious history of alco-
hol use or abuse.[9,12,13] Although the exact mechanism for the
development of NAFLD has not been completely elucidated,
metabolic syndromes including obesity and diabetes may con-
tribute to the imbalance between the influx or synthesis of hep-
atic lipids and their export or oxidation.[14,15] Epidemiological
studies have demonstrated that NAFLD affects approximately
one-third of the general population in western countries[16,17]

and more frequently occurs in people with diabetes (50.1%) or
obesity (70%).[13,14] Furthermore, approximately 20% of patients
with simple fatty liver disease (SFLD) develop into chronic non-
alcoholic steatohepatitis (NASH).[18,19] 40–62% of patients with
NASH-related fibrosis develop into cirrhosis after 5–7 years of
follow-up,[20–22] in which 4–27% of NASH cases progress to hep-
atocellular carcinoma (HCC).[23]

NAFLD is a major health issue worldwide, but therapeutic
treatment options are limited. Weight loss through lifestyle mod-
ifications, including dietary changes and increased physical exer-
cise, remains the backbone of NAFLD management. However,
it is challenging for patients to achieve and maintain weight
loss goals. Thus, it is often necessary to couple lifestyle changes
with another pharmacologic treatment for NASH.[24] Despite the
numerous options of tested pharmaceuticals, none of them are
satisfactory for NAFLD treatment.[25,26] However, natural com-
pounds from food or herbs have been found to be effective in the
alleviation of NAFLD. Increasing evidence indicates that EGCG
possesses broad biological effects that may be useful in the pre-
vention or treatment of NAFLD.
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Figure 1. Chemical structure of (-)-epigallocatechin-3-gallate (from [4]).

In this review, studies examining the efficacy of EGCG in treat-
ing NAFLD, which were published before March 2017, were re-
trieved systemically with the goal of discussing the applications of
EGCG and its multifaceted bioactivities on NAFLD. Studies that
showed fatty degeneration in the liver based on the pathological
manifestations or biochemistry test are included. 19 in vivo stud-
ies, 7 in vitro studies and 5 relevant clinical trials are summarized
in this review.

2. Basic Research

Experimental evidence suggests that EGCG has been associated
with benefits in the treatment of NAFLD. These benefits are
thought to be related to the regulation of energymetabolism, anti-
oxidation, anti-inflammatory, anti-fibrosis, inhibition of NAFLD-
related tumor activities, in addition to other pharmacological
mechanisms of EGCG. All these mechanisms will be classified
and discussed in detail below. All basic research is summarized
inTables 1 and 2, with relatedmechanisms presented in Figure 2.

2.1. The Improvement of Body Weight

Superfluous energy stimulates hepatic lipogenesis and gluconeo-
genesis, which directly leads to the development of NAFLD.[27]

Likewise, the whole energy metabolism and energy balance
will affect liver energy metabolism. Weight loss, representing
the improving of whole energy metabolism remains the back-
bone therapy in NAFLD patients with overweight and obesity.
Furthermore, a 7% weight loss significantly modifies hepatic
histology.[28] It has been shown that a period of EGCG treatment
helps to lose the body weight as well as waist circumference and
to improve fecal lipid concentration in most mice experiments.
According to those studies, EGCG can make contributions to the
improvement of the whole energy and liver metabolism. The rel-
evant basic research is summarized in Table 1.

2.2. The Improvement of Lipid Metabolism

The hepatoprotective mechanisms of EGCG in NAFLD have
been examined under various conditions. Yang et al.[29,30] sug-
gested that dietary EGCG supplementation decreases high-fat-
induced hepatic steatosis. Approximately 69% and 34% liver TG
were decreased respectively, by EGCG treatment in two in vivo
studies. These changes in biochemical indices in the liver have
also been observed in other studies. TG contents, liver total lipid,
and liver weight[31–35] have all been shown to decrease signifi-
cantly following EGCG treatment. Therefore, EGCG may have
hepatoprotective effects on NAFLD through regulatory mecha-
nisms that balance lipid metabolism and storage.

2.2.1. Effects on Low Density Lipoprotein Receptors (LDL-Rs)

LDL-Rs are critical in mediating cellular LDL uptake and pro-
moting cholesterol metabolism[36] in liver tissue. Subramanian
et al. demonstrated that LDL receptor-deficient mice often de-
velop metabolic syndrome and are more likely to develop hep-
atic steatosis and inflammation when lower and nontoxic doses
(0.15%) of cholesterol are administered.[37,38] Recently, several
studies showed that EGCG increases LDL-R activity and affects
multiple important biological pathways. Goto et al. performed
DNA microarray analysis using HepG2 cells treated with 25 μM
EGCG and found that the mRNA expression levels of LDL-
R were strongly up-regulated by EGCG (2.2-fold). EGCG also
dose-dependently decreases the level of extracellular apoB pro-
tein, which is the major apolipoprotein in LDL.[39] Another study
found that when HepG2 cells were incubated with the main con-
stituents of green tea, EGCG was the only catechin to increase
LDL-R binding activity (3-fold) and protein level (2.5-fold). The
mechanism by which EGCG affects LDL-R appears to be the in-
hibition of cholesterol synthesis at a lower dose (50 μM) and in-
creases in the efflux of cholesterol from the cells to the medium
at the higher dose (200 μM).[40] Furthermore, Kuhn et al. re-
ported that 1 and 10 μM EGCG increased LDL-R protein expres-
sion in HepG2 cell models and that LDL-R expression was in-
creased dramatically with 100 μM EGCG as demonstrated by an
immunostaining assay.[41] These results suggest that EGCG pro-
motes LDL-R activities at the gene and protein levels and pro-
motes the translocation of cholesterol from the inside to the out-
side of the cells.

2.2.2. Effects on AMP-Activated Protein Kinase (AMPK)

AMPK is considered as a cellular energy sensor. Activation of
hepatic AMPK leads to increased fatty acid oxidation in the
liver, with simultaneous inhibition of hepatic lipogenesis and
cholesterol synthesis as well as effects on other hepatic energy
metabolism pathways.[42] Furthermore, AMPK also acts on the
lipogenesis routes, reducing the activity of enzymes involved in
lipid storage in the liver. In 2005, it was shown[43] that AMPK
inhibits adipocyte differentiation and mature adipocyte apopto-
sis, and that EGCG activates AMPK and inhibits adipocyte dif-
ferentiation in 3T3-L1 cells. A recent study[44] found that sup-
plementation with EGCG (50 mg/kg/day) stimulates AMPK
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Table 1. Effects of EGCG in in vivo models of NAFLD

Models Period Dosage and
administration

Main results Reference

HFD-fed maleC57BL/6Jmice 16 weeks 3.2 g/kg in the diet (1) body weight (33-41%)↓, liver weight↓, liver TG (69%)↓, liver lipid
accumulation↓, mesenteric fat weight ↓

(2) HOMA-IR index (76%)↓, blood glucose (25%)↓
(3) MCP ↓, ALT (67%)↓
(4) faecal lipid concentration ↑

[27]

4 weeks 3.2 g/kg in the diet (1) mesenteric fat weight ↓
(2) blood glucose (22%)↓

HFW-fed male C57BL/6J mice 17 weeks 3.2 g/kg in the diet (1) liver TG (52%↓), plasma CT ↓, mesenteric fat weight ↓
(2) blood glucose (12.3%)↓, plasma insulin concentration ↓,

HOMA-IR index (42.6%)↓
(3) ALT, MCP-1, IL-6, G-CSF ↓

[28]

HFD-fed male C57BL/6J mice 4 days
9 days

0.5%, 1.0% in the diet
0.25/0.5% in the diet

(1) reversed high-fat-diet-induced effects on intestinal substrate
transporters (CD36, FATP4, SGLT1)

(2) lipogenesis-related genes (ACC, FAS, SCD-1) in liver in the
post-prandial state ↓

(3) dietary energy absorption ↓, energy excretion ↑

[29]

HFD-fed male Swiss mice 16 weeks 0.1 mL by gavage (1) insulin, HOMA-IR index, insulin pathway protein (AKT, IRá) ↑
(2) complexⅠ, complexⅣ↑
(3) malate dehydrogenase activity ↑
(4) TNF-α, IL-6 and IL-10 levels were not affected

[30]

HFD-fed male C57BL/6J mice 8 weeks 0.2%, 0.5% in the diet (1) body weight ↓, total lipids in the liver ↓
(2) adipogenic transcription factors: PPAR-ã, CEBP-á, and SREBP-1C ↓
(3) lipolytic enzymes: HSL and ATGL ↑

[31]

HFD-fed male C57BL/6J mice 16 weeks 3.2g/kg in the diet (1) body weight (9.4%)↓, retroperitoneal/epididymal fat were not
affected

(2) MCAD/NRF1/UCP3/PPARA ↑
(3) fecal lipid content (20.4%)↑

[32]

gastric intralipid perfusion
male SD rats

6 weeks 10, 20, 40 mg/kg
2mL/kg by gavage

(1) liver weight, TC, TG, LDL-C, FFA, MDA ↓; SOD ↑
(2) ALT, AST ↓
(3) improvement of mitochondrial swelling ↑

[33]

HFD-fed male Swiss mice 16 weeks 50 mg/kg o.1 mL/day by
gavage

(1) weight gain and lipid content ↓
(2) VLDL-TG, LDL-C, and NEFA ↓, adiponectin ↑
(3) Adipo R2 expression in the liver ↑, SIRT1 ↑,p-LKB1↑(LKB1 was also

elevated individually in CE group compared with the CW group)
(4) the enzyme p-ACC in its inactive form ↑
(5) FAS and ChREBP ↓, total protein expression of SREBP-1c,which

represents the active isoform ↓

[42]

HFD-fed male C57BL/6J mice 24 weeks 10, 20, 40 mg/kg/d ip. (1) energy intake, liver, body and visceral fat pad weight ↓
(2) TG and TC in the liver and LDL-C ↓
(3) fasting blood glucose, serum insulin,GOT and GPT levels↓
(4) glucose intolerance and insulin secretion ↑
(5) IDE enzyme activity and protein levels ↑

[51]

nSREBP-1C transgenic
C57BL6 mice

12 weeks 0.05%, 0.1% EGCG in
water

(1) ration of weight to body weight ↓
(2) blood ALT, TC, TG and phospholipid ↓
(3) IR and pIRS-1 in liver tissue ↓
(4) p-AKt, p-IKKâ, p-NFêB, and nSREBP-1C ↓
(5) the 8-OhdG immunolocalization in liver tissue ↓

[53]

Male SHRSP-SF rats 8 weeks 0.1% in water (1) prevented body weight loss caused by liver fibrosis
(2) MMP-2/9, TIM P-1/2, á-SMA, procollagen-1, TGF-â,and PAI-1

mRNA expression, hydroxyproline in the liver ↓, improved NSA
score

(3) GST-P positive foci, the serum levels of AT-11, ACE, AT-2R mRNA ↓
(4) d-ROM, MDA, 8-OHdG, 4HNE, CYP2E1 and p-JNK proteins ↓, GPS

and CAT mRNA ↑
(5) the hepatic expression levels of TNF-α, IL-6, IL-1â and MCP-1

mRNA ↓, the serum levels of TNF-α, IL-6 were not affected
(6) the serum levels of NEFA ↓

[60]

(Continued)
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Table 1. Continued

Models Period Dosage and
administration

Main results Reference

HFD-fed Male SD rats 6 weeks 0.1%in water (1) liver and body weight ↓, TG ↓
(2) ALT, á-SMA, and CYP2E1 ↓
(3) MDA levels↓, glutathione levels ↑
(4) insulin, IR, and glucose levels ↓
(5) AST, ALP,and cholesterol levels were not affected

[61]

HFD-fed SD rats weeks 10, 50, 100 mg/kg (1) the serum levels of TC, TG,and LDL-1 ↓
(2) ALT and AST ↓
(3) hepatic MDA and SOD ↓
(4) the hepatic expression levels of ACAT1, DGAT2,and UCP2 ↓; LCAT,

MCD,and CPT-1 ↑

[62]

Male ob/ob mice 5 days+
48/24/2 h

85 mg/kg (1) body weight ↓, palmitic and linoleic acids ↓
(2) animal survival ↑
(3) ALT, index of necrosis and UCP2↓
(4) ATP levels↑

[63]

HFW-fed male C57BL/6 mice 3 days 17
weeks

25 mg/kg ip. 3.2 g/kg (1) hepatic LC3-Ⅱ↑, p62 proteins levels ↓, autophagic flux↑
(2) p-AMPK and ACC ↑, CHOP ↓.
(3) autophagosomes and autolysosomes ↑

[65]

HFD-fed female SD rats 8 weeks 50 mg/kg ip. 3
times/week

(1) improved hepatic histology, body weight and food intake ↓
(2) the ratio of ALT/AST ↓, improved hepatic histology
(3) the activity of TGF/SMAD, PI3K/Akt/FoxO1, NF-êB, and TNF-α

mRNA↓
(4) the levels of iNOS and COX-2 mRNA ↓, nitrotyrosine formation ↓,

CAT and GPx mRNA levels ↑
(5) SOD mRNA levels did not significantly change

[67]

MCD-fed male C57BL/6 mice 4 weeks 25, 50, 100 mg/kg ip. (1) ALT and AST ↓ in serum
(2) TG and TC ↓ in liver, improved hepatic histology
(3) hepatic TNF-α, IL-6, and IL-1β and MCP-1 mRNA levels↓
(4) hepatic collagen I-?1, ?-SMA, TIMP-1, TGF-? mRNA expression

levels ↓, p-Smad2/3 ↓,
(5) hepatic MCD↓, SOD content ↑

[68]

HFD-fed male SD rats 7 weeks 0.01%, 0.1% in the water (1) NAS ↓ (0.1% EGCG), liver TG, ALT, TIMP 1 and TIMP 2 mRNA ↓
(2) GST-P positive foci (86/87%)↓
(3) 8-OHdG↓, serum d-ROM level ↓, catalase and GPX-1 ↓
(4) hepatic TNF-α, IL-6, and IL-1â mRNA levels↓
(5) PCNA-labelling index of non-lesional hepatocytes ↓, cyclin D1

mRNA ↓

[69]

C57BL/KsJ-db/db mice 36 weeks 0.1% in water (1) the phosphorylation of the IGF-1R, ERK, Akt, GSK-3b, Stat3, and
JNK proteins in the livers ↓

(2) serum levels of insulin, IGF-1, IGF-2, FFA, and TNF-α ↓
(3) expression of TNF-α, IL-6, IL-1b, and IL-18 mRNAs in the livers ↓
(4) AMPK in the liver ↑

[70]

activation via LKB1 in HFD-fed mice and regulates essen-
tial enzymes (ACC, FAS) involved in the de novo lipogenesis
pathway in the liver. In a study that investigated inhibitory ef-
fect of EGCGonFFA-induced lipid accumulation,[45] HepG2 cells
were exposed to FFA co-treated with 50 μM EGCG, and the fi-
nal results, which were analyzed by proteomic analysis, demon-
strated that EGCG reduced cellular lipid accumulation through
the activation of AMPK and then shifted some FFA toward ox-
idation and away from lipid and triglyceride storage. A simi-
lar report showed that 10 μM EGCG inhibited hepatic lipoge-
nesis by 65% (p<0.01) by increasing expressions of phospho-
AMPKα (Thr172) and phospho-ACC (Ser79) in high-glucose-
treated HepG2 cells.[46] These studies suggest that EGCG is a po-
tent activator of theAMPKpathway. By activatingAMPKpathway,
EGCG may increases the energy expenditure in NAFLD.

2.2.3. Effects on Sterol Regulatory Element-Binding Proteins
(SREBPs) and Related Genes

SREBPs are composed of three subtypes, SREBP-1a, SREBP-1c,
and SREBP-2, which regulate the expression of genes that con-
trol fatty acid and cholesterol synthesis in the liver.[47] SREBPs
that are attached to a phosphate group remain inactive in the cy-
toplasm. The dephosphorylated (active) form has the ability to
translocate itself to the nucleus and then stimulate the synthesis
of lipogenic enzymes. Studies have shown that EGCG can de-
crease the level of SREBP-1 gene expression and reduce its active
forms, whichmaymake contribution to the lower level of plasma
TG and liver lipids.[44] Activated SREBPs can bind to the tran-
scription promoter genes of lipogenic proteins, including ACC
and FAS, fatty acid converting enzymes, such as stearoyl-CoA
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Table 2. Effects of EGCG in in vitro models of NAFLD

Models Period Dosage and
Administration

Main results Reference

HepG2 cells 24 h 25 μM (1) the gene level of the LDL-R(2.2 fold)↑, extracellular apoB protein
level (58%)↓

(2) the level of mRNA expression of LDL-R (1.8, 1.7-fold↑ by 10,
25 μMEGCG)

[37]

HepG2 cells 24 h 50, 100, 150, 200μM (1) LDL-R binding activity (86%) ↑, LDL-R binding activity (2 fold ↑, by
100 μM EGCG) LDL-R binding activity (3 fold ↑, by 200 μM EGCG)

(2) intracellar TC concentration (28% ↓) and TC concentration in
medium (30% ↑)

(3) SREBP-1 active transcription factor form(42% and 56% ↑ by 150
and200 μM EGCG, respectively)

[38]

HepG2 cells 2/4/8/16/24 h 5, 10, 50, 100 μM (1) the levels of ubiquitinated proteins ↑ with 30 μM EGCG at 2 hours
(2) the levels of two proteasome target proteins (p27, IKB-á) ↑
(3) degradation of the active SREBP-2 ↓
(4) LDL-R ↑

[39]

HepG2 cells 54 h 0.1, 1, 10 μM (1) glycogen synthesis (41/53% with 0.1/1 μM EGCG; 2-fold with
10 μM EGCG) ↑.

(2) lipogenesis (31/39/65% with 0.1/1/10 μM EGCG) ↓.
(3) phosphorylation of Ser79, GSK3β and Ser641 GS ↑.
(4) phosphorylation of Thr 172 AMPKα and Ser79↑.

[44]

HepG2 cells 24 h 10, 20 μM (1) tyrosine phosphorylation of IRS-1 and Akt Ser 473
phosphorylation↑.

(2) Ser 307 phosphorylation of IRS-1 ↓.
(3) p-AMPK ↑.

[54]

HepG2 cells Huh7 cells
mouse primary
hepatocytes cells

24 h 40 μM (1) the formation of autophagosomes, lysosomal acidification,
theautophagic flux in hepatic cells ↑.

(2) p-AMPK ↑. siRNA knockdown of AMPK abrogated autophagy
induced by EGCG.

(3) lipid droplet within autophagosomes, autolysosomes, lipid
clearance ↑.

(4) hepatosteatosis ↓, autophagy ↑.

[65]

LX-2 cells 1 h 5, 10, 20 uM 1. p-Smad2/3 ↓ [68]

Figure 2. The mechanisms of EGCG on NAFLD.
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desaturase (SCD1), and fatty acid elongases, such as fatty acid
elongase 6.[48,49] There was also emerging evidence that the ex-
pression of lipogenic genes (ACC, FAS, and SCD1) in the liver
was dose-dependently decreased by EGCG treatment.[31] These
results demonstrate that EGCG can improve lipid metabolism
by regulating the gene and protein expression of SREBPs, which
in turn regulate the expression of proteins and hepatic enzymes
involved in lipogenesis.

2.2.4. Effects on Lipid Oxidation

Mitochondria are the primary cellular organelles for the oxida-
tion and metabolism of fatty acids and glucose. The reduction in
mitochondrial function may contribute to the increase in lipid
accumulation, which leads to insulin resistance[50] and NAFLD.
Mitochondrial respiratory chain complexes are responsible for
the transport of long chain fatty acids (LCFAs) into mitochon-
drial and the generation of ATP molecules.[51,52] Complex I and
Complex IV deficiencies can interrupt the process of oxidative
phosphorylation, thus decreasing the production of energy for
the cells to function properly. Santamarina et al.[32] found that
EGCG appeared to increase the activity of themitochondrial com-
plex chain, thereby increasing lipid oxidation and preventing the
development of hepatic steatosis.

2.3. The Improvement of Glucose Metabolism

Abnormal glucose metabolism, unbalanced insulin clearance
and whole-body insulin resistance (IR) can promote NAFLD.
Previous studies have demonstrated significant decline in IR
and glucose levels after EGCG treatment.[31,53] It has also been
shown that EGCG significantly reduce insulin concentrations
and improve insulin sensitivity.[29,32,53] Other promising results
have shown that EGCG can promote glucose metabolism in liver
tissue and may contribute to the prevention and treatment of
NAFLD.

2.3.1. Effects on Insulin Receptor Substrate-1 (IRS-1)

The insulin receptor substrate (IRS) family of docking molecules
connects insulin receptor activation to essential downstream ki-
nase cascades and may be the key molecular lesion signature of
hepatic insulin resistance.[54] Specifically, IRS-1 is closely related
to glucose homeostasis. EGCG has been shown to improve the
insulin resistance of liver tissues by promoting the functional
recovery of the insulin receptor, IRS-1, and glycogen synthase
kinase (GSK) in nSREBP-1c transgenic NASH model mice.[55]

An in vitro study[56] investigated the effects of EGCG on insulin
signaling under high-glucose conditions. The results showed that
the phosphorylation of IRS-1 at Ser307 was reduced and tyrosine
phosphorylation of IRS-1 was increased after EGCG treatment.
This research demonstrated that EGCG treatment attenuates in-
sulin signaling blockade by reducing IRS-1 Ser307 phosphoryla-
tion through the AMPK activation pathway. These biological ef-

fects may improve glucose metabolism in the hepatic cells and
contribute to the improvement of NAFLD.

2.3.2. Effects on Insulin-Degrading Enzyme (IDE)

Insulin-degrading enzyme (IDE), a rate-limiting enzyme in the
insulin degradation process, plays an important role in main-
taining normal plasma insulin levels and insulin sensitivity; ap-
proximately 50%–80% of insulin is cleared upon degradation
by IDE in the liver.[57] Gan et al.[53] investigated the effects of
EGCG on insulin resistance and insulin clearance in NAFLD
mice. EGCG (10, 20 and 40mg·kg-1·d-1, ip) dose-dependently in-
creased insulin sensitivity, secretion, and up-regulated IDE pro-
tein expression and enzyme activity in the liver of NAFLD mice.
However, not much is known about IDE regulation in NAFLD,
whichmight suggest a new action of EGCG in NAFLD treatment
and the importance of IDE as a candidate for a targeted therapeu-
tic approach in treating NAFLD. Similarly, other studies demon-
strated that the up-regulation of IDE activity may help to control
glucose metabolism in type 2 diabetes mellitus (T2DM).[58,59]

2.4. Anti-Peroxidation

Oxidative stress is known as a primary cause of liver fat accu-
mulation and subsequent liver injury in NAFLD. Peroxidation
of plasma and intracellular membranes may cause direct cell
necrosis or apoptosis and appears to be responsible for initiating
necroinflammation.[60] Malondialdehyde (MDA) and other reac-
tive lipid derivatives have the potential to amplify intracellular
damage.[61]

Among the various benefits of EGCG, a great amount of atten-
tion has been paid to its use as an anti-oxidant. The results from
two research groups of Japan have shown that EGCG reduces ox-
idative stress in the livers of NAFLD mice. A marked decrease
in immunoreactive 8-hydroxy-2’-deoxyguanosine (8-OhdG), a
marker of oxidative DNA damage, was observed after EGCG
treatment (distilled water containing 0.05% or 0.1% EGCG).[55,62]

The serum d-ROM levels, the increased hepaticMDA and 4-HNE
levels, the increased hepatic CYP2E1 and p-JNK protein levels,
and the reduced GPx and CAT mRNA expression levels were
all reversed after EGCG treatment.[62] Kuzu et al. showed that
plasma and liver tissue MDA levels in the HFD+ EGCG (1 g/L
EGCG in drinking water) SD rats were significantly lower and
that glutathione levels were significantly higher than those in the
HFD group.[63] Similar results were demonstrated by two studies
from China.[35,64] EGCG significantly decreased MDA levels and
increased superoxide dismutase (SOD) levels in rat liver tissues.
Fiorini et al.[65] studied the effects of EGCG on hepatic steatosis in
ob/obmice, demonstrating that EGCG treatment remarkably im-
proved survival rates from 65% survival in vehicle-treated mice
to 100% in orally or ip. EGCG-treated mice. Animals were pre-
treated with 85mg/kg EGCG via intraperitoneal injection for two
days or oral consumption of treated drinking water for 5 days be-
fore 15 minutes of warm ischemia and 24 h of reperfusion. The
results indicated that EGCG treatment significantly reduced total
hepatic fat content and increased hepatic energy stores and hep-
atic anti-oxidant activity through an enhanced glutathione levels.
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The results of the above-mentioned studies indicate that EGCG
protects the steatotic liver by functioning as an anti-oxidant. One
of them has also reported the dose-dependent antioxidative ef-
fects of EGCG on NAFLD treatment.[64]

2.5. Regulation of Autophagy

Recent studies have revealed that autophagy, a cell survival mech-
anism for disposing of excess or defective organelles, is linked to
the development of NAFLD and the regulation of autophagy has
potential therapeutic effects. Autophagy reduces intracellular
lipid droplets by enclosing them and fusing with lysosomes for
degradation and is involved in attenuating inflammation and
liver injury.[66] To investigate whether EGCG regulates autophagy
and then improves the lipid clearance in the liver, Zhou et al.[67]

conducted a series of in vitro and in vivo studies. The results sug-
gest that EGCG (40 mM) improves lipid metabolism through the
induction of autophagy by increasing the microtubule-associated
protein light chain (LC3-II) formation, decreasing SQSTM1/p62
protein levels and increasing AMPK phosphorylation in
fat-loaded HepG2 cells, Huh7 cells, and mouse hepatocytes in
primary culture. EGCG treatment was also shown to reduce
hepatosteatosis and concomitantly increases autophagy in the
livers of mice fed with a high-fat/Western-style (HFW) diet.
Nevertheless, autophagy is regarded as a double-edged sword,
its potential effects on adipogenesis, adipocyte differentiation, as
well as the association between autophagy and NAFLD remain
controversial.[66]

2.6. Anti-Inflammation

NASH is a severe condition of the inflamed fatty liver. Although
the progression of NAFLD to NASH is not well understood, a
current line of thinking in the pathogenesis of NASH involves a
“multi-hit hypothesis”,[60] in which hepatic inflammation is con-
sidered as an important “hit” that accelerates the progression
from simple fatty liver to NASH. Research has shown that EGCG
can improve the hepatic inflammation in NAFLD. Ding et al.[70]

showed that EGCG (50 and 100 mg/kg) inhibits methionine-and
choline-deficient (MCD) diet-induced steatohepatitis by attenuat-
ing inflammatory cell infiltration. Consistent with histological re-
sults, EGCG treatment significantly inhibited MCD diet-induced
IL-1β, IL-6, TNF-α and MCP-1 mRNA expression. However, an
in vivo study showed that the concentrations of cytokines includ-
ing TNF-α, IL-6, and IL-10 and protein expression levels of TLR4,
TNFR-1, IL-6R, and IL-10Rα did not change in liver tissue af-
ter EGCG treatment.[32] More interestingly, another study showed
that hepatic mRNA expression levels of TNF-α, IL-6, IL-1β, and
monocyte chemoattractant protein-1 (MCP-1) were reduced, but
the serum levels of TNF-α and IL-6 did not change.[62] Basing on
these results, we hypothesize that EGCG increased the gene ex-
pression level of some inflammatory cytokines in liver tissues but
may not lead to changes in serum concentration, or did not in-
fluence the protein translation of these inflammatory cytokines
and related proteins. Kuzu et al.[63] examined the preventive role
of EGCG in an experimental NASH SD rats model induced by

a high-fat diet. Histopathological results suggested that inflam-
mation, ballooning degeneration, and necrosis decreased signif-
icantly in the HFD + EGCG group,[55] and the expression levels
of inflammatory factors including p-Akt, p-IKKß, and p-NFκB in
liver tissues of high-dose EGCG treatment groups were also de-
creased. These independent studies clearly demonstrated that the
expression of inflammatory mediators and related pathological
changes in fatty liver tissues are improved by EGCG treatment.

2.7. Improvement of NAFLD-Related Hepatic Fibrosis

During the progress of NAFLD, the occurrence of fibrosis is
usually considered as a middle-late event that bridges NASH
and cirrhosis. The key factor in hepatic fibrosis is the acti-
vation of hepatic stellate cells (HSCs), which are responsible
for the excess deposition of extracellular matrix (ECM) and
the formation of scars.[68] A recent study reported that a se-
ries of fibrosis signaling pathways in the livers of obese rats
were down-regulated by EGCG treatment. Both the transform-
ing growth factor (TGF)/SMAD pathway and phosphatidylinosi-
tol 3-kinase(PI3) K/Akt/FoxO1 pathway have a close relationship
with the development of hepatic fibrosis, and both were inhib-
ited by EGCG treatment.[69] According to another study,[70] which
included in vivo and in vitro experiments, the mRNA expression
of TGF-β, collagen I-α1, tissue inhibitor of metalloproteinase 1
(TIMP-1), α-smooth muscle actin (a-SMA), and the phosphory-
lation of Smad2 and Smad3 were markedly inhibited in the liver
tissue following EGCG treatment. In in vitro experiments, EGCG
treatment inhibits TGF-β-induced Smad2/3 protein phosphory-
lation in LX-2 cells in a dose-dependentmanner. Additionally, the
activation of the renin-angiotensin system (RAS), which plays a
key role in the liver fibrosis progression, is inhibited as the re-
sults of EGCG treatment. EGCG can make contributions to the
decrease of serum levels of angiotensin-II (AT-II) and suppres-
sion of mRNA levels of RAS components, including angiotensin-
converting enzyme (ACE) and AT-II type 1 receptor (AT-1R) in
the liver.[62]

2.8. Prevention of NAFLD-Related Liver Tumorigenesis

The continuous development of NAFLD/NASH can progress
to HCC. Oxidative stress, chronic inflammation, and nu-
merous pathophysiological mechanisms are critically involved
in NAFLD/NASH-related liver tumorigenesis. Three in vivo
studies[62,71,72] conducted by a research group from Japan demon-
strated that EGCG might be able to prevent NAFLD-related liver
tumorigenesis. In 2011, this research group reported that EGCG
(0.1%, for 34 weeks) significantly inhibited the development of
liver cell adenomas in the diethylnitrosamine (DEN)-induced
liver tumorigenesis models by inhibiting the phosphorylation of
IGF-1R and related downstream signaling pathways, including
themitogen-activated protein kinase (MAPK)/ERK andPI3K/Akt
pathways, which contribute to the development of HCC. Sub-
sequently, in two other NAFLD/NASH-related HCC rat models,
EGCG administration was shown to inhibit the development of
glutathione S-transferase placental form (GST-P)-positive foci (p
< 0.01), a hepatic preneoplastic lesions.

Mol. Nutr. Food Res. 2018, 62, 1700483 1700483 (7 of 11) C© 2017 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.

http://www.advancedsciencenews.com
http://www.mnf-journal.com


www.advancedsciencenews.com www.mnf-journal.com

Table 3. Effects of green tea extract rich in EGCG or EGCG in patients with NAFLD or metabolic syndrome

Types Participants Period Total Dosage Main results Reference

randomized
placebo-controlled

22 males 16 females
(confirmed NASH by
liver biopsy diagnosis)

6 months 600 mg/d green tea
catechins (52.6% EGCG)

(1) Blood TG was effectively controlled,
HDL-C ↑, LDL-C ↓, BMI ↓

(2) FPG level, IRI, HOMA-IR, GA ↓
(3) ALT, AST remained under the limits,

type-Ⅳ collagen ↓, ã-GTP↓, hs-CRP ↓
(4) V/S area ration↓, L/S ratios↑
(5) no side effects

[73]

double-blind
placebo-controlled

102 females (BMI > 27
kg/m2 WC > 80 cm)

12 weeks 856.8 mg/d green tea
extracts (57.12% EGCG)

(1) body weight, waist circumference and
BMI ↓

(2) a consistent trend of ↓ total cholesterol,
and ↓ LDL plasma levels

(3) no side effects or adverse events

[74]

randomized single-blind
permuted block

35 subjects (with obesity
and metabolic
syndrome)

8 weeks 4 cup green tea/d (400mg
EGCG/d) green tea extracts
(460mg EGCG/d)

(1) body weight and BMI ↓
(2) a decreasing trend in LDL-C and

LDL/HDL. MDA and HNE↓
(3) side effects or adverse events not

mentioned

[75]

randomized
double-blind
placebo-controlled

88 females (obese
premenopausal)

12 weeks EGCG 300 mg/d (1) body weight and adiposity hadno
significantly changes

(2) energy and fat metabolism hadno
significantly changes

(3) HOMA-IR, TC, LDL-C, TAG hadno
significantly changes

(4) liver function marker had no significantly
changes

[72]

randomized
double-blind
placebo-controlled

88 males (overweight or
obese)

8 weeks EGCG 800 mg/d (1) improve the diastolic blood pressure
and mood

(2) no effects on insulin resistance or lipid
metabolism

[71]

3. Clinical Trials

The beneficial effects of EGCG observed in basic studies sup-
port further development of EGCG as a potential clinical drug for
the treatment of NAFLD. Based on these potential clinical advan-
tages of EGCG, some research groups have conducted a few clin-
ical trials of small sample sizes (Table 3) to examine the efficacy
and safety of EGCG or green tea extract (GTE) rich in EGCG on
men with NASH, overweight, or obesity. However, at this time,
no randomized, controlled, clinical trials have tested the effects
of high-purity EGCG on human NAFLD.
Two research groups[73,74] reported that 300 mg/d of EGCG

for 12 weeks and 800 mg capsules of EGCG for 8 weeks on
overweight or obese patients (30 kg/m2 <BMI <40 kg/m2, 28
kg/m2<BMI <38 kg/m2), and the biomarkers related to the
whole-body energy metabolism, lipid, and glucose metabolism
including BMI, waist circumference, blood lipid levels (TAG, TC,
LDL-C and HDL-C, et al), and insulin resistance were tested.
However, the results were not in line with those from animal
research where EGCG improve the overweight-related fatty liver.
Noticeably, the liver functionmarkers (AST, ALT, γ -GT, et al) were
tested in one of the studies, but there was no statistical difference
between the EGCG group and control group. Generally, the two
studies showed that EGCG failed to decrease the body weight or
improve the lipid or glucose metabolism, neither in male nor in
female obese patients.

Interestingly, patients with NASH who were diagnosed by a
liver biopsy and took 600 mg of green tea catechins (GTC, in-
cluding52.6% EGCG) per day for 6 months with controlled diets
and exercise therapy achieved significant effects, including im-
proved anthropometric parameters and biochemistry levels. GTC
treatment resulted in a significant decrease in BMI with higher
HLD-C and lower LDL-C, and decrease in blood glucose levels, in-
cluding immunoreactive insulin (IRI), HOMA-IR, FPG and GA
levels, compared with the control group. Meanwhile, the high
level of hs-CRP was decreased, the ALT and AST levels remained
under the limits for most of the patients in the GTC treatment
group.[75] Similarly, subjects with central obesity who underwent
12 weeks of EGCG treatment (a daily dosage of 856.8mg) showed
significant weight loss, reduced waist circumference, and consis-
tent decrease in total cholesterol and LDL plasma levels without
any side effects.[76] A large dose of GTE rich in EGCG (approxi-
mately 50%) significantly decreased body weight and BMI after 8
weeks of treatment.[77]

Based on these clinical trials, GTE rich in EGCG have benefi-
cial effects on NAFLD, but the pure EGCG does not produce the
same effects. According to Masterjohn et al.,[78] other catechins
in GTE have greater bioavailability in humans, mice, and rats.
We hypothesized that other catechins in the GTE may cause syn-
ergistic effects on the treatment of NAFLD in certain ways. And
this kind of phenomenon is also observed in one clinical trial,
where patients in the green tea treatment group exhibited better
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therapeutic effects than patients in the green tea extracts treat-
ment group.[77] Thus, some synergistic effects should be explored
and extended basic studies in this direction are needed in the
future. Possibly this kind of research can provide more insight
on why the functional food exhibits multipronged preventive and
therapeutic activities.
Of course, differences in the study sample, design, and treat-

ment dosages could explain the discrepancy among the research
results. For example, with the dose change of the treatment
groups from the lower dose of EGCG (377 mg daily) to the high-
dose of EGCG (856.8 mg daily), body weight and BMI were
decreased after 12-week treatment and waist circumference was
also significantly reduced in the subjects.[76,79] In addition, it is
noteworthy that the lengths in clinical trials with vitamin E and
obeticholic acid for the treatment of NAFLD are two years and
72 weeks, respectively.[80,81] Perhaps a longer term trial of EGCG
is needed to achieve significant effects on NAFLD. Generally,
the available data from both animal studies and the clinical tri-
als on obesity and diabetes are promising. But we need further
clinical trials to verify the hepatoprotective effects of EGCG on
humans before EGCG can be recommended as a useful pro-
phylactic to protect against or for the treatment of NAFLD in
humans.

4. Conclusions and Perspectives

Based on the results of in vivo studies, EGCG treatment have ben-
eficial effects on NAFLD because of its effect of anti-oxidation,
anti-inflammation, and its effect on energy metabolism through
up-regulation of LDL-R, activation of AMPK, regulating SREBPs,
increasing lipid oxidation and improving insulin resistance,
etc. More importantly, EGCG can improve NAFLD-related fibro-
sis and carcinoma. It seems that EGCG exhibits multipronged
preventive and therapeutic effects on the treatment of NAFLD.
Although many biological effects of EGCG in treating NAFLD

have been demonstrated in cultured cells and animal models,
clinical trials are inadequate, and the clinical efficacy of EGCG
in treating NAFLD remains unclear. As is mentioned above, the
inconsistent outcomes may be related to the different treating
dosages, treating courses, administration routes, enrollment cri-
teria, etc. Further clinical studies with larger sample size and
longer treatment period are needed.
Drug safety will be another major concern in clinical prac-

tice. According to drug safety analysis in animal studies and clin-
ical trials, low doses (0.2, 0.32 and 0.5% of dietary EGCG) of
EGCG, as well asmoderate consumption of whole green tea, does
not cause liver injury or any other side effects. However, a high
dose of EGCG (1500 mg/kg) can lead to mild liver injury in mice
models,[82] and 500mMEGCG can be harmful to HepG2 cells.[83]

Furthermore, with hepatocytes, high dose of EGCG induced a
significant increase in ROS formation and caused damage to mi-
tochondria. Several concentrations of EGCG resulted in massive
cellular death in an EGCG dose-dependent manner.[84,85]

To fully elucidate the efficacy, safety and mechanisms of
EGCG in treatingNAFLD, clinical trials with greater sample sizes
and a longer follow-up period and more in-depth in vitro and in
vivo experiments are expected.
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