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Cytoprotective Mechanisms of Green Tea Polyphenols in Cultured Liver Cells
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scavenging as well as direct peroxynitrite scavenging.
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Oxygen is essential for human life, yet it is dangerous to all aerobic organisms. This
is because some oxygen is metabolized to oxygen—derived free radicals and other free
radical species which, in excess, can cause the cell injury and be opposed by
antioxidant defence systems. Nitric oxide (NO-) is known to the oxidant injury via
production of the potent oxidant peroxynitrite (ONOO’). In this study,
3-morpholinosydnonimine (SIN- 1), 2,2'-azobis[2,4- dimethylvaleronitrile] (AMVN),
sodium nitroprusside (SNP), H.0» and fert-butyl hydroperoxide (#BHP) which can
produce intracellular free radicals, the cause of tissue damage and lipid peroxidation,
were used for elucidating cytoprotective mechanisms of (—)-epicatechin 3—O-gallate
(ECG), (-)-gallocatechin 3-O-gallate (GCG), and (-)- epigallocatechin 3-O-gallate
(EGCG) extracted from green tea against free radicals. The treatment with ECG, GCG
and EGCG markedly reduced cell damage induced by SIN-1, AMVN, H.O. and ~BHP
in cultured AcF2 liver cells. On the other hand, in case of SNP, cell viability was not
dependent on the concentration and kinds of green tea polyphenols. Therefore, we can
postulate that green tea polyphenols inhibit peroxynitrite formation through their Os

protective mechanism

Key Words: (-)-Epicatechin 3-O-gallate (ECG), (-)-Gallocatechin 3-O-gallate (GCG),
(—)-Epigallocatechin 3-O-gallate (EGCG), Green tea polyphenols, Cyto—
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QX ol oiy 7[EHE2 MAXT, Q& FAs 2
st 7(Esl HAMM Sof SttE= =2 Mol A2
MZLf ol oA, ALY, MoAst Hig RME
ofet dok E48 59 folo o5 &AS drof 013
e|Hol SAS dhstA =ch o|etol| chekst
olof o5 ob7|= # Ues MEASHe J7|Me FHEN
Asl, B A0 B M AN, AIREIEIA 22 5
=20 st aetM Mol Y MESS|AM/MEHN
vlo|2{ A} ghotM dliolz{Ao| o|st Hlol2{A FEHA
MzAS el 471X 7|™of olal F2 SME= HoZ
daix glond"? A2 0| 474X J| Mo 2F &M
MAaTb 2EEC QlckE B2 AFIF M= Aot

A MESAT St FEolollAM JHE FE3 8
1 s HE free radicald?@ EMA(O7, Ho0,,
OH)= T#=XHo=z FAt = XL 2| e/2Zof siitel £
HMAE JIX|E2 H2h3A0l 310 o 2ot st 3tet
22 UslH, ciekst Astgaof ola MEZo| MEH,
n|EZEZ|of, 2lo|AE, AYHY SolM MM,
FI|Rr7I2& (58 2t sptel FMHEQ YA X
A, ciedz)n 8h3st0] A7tEO BES S THA|St0] &
A2 ZEAF|I|E it ?

EESE Nitric oxide (NQ)= WIIME, 57 S0
MM E 8ot olL|2} nitric oxide synthase (NOS)oll 2|
3l citrulline2 2 MEHA|o|E MM=of, CfE&9 7|
ol MZLf messenger2 ZHgstal @to| MM 7
X g AEAY 2REAM 8%t ofgs NO
Ozo <osf SME ZygELE0

(ONOO )& in vivo & jn vitrodll M 74a 225t AtstA|

2Lt A= ol gadta ¢
g 4= Qe Crekst gitstA 7t =xjstol 288
HAZ2EMN o gaMg FAISHD 2, 0]
go{A| M 2M = superoxide dismutase, glutathione
et g Aot
pherol, carotenoids, uric acid 52| &AM ghitst
M7t Qdct 101
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peroxidase, catalase S2 tocho—

2 A7 AN ES ONOO™ M7 2 A AH o
ELgRSE=S ' 05, HA,, OH &2 &M ataof of
screeningst ZIt =SANHE F9
(-)-epicatechin  3-O-gallate  (ECG), (-)-gallo-
catechin-3-O-gallate (GCG), (-)-epigallocatechin
3- O-gallate (EGCG)S M 7Hx| M&Z0| E-&3t &8
S LIEtt ZIE ECfE 3-morpholinosydnonimine
(SIN-1), 2,2'-azobis[2,4—-dimethylvaleronitrile] (AMVN),
H.0», sodium nitro-prusside (SNP),  fert-butyl
hydroperoxide (~BHP) 52| 2k=of ot 2tz 4
of st ESZEMEE Sall SAHMES Mz E5%
°

=
2 7|Me pystnxt

N
r
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g mrixgs
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(=)-Epicatechin 3-O-gallate (ECG), (-)-gallocat—
echin  3-O-gallate (GCG), (-)-epigallocatechin
3-0- ogallate (EGCG) S9 =AYES2 Y=
Shizuoka®2| Haibara®lM M&E =XKThea sin-
ensis L.. Theaceae)®l tannin mixtureE JAI-LC-908
high- performance liquid chromatography (Japan
Analytical Industry Co., Tokyo, Japan)& 0|&35}04
che|YA St & GC mass spectrometer (JMS- DX
303, JEOL, Tokyo, Japan)2F NMR (GSX-400, JEOL,
Tokyo, Japan)2 =M= 2= Taiyo Kagaku Co.
(Yokkaichi, Japan)Z2%E H3tgtol Aso A5

Donryu rate| ZtollAM Feists HA ZHM ZF(Ac2F)
= Y& cell bank2ZFE 2FEto} ALZSIACE =S

hydrogen peroxide= Junsei (Tokyo, Japan)Al M Z,
sodium nitroprusside (SNP)= Wako (Tokyo, Japan)
AL ME, 3-morpholinosydnonimine (SIN- 1), GSH,
2-thiobarbituric ~ acid  (TBA),  tert-butyl hyd-
roperoxide (#BHP), 3-[4,5-dimethylthiazol-2-yl]-
2,5- diphenyltetrazolium bromide (MTT)= Sigma (St.
Louis, U.S.A)AI HES ALESI¥CE or2® calf
serum2 Gibco (Grand island, U.S.A.)Al ®Z, Dul-
becco's Modified Eagle Media (DMEM)= Nissui
(Tokyo, Japn)XM <t MES ALESIG20, 1 < Al



LM EZEF(Ac2F)E 75 cm’® tissue culture flask
(Corning Co., New York, U.S.A.)0ll 2x10° cells/ml
o Y&t 5I71| i 2kSHAEE, o W ARSEH HiX|=
glutamine (5.84 mg/ml), amphotericin B (0.25 ug/
ml), penicillin (100 U/ml) % streptomycin (100
U/ml)Zt heat-inactivated (56°C, 30&) calf serum
(20%)2 #®7tst Dulbecco's Modified Eagle Me-
dium (pH 7.477.6) (DMEM: Nissui, Tokyo, Japan)
OS2 MEx 37°C, 5% CO2l =M i st 20,

2o 134 subculturedto] MEZFE XIS CE.

4) Trypan blue assay2t cell counting

48-well plated] ZHIZFE 24A1ZF complete
mediumoll A dfksto] 2t sEo SAEEDR 1 mM
3-morpholinosydnonimine  (SIN-1) £&= 0.1 mM
2 ,2'-azobis[2,4-dimethylvaleronitrile] (AMVN)S &
I 6710A2F HiIZZE calcium magnesium
phosphate buffered saline (CMF- PBS)Z 1
(0.5 ml) M&3sto] BiX|E mMASCt X ®MAH = 2
welldl 0.3 ml2l trypsing 7ot 1022+ Hj 2Fstod
fetal calf serum 0.3 mIE &7I51H, 0.4% trypan
blue 0.1 mIE 78t = mHo=z AUs st
5t0d MEZE MUch.

free
" 23]

ocytometerg 0|

ol - HiF ZFM|ZO|M =Xt Polyphenole| MEZES7|HM 11

5) 3-[4,5—dimethylthiazol-2—yl]-2,5-diphenyli—
etrazolium bromide (MTT) assay'”?

MTT stock solution® CMF-PBSol MTT (Sigma)

£ =S0d oM S ERetdion], ZHMEFE
48-well  platesofl  Bi2Fsto]  BHX|E HAHSL
CMF-PBSZ 13| MAgt & 2t 52| ARt 1% calf

serum (CS)E HMelsto 3027t ti 2FstQict.

I % Z+ wellol 1 mM sodium nitroprusside (SNP),
4 mM H.0, == 1.55 M fert=butyl hydroperoxide
(FBHP)E 7I5t0] 14 7 24A|2F Bl FSI0{, MTT 50 W&
7kt CO, B Y71(5% CO., 37°C)0lIM 3A|ZE i 25t
0f MotU=
genases2| Q%H_Ooﬂ
productsZ H3IAZ] & 3ol
Triton-X 100 2 wellof| 7}t 4
HEAg 25| BaAA EEHEE

MZ 2| active mitochondria dehydro—
olsto] MTTE
acidic—isopropanol
Mo E Hauol
504 560 nm

(Packard Specrtra Count, Camberra Company)oil A
EMstct
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AT

N=z1 2 AZSERH g2 A Zis
MeantSDX|Z2 EAISIGL, Zt AE ZnzfH
ANOVA (analysis of variance)& T8k ¥ Duncan's
multiple testE O0|8sto] Z+ o 7ol FolMS
Fapskelirds )

Table 1. Effect of ECG, GCG and EGCG on cell viability of cultured Donryu rat Ac2F liver cells exposed to 1 mM

3—-morpholinosydnonimine for 10hrs

Concentration of green tea polyphenols

Samples
2.5 iM 10 pM 40 WM
Control 100.0+4.8%°
SIN-1 25.0+4.2°
SIN-1+ECG 41.743.4% 83.347.3%° 104.2+11.0°
SIN-1+GCG 34.742.8% 58.344,2% 90.3+ 2.8%
SIN-1+EGCG 26.416.1° 75.014.8 98.6+ 5.6%

Values are meanstSD of the relative % of cell viability by trypan blue assay.

SIN-1: 3-morpholinosydnonimine, ECG:
(-)-epigallocatechin 3-O-gallate

(-)-epicatechin 3-O-gallate, GCG:

(-)-gallocatechin 3-O-gallate, EGCG:

? ®Means with the different letters beside data are significantly different at the 0.05 level of significance as determined

by Duncan's multiple range test.
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Table 2. Effect of ECG, GCG and EGCG on cell viability of cultured Donryu rat Ac2F liver cells exposed to 0.1 mM

2,2'-azobis (2,4-dimethylvaleronitrile) for 6hrs

Concentration of green tea polyphenols

Samples
0.625 M 2.5 uM 10 uM
Control 100.5+2.6°
AMVN 53.5+9.7¢
AMVN+ECG 74.741.6° 77.619.0%° 94.0% 6.6%
AMVN+GCG 87.945.4%° 88.9+5.1%° 99.8+15.3%
AMVN+EGCG 65.7+7.6% 84.7+6.1%° 95.6+13.3%

Values are meanstSD of the relative % of cell viability by trypan blue assay.
AMVN: 2,2'-azobis(2,4-dimethylvaleronitrile), ECG: (-)-epicatechin 3-O-gallate, GCG: (-)-gallocatechin 3-O-gallate,

EGCG: (-)-epigallocatechin 3-O-gallate

2" dMeans with the different letters beside data are significantly different at the 0.05 level of significance as determined

by Duncan's multiple range test.
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1) 3-Morpholinosydnonimine (SIN-1)oll 2|5 &
MEl peroxynitrite (ONOO™)2| Mz ZS=ro0|
st =Xt polyphenole| &k

Donryu rate| ZHAIAM Feists A ZHM Z3(Ac2F)
£ 0|85t M=o HSAES HES 23 Table 1
oM 2= v} Zo| MZMZ=80] 1 mM SIN-12t2
0%Z ti==of d|all 75.0% &A=
"-E—% 5uM, 10 uM, 40 pMe| SEH=Z

40F SIN-12H2 Xzlet 2ol dls sEof&E
K*OE HIE’%'._’%OI FAUA BItEA 20, ECG,
GCG, EGCGE Zt sZ¥2 H|WsIgS mf 2.5 uM,
40 pMol M= FelE 2l Xto| 7t el 2Lt 10 pMAl M=
ECG, EGCG7} GCGO| H|all MZHYE=F0| S7t=UCt
(p<0.05).

LinS%2 human leukemia HL-60 celll ONOO =
Mie|sh & MM AMHE LR 15 mMe
M-acetyl-L-cysteineg Azl 21l MEZALE
7iC}D B D5IGICt sHE oS ofo| BHAM A}

ZEaA|

—
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Lol gitata ol uZ2 of[StE LhEtH A
£ Zejstod FItx{el ’.‘JEF% ASIEZE MZEALE
|2 ECG, GCG, EGCGE SIN-1
9| 9 Mg 2 M M=

|
b

2) 2, 2'-Azobis [2, 4-dimethylvaleronitrile]
(AMVN)el M= =& g =it

polyphenol2| &k

AMVNZ AAPHE} C{E£0{ free radical initiator2 &
2l AFZE0|, MzZet =Fo|M XA TpMEE RY
of NEL&MZS op|ste 222 LaH U2H, 3
ol= in vitro AgAl =84 2 XM LXtollM ALE
2 £ = 2,2'-azobis [4-methoxy- 2,4-dimethyl-
valeronitrile (Meo—AMVN)]7} 274=[0f AMVNOI H]3]
MsE2 A Bit=s ZE0| A28 R (DL, M=E
ot micelle S 370l o|gsm glck™?

SHH Table 20iAM E= di2E Z20] 0.1 mM AMVNEZH
2 Foist #2 MEZMES0| 53.5%2 h=of s
46.5% LAE|ASLE SXAAHES 0.625 iM, 2.5 uM,

oII
-

OI'LJ

10 Mo sEEE Miz2|sh 21 AMVNE! % el g
ol Hlof 3=t SIteol wet MEYES0l 7N
U B7t=tend, ECG, GCG, EGCGE 24 sEEHE
Hl st S M 0.625 pMol M= GCGOIlM MzZMZES
o] Z7t=lof NsEoMz Zade Mx 25285 Lt
Effidieni, 2.5 uM, 10 iMollM= 2 5729 79
Mol Zto|lE LHEHHX] 2EATHP<0.05). wtA =it
ME 59| ECG, GCG, EGCG= AMVNoi| 2|8t #72[7|
£ Moo 2M Mz ESXES LEE A2 AL
ZEc



Hels 2 79l : vk ZEM Zo|AM =Xt Polyphenole| MEZE2S7|™ 13

Sotol| e vglﬁ‘ﬂ Mz 2ozt LIERLIX| kot
3) Sodium nitroprusside (SNP)2| Mz =220
) P (SNP) CHo<0.05). uf2 MEs

thet =4 polyphenol®| &g Hafstt olSel Ml N s

0
SNP= NOE MM3lo{ NMDA receptorol| 2|8t Al EILIX] &Yoo 2 059 MME ZHAAIZA ONOO 9
A dl 51

=M dHsto] A EsEEs dE ®ot oflzl A2 Msiczlzt AFREICh
223k NO" MR g LIERZZ NOE LM35H| 2lsf sk ValeriS'2 S-nitroso-acetyl penicillamine
thiol St &P geld aNsts ez 3o (SNAP), SNP7} 5% o|EXo=z 577|°| s g
Table 30 &= HEF ZH0[ 1 mM SNP‘F_F% Foist 2 MEo|M A M2 XSt Hb F04Z2 NO
23.8%

22 HEMZES0 2 #Hol oFsgiee Basigon, w: 2 7]
Al Sxf

T XM Hbol NOZ olst MxE &&kof tist MxE 23S
Hz Mi2let 2z =

80| ASS EAs5H3Uct

MO =

76.
2825 uM 10 uM, 40 pMe|
o} SNPEHS Xz2lst Zof HIFl

Table 3. Effect of ECG, GCG and EGCG on cell viability of cultured Donryu rat Ac2F liver cells exposed to 1 mM sodium
nitroprusside for 24hrs

Concentration of green tea polyphenols

Samples
2.5uM 10uM 40uM
Control 100.0%2.6a
SNP 76.240.4"
SNP+ECG 76.7+£2.7° 72.6+1.8° 76.8+4.2°
SNP+GCG 73.043.0° 68.1+3.1¢ 68.2+2.0°
SNP+EGCG 73.043.0° 69.742.9% 73.0+7.2°

Values are means£SD of the relative % of cell viability by MTT assay.

SNP: sodium nitroprusside, ECG: (-)-epicatechin 3-O-gallate, GCG: (-)-gallocatechin 3-O-gallate, EGCG: (-)-
epigallocatechin 3-O-gallate

4 9Means with the different letters beside data are significantly different at the 0.05 level of significance as determined
by Duncan's multiple range test.

Table 4. Effect of ECG, GCG and EGCG on cell viability of cultured Donryu rat Ac2F liver cells exposed to 4 mM H20;
for 14hrs

Concentration of green tea polyphenols

Samples

2.5 M 10 uM 40 uM
Control 100.041.4%
H.0, 59.4+6.8°
H202+ECG 60.740.7% 68.2+7.5° 107.045.4°
H.0.+GCG 61.242.8% 60.3+1.6% 98.0£5.8°
H20.+EGCG 60.645.7% 67.2+2.4% 97.7+1.9°

Values are means£SD of the relative % of cell viability by MTT assay.

ECG: (-)-epicatechin 3-O-gallate, GCG: (-)-gallocatechin 3-O-gallate, EGCG: (-)-epigallocatechin 3-O-gallate

3 dMeans with the different letters beside data are significantly different at the 0.05 level of significance as determined
by Duncan's multiple range test.
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4) H0.2l M= ==2t2o| Ot =xt poly-
phenol®| &

Table 40IM E=
F0{st &2 59.

Hiet Zo| MEZMZEE0| 4 mM
4% 2 tf=7of dlsll 40.6%
, SAEES 2.5 M, 10 uM, 40 pMe|
St 23 H.0,2H2 7(‘|E|6F =of H|5H
U BIHAZ

nﬂﬂOI

o{, ECG, GCG, EGCG
I st MERSEES '—FEH—H"*EF w2t =Af
ECG, GCG, EGCGE H.0.0l 2|
o2M Mz 25xES LIERY
Lot Leanderson':”’
ceII (A 549)0llM CtEF
Ho02, FeClsofl o|sk X
=X} polyphenol|
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5) tert-Butyl hydroperoxide (#BHP)2| M|Z
Et20i Cf$t =Xt polyphenol2 &

Acute oxidative stressE OF7|A|7{ H|Z7tAE Ol M=
e 7|Mg AdAsty| flsl AF A== organic
hydroperoxide®| st2l ~BHPE 0| &5}09 HljF ZFM|Z
oM =xte| ECG, GCG, EGCGel M= %% 4

a

2357

ZF

=]
E=E M=

ol MZMZEg0| 1.55

62.1%=2 Cf=of d
2.5 uM, 10 uM,

—BHP b2 Xezlst

3} Table 50 A<t
ofst Ze
Ao, =HMEES
ot éﬂ
%0 C>o|)\40

2t

=
= h:
-1 oL

=

ECG GCG, EGC

2.5 Ml M= Rl 2l Xto
0 uMoll M= ECG, EGCGAIA
LIER A EHp < 0.05).

+BHP= D|EZEZ[o}e| cytochrome C
cytochrome Cioll 2l CHAFEIO  #butoxyl,
peroxyl ¥ methyl radical 52 R2|7|& MA5l0]
A BpMbs) cHMA AMsh 9l siAtel 2MS Eefishe
21=lof gon ¥ ~BHPO|
&9 Z7tof

protein

L

—_

H £
1 3

2 A

o| 3k A |
o|st o2 Ez2|of &
cel
oxygen-based radicaloll =ZE Al
A apptsto| 28 ofhA Z M
2 210 ek a2
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Ml go2M HEZ E5E2E L
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kinase translocation

PN A=
—|o
=

=
2|9

—

YA Lol A M=

Zeftol

e
0x
jn

uM
e
40

=of

I7.||

tbutyl

x|

il

Table 5. Effect of ECG, GCG and EGCG on cell viability of cultured Donryu rat Ac2F liver cells exposed to 1.55 uM

tbutyl hydroperoxide for 14hrs

Concentration of green tea polyphenols

Samples

2.5 uM 10 uM 40 pM
Control 100.0+2.1¢
+BHP 62.1+1.2"
+BHP+ECG 60.142.7' 73.840.8° 132.045.3°
+BHP+GCG 61.542.3' 64.8+4.2' 107.4%3.4°
FBHP+EGCG 61.7%1.0' 73.6+1.9° 122.0+4.2°

Values show the relative % of cell viability by MTT assay. Values are meantSD.
t-BHP: #butyl hydroperoxide, ECG: (-)-epicatechin 3-O-gallate, GCG: (-)-gallocatechin 3-O-gallate, EGCG: (-)-

emgallocatechm 3-0-gallate

"Means with the different letters beside data are significantly different at the 0.05 level of significance as determined

by Duncan's multiple range test.
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