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EGCG {(-)-epigallocatechin gallate], is a major component
of green tea has been considered as a major antioxidant
constituent. It has been considered as potential chemo-
preventive and chemotherapeutic agents. However, very
little is known about the cellular actions by which EGCG
mediates its therapeutic effects. Various aspects of anti-

oxidant activity of EGCG were evaluated in this study. -

EGCG itself did not show significant cytotoxicity. Significant
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity was observed in all ranges of concentration (0.8-100
ug/ml) used in this study. Protective effect of EGCG against
hydrogen peroxide induced cell death was observed.
Relatively high lipid peroxidation inhibitory activity were
detected (IC;, was about 20 ug/ml). EGCG also dose-
dependently enhanced the activities of superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX) in
V79-4 cells. In concentrations of 100 ug/ml of EGCG,
activities of SOD, CAT and GPX were measured as 36.9 U/
mg of protein, 22.9 U/mg of protein and 17.8 U/mg of
protein, respectively. When these values were compared
with those of the control groups (24.9 U/mg of protein, 14.9
U/mg of protein and 11.7 U/mg of protein), the relative
increases were calculated as 48, 54 and 52%, respectively.
Taken together, our findings suggest that EGCG can act as
an antioxidant by scavenging radicals and enhancing
antioxidant enzyme activities.

Keywords: EGCG, DPPH radical scavenging activity,
Lipid peroxidation inhibitory activity, antioxidant enzymes.
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>F 30-40% E3F 0] $leH(Lin %, 1996). ©] Fell4] 7}
A Fa3k 7FE1Z]9l (-)-epigallocatechin gallate (EGCG)
= AzE 53 Q) oF 5%% sk e, BEGOGE)
JE8 sl i3 B AT AHe] slo] Fus)
5-4](Saffari and Sadrzadeh, 2004; Ahmed 5, 2002;
Tobi %, 2002; Shi %, 2000) 3t =l FEoAHo] 4
(Huh &, 2004; Naasani 5, 2003; Annabi &, 2002;
Yoo 5, 2002; Jung &, 2001; Sachinidis &, 2001;
Hour %, 1999; Hernaez %, 1998) o] Rz ct.

A AkE (reactive oxygen species, ROSY> Ak-2] o]

S

Ny 5 AAE o] B HAEe Aol ¥
BAREEE WReAe] dIg AX A o] ofe £}

A ubeE 4 Qe FAakaTol A WeflA] &l
T RS AE ARE aRgel AR W A e it 5
& Zshd, oj2gk dkEo® ’ls| DNA 7hete] sl
DNA <i7]9] e, Eaade], wsk, =3 3 Ad) &
o] Wr %] 7%= &kch(Ward, 1994; Thomson, 1995). 53]
Ak MR SR §lolA] 3 AkehA 2E
eZEe] vk & gle HxHe A
ol Fole] EAaksFoe] HzA e A I f=
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Fogx, Axuto] £AtElo] Fl<=y (Marttila 5, 1988),
dz=sto]= (Zelman 5, 1988) 53 22 2% HAlA
A A7} wAgcle Ao B aE I ol =3l 34
Aol AlshA A4S 53 Az AEE fmdlches
®37} 9 3 (Kirkland and Franklin, 2001; Ratan %,
1994), AlZ2] Ak} £A o] o) frElE Aew o
23 =35}, oF T AR AZAlEo] o) u}
2hA, ol2igh H3ke] Wiz} AlzAlEnle] oA S b
slele A7) B AAE o] F1 QIvh(Fahn and Cohen
5, 1992).

e, AAA Qe Al A e e
%*74 AAE A2} A2l 'E‘/H'?_/] olF=
E3jod, ol Eel dlAHa% BuHe TFEHE ool 4
A, thie] Sakagol o8l AF 045-7"01]49] =
A I dejuar, qtAA ol 2alksix)Ae) Wge] A
F2A 3 xFH ke HeA o] r]eA H3lE o o074
collagen«] s et FxA Y F45 7PAH-20H(Voskresen-
skii &, 1991). =gt F7kx22] 9] 045% S
W ol BAAEEC] FRT HEL B 28
Yepll= o AdEe] <4 ¥asa 9ok(Stich %,
1989; Marton 5, 1993; Jeng 5, 2001; Steikhi 5
2001).

ol23 FAAETY ks ZAINAY LT
g =4 wWelE Aste] superoxide dismutase (SOD),
catalase (CAT) % glutathione peroxidase (GPX) 5¢]
of2] 7k mavh AEE o] wl7hiFe] glrh. SODE
Faksbabs (superox1de)— er/‘@}-r*&} Abr = st
ot ol A4 FASkrAE CATSE GPXol AoH *
=] Fallst £ *&i?r_ A}, ol2idt Fo 54
g3} vl A U] galst EAlo] ksl ol 4]
2elo]l fojglete Zlo] 4 9ot o|zd EAEL
AAE Fote] AF7E Jbsd o EFElR, EadE
o FtEE 22 vl So] o7 & Pu} (Halliwell and
Gutteridge, 1998).
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Epigallochatechin gallate (EGCG)e Al LmlollA 4]
3k, DMSOe] 100 pg/ml7} H =5 Fof -70°Coll M
Hetgion, W8] Azufela] == PBSAl o2 7}
A FxE 3|Aste] ARgellnh. 2 dgellA AR Al
2T V79-4 (Chinese hamster lung fibroblast, ATCC
CCL-93)°]= wljokeld o 2= Dulbecco's modified Eagle's
medium ®]% (Gibco, BRL, USA)l 5% FBS
(BioWhittaker, USA), streptomycin/penicillin (Gibco,
BRL, USA¥} 2 mM L-glutamineS 3L 37°CeollX] 5%
C0O2/95% 8719 Z7dstell wjekatoict.

AEAYEE Y A2E4 34

A|Zo] AEELE MTT assayZ ZA3I3ct (Hansen
, 1989; Lee 5, 2002). V79-4 celte- EGCGS} 34 )
oFgh 24 4 48 A7k ¥o Alx TS S
shabsbrol o3k AEANS) Wolga F4 Aole A
Zufjoolel] EGCGE D}OLOP T AZg Kz & 3}
Aspess 1 mMEA HolFeiet, ATE Aol 24
A17F Eob wilokdE 3 A2 AEES MIT assays 3
skt

olﬂ

DPPH A-#-7] £4 ¥4 &34

Blosi®] ¥ (Blosi, 1958)) wel 1.5 x10*M DPPH
(1,1-diphenyl-2-picrylhydrazyl, Sigma, USA) 600 uloil
7 Az w271 100, 20, 4, & 0.8 pg/ml7} H==2 2}
7+ 7k ¥ methanol -&& 7}8led HFE F9E 3mlE
nkE9det. o5 vortex mixer (Scientific industries, USA)
2 1027F Adsk] F 42 £ 520melM TEEE
=7 (Ultraspec 2000  UV/Visible  spectrometer,
Pharmacia Biotech)sle] thg- #lof| 2] DPPH #-i-7]
o] &7 4L AAsrt
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Radical scavenging activity (%)
= {(ODcontrol - ODsample)/ODcontrol } X 100

Z Alze] gakgl 2-8-2 1050 (DPPH #H5-7] A<
50%%2. sl Hedl Age Fwylo s vehylc),

FARAA A 44 F4 &4
EGCGe|#itslalde] e AAsh 242 243}
71 $lsted vkl V79-4 AlZel A7) w5} 100, 20,
43 08 ugmlt HES 713 F A7k Bt vjoksly
o Ty AR 2EdAE 9 og)7] 9)ste] Babsla
of T=7F ImM HES 718k 3 ofA] 147} St ok
SIgieh. AEjel AZE PBSE & M-S 3 1.15% KCI
500 ke 7ksted AZE Eskal microfuge tube® %
71 ok 4°CE 5]l A homogenizationdfed A}-2-3}
St o mhll el 100 plell Ohkawa 5] Wb
(Ohkawa 5, 1979pll T3 8.1% SDS 200 pl, pHZ 3.5
2 243 20% acetic acid 1.5ml % 0.8% TBA 1.5
mis 7t 7Bkl SRR 2E vt 4ml HEE A
ek o] SE A A F 95°ColA] 247 Eal Ao
sto] MEGAI7|AL Ao ARt ofs AAE T
A £742 n-butanol : pyridine (15:1, v/v) Eatlo g
FE5ted 1800 rpmellA] 10424 4] Feleioick. Aol
= Aol 532nmelld FHEE 2Hsa AlEAA A
A oAl AL ekl

Superoxide dismutase (SOD) ¥4 &3

SOD #4-% Beauchamp@t Fridovich (1971)2] NBT
(nitroblue tetrazolium) W o2 ZAsigict. |82
e Aol 0.05M EHF UEF 9189 (pH 10.2)%
7Fslo] skl ALgEI). o] mial #H 50 ol
3mM xanthine, 0.75 mM NBT, 3mM EDTA (ethylene-
diaminetetraacetic acid), 1.5 mg/ml BSA (bovine serum
albuminy& 7}sked XEHE 0.1 mg/mle)  xanthine
oxidase 50 ke 7}ohaL ARZollA] 308 Eqt wlx]slgir).
HHe> 6mM CuCLE 7}8le] =% & 1500 rpmeilA]
103 52k Q14 Felaleleh AFe As) 560 nel)
FHES FHSHL SOD #4& Falgict.
Catalase (CAT) &4 &3

AEE Az okl Bl 100 ploll 3% s
12 pk 7F8ka 50 mM gl4b 9i8ol (pH 7.0)0.% 2
T F7F ITml S2E Ageh o) g8 37°ColA 2

oot AT F 240 nmelld] 5¥- Bt FAksrso)

A= 3 2890 (Carrillo 5, 1991).

Glutathione peroxidase (GPX) &4 &34
Paglia®t Valentine (1967)¢] 1ol wle} EGCGE A

Fig. 1. Structure of (-)-epigallocatechin gallate (EGCG) used in
this study.

2Jek wlgf A} 100 plel 1 mM EDTA, 10 mM GSH,
ImM NaN,, 1unit®] glutathione reductase, 1.5 mM
NADPHE- 7}3t 3 37°CollA] 108 gt wx|8ksict. o
Gllol] 2T ImM HEE 27 S13E 3 340
nmell4 NADPH] §34= #3ts Z433ic},

£ omreld 7 AgAe AYS 33 oAb nbEale]

DPPH #-§-7] £A4 &4

2 dTelAe EGCGY kst 848 &%) 95t
of DPPH #Ht7] 44 S A0t Az
AZFRA AL Foll 93 Algd AE#so] w7k
RS HERe] Alsle AEEs oo Ao
ARE-E]AL 9l V79-4 (Chinese hamster lung fibroblast,
ATCC CCL-93)F AR&3HdeH(Gulston &, 2002; Ju &
2004). A8 FEE 0.8 pg/mlelAl 100 ug/m7h= st
Al 714 42 DPPH AH77] 44 A4S log-dose
inhibition curve® ZAJslo] Fig, 20 =A|etge}. = A
¥}, EGCGE 100, 20, 4 % 0.8 ug/mle] oA 7}
7+ 99, 96, 90 B 71%] Fx oFHel A7 £A
S vEReh Addo] ARgE A wHelA] 50%¢]
Ao A 24 e vepich

A ol A A X A9 Polas

EGCGe] &2 sl oA alA] Algha 48
Qogle slel el Falslare] Fwel Halsg4
= 7RE o] A ek A7 wshalgdA Alze] A
SEe WA A FAHe 271 1 mMe) Sl
oF 1217k wiioF A|zke|let. whebd], ECGCS] #paksl
dooll ofgk Ao whelaAs A Slsted, A
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ok iRl EGCGE 0, 20 % 100 pg/mie] F=2 A
23k 1417 ol FAsrAaE 1 mM SA Aok
ot oJofA] 2447 Sl Alste] wieFl & AlE9] A
244 24515t 2 A3 EGCGE vIF] ek ¢
2 79 wlEled EGCGE A7 A%, 20 pg/ml %
OHH% 17%8] A2 AEE S7FF 100 pg/mld] F=ol
AE 60%2] AlEze] AEE 7L IEAoHFig. 3).
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Fig. 2. DPPH radical scavenging effect of EGCG. EGCG was
added to a methanolic solution of DPPH and radical scavenging
activity was measured at 520 nm. Each experiment was performed
3 times and data were expressed as average percent changes from
versus the control & S.D.
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Fig. 3. Protective activity of EGCG against cell death caused by
hydrogen peroxide treatment. V79-4 cells were treated with EGCG
1 hr prior to hydrogen peroxide treatment and cell survival was
measured using MTT assay. Each experiment was performed 3
times and data were expressed as average percent changes from
the control £ S.D. (*; p<0.005)

At A A YA JA 554
Azake] A ARel QA E2st Ak A
71l 25 JJr*PiH%—g dogm o] w A4 FAkst

AAL Axeb 4] Fa fl]le] He

A Qleh, whebd A Fakshikg-el Al

ARl F83 AZE o)fz it & ATolAE

EGCGS 77 V79-4 AlZol| 717t & Fakslede] £

A fwd A Ao oA s SAS

A8e] F5E 4 pg/mlolA 100 pg/mie 2 HRA7|HA

Azol 7HalE T 22 AR oA AL Fig 4

of =AElgict. 2 A3, EGCGE 4, 20, ¥ 100 pug/ml

o] FwolAl Z7k 43, 51 H 96%% F= oJF=<l 3}

AbeA A QA oA ZA A4S el DPPH A+

H7) a7 BAolAe} o] FErt Skl weh A

FAx Zrlele TS el

H

Superoxide Dismutase ¥4 5 7}&%

ECGCe] DPPH A7 4A 34, abskrdol o3k
Az Asl B4y sk A4 A 24 52
Faksl azpe] Z1AE slr] $lsled EGCG A7 F
9] superoxide dismutase (SOD), catalase (CAT) %
glutathione peroxidase (GPX) 59 &Hksh F49 A4
W3l yashgic)

SODS 7% 4, 20 % 100 pg/mle] EGCGE AHE3sh
1S 739 7zt 30.6, 34.6 B 36.6 U/mg of protein®]
4 Z71% Jellgich(Fig. 5A). EGCGE AHE3A %
g z2Fol4e] SOD Z4-2 24.9 Umg of protein®]| 31
. w2b EGCG F5F7)] we 4wzl soD 2
391 Z7he 2 23, 39 W 48%ol3ict (Fig. 5B).
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Fig. 4. Lipid peroxidation inhibitory effect of EGCG. Cells were
incubated with 4, 20 and 100 pg/ml of EGCG and was followed
by 1 mM of hydrogen peroxide for 1 hr. The amounts of MDA
were measured at 532 nm. Each experiment was performed 3
times and data were expressed as average percent changes from
the control + S.D.
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Fig. 5. Increase in superoxide dismutase (SOD) activity by EGCG
treatment. Cells were treated with 4, 20 and 100 pg/ml of EGCG
for 60 minutes and superoxide dismutase activity was measured at
560 nm as described in materials and methods. Each experiment was
performed 3 times. The data were expressed as average enzyme
units per mg of protein from the control £ S.D. (*; p< 0.05, **;
p<0.01) (A) or the relative increase in enzyme activity (B).

Catalase &4 F71&53

EGCG®| Fx7} 4, 20, W 100 pg/mlo-2 Z7}=ol ot
2l catalase®] 42 17.9, 19.8 2 22.9 U/mg of protein
9] 715 JElIlch(Fig. 6A). EGCGE HElsh#] o
<= tl&rellM e CATS 42 14.9 U/mg of protein®]
Ark. EGCGE 4, 20, & 100 pg/me] 52 AL )
FMAl H7lelgg o gdojxl catalase @] Aol =
7l A7 20, 33 9 54 % o]IcH(Fig. 6B).

Glutathione peroxidase 84 F7} &3}
GPX2] 7-%ll= BGCGE F=7} 4, 20, % 100 pg/ml
o2 Z7hel wel &4 gh4e) 142, 157 Y 17.8 Umg
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Fig. 6. Increase in catalase (CAT) activity by EGCG treatment.
Cells were treated with 4, 20 and 100 ug/ml of EGCG for 60 min-
utes and catalase activity was measured at 560 nm as described in
materials and methods. Each experiment was performed 3 times.
The data were expressed as average enzyme units per mg of pro-
tein from the control £ S.D. (*; p<0.05, **; p<0.005) (A) or the
relative increase in enzyme activity (B).

of protein® 2 F7}= ek (Fig. 7A). 212 749+
11.7 U/mg of protein®] GPX #Alo] olojgr}. A=A
ol ZAEAe] FHE AwRnd EGCGY 5=} 4, 20,
3 100 pg/mlez F7Rgel whet 21, 34 2 529% 9] A
o &4 Frpb} B %c (Fig. TB).
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Fig. 7. Increase in glutathione peroxidase (GPX) activity by
EGCG treatment. Cells were treated with 4, 20 and 100 pg/ml of
EGCG for 60 minutes and glutathione peroxidase activity was
measured at 340 nm as described in materials and methods. Each
experiment was performed 3 times. The data were expressed as
average enzyme units per mg of protein from the control = S.D.
(*; p<0.05, **; p<0.01) (A) or the relative increase in enzyme
activity (B).

llocatechin gallate (EGCG)y= Salol -3 Z2]s=A
SRRMEEA AL 2pgo] frsh, AldaA A3l 9
b 5o nhdA Ado| oAtEIIL dHA olefdt A
off tholed B2 FAE L glom, ol Akgdle] o
oFgk A7k A= 9t

H2k 255 4 EGCGY o7 7[x] Aol n]x+= 2
Soll o B 2avl 9lvl. EGCGE B-amyloid 543
off Hated Az AZAMEE Alele HAAE £4)
nlo] & 2ks Ve 31 2™ (Reznichenko 5, 2003), =3}
H&ake] ATPases XWlZ AH835lo] t-butylhydroperoxide
= ISR A ATPase &4dof n|x]& EGCG
o] JFgE Hriel A= 3 s B34S o

eEhHoich(Saffari and Sadrzadeh, 2004). =3+ EGCG7}
AR 7P oAzl gk <zt AE:AIEAA
interlukin-1pell 2] =% cyclooxygenase (COX-2)4]
34 =l nitric oxide synthase (INOS)Y| #A-& A3}
of, & FF o FHA Az AL rHsAe] A"
vl Qlch(Ahmed 5, 2002). ¥=F ohe} Hxke] AEE
of ghatsl ol gekaael gk B Ravt itk

o273t A Slol| A b ofel F7E Rl EGCG
7b Fd9sHA #ejska 9t EGCGE il%"tl °J°
2l Porphyromonas gingivalis’h AFA| ol K25 3}
E Ag e Wmb ohel, o RS Zﬁﬂo}c’ﬂi‘ﬂ
(Sakanaska S. %, 1996). =3} Porphyromonas gingivalis
o} s A Aske] flglo] == Prevotella intermedia
o] protein tyrosine phosphatase (PTPase)yg A3}
(Okamoto %5, 2003). PTPase®= <5 whiale] olals)
AE Aoy Ao FA4L dehied $83
olxtz el gleh. Fepll Feade] o3 Fehl A
2o e A% Ane 54 Fo shiolth. Fehl
B g AFAZ| glo] Fo3) QAo AF A
of A Ao} A=Al AAAA I} O]T;P 2 59
o] Fupl wallase] FAE A, 538 EGCG
o] &% 714 34513t (Annabi 5, 2002; Makimura
= 1993).

&3 BEGCGe 77ke] Ashd4a oelA gle ik
Sl AEFAA AZF7E 2Ast] AE A
whs Zeog ez o (Khafif 5, 1998), =3 774
HHdu Az AzFo AT e A &
At} (Elattar and Virji, 2000). &2l E

of AZ AEE feay) b ohel, el oA
ol digk Bz} dvk(Hsu &, 2000). =3t 2l ok A
Fol| g1k dlo] Bl 4-4 7]Tﬂ°}7} vehs 77t
1= oS3l EGCG Aol olF 7z Allrke X
Art. Ak EGCG d-g Foldh A ek
) c1s-plat1num (II) diamine dichloride (CDDP) 3}8-8
oz Sex= A gl Az AlslE A7
(Yamamoto &5, 2004).

£ ool SAl IE EGCGS DPPH A7)
27 B4, IR *}Mé 0-4 A&4 = SOD, CAT ¥

O

o

Box
ﬂ\Lrlr
r

GPX 53 & % §3ted
a5t} 241 A]EJ.»]—O}]/H EGCG7} oP DPPH 2t

f7] &4 A4S Belen, o|2FE EGCG7F AA A
715 AT 4 JdT 4 F Uk =3 ks
Zof o3&t @Wd £ 2 AX AElE 2ol
ol g as WA 4 stk BAE, FAEHAE A
AgA AL = é%& Az}, F oEH oz HAasix| A9
Aol AAIEE o 4 U3t o] Az AL
Zoll ofsl gA=]e], 2R o7 7pR] S 01:71*8}b
FAlsRA o] EGCGel| &3l £AE 224, SA4AF

il

O -
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A3}, EGCGY F=7}t

A4 AL F)5o] MEa, A AR} w8} mE w}
A3 ol&rh= 7} So] A|7]E AL i) (Finkel and
Holbrook, 2000). oj2] o ¥ ol sl sAajaks
Fol AAY] ofy =z Fe WExal o] el
T3 TS sk glow, o) FA4aksFe] ofol)
T AR S 2 Aol g Asse
A 59} ellibefl glejA] shie] wile] & 4 9les A4}
3l

T 2B 2] 3 Welad) 9les BT 4
onf, ot AAL Bl FAzAlelAe] of@] W B

30 & 0 o
39 Qb 32 m

Am ol o A ge] & wgo] 9S4
ct.
S pnkote
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