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Abstract

The Protective Effects of Epigallocatechin Gallate (EGCG)

against | schemia/Reperfusion Injury in the Mouse Hepatocytes

Jee Hoon Hwang

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Dong Kyun Rah)

Reactive oxygen species have been implicated ipafigogenesis of hepatic injury
after ischemia/reperfusion (I/R). Recently, greea polyphenol (GTP) has been
found to protect the myocardium and kidney cellgiast I/R injury. Green tea
consists mainly of polyphenols (catechins) whicimstitute about 40% of the dry
weight of solids in brewed green tea, of whichép)gallocatechin gallate (EGCQG) is
the most abundant and the most extensively studiegthin.

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

respect to hepatocytes. This study was designat/éstigate the potential protective



roles played by EGCG against the injurious effaiftgeactive oxygen species in
mouse hepatocytes.

Mouse hepatocytes were cultured in Dulbecco's nmmtlifEagle's medium
supplemented with 5% fetal bovine serum. Then tderdéne the maximal
concentration of EGCG without cellular toxicity lution test was used. In dilution
test, mouse hepatocytes were treated with 0.2,0064,0.8and 1.0 mM of EGCG.
After 24 hours of EGCG treatment, the viabilitytbe hepatocytes was assessed by
MTT assay. The oxidative stress was induced bydwmgenous methods: (1,6
addition and (2) an enzymatic system, xanthine amsed (XO) and its substrate
xanthine (Xn, 25QM). To determine an adequate amount of oxidativesst
different concentrations of &, (20, 10, 1, 0.1 mM) were added to mouse hepatocyte.
After 24 hours of incubation, the cell viability dmmorphology were respectively
measured. Similarly, different concentrations oftkine oxidase (10, 1, 0.1 U/L)
were added to mouse hepatocyte. After 24 houraafhiation, the cell viability and
morphology were measured. In order to examine Hilityaof EGCG to protect the
mouse hepatocytes against ROS-mediated oxidatingssstthe cells were pre-
incubated for 1 h and 24 h in the presence of E@C&final concentration of 0.2mM
in the medium, which was added to the cell suspendgifter the oxidative stress was
induced by HO,or XO, the cell viability and morphology were evatied.

Oxidative stress by ¥, , xanthine+ XO treatments causeed a significanigtoh



in viability of mouse hepatocytes. In the microscagbservations, the morphological
changes and necrotic detachment were appreciathycéad by both treatments. The
H,O.-induced alterations were near completely preverigdpre-incubating the
mouse hepatocyte with 0.2 mM EGCG for 1 h and 24<0.05). When the oxidative
stress was induced by XO, the XO-induced alteratiware also prevented by pre-
incubating the mouse hepatocyte with 0.2 mM EGCKGLfb and 24 hp<0.05). But
no significant difference was observered betweenBBCG treatment group and
24hr EGCG treatment group.

The results of this study suggest that EGCG camcetiepatocyte cellular injury by
preventing the oxidative stress dependent injusied/R and may be used in liver

transplantation as an antioxidant.

Key words : green tea polyphenol, epigallocatecyatiate, ischemia/reperfusion

injury, anti-oxidants, mouse hepatocyte
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I.INTRODUCTION

Liver ischemia initiates a complex and interrelasequence of events, resulting in
the injury and death of hepatocytBeperfusion, although essential for the survival o
ischemic liver tissue, causes additional damagee(fesion injury} Together,
ischemia/reperfusion (I/R) of the liver contributethe hepatocyte dysfunction and
injury associated with hepatic failuté Although the exact mechanisms involved in
the pathogenesis of ischemic/reperfusion liverrinfuave not been fully elucidated, it
is generally believed that reactive oxygen spe@3S) and reactive nitrogen species

are the key mediators of I/R-induced damage tdlitlee. Oxidative and nitrosative



stress cause lipid peroxidation of cell membrahgprotein and enzyme oxidatidn,
and some irreversible DNA chandeScollectively leading to the loss of cell viability
either via necrotic or apoptotic pathways. One idssway of preventing ROS-
mediated cellular injury is to augment the endogenoxidative defenses by the
dietary intake of antioxidants such as vitamingCAand E. Recently, a great attention
has been focused on a variety of non-vitamin aid&xs such as phenolic
compounds, which may also contribute to the callietioxidative defense
mechanisms, and which can be found in many plagtiep, such as green tea, fruits
and vegetables.

One of the approaches to limit apoptotic or necrodll death in response to I/R
injury may be antioxidant therapy. Some antioxidach as vitamins C and E have
been shown to have protective properties agaiosersia-induced tissue daméage!
Recently, considerable attention has been focused ovariety of non-vitamin
antioxidants such as phenolic compounds, includimgrcetin, curcumin, resveratrol
etc., which might contribute to liver protection.

Hyon performed one of the first studies suggestivag non-vitamin antioxidants
may offer tissue preservation; he observed tha¢mgitea polyphenol (GTP) may
contribute to the physiological preservation ofuiss or organs, particularly in rat
pancreatic islet¥ Since then, little evidence has been accumulatesviag these

beneficial preservative effects of GTP compared diler effects such as



anticarcinogenic and anti-inflammatory activitie3he extension of Hyon's
observation regarding the preservation of tisswestrfansplantation will make it
possible to store tissues or organs for longeoderby a concentration-adjusted GTP
treatment. Previous studies have demonstrated Giid@ can reduce I/R-induced
injuries in the livers, hearts, intestines and eeruf rats or mic&****®0Only a few
reports, however, have focused on its protectitiwides against I/R injury in mouse
hepatocyté® *” Green tea consists mainly of polyphenols (catedhirhich constitute
about 40% of the dry weight of solids in brewed egretea, of which (-)-
epigallocatechin gallate (EGCG) is the most potantioxidant and the most
extensively studied catechih.

Consequently, we sought to determine whether EG@8gatment would protect
mouse hepatocytes from cellular damage after IfiRyinl/R hepatocytes represent a
suitable and well-characterized model for studyfreg radical-induced oxidative
stress and inflammatory response, which can cané&ibignificantly to tissue injury
and the functional damage of liver tissues. Oungipial hypothesis was that the
feasible protective mode of action of EG@®vitro model of mouse hepatocyte I/R
injury would be through prevention of oxidativeests dependent injuries by its anti-

oxidant effects.



II.MATERIALSAND METHODS

1. Mouse hepatocytes culture

The mouse hepatocytes were purchased from Yourgn&ei(Seoul, Korea) and
used between passages 5 and 10. The cells werretgunaintained in Dulbecco's
modified Eagle's medium (Sigma, St. Louis, MO, USApplemented with 5% fetal
bovine serum (Sigma) and a 1% antibiotic antimycablution (including 10,000
units penicillin, 10 mg streptomycin and 2§ amphotericin B per ml, Sigma) at

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

2. Dilution test to determine cytotoxicity of EGCG

The mouse hepatocytes were treated with 0.2, 064,008and 1.0 mM of EGCG.
(kindly supplied by PFI Inc., Kyoto, Japan) Afte4 Bours of EGCG treatment the
viability of the hepatocytes was assessed by MTSawfeduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brodei to a purple formazan product].
Non-treated control group was used to compare higbwith same time of

incubation.



3. Dilution test to determine adequate amount of oxidative stress

The oxidative stress was induced by two exogenoethads: (1) HO, addition
and (2) an enzymatic system, xanthine oxidase (@) its substrate xanthine (Xn,
250pM). To determine an adequate amount of oxidativeesst different
concentrations of ¥D, (20, 10, 1, 0.1 mM) were added to mouse hepatoéfter
24 hours of incubation, the cell viability and miogbogy were measured. Similarly,
different concentrations of xanthine oxidase (100.1 U/L) were added to mouse
hepatocytes. After 24 hours of incubation, the eability and morphology were

respectively measured.

4. EGCG treatment

The EGCG compounds extracted from green tea wewdyksupplied by PFI Inc.,
Kyoto, Japan. Its purity exceeded 90%. In ordeexamine the ability of EGCG to
protect the mouse hepatocytes against ROS-mediaiddtive stress, the cells were
pre-incubated for 1 h and 24 h in the presence@E@& at a final concentration of
0.2mM in the medium, which was added to the cedpsusion. After pre-incubation,

the excess EGCG was completely removed and theumedias exchanged before



adding the oxidative stress-inducing agents. Thaided a direct reaction between

the EGCG and the oxidant source in the medium.

5. Oxidative stressinduction

According to the results from the dilution test id§O, and xanthine oxidase,
oxidative stress was induced after pre-incuatiah WiGCG. The oxidative stress was
induced by two exogenous methods: (1)OH (10, 1 mM) addition and (2) an
enzymatic system, xanthine oxidase (10, 1 U/L) #&sdsubstrate xanthine (Xn,

250uM). Finally, the cell viability and morphology weexaluated.

6. Cell viability measurementsby MTT assay

The toxic effect of ROS on mouse hepatocytes aadotbtective effect of EGCG
were assessed by using a viability test with MTBags [reduction of 3-(4,5-

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



7. Statistical analysis
Results are expressed as meansstandard deviation. A p value of less than 0.05
was considered statistically significant. The dffeof increasing D, and XO

concentrations on mouse hepatocytes viability vaeadyzed by Studentdest.

[11.RESULTS

1. Dilution test to deter mine cytotoxicity of EGCG

The mouse hepatocytes viability was same as cogitoolp when EGCG
concentration was 0.2 mM (table 1). The signifiadifferences on cell viability were
observed between EGCG treated group and non treaiebl group except when
EGCG concentration was 0.2 mM . Optical microsc@giamination showed a

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

measured by MTT analysis. f*< 0.05 vs. the non-treated at the same time, aedly

by a Student’s-test, n = 6)

EGCG concentration (mM)

1 0.8 0.6 0.4 0.2
Cell Average 23.73  23.88  60.77 7598  103.62
viability
Standard
(%of o 1.95 7.25 449 1292 232
deviation
control)
pvalue  0.001* 0.005* 0.008*  0.04*  0.09
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Figure 1. Morphological changes of mouse hepatscytth EGCG treatment.
Optical microscopic examination showed a significdBGCG dose-dependent
morphological changes of hepatocytes. (A) Normagabecyte (B) 0.2mM EGCG
treatment (C) 0.4mM EGCG treatment (D) 0.6mM EGGCe&atment (E) 0.8mM

EGCG treatment (F) 1 mM EGCG treatment

12



2. Protective effects of EGCG against H,O,-induced oxidative stress

To investigate the ROS-induced cytotoxic effects the mouse hepatocytes,
increasing HO, concentrations were added to the medium and afteibation the
cellular and morphological alterations were examin€o characterize in greater
detail the overall cellular injury by the agentMaT assay in microplate format was
performed. Incubating the cells in the presencenfimolar H,O, concentrations
resulted in a significanpg0.05) dose-dependent decrease in hepatocyteitidpbilg.

2 ). After 24 hours of treatment with 1 mM,®}, an approximate 32% loss of cell
viability was observed (Fig. 2, 3).

These markers were then used to verify the proeetifect of EGCG against,B.-
induced oxidative stress to the mouse hepatocWtémn the cells were pretreated
with 0.2mM EGCG prior to being challenged with 1 ntdO,, in conditions similar
to those used in the experiments mentioned abowenaplete protection of cell
viability was observed, suggesting that the EGC@peesses the J,-induced
cytotoxicity attributed to its biological activityBoth lhr-treated group and 24hrs-
treated group had significant effect compared wWithnon treated group (Table 2 and
3). But no significant difference was observed et 1hr EGCG treatment group

and 24hr EGCG treatment group .

13
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Figure. 2. HO,-induced cytotoxicity in mouse hepatocytesp(x 0.05 vs. the non-

treated at the same time, analyzed by a Studetd&, n = 6)
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ImM H,0, 0.1mM H,0,

Figure. 3. Morphological changes in mouse hepagscifeated with KD, . Optical
microscopic examination showed a significanOktdependent morphological change

and increase of necrotic debri.
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Table 2. Effect of EGCG (1 h treatment) onGstinduced cytotoxicity of mouse
hepatocytes. The cell viability was measured by Manalysis. (*p < 0.05 vs. the

non-treated at the same time, analyzed by a Stgddest, n = 6).

Non-treated 1Hour EGCG

Treated
10mM Average 0.22 0.44
Cdlular H,O, Standard deviation 0.03 0.06
viability p value 0.00
(%o of 1mM Average 63.69 100.54
contral) H,O, Standard deviation 6.30 7.99
p value 0.01*

Table 3. Effect of EGCG (24h treatment) onCginduced cytotoxicity of mouse
hepatocytes. The cell viability was measured by Manglysis. (*p < 0.05 vs. the

non-treated at the same time, analyzed by a Stgddmest, n = 6).

Non-treated 24Hour EGCG

Treated
10mM Average 0.55 0.60
Cellular  H;0O, Standard deviation 0.06 0.17
viability p value 0.65
(Y%of  1mM Average 73.57 97.23
control)  H,0O, Standard deviation 9.34 3.81
p value 0.003*

16



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

induced oxidative stress

The cytotoxic effects induced in the mouse hepaéscyvere then investigated by
another ROS-generating system, consisting of XOi@ndubstrate Xn. This system
enzymatically generates superoxide radicals ay@ Huring the conversion of Xn to
uric acid. Figure. 4 shows the effects of XO atyivin mouse hepatocytes viability.
When the cells were incubated with increasing X@cemtrations in the presence of
250uM Xn, a marked decrease in viability was observgbiout 31% decrease in
viability was observed after incubating the cefsated with 10 U/l of the enzyme
(Table 4). The addition of XO or Xn alone did ndifeat the cell viability.
Subsequently, the protective effect of EGCG agaimeXO-induced oxidative stress
in the mouse hepatocytes was also investigatedr uhdse experimental conditions.
Pretreating the cells with 2mM EGCG significantlgepented the Xn/XO-induced
loss of the mouse hepatocytes viability, indicatithgat the EGCG acted as a
biological antioxidant. Both 1lhr-treated group @dhrs-treated group had significant
( p< 0.05) effect in comparision with the non treagedup (Table 5 and 6). However
no significant difference was observed betweenBEXBCG treatment group and 24hr

EGCG treatment group.

17



Table 4. Xanthine oxidase -induced cytotoxicity nmouse hepatocytes. The cell
viability was measured by MTT analysis. [f*< 0.05 vs. the non-treated at the same

time, analyzed by a Student$est, n = 6).

Xanthine oxidase concentration (mM)

10 1 0.1 Xanthine only
Average 71.40 84.47 105.81 98.72
Cell viability
Standard
(% of o 2.97 0.03 0.85 7.11
deviation
contral)
p value 0.001* 0.003* 0.04* 0.79

18



10U Xan/XO U Xan/XO

0.1V Xan/XO 250 uM Xanthine only

Figure 4. Morphological changes in mouse hepatsdyeated with xanthine oxidase.

Optical microscopic examination showed a significaanthine oxidase dependent

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

of mouse hepatocytes. The cell viability was meagiay MTT analysis. (p < 0.05

vs. the non-treated at the same time, analyzedSiydent'd-test, n = 6).

Non-treated 1Hour EGCG

Treated
10U Average 66.34 87.11
Cellular XO Standard deviation 10.65 452
viability p value 0.03*
(%o of 1U Average 84.23 95.81
contral) XO Standard deviation 5.88 3.21
p value 0.05

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

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

non-treated at the same time, analyzed by a Stgddmest, n = 6).

Non-treated 24Hours EGCG

Treated
10U Average 67.25 88.60
Cedllular XO Standard deviation 10.10 3.85
viability p value 0.02*
(%o of 1U Average 87.62 99.69
contral) XO Standard deviation 3.75 441
p value 0.002*

20



IV. DISCUSSION

In anin vitro experimental system, the total ethanol extracinftbe leaves of
Chromolaena odorata showed significant antioxidant effects on hydrogemoxide
and hypoxanthine/XO-induced damage to fibroblasts keratinocytes, which might
be related to the wound healing procé&%his prompted us to consider the influence
of H,O, and Xn/XO on the viability and morphology of mousepacytes. In the
present study, the injurious effects of ROS, sichb®, and Xn/XO, on the viability
and morphology of the mouse hepatocytes duringctiiteire period were examined
using MTT analysis and optical microscopy (Fig.,3,4nd Fig. 6). The simultaneous
use of the MTT analysis in combination with morpgital observations enables us
to suggest the mechanism of action if the metalaalitvity affected by the cytotoxic
agents can be detected on the principle of andotimethod. It was shown that the
EGCG could act as a biological antioxidant in d celture experimental system and
protect the mouse hepatocyte from oxidative stidigeed toxicity, which might
inhibit ischemic and reperfusion injury under samnipathologic conditions, such as
liver transplantation. It was suggested that thessilts might be related to the
intrinsic properties of EGCG, which passes reatfitpugh the cell membrane due to
its amphipathic properties. The EGCG is easilyodusd by lipid bilayers,
extracellular matrices and various cell membrageptors. The adsorption of EGCG

to such proteins is rapid, and their desorptioagare low. Consequently, the mouse

21



hepatocytes could be protected from I/R-inducedries due to the adsorption of
EGCG to various membrane proteins and lipids. Megeoit has been reported that
EGCG showed excellent adsorption to the collagethénextracellular matrix and
various receptors on the cell membr&m@. In relation to these results, EGCG have
already been shown to be significantly effectivefmtecting rat calvarial osteoblasts
from ROS (e.g. kD, and Xn/XO)-induced oxidative stre%s.

Previous studies on polyphenolic compounds haveodstrated that polyphenols
are potent antioxidant, antiinflammatory and amfiifigrative agents, which is thought
to have chemopreventive properties with respecatoinogenesis.

This study was not intended to investigate ithevivo effects of the EGCG by
means of oral administration or subcutaneous ilgediut to examine the protective
effects of EGCG against exogenous ROS-induced bwélastress in mouse
hepatocytes as an vitro experimental model. This will help the future Ws€EGCG
as a commercial product. Although the barrier ¢ftdEEGCG treatment could not be
fully explained, these observations might have irtgrd implications for the

successful protection of hepatocytes under surgmaditions.
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V.CONCLUSION

In vitro experimental results oxidative stress waduced in cultured hepatocyte,
either by adding 1, 10mM J@, or by the action of 1, 10 U/l xanthine oxidase {X©®
the presence of xanthine (2p). Both treatments produced a significant redurctio
in hepatocyte viability.

The HO, -induced alterations were completely preventegi®rincubating the
Hepatocyte with 0.2mM EGCG for 1 h. When the otiidastress was induced by
XO, the cell viability and morphology were also rfgcantly maintained at the
0.2mM EGCG. These results demonstrate that EGCG amnas a biological
antioxidant in a cell culture experimental moded ganevent oxidative stress-induced

cytotoxicity in hepatocytes.
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