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Abstract 

 

The Protective Effects of Epigallocatechin Gallate (EGCG)  

against Ischemia/Reperfusion Injury in the Mouse Hepatocytes 

 

Jee Hoon Hwang 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Dong Kyun Rah) 

    

Reactive oxygen species have been implicated in the pathogenesis of hepatic injury 

after ischemia/reperfusion (I/R). Recently, green tea polyphenol (GTP) has been 

found to protect the myocardium and kidney cells against I/R injury. Green tea 

consists mainly of polyphenols (catechins) which constitute about 40% of the dry 

weight of solids in brewed green tea, of which (–)-epigallocatechin gallate (EGCG) is 

the most abundant and the most extensively studied catechin.  

Less attention, however, has been paid to the protective effects of EGCG with 

respect to hepatocytes. This study was designed to investigate the potential protective 
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roles played by EGCG against the injurious effects of reactive oxygen species in 

mouse hepatocytes.  

Mouse hepatocytes were cultured in Dulbecco's modified Eagle's medium 

supplemented with 5% fetal bovine serum. Then to determine the maximal 

concentration of EGCG without cellular toxicity, dilution test was used. In dilution 

test, mouse hepatocytes were treated with 0.2, 0.4, 0.6, 0.8and 1.0 mM of EGCG. 

After 24 hours of EGCG treatment, the viability of the hepatocytes was assessed by 

MTT assay. The oxidative stress was induced by two exogenous methods: (1) H2O2 

addition and (2) an enzymatic system, xanthine oxidase (XO) and its substrate 

xanthine (Xn, 250 µM). To determine an adequate amount of oxidative stress, 

different concentrations of H2O2 (20, 10, 1, 0.1 mM) were added to mouse hepatocyte. 

After 24 hours of incubation, the cell viability and morphology were respectively 

measured. Similarly, different concentrations of xanthine oxidase (10, 1, 0.1 U/L) 

were added to mouse hepatocyte. After 24 hours of incubation, the cell viability and 

morphology were measured. In order to examine the ability of EGCG to protect the 

mouse hepatocytes against ROS-mediated oxidative stress, the cells were pre-

incubated for 1 h and 24 h in the presence of EGCG at a final concentration of 0.2mM 

in the medium, which was added to the cell suspension. After the oxidative stress was 

induced by H2O2 or XO, the cell viability and morphology were evaluated.  

Oxidative stress by H2O2,, xanthine+ XO treatments causeed a significant reduction 
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in viability of mouse hepatocytes. In the microscopic observations, the morphological 

changes and necrotic detachment were appreciably induced by both treatments. The 

H2O2-induced alterations were near completely prevented by pre-incubating the 

mouse hepatocyte with 0.2 mM EGCG for 1 h and 24 h (p<0.05). When the oxidative 

stress was induced by XO, the XO-induced alterations were also prevented by  pre-

incubating the mouse hepatocyte with 0.2 mM EGCG for 1 h and 24 h (p<0.05). But 

no significant difference was observered between 1hr EGCG treatment group and 

24hr EGCG treatment group. 

The results of this study suggest that EGCG can reduce hepatocyte cellular injury by 

preventing the oxidative stress dependent injuries on I/R and may be used in liver 

transplantation as an antioxidant.  

 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------------- 

Key words : green tea polyphenol, epigallocatechin gallate, ischemia/reperfusion 
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I. INTRODUCTION 

Liver ischemia initiates a complex and interrelated sequence of events, resulting in 

the injury and death of hepatocyte.1 Reperfusion, although essential for the survival of 

ischemic liver tissue, causes additional damage (reperfusion injury).2 Together, 

ischemia/reperfusion (I/R) of the liver contribute to the hepatocyte dysfunction and 

injury associated with hepatic failure.3,4 Although the exact mechanisms involved in 

the pathogenesis of ischemic/reperfusion liver injury have not been fully elucidated, it 

is generally believed that reactive oxygen species (ROS) and reactive nitrogen species 

are the key mediators of I/R-induced damage to the liver. Oxidative and nitrosative 
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stress cause lipid peroxidation of cell membranes, 5,6 protein and enzyme oxidation,7 

and some irreversible DNA changes,8, 9 collectively leading to the loss of cell viability, 

either via necrotic or apoptotic pathways. One possible way of preventing ROS-

mediated cellular injury is to augment the endogenous oxidative defenses by the 

dietary intake of antioxidants such as vitamins A, C and E. Recently, a great attention 

has been focused on a variety of non-vitamin antioxidants such as phenolic 

compounds, which may also contribute to the cellular antioxidative defense 

mechanisms, and which can be found in many plant species, such as green tea, fruits 

and vegetables. 

One of the approaches to limit apoptotic or necrotic cell death in response to I/R 

injury may be antioxidant therapy. Some antioxidants such as vitamins C and E have 

been shown to have protective properties against ischemia-induced tissue damage.10, 11 

Recently, considerable attention has been focused on a variety of non-vitamin 

antioxidants such as phenolic compounds, including quercetin, curcumin, resveratrol 

etc., which might contribute to liver protection.11  

Hyon performed one of the first studies suggesting that non-vitamin antioxidants 

may offer tissue preservation; he observed that green tea polyphenol (GTP) may 

contribute to the physiological preservation of tissues or organs, particularly in rat 

pancreatic islets.12 Since then, little evidence has been accumulated showing these 

beneficial preservative effects of GTP compared to other effects such as 
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anticarcinogenic and anti-inflammatory activities. The extension of Hyon’s 

observation regarding the preservation of tissues for transplantation will make it 

possible to store tissues or organs for longer periods by a concentration-adjusted GTP 

treatment. Previous studies have demonstrated that GTP can reduce I/R-induced 

injuries in the livers, hearts, intestines and nerves of rats or mice.13,14,15,16 Only a few 

reports, however, have focused on its protective activities against I/R injury in mouse 

hepatocyte.13, 17 Green tea consists mainly of polyphenols (catechins) which constitute 

about 40% of the dry weight of solids in brewed green tea, of which (–)-

epigallocatechin gallate (EGCG) is the most potent antioxidant and the most 

extensively studied catechin.18 

Consequently, we sought to determine whether EGCG pretreatment would protect 

mouse hepatocytes from cellular damage after I/R injury. I/R hepatocytes represent a 

suitable and well-characterized model for studying free radical-induced oxidative 

stress and inflammatory response, which can contribute significantly to tissue injury 

and the functional damage of liver tissues. Our principal hypothesis was that the 

feasible protective mode of action of EGCG in vitro model of mouse hepatocyte I/R 

injury would be through prevention of oxidative stress dependent injuries by its anti-

oxidant effects.  
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II. MATERIALS AND METHODS 

1. Mouse hepatocytes culture 

The mouse hepatocytes were purchased from Young Science (Seoul, Korea) and 

used between passages 5 and 10. The cells were routinely maintained in Dulbecco's 

modified Eagle's medium (Sigma, St. Louis, MO, USA) supplemented with 5% fetal 

bovine serum (Sigma) and a 1% antibiotic antimycotic solution (including 10,000 

units penicillin, 10 mg streptomycin and 25 µg amphotericin B per ml, Sigma) at 

37 °C in a humidified atmosphere of 5% CO2 in air.  

 

2. Dilution test to determine cytotoxicity of EGCG 

The mouse hepatocytes were treated with 0.2, 0.4, 0.6, 0.8and 1.0 mM of EGCG. 

(kindly supplied by PFI Inc., Kyoto, Japan) After 24 hours of EGCG treatment the 

viability of the hepatocytes was assessed by MTT assay.[reduction of 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide to a purple formazan product].  

Non-treated control group was used to compare viability with same time of 

incubation. 
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3. Dilution test to determine adequate amount of oxidative stress 

The oxidative stress was induced by two exogenous methods: (1) H2O2 addition 

and (2) an enzymatic system, xanthine oxidase (XO) and its substrate xanthine (Xn, 

250 µM). To determine an adequate amount of oxidative stress, different 

concentrations of H2O2 (20, 10, 1, 0.1 mM) were added to mouse hepatocyte. After 

24 hours of incubation, the cell viability and morphology were measured. Similarly, 

different concentrations of xanthine oxidase (10, 1, 0.1 U/L) were added to mouse 

hepatocytes. After 24 hours of incubation, the cell viability and morphology were 

respectively measured.  

 

4. EGCG treatment 

The EGCG compounds extracted from green tea were kindly supplied by PFI Inc., 

Kyoto, Japan. Its purity exceeded 90%. In order to examine the ability of EGCG to 

protect the mouse hepatocytes against ROS-mediated oxidative stress, the cells were 

pre-incubated for 1 h and 24 h in the presence of EGCG at a final concentration of 

0.2mM in the medium, which was added to the cell suspension. After pre-incubation, 

the excess EGCG was completely removed and the medium was exchanged before 
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adding the oxidative stress-inducing agents. This avoided a direct reaction between 

the EGCG and the oxidant source in the medium.  

 

5. Oxidative stress induction 

According to the results from the dilution test of H2O2 and xanthine oxidase, 

oxidative stress was induced after pre-incuation with EGCG. The oxidative stress was 

induced by two exogenous methods: (1) H2O2 (10, 1 mM) addition and (2) an 

enzymatic system, xanthine oxidase (10, 1 U/L) and its substrate xanthine (Xn, 

250 µM). Finally, the cell viability and morphology were evaluated.  

 

6. Cell viability measurements by MTT assay 

The toxic effect of ROS on mouse hepatocytes and the protective effect of EGCG 

were assessed by using a viability test with MTT assay. [reduction of 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide to a purple formazan product]. 
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7. Statistical analysis  

Results are expressed as means ± standard deviation. A p value of less than 0.05 

was considered statistically significant. The effects of increasing H2O2 and XO 

concentrations on mouse hepatocytes viability were analyzed by Student's t-test. 

 

 

III. RESULTS  

1. Dilution test to determine cytotoxicity of EGCG 

The mouse hepatocytes viability was same as control group when EGCG 

concentration was 0.2 mM (table 1). The significant differences on cell viability were 

observed between EGCG treated group and non treated control group except when 

EGCG concentration was 0.2 mM . Optical microscopic examination showed a 

significant EGCG dose-dependent decrease in hepatocyte viability (fig. 1). 
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Table 1. EGCG-induced cytotoxicity in mouse hepatocytes. The cell viability was 

measured by MTT analysis. (* p < 0.05 vs. the non-treated at the same time, analyzed 

by a Student’s t-test, n = 6) 

EGCG concentration (mM)  

1 0.8 0.6 0.4 0.2 

Average 23.73 23.88 60.77 75.98 103.62 

Standard 

deviation 
1.95 7.25 4.49 12.92 2.32 

Cell 

viability 

(%of 

control) 
p value 0.001* 0.005* 0.008* 0.04* 0.09 
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Figure 1. Morphological changes of mouse hepatocytes with EGCG treatment. 

Optical microscopic examination showed a significant EGCG dose-dependent 

morphological changes of hepatocytes. (A) Normal hepatocyte (B) 0.2mM EGCG 

treatment (C) 0.4mM EGCG treatment (D) 0.6mM EGCG treatment (E) 0.8mM 

EGCG treatment (F) 1 mM EGCG treatment 
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2. Protective effects of EGCG against H2O2-induced oxidative stress 

To investigate the ROS-induced cytotoxic effects on the mouse hepatocytes, 

increasing H2O2 concentrations were added to the medium and after incubation the 

cellular and morphological alterations were examined. To characterize in greater 

detail the overall cellular injury by the agent, a MTT assay in microplate format was 

performed. Incubating the cells in the presence of millimolar H2O2 concentrations 

resulted in a significant (p<0.05) dose-dependent decrease in hepatocyte viability (Fig. 

2 ). After 24 hours of treatment with 1 mM H2O2, an approximate 32% loss of cell 

viability was observed (Fig. 2, 3).  

These markers were then used to verify the protective effect of EGCG against H2O2-

induced oxidative stress to the mouse hepatocytes. When the cells were pretreated 

with 0.2mM EGCG prior to being challenged with 1 mM H2O2, in conditions similar 

to those used in the experiments mentioned above, a complete protection of cell 

viability was observed, suggesting that the EGCG suppresses the H2O2-induced 

cytotoxicity attributed to its biological activity. Both 1hr-treated group and 24hrs-

treated group had significant effect compared with the non treated group (Table 2 and 

3). But no significant difference was observed between 1hr EGCG treatment group 

and 24hr EGCG treatment group . 
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Figure. 2. H2O2-induced cytotoxicity in mouse hepatocytes (* p < 0.05 vs. the non-

treated at the same time, analyzed by a Student’s t-test, n = 6) 
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Figure. 3. Morphological changes in mouse hepatocytes treated with H2O2 . Optical 

microscopic examination showed a significant H2O2 dependent morphological change 

and increase of necrotic debri.  
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Table 2. Effect of EGCG (1 h treatment) on H2O2-induced cytotoxicity of mouse 

hepatocytes. The cell viability was measured by MTT analysis. (* p < 0.05 vs. the 

non-treated at the same time, analyzed by a Student’s t-test, n = 6). 

 

 

Non-treated 1Hour EGCG 

Treated 

Average 0.22 0.44 

Standard deviation 0.03 0.06 

10mM 

H2O2 

p value 0.00 

Average 63.69 100.54 

Standard deviation 6.30 7.99 

 

Cellular 

viability 

(%of 

control) 

1 mM 

H2O2 

p value 0.01* 

 

Table 3. Effect of EGCG (24h treatment) on H2O2-induced cytotoxicity of mouse 

hepatocytes. The cell viability was measured by MTT analysis. (* p < 0.05 vs. the 

non-treated at the same time, analyzed by a Student’s t-test, n = 6). 

 Non-treated 24Hour EGCG 

Treated 

Average 0.55 0.60 

Standard deviation 0.06 0.17 

10mM 

H2O2 

p value 0.65 

Average 73.57 97.23 

Standard deviation 9.34 3.81 

 

Cellular 

viability 

(%of 

control) 

1 mM 

H2O2 

p value 0.003* 
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3. Protective effects of EGCG against Xanhine(Xn)/Xanthine-oxidase(XO)-

induced oxidative stress 

The cytotoxic effects induced in the mouse hepatocytes were then investigated by 

another ROS-generating system, consisting of XO and its substrate Xn. This system 

enzymatically generates superoxide radicals and H2O2 during the conversion of Xn to 

uric acid. Figure. 4 shows the effects of XO activity on mouse hepatocytes viability. 

When the cells were incubated with increasing XO concentrations in the presence of 

250 µM Xn, a marked decrease in viability was observed. About 31% decrease in 

viability was observed after incubating the cells treated with 10 U/l of the enzyme 

(Table 4). The addition of XO or Xn alone did not affect the cell viability. 

Subsequently, the protective effect of EGCG against Xn/XO-induced oxidative stress 

in the mouse hepatocytes was also investigated under these experimental conditions. 

Pretreating the cells with 2mM EGCG significantly prevented the Xn/XO-induced 

loss of the mouse hepatocytes viability, indicating that the EGCG acted as a 

biological antioxidant. Both 1hr-treated group and 24hrs-treated group had significant 

( p< 0.05) effect in comparision with the non treated group (Table 5 and 6). However 

no significant difference was observed between 1hr EGCG treatment group and 24hr 

EGCG treatment group.  
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Table 4. Xanthine oxidase -induced cytotoxicity in mouse hepatocytes. The cell 

viability was measured by MTT analysis. (* p < 0.05 vs. the non-treated at the same 

time, analyzed by a Student’s t-test, n = 6). 

Xanthine oxidase concentration (mM)  

10 1 0.1 Xanthine only 

Average 71.40 84.47 105.81 98.72 

Standard 

deviation 
2.97 0.03 0.85 7.11 

 

Cell viability 

(%of 

control) 
p value 0.001* 0.003* 0.04* 0.79 
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Figure 4. Morphological changes in mouse hepatocytes treated with xanthine oxidase. 

Optical microscopic examination showed a significant xanthine oxidase dependent 

morphological change and increase of necrotic debri 
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Table 5. Effect of EGCG (1 h treatment) on Xanthine oxidase -induced cytotoxicity 

of mouse hepatocytes. The cell viability was measured by MTT analysis. (* p < 0.05 

vs. the non-treated at the same time, analyzed by a Student’s t-test, n = 6). 

 Non-treated 1Hour EGCG 

Treated 

Average 66.34 87.11 

Standard deviation 10.65 4.52 

10U 

XO 

p value 0.03* 

Average 84.23 95.81 

Standard deviation 5.88 3.21 

 

Cellular 

viability 

(%of 

control) 

1 U 

XO 

p value 0.05 

 

Table 6. Effect of EGCG (24 h treatment) on Xanthine oxidase cytotoxicity of mouse 

hepatocytes. The cell viability was measured by MTT analysis. (* p < 0.05 vs. the 

non-treated at the same time, analyzed by a Student’s t-test, n = 6). 

 Non-treated 24Hours EGCG 

Treated 

Average 67.25 88.60 

Standard deviation 10.10 3.85 

10U 

XO 

p value 0.02* 

Average 87.62 99.69 

Standard deviation 3.75 4.41 

 

Cellular 

viability 

(%of 

control) 

1 U 

XO 

p value 0.002* 



21 

IV. DISCUSSION  

In an in vitro experimental system, the total ethanol extract from the leaves of 

Chromolaena odorata showed significant antioxidant effects on hydrogen peroxide 

and hypoxanthine/XO-induced damage to fibroblasts and keratinocytes, which might 

be related to the wound healing process .19 This prompted us to consider the influence 

of H2O2 and Xn/XO on the viability and morphology of mouse hepacytes. In the 

present study, the injurious effects of ROS, such as H2O2 and Xn/XO, on the viability 

and morphology of the mouse hepatocytes during the culture period were examined 

using MTT analysis and optical microscopy (Fig. 3,4,5 and Fig. 6). The simultaneous 

use of the MTT analysis in combination with morphological observations enables us 

to suggest the mechanism of action if the metabolic activity affected by the cytotoxic 

agents can be detected on the principle of an indirect method. It was shown that the 

EGCG could act as a biological antioxidant in a cell culture experimental system and 

protect the mouse hepatocyte from oxidative stress-induced toxicity, which might 

inhibit ischemic and reperfusion injury under similar pathologic conditions, such as 

liver transplantation. It was suggested that these results might be related to the 

intrinsic properties of EGCG, which passes readily through the cell membrane due to 

its amphipathic properties.  The EGCG is easily adsorbed by lipid bilayers, 

extracellular matrices and various cell membrane receptors. The adsorption of EGCG 

to such proteins is rapid, and their desorption rates are low. Consequently, the mouse 
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hepatocytes could be protected from I/R-induced injuries due to the adsorption of 

EGCG to various membrane proteins and lipids. Moreover, it has been reported that 

EGCG showed excellent adsorption to the collagen in the extracellular matrix and 

various receptors on the cell membrane.12,20. In relation to these results, EGCG have 

already been shown to be significantly effective for protecting rat calvarial osteoblasts 

from ROS (e.g. H2O2 and Xn/XO)-induced oxidative stress.21 

Previous studies on polyphenolic compounds have demonstrated that polyphenols 

are potent antioxidant, antiinflammatory and antiproliferative agents, which is thought 

to have chemopreventive properties with respect to carcinogenesis.  

This study was not intended to investigate the in vivo effects of the EGCG by 

means of oral administration or subcutaneous injection but to examine the protective 

effects of EGCG against exogenous ROS-induced oxidative stress in mouse 

hepatocytes as an in vitro experimental model. This will help the future use of EGCG 

as a commercial product. Although the barrier effect of EGCG treatment could not be 

fully explained, these observations might have important implications for the 

successful protection of hepatocytes under surgical conditions.  
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V. CONCLUSION  

In vitro experimental results oxidative stress was induced in cultured hepatocyte, 

either by adding 1, 10mM H2O2 or by the action of 1, 10 U/l xanthine oxidase (XO) in 

the presence of xanthine (250 µM). Both treatments produced a significant reduction 

in hepatocyte viability.  

 The H2O2 -induced alterations were completely prevented by pre-incubating the 

Hepatocyte with 0.2mM EGCG for 1 h.  When the oxidative stress was induced by 

XO, the cell viability and morphology were also significantly maintained at the 

0.2mM EGCG. These results demonstrate that EGCG can act as a biological 

antioxidant in a cell culture experimental model and prevent oxidative stress-induced 

cytotoxicity in hepatocytes.  
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< ABSTRACT(IN KOREAN)> 

 

백서백서백서백서    간장세포의간장세포의간장세포의간장세포의    허혈허혈허혈허혈////재관류재관류재관류재관류    손상에손상에손상에손상에    대한대한대한대한        

epigallocatechin gallate (EGCG)epigallocatechin gallate (EGCG)epigallocatechin gallate (EGCG)epigallocatechin gallate (EGCG)    의의의의    보호보호보호보호    효과효과효과효과 

 

<지도교수 나 동 균> 

연세대학교 대학원 의학과 

황 지 훈 

 

활성화 산소는 허혈/재관류 손상에 있어서 주된 병인으로 알려져 있다. 

최근 들어 녹차 (green tea) polyphenol 이 신장과 심장 조직에서 허혈/재

관류 손상을 방지할 수 있음이 밝혀졌다. 녹차는 주로 

polyphenol(catechin) 으로 구성되어 있으며 이는 녹차 건조 중량의 약 

40%에 해당한다. 이런 polyphenol 들 중에    epigallocatechin gallate 

(EGCG) 는 가장 강력한 항산화 작용을 하며 가장 많은 연구가 된 물질이

다. 

하지만 간세포에 대해서는 이러한 EGCG의 보호 작용에 대한 연구가 활

발하지 못하다. 본 연구에서는 백서의 간장세포에 대해 활성화 산소가 줄 

수 있는 손상으로부터 EGCG 가 보호작용이 있는 지를 알아보고자 한다. 

 백서의 간장세포를 5% fetal bovine serum 이 포함된 Dulbecco's 
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modified Eagle's medium 에서 배양한다. 그 후 세포독성이 없는 EGCG

의 최대농도를 희석 실험 방법을 통해 밝혀낸다. 희석 실험 방법에는 0.2, 

0.4, 0.6, 0.8 and 1.0 mM of EGCG 를 이용하였다. EGCG를 24시간 처리

한후 MTT assay 를 이용하여 세포의 생장능(viability)를 측정하였다. 산

화적 스트레스는 두가지 방법을 이용하여 유발하였다. (1) H2O2의 첨가 (2) 

250 µM 의 xanthine 과 xanthine oxidase 를 처리하였다. 산화적 스트레

스의 적절한 정도를 알아보기 위하여 20mM, 10mM, 1mM, 0.1mM 의 

H2O2 로 각각 24 시간 처치 후 백서 간장세포의 현미경적 검사 및 생장능

을 확인하였다. 이와 마찬가지로 10U/L, 1U/L, 0.1 U/L 의 xanthine 

oxidase 를 250 µM 의 xanthine 존재하여 각각 처치하였다. 역시 24시간 

후에 현미경적 검사 및 생장능을 확인하였다. EGCG가 산화적 스트레스로

부터 백서 간장세포를 보호하는 작용을 규명하기 위하여 0.2mM 의 

EGCG로 1시간과 24시간동안 각각 처리하였다. 그 후 H2O2와 xanthine 

oxidase 로 산화적 스트레스를 유발하고 EGCG를 전 처치 하지 않은 세

포들과 생장능을 비교하였다. 

H2O2와 xanthine 은 백서의 간장세포에서 산화적 스트레스에 의한 뚜렷

한 생장능의 저하를 보여주었다. 현미경적 검사에서도 두 산화제에 의한 

세포의 괴사와 형태변화가 뚜렷이 관찰되었다. H2O2 에 의한 산화적 스트

레스는 0.2mM 의 EGCG를 1시간 또는 24시간 전처치함으로서 대부분 방

지될 수 있었다. 또한 xanthine oxidase에 의한 산화적 스트레스 역시 
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EGCG의 전처치를 통해서 백서 간장세포의 생존능을 유지 할 수 있었다. 

그러나 두 산화적 스트레스 모두에서 1시간 EGCG 전처치군과 24시간 

EGCG 전처치 군에서 세포 보호 효과의 차이는 나타나지 않았다. 

본 실험의 결과로 EGCG의 백서 간장세포를 산화적 스트레스로부터 보

호하는 작용이 명백해졌으며 이는 추후 생체 간이식시에 항산화제로서 

EGCG를 사용할 수 있는 가능성을 제시하고 있다.  
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