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Summary
(–)-Epigallocatechin-3-gallate (EGCG) is the major active component of green
tea. Increasing evidence has suggested that EGCG exhibits anti-inflammatory,
anti-oxidant and immunosuppressive effects. In this study, we investigated the
effect of EGCG on concanavalin A (ConA)-induced hepatitis (CIH) in mice, a
model of immune-mediated liver injury in humans. We pretreated mice with
EGCG before ConA injection, and then measured alanine aminotransferase
(ALT) levels in plasma, inflammatory infiltration and hepatocyte apoptosis in
liver. Potential therapeutic mechanisms were elucidated further by measuring
several inflammatory mediators. Mice pretreated with EGCG exhibited much
less increased ALT levels in plasma, reduced inflammatory infiltration and
hepatocyte apoptosis in liver compared with control mice pretreated with
vehicle solutions. We further investigated the mechanisms of the protective
effects of EGCG. In EGCG-pretreated mice, we found abrogated tumour
α and interferon (IFN)-γγ at both protein levels in
necrosis factor (TNF)-α
plasma and mRNA levels in liver. At the same time, the concentration of
nitrite in plasma and inducible nitric oxide synthase production in liver were
both down-regulated in these mice. Moreover, IFN-inducible protein-10 and
α expressions in liver were decreased sigmacrophage inflammatory protein-1α
nificantly. Therefore, EGCG is capable of regulating immune-mediated liver
injury in vivo. The protective effect depended on its suppressive effect on the
production of important inflammatory mediators.
Keywords: concanavalin A-induced hepatitis, (–)-epigallocatechin-3-gallate,
immune-mediated liver injury

Introduction
Tea (Camellia sinensis) is one of the most popular beverages
in the world, and its beneficial effects on health have
attracted great attention. Drinking tea, especially green tea,
has recently been associated with a lower incidence of human
cancer [1]. The most significant groups of tea components
are polyphenols, especially the catechin group called flavonols. (–)-Epigallocatechin-3-gallate (EGCG) is the major
tea catechin. Many of the known biological effects of green
tea are mediated by EGCG.
Many studies have suggested that EGCG exhibits antioxidant, anti-inflammatory and immunosuppressive effects.
EGCG can inhibit lipopolysaccharide (LPS)-induced
tumour necrosis factor (TNF)-α and inducible nitric-oxide
synthase (iNOS) production in mice [2,3]. It can also

promote apoptosis and cell cycle arrest of transformed cells
[4–6]. The underlying mechanisms of EGCG’s action involve
inhibiting the activation of nuclear factor-kappa B (NF-κB),
which regulates the expression of a variety of genes critical
for the induction of inflammatory and apoptosis mediators
[7]. Several groups have reported a positive effect of EGCG
in inflammatory or autoimmune diseases in animal models,
such as experimental autoimmune encephalomyelitis (EAE),
toxin-induced liver injury and autoimmune diabetes [8–10].
Concanavalin A (ConA)-induced hepatitis (CIH) is an
experimental model of immune-mediated liver disease in
humans [11]. It is characterized by massive hepatocellular
degeneration and lymphoid infiltration in the liver [12]. The
hepatitis induced by ConA is mainly dependent on T cell
activation [13,14]. T cell activation elicited by ConA results
in the elevation of plasma levels of various cytokines,
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including TNF-α, interferon (IFN)-γ, interleukin (IL)-6
[15]. In particular, TNF-α and IFN-γ are considered to play
critical roles in the development of CIH because passive
immunization against these cytokines effectively protects
animals from hepatic injury [14,16].
In this current study, we found that EGCG protected
mice from CIH. Mice pretreated with EGCG exhibited significantly reduced alanine aminotransferase (ALT) in
plasma. Histological staining showed that EGCG administration strongly attenuated liver injury and hepatocyte apoptosis. The beneficial effect of EGCG was related to the
inhibition of the production of several major inflammatory
mediators.

reaction, according to the manufacturer’s instructions
(Roche Molecular Biochemicals, Indianapolis, IN, USA);
sections were then examined by light microscopy. A total of
10 tissue sections were analysed for each animal.

Analysis of plasma cytokines
The plasma concentrations of TNF-α and IFN-γ were
determined with the help of a specific enzyme-linked
immunosorbent assay kit (ELISA) (R&D Systems, Minneapolis, MN, USA), according to the manufacturer’s
instructions.

Measurement of nitrite
Materials and methods
Mice
C57BL/6 mice, male, 8–10 weeks of age, were purchased
from Shanghai SLAC Laboratory Animal Co. Ltd (Shanghai,
China). Mice were housed in the animal care facilities of
Shanghai Jiao Tong University School of Medicine under
pathogen-free conditions. All experimental procedures
received approval by the Institutional Laboratory Animal
Care and Use Committees.

EGCG administration
Mice received EGCG (Sigma-Aldrich, St Louis, MO, USA)
dissolved in phosphate-buffered saline (PBS). EGCG (5 mg/
kg each time) or PBS was administered by gavage twice daily
for 10 days before the induction of CIH.

Induction and evaluation of CIH
Mice were injected via the tail vein with a single dose of
ConA (Vector Laboratories, Burlingame, CA, USA) (15 mg/
kg of body weight). Plasma was obtained about 20 h later,
and ALT levels were determined using the ALT detection kit
(Shanghai Yihua Medical Science and Technology, Shanghai,
China).

Histology
Livers were removed after perfusion with PBS, fixed with 4%
phosphate-buffered paraformaldehyde and embedded in
paraffin. Tissue sections (5 µm) were prepared and stained
with H&E; sections were then examined by light microscopy.
A total of 10 tissue sections were analysed for each animal.

TUNEL staining
Paraffin embedded liver tissues were assayed for DNA fragmentation using a terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP-biotin nick end labelling (TUNEL)
486

NO is converted rapidly to nitrite in plasma. In our study,
plasma were deproteinized and nitrite was measured by
using the Griess reaction, as described previously [17].
Briefly, 100 µl pretreated plasma were mixed with 100 µl of
Griess reagent at room temperature for 10 min. Absorbance
was measured at 540 nm in an automated microplate reader.
The concentration of nitrite was determined by reference to
a standard curve of sodium nitrite.

Immunochemistry
Sections were immunostained with anti-serum to iNOS by
using the biotin–avidin–peroxidase method. Briefly, endogenous peroxidase activity was blocked by immersing the
sections in 3% hydrogen peroxide for 5 min at room temperature. The sections were permeabilized in 0·1% tyrosine
in 10 mM Tris-HCL PH8·0. The sections were incubated
overnight at 4°C, with rabbit polyclonal iNOS antibody
(Upstate Biotechnology, Lake Placid, NY, USA) and diluted
at 1 : 50 in phosphate-buffered saline containing 1% bovine
serum albumin (BSA). Sections were washed three times in
PBS and then incubated with goat anti-rabbit IgG conjugated with horseradish peroxidase (HRP) at a dilution of
1 : 100 for 1 h at 37°C. The sections were further washed.
Finally, the peroxidase was visualized by immersing in 0·05%
diaminobenzidine containing 0·03% hydrogen peroxide in
Tris-HCl buffer (pH 7·5) for 5 min. Positive staining was
indicated by a brown colour. Control sections were stained
with 1% BSA.

RNA extraction and reverse transcription–polymerase
chain reaction (RT–PCR)
Total RNA was isolated from liver tissues using RNeasy Mini
Kit (Qiagen, Hilden, Germany). Genomic DNA was
removed from total RNA prior to cDNA synthesis using the
RNase-free DNase set for DNase digestion during RNA purification (Qiagen, Hilden, Germany). RNA was stored at
− 80°C. First-strand cDNA synthesis was performed for each
RNA sample using the Sensiscript RT kit (Qiagen, Hilden,
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Germany). Random hexamers were used to prime cDNA
synthesis.

Gene expression of iNOS and chemokines [monocyte
chemoattractant protein (MCP)-1, macrophage inflammatory protein (MIP)-1α, interferon-inducible protein-10
(IP-10)] mRNA were performed by real-time PCR using
SYBR Green master mix (Applied Biosystems, Foster City,
CA, USA). Thermocycler conditions comprised an initial holding at 50°C for 2 min, then at 95°C for 10 min. This was followed by a two-step PCR program consisting of 95°C for 15 s
and 60°C for 60 s for 40 cycles. Data were collected and analysed quantitatively on an ABI Prism 7900 sequence detection
system (Applied Biosystems). The α-actin gene was used as
an endogenous control to normalize for differences in the
amount of total RNA in each sample. All quantities were
expressed as number of folds relative to the expression of αactin, as follows. α-actin: sense 5′-TGTCCACCTTCCAGC
AGATGT-3′, anti-sense 5′-AGCTCAGTAACAGTCCGCCT
AGA-3′; TNF-α: sense 5′-GACGTGGAACTGGCAGAAG
AG-3′, anti-sense 5′-GCCACAAGCAGGAATGAGAAG-3′;
IFN-γ: sense 5′-TCAAGTGGCATAGATGTGGAAGAA-3′,
anti-sense 5′-TGGCTCTGCAGGATTTTCATG-3′; iNOS:
sense 5′-GCCACCAACAATGGCAACA-3′, anti-sense 5′-CG
TACCGGATGAGCTGTGAA-3′; MIP-1α: sense 5′-CACC
CTCTGTCACCTGCTCAA-3′, anti-sense 5′-ATGGCGCTG
AGAAGACTTGGT-3′; IP-10: sense 5′-GCCGTCATTT
TCTG CCTC-3′, anti-sense 5′-ATGGCGCTGAGAAGACTT
GGT-3′.

Statistical analysis
All results are expressed as mean ± s.d. Statistical comparisons were made using Student’s t-test after analysis of variance. The level of significance was set to α= 0·05. All tests
were two-sided.

Results
Oral administration of EGCG inhibited ConA-induced
ALT release
C57BL/6 mice, four mice per group, were pretreated with
oral administration of PBS or EGCG (5 mg/kg) twice per
day for 10 continuous days, then received ConA (15 mg/
kg) injection via tail vein. Twenty hours later, plasma
were obtained and ALT was measured. As shown in
Fig. 1, pretreatment of mice with 5 mg/kg EGCG significantly inhibited release of ALT into plasma (about 80%
reduction).
Lower doses of EGCG (2·5 mg/kg) did not significantly
inhibit ConA-induced ALT release (data not shown). Moreover, higher doses of EGCG (up to 10 mg/kg) did not inhibit

ALT concentration (U/l)

Real-time PCR

4000

3000

2000

1000

0
PBS
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Fig. 1. Plasma alanine aminotransferase (ALT) levels. C57BL/6 mice,
four mice per group, were pretreated with oral administration of phosphate-buffered saline (PBS) or (–)epigallocatechin-3-gallate (EGCG)
(5 mg/kg) twice per day for 10 continuous days, then received concanavalin-A (ConA) (15 mg/kg) injection via tail vein. Twenty hours
later, plasma were obtained and ALT were measured. Results shown are
mean ± s.d. Data are representative of five experiments. *P < 0·05.

ConA-induced ALT release more efficiently than the 5 mg/kg
feeding described above (data not shown).

Oral administration of EGCG protected mice from liver
injury in CIH
In CIH, ConA administration caused severe liver damage
exhibiting as inflammatory infiltration around the central
veins and large areas of centrilobular necrosis and hepatocyte apoptosis (Fig. 2a for H&E staining, and Fig. 2c for
TUNEL staining). In contrast, in mice treated with EGCG
before ConA administration, liver damage was minimal:
fewer areas of intralobular necrosis or significant inflammatory infiltration were observed (Fig. 2b, H&E staining); only
a few hepatocytes exhibited TUNEL-positive nuclei (Fig. 2d,
TUNEL staining), indicating that apoptosis was markedly
reduced in EGCG-pretreated mice exposed to ConA administration. Therefore, EGCG administration protected mice
from ConA-induced liver inflammation and injury.

Effect of EGCG on cytokine production
In CIH-induced mice immune cells are activated, and consequently inflammatory cytokines which promote liver cell
damage are released. TNF-α and IFN-γ are among these
inflammatory cytokines and have been found critical in triggering liver injury [18,19]. In evaluating the effect of EGCG
pretreatment on the development of CIH, we analysed the
levels of TNF-α and IFN-γ in plasma and liver. As shown in
Fig. 3a and b, TNF-α at both protein level in plasma and
mRNA level in liver were suppressed by EGCG administration (about 30% reduction for protein expression and 50%
reduction for mRNA expression). In addition, we analysed
the expression of IFN-γ at 20 h after ConA administration.
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Fig. 2. Liver haematoxylin and eosin (H&E) and
dUTP-biotin nick end labelling (TUNEL) staining.
C57BL/6 mice, four mice per group, were pretreated
with oral administration of phosphate-buffered
saline (PBS) or (–)epigallocatechin-3-gallate
(EGCG) (5 mg/kg) twice per day for 10 continuous
days, then received concanavalin-A (ConA) (15 mg/
kg) injection via tail vein. Twenty hours later, livers
were obtained. (a) In PBS-pretreated mice, liver
sections were stained with H&E. (b) In EGCGpretreated mice, liver sections were stained with
H&E. (c) In PBS-pretreated mice, liver sections were
stained with TUNEL staining. (d) In EGCGpretreated mice, liver sections were stained with
TUNEL staining. Ten sections were observed in each
sample. Results are representative of four experiments (magnification × 200).
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Fig. 3. Cytokine profiles. C57BL/6 mice were pretreated with oral administration of phosphatebuffered saline (PBS) or (–)epigallocatechin-3gallate (EGCG) (5 mg/kg) twice per day for 10 continuous days, then received concanavalin-A (ConA)
(15 mg/kg) via tail vein. Two hours later (a) plasma
were obtained and tumour necrosis factor (TNF)-α
were measured by enzyme-linked immunosorbent
assay (ELISA); (b) liver RNA were extracted and relative TNF-α mRNA expression were measured by
real-time polymerase chain reaction (PCR). Twenty
hours later (c) plasma were obtained and interferon
(IFN)-γ were measured by ELISA; (d) liver RNA were
extracted and relative IFN-γ mRNA were measured
by real-time PCR. Data are representative of three or
four experiments. Results are shown by mean ± s.d.
*P < 0·05, ***P < 0·001.
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As shown in Fig. 3c,d, the expression of IFN-γ at both protein level in plasma and mRNA level in liver of EGCGpretreated mice were significantly decreased in comparison
to that of PBS-pretreated mice (about 50% reduction and
55% reduction, respectively). Therefore, EGCG effectively
suppressed the production of TNF-α and IFN-γ at both
mRNA and protein levels, thereby reducing the damage to
liver tissue caused by these inflammatory factors.

PBS-pretreated mice. In contrast, mice pretreated with
EGCG showed a significant reduction in the number of
iNOS-positive cells. Therefore, EGCG administration also
inhibited CIH through affecting the NO-mediated inflammation pathway.

Effects of EGCG on chemokine expression
Augmentations of chemokine productions such as IP-10 and
MIP-1α have been found to play critical roles in the development of CIH [21,22]. Therefore, we further studied the
changes of IP-10 and MIP-1α after EGCG pretreatment.
Twenty hours after CIH induction liver RNA were obtained,
and quantitative mRNA expression of IP-10 and MIP-1α was
measured. As shown in Fig. 5, the levels of IP-10 mRNA and
MIP-1α mRNA were both reduced in EGCG-pretreated
mice compared with PBS-pretreated mice. Thus, the production of IP-10 and MIP-1α in CIH was inhibited by EGCG
administration.

Effect of EGCG on iNOS-derived nitrite oxide
production
During CIH development, iNOS-derived nitric oxide production was found to act increasingly as an important
inflammatory mediator [19,20]. To investigate whether the
inhibition effect of EGCG on CIH might also involve the
NO-mediated pathway, we examined nitrite concentration
in plasma, quantitative iNOS mRNA expression in liver and
iNOS expression in liver tissue sections.
As shown in Fig. 4a, compared with PBS-pretreated mice,
the nitrite concentration in plasma decreased more than
50% in EGCG-pretreated mice, indicating that much less
NO had been released into plasma in these mice. At the same
time, the expression level of iNOS mRNA was significantly
reduced in mice that received EGCG (Fig. 4b).
The effect of EGCG on iNOS expression in liver was confirmed further by immunohistochemical staining of iNOSpositive cells. As shown in Fig. 4c, cells bearing iNOS protein
were apparent in the inflammatory areas of the liver in

Discussion
In the present study, we demonstrated that EGCG protected
mice from CIH induction, which were exhibited as inhibited
ALT levels in plasma, as well as reducing inflammatory infiltration and hepatocytes apoptosis in liver. In CIH-induced
mice that received EGCG, the levels of TNF-α and IFN-γ
were decreased significantly at both mRNA and protein
levels. At the same time, EGCG down-regulated iNOS
(b)
Relative iNOS expression (fold)
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20
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Fig. 4. Nitric oxide and inducible nitric-oxide synthase (iNOS). C57BL/6 mice were pretreated with
oral administration of phosphate-buffered saline
(PBS) or (–)epigallocatechin-3-gallate (EGCG)
(5 mg/kg) twice per day for 10 continuous days, then
received concanavalin-A (ConA) (15 mg/kg) via tail
vein. Twenty hours later (a) plasma were obtained
and NO were measured; (b) liver RNA was obtained
and relative iNOS expression were measured by realtime PCR; (c) livers were obtained and sectioned.
iNOS-positive cells were detected by immunohistochemistry. Results are representative of three
experiments. ***P < 0·001.
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Fig. 5. Chemokine mRNA expressions. C57BL/6 mice, four mice per
group, were pretreated with oral administration of phosphate-buffered
saline (PBS) or (–)epigallocatechin-3-gallate (EGCG) (5 mg/kg) twice
per day for 10 continuous days, then received concanavalin-A (ConA)
(15 mg/kg) via tail vein. Twenty hours later (a) liver RNA were extracted
and relative IP-10 expression were measured by real-time polymerase
chain reaction (PCR); (b) liver RNA were extracted and relative macrophage inflammatory protein (MIP)-1α expression were measured by
real-time PCR. Results are representative of three experiments.

expression in liver, thus inhibiting the production of NO.
Moreover, mRNA expressions of IP-10 and MIP-1α in liver
were both decreased significantly. Therefore, EGCG administration protected mice from CIH through inhibiting the
production of several major inflammatory mediators.
The elevated levels of TNF-α in plasma in CIH mice were
suppressed by EGCG administration. Many previous studies
have reported that TNF-α, as an important inflammatory
cytokine, plays a critical role in the pathogenesis of ConAinduced liver injury [22,23]. In CIH, TNF-α is secreted from
liver macrophage (Kupffer cells) and acts as a major mediator in inflammation-induced hepatocyte death, which can
cause hepatic damage through binding its receptor-inducing
apoptosis cascade [15]. Pretreatment of mice with antimouse TNF-α anti-serum protected them from CIH [14].
Yang et al. found that EGCG inhibits LPS-induced TNF-α
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production in mice [2]. EGCG has a markedly suppressive
activity on murine macrophages infected with the intracellular bacterium Legionella pneumophila (Lp), an effect mediated by enhanced production of TNF-α [24]. Moreover, it
has been reported that EGCG can inhibit the expression of
TNF-α both in collagen-induced experimental arthritis and
EAE [8,25]. Our observation of reduced TNF-α production
after EGCG administration suggests that EGCG suppresses
disease severity by abrogating TNF-α-induced hepatocytic
injury and inflammation response.
As well as TNF-α, IFN-γ is another essential key regulator
in the development and progression of CIH. Depletion of
IFN-γ resulted in a marked reduction in ConA-induced liver
injury and inflammation [18,26]. The important roles of
IFN-γ perhaps rely on the fact that it can synergize with
TNF-α to induce production of several chemokines and
adhesion molecules [27]. Previous studies have also suggested that IFN-γ/signal transducer and activator of
transcription-1 (STAT-1) contributes to CIH via induction
of pro-apoptotic genes [28,29]. In our study, we also found
that administration of EGCG inhibited the augmentation of
IFN-γ. This finding is consistent with previous reports that
EGCG suppresses IFN-γ production in infection and inflammation [25]. However, the underlying mechanisms of the
suppression effect of EGCG on IFN-γ induction need further
investigation.
We found that the levels of nitrite concentration in plasma
and expression of iNOS mRNA and protein in liver were all
reduced by EGCG administration in CIH mice. As previous
studies have reported, in CIH-induced mice the release of
NO into plasma and the expression of iNOS mRNA in liver
was found to be increased [18,19]. Excessive NO production
derived from iNOS has also been found to play an important
role in the induction of toxin-induced liver injury [30]. The
involvement of the toxic effect of iNOS-derived NO in the
development of CIH has been emphasized recently [30,31].
NO mediates tissue injury through pathways including inhibition of mitochondrial respiration, inactivation of proteinase inhibitors and formation of free radicals [32]. Lin et al.
reported that EGCG inhibited NO generation and iNOS
expression in peripheral macrophages stimulated with LPS
[3]. Chen et al. [9] have pointed out that EGCG inhibited
toxin-induced hepatotoxicity partly through inhibition of
NO expression and down-regulation of the production of
inflammatory mediators resulting from the induction of
iNOS. Therefore, the protective effect of EGCG on CIH may
also involve inhibiting NO production, thus decreasing its
toxicity to hepatocytes.
We found that EGCG inhibited IP-10 and MIP-1α mRNA
expression in liver in CIH mice. During the first hours after
challenge, the production of proinflammatory cytokines are
followed by activation of chemotactic factors such as IP-10
and MIP-1α, which attract more leucocytes to the liver to
amplify local inflammation and damage [20,21]. IP-10 is a
selective chemoattractant for activated T lymphocytes. In
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addition, IP-10 plays an important role in hepatic neutrophil
influx in CIH [20,33]. While CIH is developed, IP-10 expression has been found to increase and is modulated by the
IFN-γ/STAT1 pathway [34]. MIP-1α has been suggested to
promote the recruitment of various leucocyte subtypes,
including T cells [35,36]. As previous reports have documented, hepatic macrophages (Kupffer cells) have been discovered as a major source of MIP-1α during hepatic
inflammation [37]. In MIP-1α–/– mice CIH has been shown
to be markedly decreased, indicating that MIP-1α is significantly involved in the pathogenesis of the disease [38]. In this
study, we found for the first time that that EGCG inhibited
IP-10 and MIP-1α mRNA expression in the inflammatory
sites. We propose that EGCG inhibits the expression of IP-10
and MIP-1α, which in turn inhibits the migration of inflammatory cells into liver, thus reducing liver injury severity.
Previous studies have demonstrated that TNF-α and IFN-γ
can regulate the expression of IP-10 and MIP-1α [20,21].
Whether EGCG modulated these chemokines directly or
indirectly through interfering TNF-α and IFN-γ production
needs further investigation.
In conclusion, in this current study we found that EGCG
suppressed CIH in mice. The suppressant effect was associated with inhibition of several inflammatory mediators,
including TNF-α, IFN-γ, NO and chemokines. The protective effect of EGCG on CIH and its detailed mechanism will
be studied further. However, results from this study suggest
new perspectives for employing EGCG in the pretreatment
of immune-mediated liver disease.
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