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Abstract 

The current study was aimed to investigate, in 5 different types of tea namely green tea from 

Assam tea (GTa), green tea from Oolong No.12 (GTo), oolong tea from Oolong No. 12, black tea 

from Assam tea (BTa) and lemongrass tea (LGT), for their ability to inhibit carcinogenesis. 

Chemical composition analysis showed that GTa contained the highest amount of total polyphenol 

content (24.25 g/ 1 00g) whereas that in GTo, OTo and BTa was in a second order (13. 74-15.30 

g/ I 00g) and LGT depicted the lowest value being 0.59 g/ I 00g. However, even though DPPH 

values of all samples were significantly different but the degree of alteration was minute 

(219.991-323.524 mmol/1 00g). HPLC analysis illustrated type and amount of each catechin in tea 

samples. The results demonstrated that GC, GCG, EGC and EGCG were responsible for 

antioxidant capacity of tea compared to other type of catechins. /11 vivo study was conducted 

where each group of rat received different type of tea extract at 2 different doses ( I I l or I, 111 

mg/kg/day) for I day. At low dose consumption, hepatic CYPIAI and CYPIA2 activities 

decreased whereas GST and NQOI activities increased in all samples when compared with the 

control group. These results infer that tea samples could enhance xenobiotic metabolism and 

excretion at the dose as low as daily tea consumption level and at a short period of time for only I 

day. However, high dose administration of all types of tea led to reduction in CYP IA2 and 

induction of GST activities. NQO I activity was enhanced only when green tea was given (GTa 

and GTo) whereas black tea and lemon grass tea inhibited NQO I activity. It can be said that 

prevention of carcinogenesis in some teas can be diminished at high dose consumption which 

believed to be due to toxicity of some chemical components in tea. The actually chemical 

compounds that are responsible for this findings needed to be further studied. 

/; 
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\91') () Ul~'b'l ll~t'I ~ 'b"U ~ 

ill'Y'I~ f)-1 t m1vl1J1~1!1U~i;'lum1ri1u-:irummrum1 (-)-Epicatechin 'lui-:iod1~ 

'b'lU~cl~'b''U~ 

~ 

l1'Wl 

42 

42 

ill'Y'I~ n-12 m1vl1J1~111u~'l~um1ri1u-:itumlJltuff11 (-)-Epigallocatechin gallate 42 

'lu i-:iod1~'l!'1u~m:'l!'il~ 

fll'V'l~ fl-13 m1vllJ1~1!1U~i'lflum1ri1u-:irumlJltuff11 Caffeine 'lui-:ioUN'b'lU~t'I~ 43 

'b''U~ 

ill'Y'I~ fl-14 m 1vllJ1~1!1U~l~Ufl11ft7'1-nrumlJlf.lHY11 (-)-Epicatechin gallate 'lu 43 

\9110 Ul ~'b'l U~t'l~'b''U ~ 

ilm~ n-15 m1vl1J1~1!1U~H''lum1ri1u-:iwillmt1HY11 (-) -Catechin gallate 'lu 43 

\?)') () Ul~'b'l U~ t'l~'b''U ~ 

8 
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. 
<:t 

1Jfl'YI 1 

0 

1Jfl'W l 

QI , Q ,!i d d \;l g/QI ~ d er 1 'lflu\9l'JllU'U1fl'H>-.l\9llJ'Vl \9l'I1Jfl'JllJ'I-HJlJlJlf1'Vl'J'\91 t'W '1f1 (Macfarlane and Macfarlane, 2004) ll'1t 

lU'W'W'lflfl'nJ ! nu~illfiUJ'Vll-.lfllfllll'Wel'Utl-.l1.ht1'Vlfll'Vltl 1\9lm~ vnttlvHt..:i ! 'W \1-.ll11\9ll'lftl-.l'IW ~..:iii 

,l d d 0., QI ~ 9 d ~1 11 g/d ~, gJ d 

Vl'U'Vl'U'1f1lJlf11U'Utl'U\911Jl1'W-.l'Uel..:J'l.ht1'Vlft 1'UD VI.ft. 2553 'U 'Viti \9llJf11'Hu\9ll'IJ\9lf11'Ii'lllff'I 
"' 

ei11;t1'W (AFTA) ll'1tt1m~nmih111-ii'1'lf1!1J11'1tv-l~\?lntUCJ11'lfl (ijwfiut1nffml'Vlt1, 2552) nu 

tl 11-ii'1'lf1u1niJ'l tl'Vlftl1tl\91 'W llJll'1t O'U 1 \Pl'Wl;tl ~..:i1ilu1111ri..:i v-1~mw 1 mu'IJ e..:i 1 '1 f1ll'1tiit'U'Vl'U nu 
u • 

~ d ~ t tl d J QI :. d ,, d I 0., d gJ d ~ 
v-1'1 \91 'Vl \91 ln'Jlth tl'Vlft' 'V1 tlell u lJ mn 'IJ 'U \Pl-.l'W 'U fn'l l\91 :WlJ m llJ VI HllJI VI ei nu u 'IJ..:i n'U u ..:J\91 e:i ..:ilJ ff ..:J'IJ -w 

"' 

d ~I ."! "' d ,_ ,v <> 1 'l ,v o "' 
ff'UfllVlf)l1J'Uuuut1H'U-.l'Vlv-l1J'.i ilfl mm111mflUJ • "' u 

ulf 111.J 'l t iv'lf'W 'U eJ-.l'lfllil tl 'J''llillVI utii 'l w..:i 1u eivHn i'1..:i'IJ11-.:i 11\il..:J l'U i ,iv 1 \Pl t1ff 'J'U 1 my 1il-w 

f)l'j fff)lJlff U ill fl qJ i~ tl'J"] ~ ff O\Pl u lf) 'lfl i..:iiimllllU 'W l 'U l~ 17tl l'lfl~-.lij il'J'W 'U 'l t f) 01J 'Uel -.l ff1 '.i 

l1 '1 lf)l1 '1 W'lf'W\91 el lu 1 ,r v-1'1~11\•l f)\911..:J nu \,le) 'J''UfllVI 'W elf) u 1 nrl f)l'j'V] \Pl '1 tl-.l~ 'j W-.ll'W 11:1.J f11U'U f)l'j 

'V1 \Pl ff el 1J 1 'U 11 '1 0 \Pl l'1 \Pl '1 el -.l vi 11Mhhl1111.J '1 f) 1 u 11 v-1 '1 f)l 'j i ,r ti l'l 1-.:J 'j t 1J 1 \Pl 1 l'l ti 1 5 -.l ii 'j 1 ti -.l l 'U ~ 'l" 

ffel\Plfl'tlO-.l f)lJl~tnnU'U'lt 1t1'lf'W'UeJ-.lf)l'i~lJ'lfllilel'J''U fllVI nril'Jfitl iii..:i~Vl1JU'1t lliV11J1ln7'l~lJ'lfl 

iiiJ 'it 1t1'lftJ lil tl m'i lil eit l'U nn tn\Pl 1 rn inf u n,rn \Pl ff tl u 1 'U lY\911'¥1 \Pl'1 ei..:i~ ii 1 m ..:i ff f 1-.:il'l 1..:i 

lh il'l t11fl Jwr1 u i ..:iii m1lJ ,5111Ju eiv1-:i t..:i u ei nu ,nrl mm \PJ rliri'tJ:!~ l'i 11,r v-1'1 m 'i i ,r tl'IJ \Pluv..:i ri u 5-.:i 

ellu I~ 0-.l lJl u 1 f) f) U ~ 'b'lii lf '11 f)l,f '1 W'lf'W \Pl ll'1tii ff l'i illfiW\ii O ff'IJ fl l'V'H iJ ll el-.lfl'U 'it f1 tl1J ~ 11\91f)\911-.l 
u • 

"''l .. , ~ I QI a. (V,,, d9gJ ~ fJ' o',.I O QI 

f)'U 1J 'IJ'U tl Qf11J f1'i t1J 'J 'W f)l'j r:-l'1\91U'1t fflffl"l 'U ~'lfl'Vl !'If n7'l'Jlfl 'ilt l1 el-.lfllJ 'it f)eJ1J'IJO-.lffl 'lff lfit!.J 

\911-.l"] ! ll 'lflll1 ri 1rl ~ 'JlJ f)1J f1Ufff1'1:J 1N'1 'IJ tl-.l:1.Jt.l \910n7'ilil0~1ll mt 1J 'J'U nl'i f10lJtl~ -.l ut'b''Jtl! M 

"' ., 1 " 11,.,"' c: ~ mmrntlli1J1t11J'it t1'lf'U'IJeJ..:J'lf11rntm1 n \Pl'lf\Pltuut1..:i'IJ'U 



IO 

.., _ 1 ,! 1 "'.., 
1.2 1v1t1u'i:::tY.:lrl'llf.l.:I rl'i.:lill'i1'il£.I . 

a,, ,d' .::::S I Q,, 

'illnfl1Vl''l'W~'l/7U":::n'J:::'IJ1'Wn7rnll\9ln\917;Jn'W 

2. ffffl:I 7ml :::1 'ITT {J'I.Jll1 {J'IJ vl" '1J tJ;J'l/7~ H ~ \91\9) 1vn '.i::; 'IJ 1'W nl'.i ll\91 n i1;i nu~ el n7 'J l D~ {)'WU D ,N (jl1 t 
m'Jnvnmvlfui'UV;Jfll'Jnmm1;i~wu'luv1m'J 'lu11umrnv;i . ., 

3. ffn'l:1111"::: I'm {)'I.JI l1 {J'IJ vli;'l'lJ eJ;J'l/7~ H~ \91 'il 1 n'lf1i 7.;J fll{J'W'W i1'W\);J'111\?ll;{J;i '.i 1{J '.i 1l.J G;J'l/7~ 

1

hJ '119)viiil?l 'il7n 'l u'lf1ri vm'J 1D~ vuu D" ;iql'li nl'J nvmi wlf u i'lJV;JtYl'J nvl.l:::1'i ;i~w1J 1 u v1m'.i 

'l u 11 u l1 mrn ;i ., 

1.3 r11rnd'1r1ty'lltMnn1io 

'il7nvi" nl'.i iivfl 7\9117'0::: mm'J tll1 '.i l'IJ Hl;l 'lJeJ.:i nl'.i ~l.l'll1iv nl'J ID~vuu Dl;l-.:J ql'li n 1'.i nvn" wlf u i 
'UtJ;J ff 1'.i flell.J::: 11 ;J l 'W ff \911l'l \l)" el;J~ I 19)f mi' l'l/1~'.i::; ,ilJtl 11l.Jl'Ul.J 'If 'W ll1 {J1J l'vi 1f1U n7 '.i ~l.J'l/1'\J tJ;J fl 'W 

vi'11D '111el'.i:::i1J\l';Jll1V'I.Jl-vi1num'.in'W11l'Wffl'.itlllf1'.ilff1l.J (Supplementation) 'l/'U\?l'l/11~{)1 'lfltj 

11"-.:i Ur;l:::'l/1~1 ~H~\?l'illn'b'1mvlf u,f min'l 'l'WD'.i:::tl1i'lll'lfl till vrnvivuntJ'l/lfflJ'W ll'l'.i ll1V'l/'U\l1~ 

ih 1 a;i1u 11ii fl 11l.l ffll.l 1'.i o i u ni'J tiJ~ vimiJr;l.:irnu I 'lllJ1 u i1J~vi 1m! ,~ tD~ fl'WllDr;l.:i "'1'.i lflij 1 u 

' '1 91 

' "1 91 'l 91 

"' .., 

91 91 !:'I 91 ~ i 'l 91 91 

• '.i1-.:inw \l1trn 'l/1\91::: 1m 1m:::mmrn 'b'H"n7'.i1'ilV'lJ7.:iA'Wtu'W'\J0Jjr;ll'l'W~l'W um'J 11'1J011u:::m 

1.4 'llf.l1Jl'llv1'\le1.:i lri'i.:inn1it.1 

I 
l I \\ 

I I 
I I 

ffn1:11r111l.lt1lu ID 'l~u n7'.i'U\l1'1J11-:innn0l.l:::t1-.:i'U0-.:i'l/1 N1um1 'lnm'.i ID~fl'WUDr;l-.:Jn'ilmrnm'.i 

vi1-.:i11.J'UeJ.:irnu
1

hlJ~l~V1'Utl;Jf1'1.Jn7'Jf17'1\l1ff7'.ivl1:Jeleln'il1ni1-.:inw (phase I 1m::: phase II) hw'l/1 

i1vd1-.:iHii\91~1{Jn'.i:::'IJ1'Wn7'.i~ll\?lni1.:inu 'l~un 'l/11~{)1 'lntj'11r;l;Jllr;l:::'l/1~1 tm ::: H~\?1~1{Jl'IJ'l/li1-.:i 

mviu i'l u ,1-.:i111f!t;v;i1 iv 
1

ll9)11nlf u i off ill.Jim::: tj11r;l-.:J11J a f 1 2 '.i 1mf-:i'l/1ff 1J'W 'l Vl'.i 'l l1 v~ 'll.l 119) 

viii\9l'il7n 11J'l/l 'l191ufi 'l/7\91 ::: 
1

lflf J;irl'1ilirn1rnflffeJ'IJ1 m:::i1JiY\911l1\l)r;leN 1M'l Mtl\911~mrnilu 

t1r;l1Ju ( 1 i'u) 1rn::: 1~1J i1e1 d1-.:ii1J 'il 1n tl\l"l 1m11r1'.i 1:::ttni'.ivi1-.:i1u 'U0-.:irnu l'l/lJ~ 1-:i 'l i-:imh1 

91 91 
'\Jl-.:J\l"l'W 
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' <::t 
U'Ylfl 2 

' ' ... <::t ... Q..I <::t <::t 9/ 
U'W1flvl fltjll<U Utl~.:il'W1'iltlfl!fUJ1"lle>.:i 

1 .. 

2.1 fl'a~'U1'Wfll'afleliJ~a1-i (Carcinogenesis) 

mnJTw fll'j riolJ:a1-nhw i 'Haj1n\Pltu illflfll'j l'Hfirrn11~1rm1'j1fi1J~ h:i nw tl~i'1J 1mri.:i'U eN 

ffl'j lfilJmri1rllJli)lf)fll'j'UUl~O'l,J illfl~.:Jll'J\Pla tllJ '111omrn11nA1-u'1 '1 tliu 'jtl'IJO.:Jtl l'!11'j'\11 tlfJl 
" 

' d :Ii .Id .I .,;.,. "' "' 
mt 1J TU fll'j no lJt I 'j '11 lJU fll'j I u MUii uM'Yl lJA-:1 llJ911J91tlU lJlf) ' "1 "' mmrnurnoon 1\Pl 3 'jtfJt 

"IV I .Q I a., I ~ <j) 'j} I 

!\Plllfl 'jtfJtl'jlJfltl\911 (Initiation) 'jtfJtff.:Jlff'jlJ (Promotion) 11'1t'jtfJtfllTl1'1.Jl (Progression) 11\91 

"1t'j tv:;ij nTntl~vu11tl"1.:i~11\il n~1.:i nu i u 'j:;vt1i1Jrioi1 'ffnnolJ:;11 .:i~ hH'h1'Ylf 

., - 1d • I ~ 'l "''l ' .,; .. ' /4 (procarcinogen) lJfl~fllu'1fJUllu'1.:J l~WIOU 91lJ 1'WfltllJ'Yll'jfJfl')l Biotransformation enzymes 91.:J 

ll'U.:Jtltlfl '1~1,:Ju 2 ncilJ '1~11fl W'W tl'lll.J Phase I U'1~ Phase IT 1\PltJ IO'W '191l.J Phase I l'lfU . 
cytochrome P450 (CYP450) l11'11'W1~1tl~v'W procarcinogen ht'oflu1tl~-fo.:i'h~otltlmv1 

0 'l <j} 0 ,IQ~ QI d 'l ,/ I d d 
(reactive metabolite) '\'11 'HffllJlrn'Ylltlom fJlfl1JiYl'j'b'') 1l.Jrnfl"1 'Ul91'1'1 l'b'U DNA 91.:JIU'Wffll'HIPJ 

fflfl(Y'UtN fll'j lfl\PllJ:;11 .:J tlf)l.:J '1'j fllilllJ'.il.:J fllt13Jf1'1 iflfll'j f17io'\Plir7'j reactive metabolites mri1rl 

1\Plt1tltlmt1lfll'jl~lJ'H~vl.:J'lfUUV'1~1'.i.:J~')f.l Phase II rnui<Jfl.J 11ilm~lJA'JllJffllJlrn'IJO.:Jfllnl:;mv 
,, ,, ' 
O I -=:i I I QI I .-:9 

'I.Jl'\Jtl.:Jffl'jl'\1'11Ull'1t.:JlfJ\910fll'j'IJ1Jtltlflillml.:Jflltl (Gsteiger and Morgenthaler, 2008) 91'1'1110 

A'JllJffllJl'j(1'1Ufll'jl11.:Jl'U'lJO.:Jm'W'191l.Jlf.:itYo.:in~lJhiiim1lJfflJ~'1f1'U l'lf'U tltjmvl'Utl.:J Phase I 

'1 "' ' 'l "' • " WU 91lJ\)'1fl11 Phase II mu 91lJlJlf1'7 ffl'jlfilJl13JA'JllJ1tl.:J'11mri1u;i:;vi1V'Ulilnt1~tl 1tJ'j~'U 

'111v DNA U'Yl'W~iJ:;~ni1Joon;i1n-:l1.:immrn~il1 '1tlrlm'jtfl\PllJ~1~.:i imtv:;rioi-:i ;.:io1;inri11
1
l~ 

1lffl'j 'l\PlfililllJ~lJflOJ fflJml ri .:Jlff1lJmllJffllJlrn 'l 'UfllHii.:JltJ'Utl.:J Phase II mu '19fl.J 1rn:;/'111 tl 

51J5.:Jfll'jl11.:J l'W'\Jtl.:J Phase W'W '19fl.J i1 tl11ffl'j~lJA-:illJffllJlrn l'Ufll'j ltl~vu11tl"1.:Jt]'Yli fll'j rio 

d , d 1JJ"' 
lJ:;!'j .:J'Utl.:Jffl'jf)tllJtlH l\PI 

'1 ., "' ' IO'W 9flJ cytochrome P450 (P450) 'Hrn Phase I l'b''W CYPIAI, CYPIA2, CYP3A4 ll'1t CYP2El 

(1 ntru l'l1J ti 'j ~lJlOJlrl tl 50 fl 11il~11a 1 1,:J 'W nrilJltl'U '1CJ1l.J'IJ'Ul\PI i mu~iim~ n1,:Ju V .:iti'tl 'jt f)t)1J 
" • u 

mv'lu 1lJrnfl"1 (heme-containing protein) mmrnvm'1~iu~.:iii;1\il'\1"1W'b''W\Pl l'lftJ 111Jfi'Yl!1V 'jl 

Vl'b'l1'1t'fflil1 lump,ia,!utlil~UU'V'l1J11iilf.:iiu 57 '1t1191l'ltJ'jl.J (isofonn) illfl 18 uvJiJ~ 

(family) 11'1t 43 11vJiJ~rJov (subfamily) rnu'l91l.J P450 3J1J'Y11Jl'Ylfflfit)jli"17Vtl'j:;flu l'lf'W d.:i 



12 

.., ,, i ' 
m::;1J1lrnl':HY-:Jlf1Jl~'\1111;1::;irnw (biosynthesis and catalysis pathways) 'UeMfflHlltl 'UJ1-:Jf11tl 

(endogenous compounds) l'lf'U cholesterol, steroid hormones, bile acids, vitamins 1rn~ arachidonic 

acid !I 1;1::; tl'-:i 1~ t11-u' fH f11Jlll \,I 11J tl; 9fl.J (metabolism) 'U tl -:i iY n 111.l 1;1 mJ 1;1 tl lJ fl1 ti 'U tl n 'J 1-:i n, ti 

"' ' .., i ' d d .I !r 'I (exogenous compounds '\1Jtl xenobiotics) l'li'U tll'jfflfl irn1rn::;i1nn0ll::;l'j-:J 'Vltll'il'W1J1J'Ulutl'U !'U 

tl1'\11'j'\1~tl~-:JII 1~ i0lJ 1~t11tl'U 'hJ.J 450 'tl1'U i my'W1J i 'Wi1J II~ nffllJ1Hl'V'l1J 'lti 'U 01t11::;t'U'7 

l'lf'Uf1'U l'lf'U 1.lti~ i1J 
1

1\,1 rl1'1ifoa~1\917'Ul.J tl1'U Phase II 'iJ::;1tl'Um::;1J1'Uf11'jfl-:Jlr1J1~11nn 

.., .., :l1 ., :li liJ ,, .,; .,; ., ., n lJ \,I 1 'U tl -:i iY 1 'j f11J glucuronic acid II 1;1::; sulfate, acetyl I u 'U \,l 'U I u 'U ltl 'U 1 'li lJ 'V1 lf1 ti 1 'U tl -:i f11J 

conjugation phase tr 1 'U 'l '\1 aj 'ii::; tl ~ ~ cytosol 'U ti -:J i1J l'lflJ glutathione S-transferase (GST) II J;I::; 

qui none reductase (NQO I) 

V ' ' ~ ~ 

tll'lfl'j ii 1:rn~ t) fi1'ji'11-:J l'U 'U ti -:J ltl 'U '1 'lf J.Jl'\1 ci 1i1 ti l'Vl tll'\1 n vi 11 'j ~ f)t) 1J ~ 1tlff U vi ii t1 YI li 01J 5-:i 

cytochrome P450 111;1::;tr-:Jlff5llf11Ji'll-:Jlll'Utl-:J phase II l'lfll bioflavonoids 'lu grape fruit juice ffl'j 

isothiocyanate i'Upff)\,l'j::;QJ;1f1::;mh 1rn::; resveratrol 'l'Utij'U 1tl'U\9l'U i-:itl'Utll'\11'jl'\1ci1tlu-:iiiqY1t 

'I y d'1" !lJf17'j\,11lllJ~!'j-:J ~ 

2.2 'lfl 

d ~ ,c.i ii .ei. Q t 1q '.V-=t9 l .d ' .l QI Q.I d 4 d ' .d 
'lf11U'U'W'lfn-:i10'U l'ilHlJl\,11J 1\,11~~ i'U'l'IUll\1-:J 1rn::;Q'U'lfU 'il-:J111~1'lft1-:J'j1t1'iJ-:i1uu1111a-:itJ~n'!f1'Vl 

illi'ltlJ ouirn1~ -:J'Uti-:Jtl l ~l'Ylrt'l-1-1t1 (ill'U f)-:JllJ!f)lJ\,l'j urnfm;,tl-:J'j 1t1, 2553) cl1-:i U 'ii IJUU N;\,l'lflt) Q 

3 ,J'j::;U)'Yl 'l~llfl 'lf11~tl1 ('ln'hJ11ij'n) 'lilQ'\11;1-:J ('lfl~-:J'\1"f1) 1rn::;'li1~1 ('lfl'H"n) tl-:Jfl1.l1rntl1J~ 

rl1riru~0 iY'Ui11'1'1~ 'W1J i 'U 'lil 'l~u ni1111 'W ;vJ wrn cl1-:i'W 1J11i'.i111morn-:i o-:i 30-42 % J rn tl' m1 H-:i u • ~ 

1rn::; tl1'U i 11aj1tl u ffl'j 1 u ntjlll'l1;1111u Mt (Flavonoids) ~'W1J mn o-:i 60-70% 'Utl-:J I 'W ;vJu 01;1 

!'., \I] V ' I ~ ?1 11) ldd ~ d ,.I \;1" ' 
'Yl-:J'Hll~ imm f1i'Jll'lltl-:Jr171'Yl'li'U (Catechin) lu'Wffl'j UJlHY 1;1::;mt1m lJJff'UlJIIJ;l~r-n~ ~un (-)-

Epigallocatechin-3- gallate (EGCG), (-)-Epigallocatechin (EGC), (-)-Epicatechin-3-gallate (ECG) 

111;1::; (-)-Epicatechin (EC) mrntjlltl'W1Jlllf10-:ifot1a::; 90 'llti-:i1.l1mrum1'YliuJ-:i11lJ~ rn ,rn-:im 

'ltun (-)-Gallocatechin (GC), (+)-catechin (C), (-)-Gallocatechin gallate (GCG) 1rn::; (-)-Catechin 

CVQ =11 d _i( <v ~ ~ I Q.I 

gallate (CG) flt\lillJ1J\,lf11llu'Utl11r1lJ1Jt1-:Jf1'UlJ::;1'j-:J (Cancer chemoprevention) 'Utl-:J'lf1'U'UtlQf11J 

m::;1J1u f11'j N;\,ll'WJ1d'.iNa~ti'lfu~111;1~mmru 'Uti-:iiYn 1'W;vlu01;1 i'W mrnii\,l'lil1~t11 i1J'lf1ff~ 

'il::;\J n il1mrf 1111 a~ -:il'iwvi1~0viia1t1rn'U i'lfJ.J~'l'i1m! 1~00ni '1~cir1 'W iivl 'U 01;1 nntl'1J 5-:inn 

'l'i 1-:i1u'U t1-:irn 'U \l 'lfJ.JI 'l'I iivl 'U 01;100 ni1~ ii-fl ri-:i Na i H'!f11~ t11tl'-:ir1-:iii1.l1 mru ii-n i u nzj JJr171'Yl i'W \! -:i 
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1rlt11mt11J1'ntl1Jf11J'b'l~..'.l'HlJfl ('b'lBml..:J) lnlt'b'l'HlJfl ('b'l~l) \llllJ'11~1J 'lt1il'W1'U flll'Vlil-l"nl'lll 
"' 

'll-l'b'llh1t1..:i l'W i, ffl'j ~1h·dYV11l flll'l ff ..'.ltHl !'W fll'Jivl11-1 fl':it1J1'W fll'jf)t)lJtl~ ..:i'l;un EGCG > 
"' q 

ECG> EGC > EC (Paschka IHlt'fltUt, 1998; Uesato Ul;lt'flWt, 2000; Ravindranath IHlt'flWt, 

2006) iu \l'IVU fll'J'HlJ fl 'l u mtuTu fl l'J ~~\ll'b'l~lutln\llov fli1\ll'lfl-l'IJ v..:im'J'fl 1rni1-11rnt vii 'l tt1n\ll 

tYl'JU'J tflelll ! 'IUJ ilH1fl'fl1l l-l'W~tYllJl'Jtllfl\llU{]ITT tll'Vll..'.ll'fliiiv i u1rntltl\llffn irn1fl theaflavins 

" ' ' 
theasinensins lll;lt thearubigins (Robertson, 1992) ff l'J m ci l'Ulel ..:ili 'l'11111 'b'l~liiff fl~ 'W!!l;l t 'J ff 

lllllfli1..:i 'luulfl'b'll;tl1 

uv fl'il 1 fl m tu1u fl l'J ~~\llll tr1vi'ui 'b'l~ 'l i%~ u u u ,forl1r1t:y 'l u fl l'J n1'H U\ll'l5W \ll1rntu5 lJ 1ru '\JV..:J 

m'J 1 l'l~Y!u v1;11 u ~~\llnruct1 'ill fl fll'j11m 1t M'b''W\ll111;1tilimru 'UO..:i fll'j 1 l'l ~Yiu v1;111-111J'b'lff\ll I u 

,i'..:iwf\lll;tl,Ultl l'l1Jil'b'lllll-l{vffiY:1Jiimmru EGC ~..:J~tl'\?l ff1l-l'b'llll'W{~'Hl;l..'.ll1Jelf 12 lll;lt 17 ii 

EGCG ff..:Jff\ll (nrn..:i1:J, 2550) 111;1t~l;lfll'Jrln1um'J~~\ll'b'11~t11'luu'Jt!Vlff!Vlt1 L\llt11umtvv1..:it..:i 
"' ' 

I QI ~ 5/ .r::t 1 Q./ a'• d d' I i/ c:$ 

!!lllflllll-:Jfll-1 uvn'il1n1.-111mtmw.;i1u11 EGCG 'lw1nHu~~'HMlJU'Jt 1t1'b'1-11umrnvllll'UlJtl'J .;i 

~\]cy\ll1rlm-nt1unu lH~vJ'Well;l'l5'W\?lg'U (Ravindranath lnlt'flrut, 2006; Galati l!l;lt'fltut, 2006) ui 

1 ,Q~I d 9 0 d ,id, Cl,IQ I ,, d O \;1 gJ 

fflJ l'll;ln'Uell;l'Vl'lllll !U'b'l\?llfllJfJtlJffl.J1J\llffllJ1Hl\llel\lll'UlJ t!H'11 1;l' (Hong lnlt'fltut 200 I ; 

"" "' • I ?I Weisburger 1rnt'flrut, 1998) ~1'HU..:J (Lu lll;lt'flrut, 1997) 1rntuV\?l (Yang Ul;lt'fltUt, 1997) lu'U 

" iJ d QI QI 'j/ ~ _f I 

\,l'l.J 'U elfl'illfl'W tl..'.l'U\?l'U11..'.l fll'J'ff'jl..'.J'Hl;lel\ll!M\?ll"leltl (Angiogenesis) 11'1t 'U1J1'U fll'JUl'l 'jf)'Jt 'illtl'\Jel..'.l 

19$l;ltll.Jtl~..'.l (Lu lnlt'flfllt, 2000) J..:itl1rlv1mt1rnvit1unu EGC !lilt EGCG ~l'l1Jl'U'b'll;tl1 l'l1Ji1 

ffllJlHHJUJ.;i lJtl~..'.lUel\ll (Liang lll;lt'flrut, 1999) Ul;ltfll'Jltl\llelVflil\ll'lf'W'Uel..:Jl'UlJ'U LDL 

(Rietveld 1rntWiseman, 2003) i~rvi11vit1lJf1'U uiiiu'Jtff'Vllltnl'l!'HlJVflil l'Ufll'Jivl1uf11'Jl~1J Lill 

a' d Q Q.I 9 d ~ li1V• ... f.:! .cs ,.I ,Q Q 

'\Jel.;J'lll;ll;llJtl'J..'.l~1'H'U..'.l 1'\.J'fllJ (Lu lnlt'flrut, 1997) u.;J!'H'U \?l11~tlf11Jlu'Jtl1Jl'Yltl1Ju'Jtff'Y11iflll'l 

'\J el ..'.l l Vl ~vJ 'U t)l;l I 'U '151 ,~ ti 111 l;l t 'b'l~ 1 v..:iii 'fl 11lJ'U \?)llfi'..:i II l;l t v..:ii'l ,r 111 'U i ,ii 11 'il ,i'vtu ~ el l'il ii 

'fl11lJff1At:y~V'fl11lJflllJl'j() 'l 'U fll'j i vl1u:1Jtl~ ..'.l'Uel..:Jffl'j!'Hci1tl el v,..:i 'l 'j ~\,J llJ~l;l'\11\?ll;lt)..:J!'Hci ,tlil1 

.t':! "" .,.,,,, g,.,, .I ' 'lg) ?I 9 "' 
mm Hl IU 'jtllJl'\11 tlllfJ ruff lJ lJ\,l'\!lll Vl 'i) H'U el..'.l'b'lu 'j t !il'Yl \ll l ..'.l'l \?) I l'l 'J lt I u 'U fll'j '\11 \?l l;l t)..'.j ! 'U 'j t \?l 1J 

'ttl;l el\?l'Yl\?ll;l t)..'.j !nit fll'j~l'fli t)..:J~lJ'b'lU'j t f)t)1J;1tJffl'j l Vl~~'U t)l;l'ttl;lltl'tttlltl'b''U \?lell'ill~'U 'l ,J 1; i, 

fll'JU 5 lil'fl'b'l~ ,J 'J t n vu; 1t1ffl'j 'Hl;ll fl'tt m V'b'W \llell'il ii ~1;111\ll fli 1..:i 'il 1 fl ~t1'\JV..:J ffl'j l l'l ~vJu vm~V1'l 
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J-:i 1 w ~vlu -enrn~ tOlfW'U £1,:Ju mrnOfH)'Vlt1>1 oey'lJmW 1~vir1mrn1>10~1uoo n;1~'!Tu IM,n -:i 
QJ'<V ~ -=t~,l I Qlo iJ.d~ lg) .-::::i, QI 

IW';i 1t 'ffllJU miu nuoulJ ~ o ff';j t V11n ~'lJ'U 'l u 'i 1-rnw 1rnt v-:i'Vl rnu 1V11uu mm omu o o ncin~'ll'U 
' " 

1 ~ V 'VI 1--l VO lJ I 'lf 'U n 1 'i ri u J -:i Redox-sensitive transcription factors, Nuclear factor-KB II~ t 

Activator protein- I riu5--:irnu 
1

1'111J1htlfl'Vl~f)O 'lif1n~tl6mu1 oon;1~'!T'U'l'U11-:inw l'lf'U Phase 

~ ~ ' ~ 
I W 'U ! '11 JJ, Nitric oxide synthase, Lipoxygenase II~ t Cyclooxygenase I 'i -:in 1 'i ff ';i H Phase II 

IO'U 
1

l'll1J~ihn!1~ iu mnt q~mnn~uBn~ UlOOn;l~'lfU 1~mtlui1d ,:j 'l Mlfl~nl';i 1~m1tjvl--:i'!T'U 

9 g) ' ~ 1 

'UO~ iminmrnlHJ~Off';it l'li'U Glutathione-S transferase ll~t Superoxide dismutases (Baiz and 
V ' • 

Higdon, 2003) 'U omnnudjo11R vu ll1UU ~rn'1JtNnn1~U-:Jlf\f 'Vl~~O-:J~1(.J'l/lffn~'lfU~\>ll--l'7 \>lO 

Phase I Io 'U 
11'11 lJ w u 1 1 'If 1 ~ 1 ih1 ~ d -:i CYP I A I IO 'W 

1
l 'll 1J tr --:i n 1 1 'l/ 11 ~ v 1 1m t 'If 1 Q lf ~ -:i 

(Niwattisaiwong II~ t fl rut, 2 O O 4) ri 1 'U 'l u 'l/ 7 peppermint, chamomile II~ t dandelion WU 11 

fl11JJffllJl'Hl iumnil--:il'U'lJO-:JIO'U i'lllJ CYP1A2 Irnt CYP2E ~~~--l i'U'1Jrut~fl11lJ'ffl)Jl';jt] 'lu 

mnh~l'U'lJO--:J Phase II rnu
1

h1J mirnvilJt,'-:J~trnuNmn (Maliakol ll~tflrut, 2001) rl111!u'l/1 

~ 'l d ' ~ ~.. d d ' • 
ffl.J'U I w ';i 'lJO-:J 'YWlJ ';ilU--ll'U 11'lll\91t 1m '11--llJ ffl';i isointennedeol lJfl11lJ mmrnl';i -rnl';i'Vll-:Jl'W'lJ o-:i 

Phase I Imt Phase II W'Ui'lllJ (Thumvijit, 1999) 1tJ'U~lJlff'W'li1oa1-:it--:i~'l/lJ'-:J'l/U~~N~\91\lln'lu 

"I d l;l a'.d .d g) Q,I d d'} I 

'l/l!H'lt'l/ll:l'lfl-1 !W 'HYllJl'Hl!'U'1 t:nrn ,J '1-mru 9/lJ Vl!fW1'1Jtl--ltlUtTmiJm.1u11'U~--:Jm'i lfllJ ! 'U ';il--:JnW 

,c9-=t dll}tvd QI , c::'l to.,,li/ 
u--:i1Jm11J1uu 1tl l~iY-:J'Vl'lll\ltiY1mrn'lJ~'lJ11-:imrntrnt1';i--:J mtutno\911 l~ 

" 
I 

'UO-:Jffn 1w~vlirn~ ~--llJfl11lJll\91n\>17--:Jn'U 1'l.1\91llJmtU1'Unlrn~\91 hw'l!U~'IJO,:Jffl';j 1w~%.rn~~ 

wui'U'llll'UV1 ('l/11:i.imin) wu11ii'l.1';itih1nmwir-:in1l'l/l~lf~,:J ('l/1~--llflJn) ll~t'l/1~1 ('l/llflJn) 
" " 

\91lm'lliu od1-:i h~mJJflU~ffu 1wiivltrn{!~n~~;m'll1timt11m~o~ (bioavailability) J, 
(Lambert 1rntflrut, 2003; Chen u~tflrut, 1997) 11~~iim11Jfl--:ii1'lmrn11t~riouoii'1--:i&um~ 

(pH 5) (Chen 11~~flru~, 2001) ~--:i~rnHtiu 'ltl1~11'1.1';itff'YllifllW'lJO-:J'lll'iJ1nm';j~lJl'\Jl 1'1.1'lui1--:inw 

01\l~~~--l irnnu1nmtu1umrnii\9111t1 'l/U~!mtmmru 1w~vluo~'luNii\91fiUJCVl'l/ltJ-:JU\91nl>ll--:Jn'U 

1'l.1,111JffW'YiUi'l/1~i~'lumrn~,1 11~t'lu,1m~'lll'UO-:JD';itl'Ylrr'lV1vri-:ii'.i'l/1m-1u'lw';j (Herbal tea) 

~ 'hJ1~ N~\91\lln 'lu'l/111101,Ju'l/1~ 'l:i.iii irn 1 w~vluo" ,l'111,l wod1-:i11wi11~1v ~--:im11JffllJl';it1 

'lJO--l'l/lfflJU 'l W'i!lfTiltl 'l 'Wfll';j\,]t)~l'Unl';i f)OlJtl~--:JV--l 'hJii';jl(J-:Jl'U~lllJ'lf~ 

Vt I G d. QI jJ I I l.') ~ QI I c::: 
11JJ11m tll 1'U fll';j n tllJtl ';j-:J\JtlJfl 11lJ9fU9fOU !l\91tJU1-:J ! rnmlJ fll'j'IJ~'lJ 11--l mt U 1'U mm OlJtl'i sl 

i--:Jll\>l';i~(J~ noi1 (Initiation) 00111,Ju nl';i if o--:inu ~~D';itff'VllifllW ll~tl~O-:J\llnfl'U 1 'VJ(Jff1'U 

·~ ~ I ,l QI t ~ d 1ft lrJ3'• C) V 

imyuu1J~1J'l/Uttt11--:i1Joorn11 ~nrnu--:i1tlu nJ 1~11f111JJff11Jnt11unn'lJ~'lJ1Hnn 
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IU~t1'Umh1-Hll'Jfle)lJ~1!-:i~ff-:i 'hliiqVI{ (Procarcinogen) ~'WU 1 'Uel1'117'J 'hl1111u~ t'J'UIIUM 'lu1il'U 

'cl'l'J flel 'lJ ~ 15-:J ( Carcinogen) l1~ el~ tlfl 1l'Jtt'J~flel\?11 ii 1'1tlil'U ml 1 fl rl1fi t:y'IJ el-:J'ln 1 'iJ fl 1':i~ 01>i1'U 
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' <::t 

unn 3 

irn~ lw~vJu-eHHllf1'b'l !~£.Ji'.:ii1otl1-:i1'1J'b'llhtmru 2 nflJ fff)~~1£.Jt111~omfim~'.i 250 ml l~U 

rnn 1 o uTvi l-11 iiJmo-:i~11-1mtmE1mo-:i Yllf11'.ilio'il1.:i111;1t11m1t11mmmru l'W~vJuo1;1 
., 

l'inrn~mlJn Colorimetric methods using Folin-Ciocateu reagent (ISO 14502-1 :2005) NfflJ 

mrnt1;1wi1otl1-:i 1.0 lJl;l. fi'IJ 5.0 lJl;l.'IJO-:i Folin-Ciocalteu reagent (I0¾v/v) l~lJ 4.0 lJl;l. 'IJtl.:J 

!'., £ l/t j/-c:i .:ii 'j/ d O llf <v I ~ ,d 
7.5%w/v sodium carbonate ~-:i'Vl-:i !1'Vl~Wl1fJ1Jlftl,:) 60 l-ll'VI l-11 !V'J~tllf11'.i~~f11;ll-lllff.:J'VI 765 nm 

ll1V'!Jf1'1Jffl'.ilJ1~'.i!ll-lf1'.i~llf1~~flfl11lJl.,j'lJ'ljl-l 0-100 µg/ml '.iW,:)ll-!N~1l-lJllf151J'IJO-:i Gallic Acid 

I <v <v t 'j/ 

Equivalent (GAE) ~tl I 00 f1'.ilJ~'Jtltn-:ium ,1\ / 

~ <! ~ -~ ~ 
3.2.2 m111rrn::::11'll'uviut1::::u1t11wmm•1ru 

fff)~flll'Vl~l-J'illf1'b'l l~vi'-:ii1otl1-:i1'1J'b'l1.l'.itlJllli 2 nflJ flf)~~1£.Jt111~o~ml.ll~'.i 250 ml l~l-lnm 

10 m'Vi l11'11.lmo-:i~1umtmE1mo.:i 1io'il1-:iiY1'.i1;1t~ltl'b'lfff1~ l11illmo.:i~1u PTFE Syringe 

' 0 llJ,. Id 3,/ ~ dd 

filter l-11 rn\:l~ (IO µI) l'Ullfl'.itJ,:) High performance liquid chromatography (HPLC) ~llJ'Jli ISO 

0 ,Q, (/'jJ Q., ,I Q O QI 

14502-2:2005 'Vllf11'.i1!mltl1~1£.Jfltlcl).JU Platinum EPS C 18 53x7 mm qrul1fJlJ 30 C tl~'.ilf11'.i 

ll11;l'IJeJ-:i1vJmr1gou~ 2.0 ml/min 1vJmr1~au~ll'.irnt11J~'JtJ 87: 13 %v/v 'llti-:i 0.05%trifluoro 

acetic acid 1rnt acetonitrile ~'.i'J'il1~~1(1 DAD ~mllJVl'JflgU 210 nm lTlllilJlf.'U 1~ml1£.J'!Jf1'1J 

ffl'.ilJlm!ll-1 8 'b''W~ l~llfl (-)-Epigallocatechin-3-gallate (EGCG), (-)-Epigallocatechin (EGC), 

(-)-Epicatechin-3-gallate (ECG), (-)-Epicatechin (EC) (-)-Gallocatechin (GC), (+ )-Catechin (C), 

(-)-Gallocatechin gallate (GCG) !nit (-)-Catechin gallate (CG) 



17 

1 i I I 

Cl 1 .1-=1 . I "' Ill ,! "1 "1 !II .., I 
3 .2 m ·rn fl'l:11 fl 1 Ultf Ull'Hl 'W fll 'j ! u !UJ UU lHl~ t] 'YI 1i 'll ei-ml'W A C}l'iJ 'YIAfltl1'll M flll fll 'j flel 

QI o"Q,J a., .:::t d a QI o"1 o" 1 d a <v o'• ,I 

'lfll'fU~ eHHYlJ 'lf1!'1Jt'l1'\'lvHl~'il1f1'lf1Vl'U~Q'Kl;'l·:111JO'.i 12 'lf1Q'KM'l'1Ni;'l~'il1f1'lfll'l'Unttl;'l-:1!1Jtl'.i 12 

o d a QI a., tl j) \') j/QI OJ ll] 'j/ 1 QI 

'lf1'fl1'\'1Ni;'l~'il1f1'lf10lHY3J Ul;'l:::'lfl~t m '.itt'ltl1l;'l1'1JO-:lfl1'.i l'fl'.i1J'lf1ft'f1'fl l'f1Uf1 I 1'U 

'\'l'flft'01J 11,J '.i::: iY'l'l n i11Vl'lJ 0-:1 fl'l'.i 1 wiivJ'U O l;'I~ I ~f 1JL 'W t'l-:1'.i::: t'I::: i'U 'ilt l'W t'J-:1 WOl?iOfll'.i l9i 0~11.J 

fl'.it1J1'Ufl1'.iflOlJ:::!~-:l'lflOh] mmru'IJO-:l'lfl~'l~fu 2 '.i:::iu'l~un 111 ""iinflJl?ion1iinflJ~O'l'U 

ll1t11JL'Yi7fl1'.i~lJ'lf11'flmil~fJ'IJO-:ll'lUO-:lf1()1'1 (2.84 nhnfol>iol'lul>iou) (Robinson 1rnt Owuor, 

1992) 1rn::: 1.11 nfol>ionhnhJl?io1'w~o1~m11u'\'11..1fl1'.in1..11:rl1..1m'.i1fl'1lJ rlrnfuncilJfl''fllf1t1 . . 
'l~u n ncilJl'l11Jl'l lJ ~-:ittu 'il::: 

11 ~f u J 1~ lJ1.l n ~ll'l'l'U J 7'lf7ft'n'fl mf-:i 'il 1nttu 'l ~tu J 1'!f11>11m::: t'ltl1l;'l 7 
4 <I 'V 'V 

vi f) l'lfl.J 'fl 'ii ,nJ wnui 10 V1-:l\l11J 'i) lfltt\jlft oihm 11m 1:::11f111lJ iYllJ l'Hl 'l u fll'.i'l'ii-:i 1'U 'IJ o-:i 

lit o"dd. OQI' ~ tl "'ls,, 
WU 1CJ/lJ'\'llJfl11lJff11'lt!J~Of1'.itlJ1'Ufl1'.i biotransfom1ation '\JO-:lft'1:i fIO Phase 1 W'U CJ/lJ 'f1Uf1 

CYPIAI (Burke trn::: Mayer, 1974) tmt CYPIA2 (Nerukar trn:::flrut, 1993) 1'fluH 

ethoxyresorufin O-deethylase (EROD) 1m~ melhoxyresorufin O-demethylase (MROD) !~'U 
V V 

i1;1''fl ~,mhiu UOf1'il7f1Ul'ilfl1'.i'l'flfl17lJff7lJ1Hll'Ufl1'.ivi1-:i1u'Uo-:i Phase II !O'UlCJ/JJ 'l~un 

glutathione-S transferase (GST) 1'fluii I -chloro-2,4-dinitrobenzene (CDNB) l~Um'.iJ-:il>i'u 

i o" ~ J' 
mm:::t'il1:::'il-:J'\JO-:IWU lCJilJ'lf'U'flU (Habig 1rn:::flru:::, 1974) trn::: quinone reductase (NQOI) 

CYPIAI/CYP1A2 

11m1:::11fl17lJiYllJ1'.iO l'Ufll'.i'l'i1-:i1wuo-:irnu lCJ/J.J CYP I A 1 ~1t'I Ethoxyresorufin (EROD) 1rn::: 

gJ d t V ,=,,~ ii 01 ti 
CYP1A2 'fl1f) Methxyresorufin (MROD) !UUft'lrn-:J~'U 1.lonw11.l'.i:::f10lJ'f11fJ Tris-HCI uvhvJo'.i 

pH 7.8, 5 µM EROD 'lflO MROD trn::: NAPDH 'illm!u1'f1 slope '\JO-:lfl'.i7vJm1mfowu1httt11-:i 

f11fl1'.i~'flf1~UUft'-:lf11Jl1"7l'JflC'J 5 1Ull1 'il'\.Jf1'.iti-:iimj'fl,Jfimt11 (1-2 'U1l1) i'flt1i'.ifl17lJt'l711'1gU 

excitation trnt emission 1:rl'U 530 and 590 nm 'fl13.Jihi1J (Burke and Mayer, 1974) 

Glutathione-S-transferase (GST) 

1'fl'fl11lJft'llJl'.iOf111vi1-:J1'U'IJO-:lltl'U 19/JJ GST i'flt11'lf I-chloro-2,4-dinitrobenzene (CDNB) ~-:I 

~I t v 1-1 " ~~ v 
lu'Uft'l'.i'fl-:J'fl'U'\JO-:IW'U 19/lJ GST mnv isofonn (Habig et al., 1974) 1.l{lmt11iJ'.irn01J'fl1t'I 0.1 M 

potassium phosphate buffer, pH 7. 5, 2 5 mM CDNB 1 'U 7 0 % ethanol, II l;'I::: 5 mM Reduced 



18 

glutathione 
Q.I I ~ 'J} J d ~ ~I 
1fl'f11n71~flm'l'Ullff-3f11f.Jlrl'HM Spectrophotometer 'Ylrl'JllJ011rll;l'U 340 nm ID'U 

nm I u1vi 'Ulfll slope lJlfll'U1turl11lJilllJlrn'lurmvi1-:i1u ifloii molar extinction coefficients 

ll11fl'U 9.6mM- lcm-l (Habig et al., 1974) 

Quinone reductase (NQOl) 

tlgmo1tlstntl'U~10 illnlt"1m:·-lillJ (7.5 ml 0.5 M pH 7.4 Tris-HCl buffer; JOO mg human 

albumin scrum; I ml 1.5% Tween-20 solution; 0.1 ml 7.5 mM FAD; I ml I 50 mM glucose-6-

phosphate; 90 µI 50 mM NADP; 300 U yeast glucose-6-phosphate dehydrogenase; 45 mg MTT; 

i d ')) ,.,.., d i: d, -"= 
150 µI 50 mM menadione 'U acetonitrile 1momm1 'lf'Yl'U'YI; 1mt 140.16 ml mmrn Drnl\911 

iJ'fll1Wll11fl'U 150 ml) rl1llJiYllJ11(1 'l'UnWYll-:Jl'U'IJtl-3 quinone reductase 1fl'illnmi~~l1'lf 

l']_ I :'1 d .., 0 i ., ... ., ,/'1· I :'1 .,; dd _?( 
menadione rnlD'U menadiol u-a~'IJtu~lfl01n'U'Yl1 lfi1'11 MTT \)n1f119i DID'U formazan 'YllJffrn 

1flflln71~fln~'Ullff.:J~ 590 run 1f11.nlJltu itl1~mZ-:il1lJfl 'l'Ul'Yil;l'YI hwnnv'olJ~ crystal violet 

uJ1minu~WJllJ011rl~'U 490 nm (Prochaska et al., 1992) 1w-:i1iu:rn 'luitl nmol/1 MTT blue 

fomiazan reduced / min / per mg protein (Prochaska and Santamaria, 1998) 

d. Q,I I QI ~1 I d .di Cl "1 t ~ 0 l!l iii Q.I ' d 
nll l\911 OlJmOOl-:J'illn\91'1.Jlm ~ \?lll'lfU'IJ-:Jll'ltl nl':i1lfl'jl~l1 'U'IJ'U\?ltl'U'U 'Yl1 fl lfl{Jl;ltl;lW\911tl{Jl-:J'YI 

,!\ d t d 9J jl 'J} 

-qtul1,;)lJ 4 tlslffll"lil;ll"Ji{Jff 'illn'U'Ul\911fJlJ microsomal supernatant (S9) rl1llJl'UlJ'lJ'U 25 % w/v f11fJ 

ff11l;l~l;llfJIV'U1lfl 0.154 M KCI 'luti'Y'l1vfof 50 mM Tris-HCI, pH 7.4 1f1@7rnf11?11tlV7.:J'ltt1U'U 

,1 .., .., .9' , ci d ~I 
l'Utllfltl'Jn'U (Homogenize) lll;ltD'UutJnff1'U (Differential centrifugation) 'Ylrl11lJl11 9000xg lu'U 

11"1 20 mvi ~tltul1.f1iJ 4 t).:Jff119il;ll9H'.lff 'iJ1mf utl1ihu'lir (S9) milu11ononr1f s1~1vm1lJ1~1 . " 

10'1.J 105oooxg 1uunl;l1 45 u1vi ~~tumJD 4 B-:Jft'll"lil;l1;vi,- ri1u'lfl'~1~'iJ1nm1ilur1f..:i~fftl.:Jfltl 

i i/ 0 QI 0:::. i/ l'1 ,/ I .d \:1 ')),et 1 ')) 0 Q; 

cytosol 'lfilllfrn11m1tl1 Phase TI ltl'U !"Jill 1mtff1'U\91tntll..l'YI flrltl microsome 'lfffll11'1.J 

., ,/ 'l ,/ 1 • ., "' . .I •. I ,/ Q 

11rl':il~l1 Phase I ltl'U "lilJ lflfJ microsome 'il~~n'UllJl homogenize f110illnl~l;lW'IJY'llTitl':i'lf'U~ 

l~fJ1fl'U~H'1\911VlJ S9 'lummm~1vi1fim.J1m\911 S9 1imru -✓ 

t ~ <1,. t':! ) d j/ ~ 
m cytosol 1m~ microsome 'ilt\)n11fl':il~l1urn1tu 1tl':i\91Uf11fJTli Bradford (Bradford, 1976) iflfJ 

l~tl'il1.:J\?11tlV7..:i cytosol Ul;lt microsome 80 1mt 50 ll11\917mhi'U 'luir11-atl;IW~lsl 0.5 M NaOH 
SJ ' "' • 

'illm!'UP-ifflJ 10 µ1 1?110V1-:Jl~tl'i)1..:j n'U 200 µ1 Bio-Rad dye vi1~tl'illsl 5 1vi1'lutl1rni'U l;l.,:i'lu 

microplate vf-:iH 5 mviuJ11flfl1n71~fln~'Ullff-:J~mllJ{J11rl~'U 595 'U1 l'UllJ\911 t\'11...11tummtu 

itl1~'U'il1nri1mrnfln~'Ullff-:J lflV'l;m1vJmmi1u~'l~'il1n bovine serum albumin (BSA) WJllJ " ~ 
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l'lllJ'llm::;1111-:i o-soo µg/ml ,Jhrnu hh~u~iM''il::;t1ml1iiJ'Hi1.rnl'Hhu1rum11.J'fflmrn iu 
0 IJJ ,/"' "' nwvrn 1 u 'IJ rlWrn t CJ1mrn \91 u 
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I 
<:I 

U'Yl'YI 4 

" ... • _ I'::! ~ ""~I cv 1 cv ... 
4.1 fll'a1!rl 'a l~'ttlJ'HJltlU 'V'Hll"fl-Hltlfl.:J'tttlvl Hil~fl1UJUJ1"Hl lHl l'a ~'Ue>l!tltle>tf'a~ 'Uel.:J 
- q~ 

1.Jhnru 1 'W ~w 'l-1 oa lf ~'11lJ'fllnl t ,J1 mru ffl'.i flll'Vli'\.J'b''U 'fl~ 1~'1, '\.J 'b'1i·rn 01~ J~ 5 'b''U 'fl ,~ ~ n 

11m1t1-11~0 H'11Jwu'm.ia h.i,mrnni.J·nai:-mmrn'flao~ luii1imio ll,J 1'fla11m1t1-11fhnru 1 'W~W 

'Uoalf~'l1lJ'fl\?11£.11n Colorimetric methods using Folin-Ciocateu reagent t-Hln7'.i'Vl'flaO~'WU171u 
V >I ' 

i1001~'b'1eirn1tt~l'l~ 5 'lf'W'flihBmru m11 'W~W'\.JOal'l~'l1lJ'fl 'lni\'1~a~n'U and
1

u'b'11~a1o/iN~\911nn 

'b'lffltl'W'\.JiciinflJ~ijmmru ~ s1n11'b'l'b''U'flg'\.J'7 Uat'W1J11'b'1\?lt I r1fij,J1mru ffn 1 'W~W'\.JOa~l 

o/iey'fl i~uff'fl~1mn11~~ 4-I 

. ,, 
Vll'aN'n 4-1 ,Jhnru 1'W~W'UOal'l~'\1lJ'fl bi·rnd1~ 1U'b'101Jlltt~ 

"' y 
'l1'U~'llel-:J'l11elUll'11-:i / / 

d.dCl a..r/ I ,/ 

'b'71'lJcJ1VJNa\911llnffla'WUV'b'1Q'11a~l1JO'.i 12 

' d ~ Q,, rl I rl 
'b'10'\1a~Vl Na\911l7nff1£.l'W'\.J 1i'b'10'\1Ml1JO'.i 12 

" . " 
od.:::i, Q,," Q,,C, 

'b'7'fl7VJNa\911l7nff1t1'W'\.JV'lf70mrn 

'b'l\?lt'h1f 

24.25±1.476 a 

15.30±0.137 b 

13.74±0.181 b 

I 3.94±0.029 b 

0.59±0.01 C 

V Q,., d f V d ~ I V I ,d. o, O Q,., Q~ d V d ~ 'j) 

tl f)lJ'i fll"hl mrnqmw1 Hfll-.11,flJ 1tJ(MlJfl1llJU\ll fl\lllslfll-.1 tlt.11-U.Jl-J(JfflfltyVl 1.:ifffl\ll Vl 'j:;\llumllJl'lftllJl-J 'it)(Jl;l:; 9 5 

... 
1l1n\911'.il~~ 4- I 1rloimarnviamt1111~mt1J1'\.J mrn~\91'b'1 'lf101Jl!tt~'lf'U \Pl'lf119it11'\1~0'b'1~ lbJ 

N7'Wnnmjnij,J1mru 1'W~Wuoa~~~"l''fl 11i1rl01marno/iamtlf11~'b'11:\iu1~N~\91,i1nmaviui 

~1s1nu l1?111n 'Viui ci fft'YJJllatvi'u i ~lfMIU of I 2 'WU17'b'1viu{cifft'YlJ~1iJumvviu ivf udjo~~ 

,J~nmn'lmhtrnrllVJa ijillJJ1ru 1'W~vluoalf~lfl11Pl'IJ',rn11 rl111fu'lf1ffwvfuf ~11a~1uof 12 

~Nl'\.Jn'.it1J1'\.Jnl'.ii1~f)'\.J ('lf7!:Ut111rnt'b'l~'\1a~) 'W1J17mlJ1tU 1'W~W'\.JOalf~'l1lJ'flll\?ln~7~f)'\.J001~ 

1iliJ 1.!url1rii1p11~ffi'i~ ir1u 'lfl'W'U i ci ff fflJ 1rlo11,J14i.J1iJ'U 'b'1~1~ ~1iJu m tu 1u n 11 ~'b'1~0~ Nl'U 
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fllrnlJnflfhHY:JJ'l.J'HU ihJhmu l'W~vhrnmf.;i11:JJ~J1~ff~ l!ff~.;i'lttr~i.111m:::u11-rnnmh':i'l.rn 
" . " 

Nl:liommw ffl':i'ffll'ltlJOOl-;J\)' -;Jlll:l:: \)',;Jn'llJ:-H'l'1JO-;JffltJ'W'U ('b'l~ H' ff1'W'b'l\9l:: i flf ij l 'W~vl'W Ol:l 

i ti u o .;i r1 ,J ':i::: no u J 1 :JJ 1 n o 01.;i i ':i ~ \911 :JJ 1ri o 11 fl ':i 1::: 11 fl 11 :JJ ff 1 :JJ 1 ':i fl 'l u n 1 ':i ,i u o '4 ].! l:l v ff ':i:: '1J o si 

1911007.;Ji.;i 5 'lfU~~1tJTI DPPH Radical Scavenging Activity Nl:lllff~-;JisJ'l'U\911':ilsl~ 4-2 

Activity 

di d ~ Q/ t1 a.- Q,I 

'b'll'lJ tJ1'YI Nl:l\91 'i)l f)ffltl'W'U ~'b'lO mm 

~ .d ~ Q,I o' I (/ 

'b'll'1JtJ1'YINl:ll>l'i11nffltl'W'W~'b'lQ'11'1'1l'l.JO':i 12 

I d ~ QI "' I " 

• 'b'lQl!l:l-;J'YJNl:ll>l'i11f1ffltl'W'W~'b'lfJ'11Ml'l.JO':i 12 

od.Q Q/" Q/Q,I 

'b'l~ l'YI Nl:l\?l 'i) l f)ff ltl'W'U 1i 'b'lO ffff:JJ . 

rn UJ mm 1 o 1-u m ·HY u e> 1' lJ ij ihn:: 

(µmol Trolox/1 00g) 

299,813±133 J b 

321,844±2172 ' 

323,524±3562 ' 

290,622±2631 C 

219,99 1±2083 d 

0,/ cµ ~t o, d~ 1 .- , .-.~ .. -., ....... .d..., ~ ,!,)I 

el fllJ 'i J1 llJ lel -l fl CJll '1'1911-l fill l1 lJ ltltl -llJ1l 1llJllvl 0911~ mrntJl-llJlJ tlfflflt)j'l'l l-l"1'()9Jl1 'i !: ~ Ufl 1 llJ 1 'llellJlJ 'i om1:: 9 5 

'i1lf1\91117-;J~ 4-2 'Wu i lfl 11:JJ ff 1mrn 'lu m1,i'u o '4 3.1 l:l v ff 1:: '1J eM'b'l'b''W ~ i 1.;i'l 'h.i1tlu i~ ri1u 

1~t.1\91Hf1U'U1mwm11'Vl~vJmrni-rn:JJ~~orlh.1'b'1 (m11.;i~ 4-1) 1~t1'b'l~N~11nnn'b'lffltl'W'UllO 
" . " 

11 MIU of 12 i.;i'b'i'J ~ 'b'11~ t.1111 l:l :::'b'1~11 l:l .;J ij fl 11:JJ ff 1m rn 'l u fll':i ,i'u e> '4 2J ft v tVi::: \l' si ey~ iri o 

lln tl'l.Jl vi tl'l.J f1'1.J 'b'l ff ltl'W 'U i 'eJ ff 1.Y:JJ~ N~ \91~1tlm :::'l.J 1'W f11':i I~ tl1 f1 'U II ff~ .;i 'l ttll'.f 'U 11ffltJ'W'W ('b'lij Nft 
,, " 

iofl 11:JJ mmrn 'l u m1i o Iii' 1u t1'4JJi'!V ff':i:: \)' •rn 11 m:: u 1 u fl1':i i.:ium 1ii ff 1mrn 'lJ o .;i m 1,i'u 

t1'43.!l:IV ff':i:::il 1ud'.iNl:lmu1n'b'i'l~'IIMffl':i l 'W~vlu Oft~111>1ni1.;inu iiJ'lu 'l u'b'1ff~1tift::mvvf u i 
i.;itl'u m111fl 11:::11iJ1mw ffl':i fl 1rn;u11ii'l::'b'il~ 'l ui 1001.;i'b'1i.;iil1u:::i1t1 'l ttffl:JJ 11 flo~uw 'l~ 

t)(ll,;J~f)lii't1.;iB.;i~u ff1l-.l'b'l\91::: iflfmf 11u::: ii.Hhrn l'Vl~vhrni:1 11im1:1Jmmrn h.tf11':i,J'l.J0'4)Jfl 

Vff':i::ijri1riou-u'N\)'-;J ~.;iil1u:::1uum1u1nffl':i'ffll'lty'b'il~g1,,1~ijo~hrn:::iflf i'liu citral 

(Thumvijit, 1999) 
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flll'Y1:U1-1 
.. .. I 

'lllvil 'l/ll'lll'J1 'l/ll'lll'J1 'l/l~'IHl'1 

(t-cdf>J) ' ,! (~'111.'l-:i!Uf)'j 12) ' ,! (~'111.l'111JO'j 12) (6ffiY>J) 

(-) Gallocatechin (GC) 1.08 ±0.0350b 1.34±0.0098' 1.02±0.0220' 0.25±0.0175d 

(-)-Epigallocatechin 1.69±0.0504' 2.54±0.0388h 3.03±0.1785' 0.20±0.0072d 

(EGC) 

(+)-Catechin (C) 2.17±.00846' l .04±0.0288b 0.53±0.022' 0.63±0.0460' 

(-)-Epicatechin (EC) 3.52±0.0470' l .30I0.0376h 0.83±0.0328' 0.45±0.0206d 

(-)-Epigallocatechin 1.790±.0405' 2.34±0.0690b 3.38±0.0917' 0.07±0.0053d 

gallate (EGCG) 

Caffeine 3.76±0.0380° 2.90±0.060' 2.28±0.0794" 4.53±0.1467' 

(-)-Gallocatechin gallate 0.31 ±0.0165' ? 1.01±0.0287' 0.54±0.0241 h ND 

(GCG) 

(-)-Epicatechin gallate 3.88±0.0770' 0 68±0 0093b 0.52±0.0143' 0.46-t 0.03 18' 

(ECG) ( 
(-)-Catechin gallatc (CG) 0.19±0.0020 ND ND ND 

ND fttJ \il'i11J 1hJ-wu 1~1.1nmurnurf1.:ia.:i 

'1) fllJ 'i mm '1),3 fl (]ll ~~ 1.:i nu 1 'UII u 1U tJ lJ ti lJW0-3 il fl 1 llJ 11\11 fl~ 1-3 nu tJ(Jl .:iih!uri1ri t)JYl1.:J ff()~~ 'i::; vi Ufl 11lJl~tilT lJ 
,, 
·rnmi::: 95 

\ } J J Vol I 
~H'lfll'i1lfl':il:t1mlJlOHYl'iflll'Yl;lJ'b''W\Plil~"l l'Ui1mlwb'1 ~1t.1lflit1~ HPLC Uft\Pl~ 1mn'i7~~ 4-3 

Vl1J17 'b'7tfoirlJ1 unJ'\Jt1~'b'1~1ii1.J'1mru fln Caffeine ft~~ fl\Pl 1fl tl'W '11'i OJ 7'b'7l;t.11VftirlJ~ 'hj 
"' " ' 

Nl'Wm:1J1umn1JJnnw 1Hmrufl1'i~'W1Jmn~eylPl1'l.J~t.1'U'1tl1iJu catechin J~'lrn\Pl, EC mi: 

ECG iY1lJ'b'll;tJ1~N~~~1t.J'b'1ftlt.l'W'WllgU ll~11n O'IHMl1Jtl112 ihHmtufll'i GC 11'1: GCG . " 

ft~ft\Pl 'lwuru:~ 'b'1011M11Jo1 12 1floutl'i'itJ1ilu'b'1~rnJJn '115t1'b'1ot1M v\'1111iitl1mOJffl'i 
~ q ~ ~ ~ 

EGC U'1: EGCG u~'Viey\Pl ih1t1~1'U11 hwJ1'ltliY1rn11'\'l;U~'Y'11Jl'U'b'11~tJ11iltJ'b'U\Pl~ii 

1 d ~ a..1 ~ 1"" cl "" lJl'1~'1'UU1\Pll'1f1 (U1'11Uf1 lJl'1~'1~1) \PltJlJ flavanol (flavan-3-ol) IU'W monomer lJ'\1'11f1'11'11t.l 

isomer l'l/'U catechin, CG, GCG, ECG, 1m:EGCG llPlt1ft1t.1'1::: 10-20 'Utl~flll'Yl;'Wl'U'b'71:Ut111l:::t1Q 

IU'itl'UO~ EGCG (Graham, 1992) ~~'lnt11tit.1~f11JN'1f11nl\Pl'1tl~llJflf~n tlUNi'i~~llJIU'b'1~1 
"' 

u '1: 'b'ltj '11 '1 ~Yi Nl'U f) 'i :lJ 1'W f) l'i '11 Jj f) TI'l'i fl 11'\'1 ;u 'l lJ 'b'lllt 1,J~ t.l'\.JJ ,J '1,J I~ ti~ 1) lf) ,J 6 n1 tJ 1 

'Ill 

vi:::1fl; 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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,::::. QI c:i, 0 ~ "~1 ii .d O 1 j/d ,. Id ~I d ii I • 

tltlfl'll'l~'lf'Wll'1~lf)~ dimer '\Ill i'H ~ffU'\ll'\111 'Hff'Utl-:J'lfllulHJ'WlulrnfflJU~.:J l'lf'W theatlavms 

lJ timnntl 1-w 'lfllPiltJ-:JlJ caffeine lJlflfl11'lfll~tJ1 J.:itltu tl vnum~u 1'W fll'.i'lf .:J 1rn~ 1~fl~U~ 1 ~ " . 
(Leung et al., 2001) ~-:iti1,rnci11'll'i'11 J.:imv-wu'{'lf11rn~m~u1um'.i1Jrl'1~tl'lfU~ui,~1.11mru 

mrn1rniu 1rn~mnlli,i1'.iru 1m1JJmmrn 1u fll'.i iutil-Jl,j'1tJ ff'.i~ (~7'.il.:J~ 4-2) ·hul'i'1v,i~vrn11 

'1'1'.i~iit111url1f'ity1in1u1~'1Jtl.:J'lfl 'll'i'un GC, GCG, EGC 1rn~EGCG ~'V'luiJ1mru\)'.:i1U'lfll~tJ1 

(V'HM!Utif 12) 1rn~ 'lflV'HM (vtti,.:i1utif 12) 1~ti.:i1J1n'lf1vf.:iffti.:i'lfu~iir111JJmunrilum'.iiu 
" " " 

~ 'j/ t c., ~ !ii QI ii )I 

ill'V'l'YI 4-1 '11\l Wistar albino l'V'lft'~ lJllf'Wfl!'.ilJ~'W 200±20 nm fl) fll'.i hnhin 'IJ) 

(a) (b) (c) (d) 
r I I I S/ 

ct c., ,.Of d ~ <v 

ill'VO'l 4-2 .fll'V'lllff~.:J S9 (a) S9 .flltJlf'1.:Jfll'.iu'Wl111tJ-:J!'V'IV!Wfl'lf'W'IJtl.:J microsomes 11'1~ cytosol (b) 

microsomes (c) m1~ cytosol (d) 
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t ' I I 

d 'l . I"' . I "" \JI C "' "' ,v .., I " 4.3 fll'irl flll lr'l1Urn'lill'itl !'U fll'i! Ut'ltl'I-U!ut'l.:.li)'t'lfi'llel.:.IW'U !"llil't'llfltl1'Uel.:.lfl1Jfll'i flelil :::11 .:.I 

Vll'iH~ 4-4 lltHJ.:Jn,imrnmn11-:nW'Utl-:Jlel'l.J'l'll'lJ phase I m1::: phase II 1u~'!J'H\f~'l~11J'l!l'b"U~ 

~1-:i1~m:::v:::nm 1 1u 

Low dose (111 mg/kg/day) 
Phase I enzyme 
Ethoxyresorufin O­
deethylation (CYP I A I) 
(pmol/min/mg protein) 
Methoxyresorufin O­
demethylation (CYP I A2) 
(pmol/min/mg protein) 

Phase JI enzyme 

Control 

0.22±0.13 

0.45±0.09 

GTa 

0.08±0.02 

0.25±0.17 

,:u:rnnfo,n I i'u 

GTo BTa . OTo LGT 

0.18±0.08 0.14±0.04 0.11±0.03 0.04±0.02 

OJ 7±0.14 0.23±0.07* 0.30±0.05* 0.21±0.02 •• 

-
Glutathione S-transferase 
(GST) (µmol/min/mg 
protein) 

106.57=4.15 112.10±6.85 I 18.88±9.80 I 34.95:rl 3.54** 127.27±14. IO 220.68±6.66** 

NADPH:quinone 
oxidoreductase (NQO 1) 
(µmol/min/mg protein) 

I 89.50±6.75 250.78±18.12** 232.79±1 ~.76** 235.69±5.37** 245.68±4. IO** 203.68±7. I 9* 

High dose (I.I I g/kg/day) 

0.4:0.10 0.23±0.27 0.23±0.27 

0.26±0.01 • 0.28±0.07 NA 0. 13±0.02** 0.35±0.05 0.35±0.05 

Phase I enzyme 
Ethoxyresorufin O­
deethylation (CYP 1 A I) 
(pmol/min/mg protein) 
Methoxyresorufin O­
demethylation (CYP I A2) 
(pmol/min/mg protein) 
Phase II enzyme 
Glutathione S-transferase 
(GST) (~tmol/min/mg 
protein) 

I I 5.97±2.75** I 40. 78± 1.59** NA I 06.55:r2,75 218.34±11.55•• 218.34±11.55•• 

NADPH:quinone 
oxidoreductase (NQO 1) 
(µmol/min/mg protein) 

221.01±0.88** 

' ' 

198.05±3 .87* NA 

vl n1.:iu,w1.:ir11m ~mrn::flll'UIJ.:!IU'WlJlvl'i ! l'Ulllfllil'U TWl1\j 4 i,/fl~lJ 

113.00±4.78** 96.20±3.50** 96.20±3.50** 

Control= l1\jfl~lJfl1U1)l.J~1iJ111fmJ1'b'l, GTa = 'b'll,jlJ,lllfl'b'76fffflJ, GTo = 'b'll,jlJ,lllfl'b'l~l1'1-31U05 12, 

O Q.1 Q.1 I I ,I ll j/ 

BTa = 'b'lmlllfl'b'ltHHl'lJ, OTo = 'b'lf_l'IH1-llllfl'b'lf_ll1MIUO':i 1211'1:: LGT = 'b'lvl:: m 

d I d .ct I 1 ,=:t Q.I O Q.I qq.,d Q.I ,.;. c!, jl 

**, * l1lJ71Jt:l-3 m1 IH'IIJvl llJll 'U 1'U O'UlJf117lJllvlflvl NO IJl.:!lJ'U 1Jillrll.1Jl11-3 fft:lvll1 'i ::l'lUfl17lJl'b'OlJ'U 'iOIJrt:: 99 1rn:: 

95 v11mi1111rnrlo11Jfornn1JUf1Ufl~lJrl1UfllJ 

,. 'l Id i,/ dt Q.I I ti S/Q.J ~ ., ~ I l I o ~ 4'l i,/ 
NA 1-11.Jwo.:i lJlJ'UOl,!rtllHNll lflvl 1t1a1.:i 1vi rnr111l.J1ffama111flmll) 1111 tu'Ull11lJ lmnm1 om1J111m 1::1-1 ll'l 



A (111 :W~~nfa/ntMi'lJ/1'\.J) 

Control GTa 

B (1.1 I ni'Wn1~ni'W1'U) 

= 0.6 
.; 

i o.s 
=!J 
~ 0 .4 
g 
s: 0 ~ 5 . .:, 
0 € 0.2 
~ 

:§ 0.1 
Q.. 

>­u 0 
Control GTa 
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• GTo BTa OTo LGT 

Type of Tea 

GTo B Ta OT o L GT 

Type of Tea 

fll'Y'I~ 4-3 n,imrnf111'111..:Jl'U'U~..:JWl/1'11JJ CYPlAI 1ll'1U111d Wistar Albino l'YHl'~~i~fuJ1'lfl 

~f1~'lf'W~~l ..:J '7 

Control= tt\jfl~lJtn1JfJlJ~lljMf1JJ1'1n, GTa = 'lill;trHllfl'lflOtHYlJ , GTo = 'lfll;tl11llfl'lil~lHl-:JIU01 t2, 

0 Q;I Q;I I I ¥ l:1 ., 1 _f'= 
BTa = 'lfl ~llllfl'lflVii''f'l'lJ, OTo = 'lflQttiMlllf)'lflQtta-:lllJO'j 12 11'1!: LGT = '!fl~:: m 'Wu'ilJlUl!1'1::'i!:tl!:11'11 

~ll~fli l -:Jn'W fl'il vll1'f'l'~-:Jflllil~tlU'1!:fill~tl-:Jl1J'WlJl~'i!l'W lllf1~1'W1'Wtt\j 4 \l11/flzj'lJ 

* ttlJltlil-:J fi11\:l ~tllJrl1l 'lJll~fli N OOHiiU t1if lfi't\j'l11-:Jff~~~ 'i::~1Jfl1llJl~Vlf 'Wf Otl'1!: 95 1rlo1lli tl1Jl~tl1Jt11J 

f) zj lJfl11J i'J lJ 

lli1oti1.:i~ 'hJii'li'm,J'1 11maci-:i lli 1oci1-:i 'Mi' mn1lJ1 *vmvlll f11'111iJ m'iruJ 1ih1J 'hJmmrn1fo.J111fl'i 1::ttM 



>= u 

Control GTa 

B ( l. 11 ni'wnhni'wiu) 

0 
Control GTa 
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* 
* 

* 

GTo BTa OTo LGT 
Type of Tea 

GTo BTa OTo LGT 

Type of Tea 

I 
I I 

ill'W~ 4-4 f1'iln'n':lJf11'i'Yll-:Jl'U'IHl •ml'U'lcJnf CYPIA21'Ui1J'l1'U Wistar Albino l'VHY~~1~frn11'lil 
~ ~ 

'fff1\Pl'li'U\Pl~l-:J"7 

Control= '\1\f O~lJfllUt)lJ~
1

hi'lifuJ1'!!1, GTa = 'llll;V,lllfl'lllii'l'iYlJ, GTo = 'llll;V,lllO'b'l~m1..:i1ua{ 12, 

• ~ ~ ' ' .. 1 " q -~ BTa = 'lll~llllf)'lflfli'l''cl'lJ, OTo = 'b'l~'HMlllf)'b'lQ'\'iiH!UO'i 12 1rn::: LGT = 'b'l\l'l:t: fl'i 1llurn1ru11r1:::'i:::v:::11m 

~ulll nlii 1..:i nu m 11fam1..:ifi 1m ~mrn:::r111 tiv..:i1uumlll 'i i1u1l1n-01u1utt\f 4 i11o~JJ 

* '\1lJl(J().:J I'll Ill ~Viifl11lJll\ll nliimiri1.:iiiuvrl1t1(\j'\'ll.:J ff()~~ 'i :::ium,rn~alTu r f)(Jr,:; 95 1rlo11Jfournvu nu 

fl'llJrl 1UtJ lJ 

i1ov1.:i~ iiiii-u1

m;Jrl '\-flJl(J().:J i1ori1..:i 'lif 1Jrl'lllJl~(J111(Jl) lf)l'\1~ f)l'HU J,vi,JJ 'hJ 'cl'llJl'HllhlJlllfl'i 1:::1fii 
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B (1.11 f)'ilJ/fllt'lf)'ilJ/1'W) 

250 

0 
Control GTa GTo BTa OTo LGT 

Type of Tea 

' ' " ..ct c:i, O li1 ti 1 c,o i)d II) j,/,;v o <LI 

fll'Vf'YI 4-5 f),Jf)'j':ilJf)l':i'Yllsll'W'lJtl·mrn 19/lJ OST '\.J\,}'lJl'f'W Wistar Albino l'Wff~VI l'Pl'rn'Wl'lflflf)'fl 
" " 

"" ' 'lf'U'Plvllsl'7 

Control = '11~ nzjmnUfJlJ~ 1ii1;f m17'll7, GT a = 'li711it11\l7fl'b'70tHYlJ, GTo = 'l/11,i1.11\llfl'lntjm1.:iiuof I 2, 

BTa = 'li1~1\l1fl'b'70,HYlJ, OTo = 'b'7tj'11a.:J\l1fl'li7~mM!UVf I 2 ua:; LGT = 'li71'1::11'lf 1ummruuat'ittltl1'11 

~111'1 fl~ 7.:J nu m nfoff~.:Jfl11ll~t111'1tf11l ri tJ.:JIUtJlJ1\ol'i l 1\J \l1f1~7tJ1l1'11lJ 4 v11/flzjlJ 

* '11lJ11.J().:J l'i,m ~tJiifl11lJII~ fl~1.:iod1.:iiitl'1.1rl1riqp1 Nfft)~~'j ::iUfl11lJl~OlTuf ovii:: 95 1rlmm tJUl'tttJ1J nu 

flzjlJfl1UfJlJ 

i1od1.:i~ 1iiii-uolJa '11lJ1tJO.:J i1od1/1;r 1Jfl11lJliYtJ'111tJ\l1f11'11\ol nmu J ,vi 1lJ 'lii ffllJl'itl'W 1mi1m1::MM 
~ . 
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** ** 
** 

* 

GTo BTa OTo LGT 
Type of Tea 

** 

GTo BTa OTo LGT 
Type of Tea 

ill'V'I~ 4-6 n~m·nrn11'Vi1-:i1tJ'UO·mrntl'liJJ NQOJ 'lmim-'llJ Wistar Albino lVHl'~~i~TuJl'l51 

'1'f1~'b''U~~l-:J'7 

Control= 'H~flzjlJl'l'lUf)lJ~'hJ1~fm11'l17, GTa = 'li71'UCJ,\l7fl'l/7'1Jmfo, GTo = 'l171'UCJ,\l7fl'li7~m1..:i1mif 12, 

• ., ., ' ' ,I ~ ,, i .I';! 
BTa = 'liWl7\l7fl'li70fffflJ, OTo = 'l/1Q'IHN\l7fl'J11QlHHIU0'i 12 mi:: LGT = 'li79lt 1m 'Uu';ilJ70lll'1t'it(Jtl1'17 

~1191 nlli 1..:i n-u fl'i 1vl11rr~..:ifi 1m ~ 1JU"1trh1 flCJ..:i1u-umm pu ,nn~1m-u11~ 4 i,1nzjlJ 

* l!lJl(JQ..:J fi1m~fJlJl'l'lllJll~fllli1..:i01ii..:iihforl1riqJm..:iffo~~'jtium1mtmr-uf 0(J"1t 95 1rlo1mvuiviCJUflU 

nzjmnrn')lJ 

i,001..:i~'liJihim.i" 11mvo..:i i,od1..:ii~fum1rnaCJ'l11CJ'illfll'l1'fJfll'iOJtlwhlJ 'hlmm-rntl1mi1m1t'l1M 
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fll'Vi~ 4-1 mi:: 4-2 !UY\91.:tfll'Hit1-HY\911'Yl\9ll:ltl.:JUl:l::fll'.il\91~t1lJi1v~1.:iniv11m1::1,fon..11CJflJ Phase I 

1m:: II \9111Hi1iu \911'.il.:t~ 4-4 llfl\91.:JNl:l'Utl.:t'lfltYtl\9l~tln,imrn'UeNIO'l.J'lCJflJ Phase I 1m:: II~ 

l~tl1'1Jtl.:JtlU fll'j n1,1 \9ltY7'j~l.:J'7 t) t) fl ,11ni1.:i flltl CYP450 1ilu101/l CJflJ1 lJ nzjlJ Phase I ~ \] flft'l.J VlU 

1.h::mru1rtv 50 fl11U~ N1'1.JlJ1 1il l.J fl~lJlt)'l.J lCJflJ'Ul..11~ 111 ru ~iim ~ miJwi.:i r11.h:: flt)Uflltl 1 '1,1 
• u 

iml:l~l:l (heme-containing protein) tYllJ1HIViULliu~-:iii:ir1\91111:l1tl'lf'W~ l'lfl.J l!Ut1Vh1v '.il vh1rn:: 

il\911 Wl.J 1 CJflJl11 ri1tl VllJ 1 uirnilu ri1u 1m1J 1~ t),:j \llflirnilu tl1tJ1::~l~tl1'1Jtl-:JtlU fll'.i'UUtYl'.i ~l.:J'7 

vvn,:i1ni1-:imt1 u~mmH1Vi1JL~1iunumvuvniu 1iu L\91 1fo~ 1~1ulJ 1m::rl1llir1my 1iJmYu 

fll'.i n v lJ:: 1'1-:iu H'lf'W ~ 1ll ii q 'YI f i ~ v ti '.i rn 'lf7~ u~ 1fl v \l rntl~ vu u ti l:l .:t ~ 1t1 CYP450 1iu 

CYP 1 A 1/CYP I A2 1P11t1tli)m tlltltlfl~l~'lf'l.J ,:i::vi1 IMtY1'.iUfl17l/h~vtli)mv1n-:i 111fl 1ll1tl~t1lJ 

'Jtl~v1tl1iJl.JtYl'.i~l:l::mvJ111P1 (i~v Phase II wull'lllJ) fll'.il11ri1tl,i::lltl,11Jf)lJ DNA 'lJtl-:JlCJf,ravi1 
"' 
1 lf iiJ lJ tY111111J 1 lf 1n~lJ::1'i-:i l\?1 i-:ii! wit 1111.J ltl'Utl-:J mrnii\9ltll 111tl ffl'j tltlfl(]'YI t m.:i:ir1m'Vi~fln~ 

\11 fl 'W'lf l~ t) tl'u J-:i111 t) f fl'l:ll fl 1'j !fl~ lJ:: ll-:Jft t) fl 1 '.i (JlJ J-:i n \) fl 'j rn 'lJ t) ,:j IO '1,1 'l CJflJ CYP !Al u 1;l:: 

~I 4 o ll"' O 

CYPIA21m::/11rnfl.:tlfl'.ilJfllHlNll.J'lJtl.:JIOl.J CJflJflqlJ Phase JJ l'lf'l.J Glutathione S-transferase 

(GST) 1rn:: quinone oxidoreductase (NQO I) 

1 u m'.i 'Yl~l:l ti-:itif-:itl~e -:in 7'.i 'YI~ flti1Jt111lJ mm'.i '1 'U o-:i 'lfl'lf'W~~ 7-:J'l 1iu1~ v1n1J m'.i 'YI~" e-:i n ou 
V • V 

mf l'W l~llf111\j nzjlJfl11JfjlJ°Yi !l!l\?111J'Wl'lf7 (control), 'lf7l~tl11l7fl'lf7tlflillJ (GTa), 'lfll~tl1\17fl'ln 

I ~ O Q.I Q.I I I ~ 

t:!11l:l-:J!Utl'.i 12 (GTo), 'lf1~1\llfl'b'10flfllJ (BTa), 'lf1~11l:l.:J1l7fl'b'1t:11HH!UO'.i 12 (OTo) 1m::'lfl 

\91:: 1 fl f (LGT) ~Ofll'.iltl~vuutll:l-:i n \) m 'jlJ'IJ{).:JIOl.J !CJflJ~l~tl1'1JO-:JtllJ fll'jf)tJlJ::1'1 ,:j CYP I A I /1 A2, 

~ ~ ~I d~v '°" v Q.I~ 

GST 1rn:: NQOI CJf-:J'lfl'Yl'Yl~flOU l1JlJ'b'1'YINl:l\91~1tJf)'j::lJ1l.JflUIL\9lfl\911.:JfllJUl:l::~1tlfl1tJVll.J~ 

U\9lfl~1-:inu i.:ivi11lfii'lfil~1m::t11mrutYnrl1tiru11\9lfl~7-:inuhJ (\911'.il.:t~ 4-3) 1\9lt111u Wistar 
u "' 

fl1lJ~onil:lfl1lJ~01lJ ~-:J'.i::ilJ~l (Low dose) 1tlmti1J~!l1tl1Jl')'llfllJ'ITTlJ1Ulfll'.i~lJ'b'l i~t1m~t1 

'Utl ,:j fll.J 0-:J fl(]ll~ 01lJ 'ff 1lJ 'j ti1J -a-:i1tl lJ 'j tilJ ~ 1iJui 1U 'YI lJ 'UM fl 1'.i f lJ ti 'j t 'YI llJ Nii \91.f1UI C\'llfl1lJ 

d r-t V gJ ~ 4 1 d QJ ~ 
tl1111'.i CJf.:JlJt117lJl'UlJ'Ul..lt)'-:J'lJlJ(l.:J 10 !'Yll (high dose) 1ilmtt1tl11;ll I 11.J (short term) IVltl'Yl~fltllJ 

... I Q Ct, I c!~l ~d .. 1 ii iJ V gJ ,d ai d 
u '.it fl'YI ti i11Vi'lJ 0-:J'lfl 11 flll.Jl'.i(l tl 'el fl C] 'YI ti ~l'.i11Vl tl-:J ~ 1m t ~1tlt111lJl'lJlJ 'U lJ lJ1 fllJ 'el t.J!Vi tl.:J t~ \I .:J 

111 lJl t fllJ 
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j.l i/ I I 

fl 11J f} lJ ill'Vl 1Jfl 11:IJ II~ fli 1-Hl Vl-1 iit!url,l'i t)J 'Vll·HYO; (p>0.05) Vl-1 urihM ill fl~ 1fl11:IJ fl ft,~ !fl~ tl'U 

Q.11 I j/ d Q .d IQ.Ii,/ IQ.I 

'Utl-1~ 1tJU1-'.lfl 11J fl lJfltl'U 'UHff-1 'li-'.ltl 11llfl ~Ill fl flll ~ tllJ ff'W tl -:I 'l'1 II~ fl~ 1-:J fl 'UlJ 1-:J'Utl-:I l1 'Wll~ ft:;~ 1 
• 'U 'U 

(m'Vl~ 4-3A) vtl1/hn~1lJfl11lJffllJ1Hl'Utl-:I CYPIA I ~ft~ft-:itrlei i~fmnd ifl'11~{J,:Jf)1J~lfltl 

1,u-:111-11-3' 1rleiri~'l'l~ffV1Jffllfft1~ t'Vl~vl1-1eift'IJ''W~iw11l1fl'IJ'7 i~uri EGCG, ECG, EGC 1rn:: EC 

9 ~ .e. dcr' I d 9 QI t 
t'Wl'lftl~ft'W'l'llV Salmonella typhimurium 'Vl1J11 ECG mi:: EGCG lJfl11lJftllJ1Hl t'WflllVlJtl-:1 

CYPIAI / IA2 ~-:I EGCG ff1lJ1HltJ1JJ-:i CYP4501J11ft1V isoform 91-:ittlJ1Vfl11lJ11 EGCG ti 

fl11:JJ'iill'Vl7::~7 (Muto et al., 2001) i-:itT1-1~-:Jtllllflri11'lJi1 EGCG ffllJll(lV1JJ.::iirww1Jl~l1ft1U 

'lf'W~ fffl~fl Jv-:i t11J f-rn fl 1111fl l 1::ttv-:itf 1.h:: fltJlJ'IJtJ-:J'b'l'b''W ~~ 7.::1"1~1;11-1 mrn~ft ei-:ifl f-:1d'l'l 1J 11 

11-1'!f11;v1vf-:i'b'ii~ll7fl'lf70ff1:Y:JJ1m::tj11ft-:111Jeif 12 l1:1Jvf-:i'lf1tjm1.::i iitl1mrum1 EGCG \1'-:I ~i-:i 

,llfl'lfl~l~ii EGCG ~11J1fl 11~ntl'-:iiiq'l'lf1wfl1lfJ1JJ-:i CYPIAI ,~ vf-:1dei1,i1n~,i1fltl'hnrum1 

d 9 d .c:1 , d t v 
caffeine tl1 lJltU \1'-:l'l'l 'VllJ I W 'b'7~1 (\911J 7-:i'l'l 4-3) lJ 111'.l-:ilW 17 caffeine IU W fflJ \91-:1\91 W 'U fl-:! 

CYP!Al (Eugster et al.,1993) ~.:Jl1lJ1Vfl11lJ17flUUtl1mrum1 caffeine !Wl~tl~\1'.::l,l:;'Vi11'n'in~ 

competitive inhibition 'lJtl.:JltlWl'lilf CYPIAI Llft::ffllJUtlft~fillflJrn'UV.:J CYPIAI 'l~ 'ff1'W'lfl 

ti') ii :, j) l/J Id 1 dd d cr' I }: Q.I Gf If) j) 9) 

\91:: 1flnrn 11:1J,i:: 1:JJ:JJ 'Vlft~Wt1ft11l1.rn-:ifltll::flei1J 11~'U1:1J1.Jlft1:1Jl::mv iirn:: 1mtl1::flei1J~1v 

mlrllritJJmflmv~ 'l~f1Jflw~ey,i1.111mmrnifv-:inmm::fom 1 rn~,-:i"l ht m1rl1r1t:ymf fl"l 'tu 

'l V"J V ' "" A "" \Pl:: fl l 1 ~ ll fl a-citral '11 l fl geranial, 1-1-citral l1 l fl neral, limonene, nerol, neryl acetate IL ft:: 6-

J "' "1 V ' A ;!1 V methylhepten-2-one fflltltJ'l'll~lJ !~llfl borneol, myrcene 1rn:: 1-1- myrcene lu'W\911.J (Khonsung, 

2012) ii1w-:i1u11 ~-myrcene iiqV1ia1JJ.::11eiu1'1ilJ CYP2B1 'l~~hm::mmlt1V1Jtl'.::i CYPIAI ,~ 

11:1J1ul::i1J~~1fl11 CYP2Bl (De-Oliveira et al., 1997) vf-:idr-rnmnrnftei-:10ir-:i~'11'i'1iiu11mv 

l'iu{'lfl 'llliir-ift~tlfl1HJ1Jtl'-:Jfl1l'Vi1-:111.J'1Jtl.:J CYPI A I l~tl.::lll1flvf-:i'b'70iY'fflJllft::~mi-:i11Jtl1 12 a1Jtl'.::i 

mu 'hlf'l ~~l'lftJ f)'W tl tl N h nmlJ ll::ltttJ 11 l tJ l1'U nri lJ~ i ;r 1J 'lfl 1 tJ tl1mo1 ff-:! n i ,tl fl~ IO ll11 
'U • 'U 

(flTW~ 4-3B) CYP I A I flrl'1Jl'~lJtuvli1-:i i1.Hh!vrl11'it:y'1'11.:Jff(); (p>0.05) u~nii11 'U 11 UlJ11fl1J 

~lJ'lfl 1utJ1mru \)'-:I 11-1nmJu 11::m ::~ii'l1'i' mni1-:i1t1'Utl-:I CYP1 A 1 ey-:itu1~tJl~:1Jtl1::ih1nm'W 

m1'1i1Jm1vvn111n:hrnw 1~u~m11Jt11.J~~-:Jflft inm11~mBmru1m.1 l'lill1unzj:JJ phaser 1rlv 

ii-:inwi;f1Jm11'1i'1~i1-:ifl1V l'l/1.J fl1ll~lJtl1mtu RNA polymerase isozymcs, ribosomal RNA 

"1 ., 0 9 Vet V 'l ., .. ,M 0 mi:: nuclear RNA precursors 'Utl-:lltl'U 'lilJ Phase I lltJ'l'll t'l1lJfl1lfflN!tltJ 'lilJl'\l'llJlJ1fl'lJ1.Jllft::l'l1 

hr'uum Vl'Utl.::lltltJ 'hirey.::i~uJ1v t!Vl-:11 J fi\PlllJfflrnift::'IJ''W~nm1:1Jff1lJ1Hl l'Wfl1Jl~lJ'll6mv1 
t :l,/ j/ I 

ll\Plfl~Ht1U'ltl 1m::J1Vfl'1lflvill\Plfl~1-:Jf11.J (Bresnick et al., 1984) vi-:ii'.11liei-w,11HUlfi,lfllrn 

ltltJl'lilJ GST 'lJtl-:!'11"\jflzj:JJO (m'W~ 4-5) 'W1J11nft1l~lJlJ1ntu1'1/1.Jf)tJ ~rnmvmu.111n11mrn 

QI d O 9 j) Q.I IQ. I ll') 'Jk,~ 

'Utl-:1 Phase I 1rn:: II 11::V.:JlJfllllJfflJ~ft llft::'1'11 !l1'b'1ffllJ1'jtl'lJ1JfflJ'l'l'l:ltltlflll1flJ1-:Jfl1t'.J !~'fl'UtJ 
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.fll'l"I ~ 4-4 U '1rn-H·Hl'1Hl-:J'lfl~ tl flUvil-:rn4 'U ti,m:rw 19/lJ CYP I A2 ~-:J'l"I 'U 171Jfl 11J.J i mf1ft ti-:! nu 

CYP I A 1 nci11tiv 1rlo ilPi'i' U'lfl'iltvi1 i 11m1vi1nw'Uo-:i CYP I A2 '11•HMtid1-:iih.!vrl1fttym-:ii10~ 

1 I .d I ~~ J t Q.I 'j} 5/ l1 
\PlVIU'l"lltOt.11-:JtJ-:J BTa, OTo llt'lt LGT lflfl!ll>lf-.1'1'Ulfl\Pl'U'U'Yl-:J 2 lt\Pl'Ufl11lJl'UlJ'U'U fl('l !flflll 

tiu5-:iwu 19/lJ Phase I tJl'illfl\Pl i1Pi'l'l'11V'Vll-:J l'l/'W flll~ffllrllfltyffllJlltl'17n1J heme '\JO-:! CYP450 

'iltvi1 itt'wu 1lCJ11J \Jt\Jlflt.lfl 11:iJ ffllJ 1m i u fl11 vi1nw hJ l'l1tJ i111 rllflt\Jt'll'il1ilu ffnJ-:i;u 'UM 

ltl'U 'l91lJ'l'i7 i l11f1\Pl fl ll ll'U-:J'U'W nu ffni-:i;'U 1,htu (competitive inhibition) '1110,JU~ '1Y'J'W 'l\Plff1'W 

l'l~-:J'UtJ-:J 1m-:i'1Yf Nrn'W 19/lJ~ hliJm1J.J1111'1"11::: vi1 '11111.l:iwuv-:irnu 'lCJ11J11.l~vu1rn:::vi1-:i1u i1?l~ 
" 

i'W~'1J'\Pl (DeAnn, 1998) 

GST 1rn::: NQO I IU'Wltl'W lCJ!'lJi'U flzjlJ Phase II ~vi1m!1~'l'Wfllll~lJl'I~ (l'lf'U fl~llll lli 1ou) 'ltt'nu 

ff U ~ nm llJ 11~ oiJ ~ n1 tll'ill fl fl U\) fl tl O fl; l\Pl'!f1Pi'1t.1 Phase I IO'W 'l C)j'lJ 1~0 i l1 ffll 1'11 ci ,Ju" 
9 ~~J O<V I ~ ~9.d 

fl11lJffllJll tl I 'U flll "1:::'1 ltJ'U 11 'l"llJ'U'Ullt'lt tlflfl l'il\Pl OOfl'illfl l 1-:J fllt.l'VI 7,:i,J ff ff71tl'l l Oll'l-:JO ! 'W VI ml " . 
i~Ju i~t!1J11wu i 9/lJi u nciJ.Jtl1uuwu ICJ11J~'li1vti~ J~m1 no1J:::11 ~~ u'ti' 'il1 ~ j!,.ft'JfllHJ\Pl'1ti~Uff\Pl~ . 
9 V cl ' .d 'l v., 9 ., ~ 0 11 V O 9 V O 11 ,/ ~ 
!l'lll'l'W11!lJO mmn !'Wlt\PlU\>11 'l/1\PllUt'lt'l/ll>lt !rll'Yll !l'lflln'llHW'UO~ltl'W C)j'lJ GST \J~'U'W 

ot:l1~iit!vri1fitymrnfi~ (p<0,05) (fll'l"I~ 4-SA) 1\PlVl'in'n:::ot:l1~t~•1n1>1t'1r1! ~~m1vi1nw'llo-:i 

GST l~lJ\)~IU'IH\'0~1'¥11'UO~l'llJflzjlJfl11JfJlJ ff1'U'l/l'b'U\Plg\.J'l t11fllll11-:Jl'\.J'UO-:J GST \J~turvfo-:i 

l~mr t)!'.J 'l w1HUt~1rlo1~1Jm tmu flll ~:lJ'l/llU'l.fit iu\) ~ 'ilt'lf1t.ll~lJ1.h::: iY'Yln fll'l"I flll tl'U i~ flll 

f)OlJ:::11 ~'U O~'l/11~ t.11i~fftJ~'1YltJ~\.J'.i11Pi'1U'\.J OVl~~ (fl1'1"1~ 4-5B) !U'\.J~'I.Jl!!U'1 fl 'lil~'b'lf)llJ 

mil.I mm1t1 i'l4 flU ri~1'111JJ m1vi1~ 1wuo~ OST 'llPi'~fl'll'b'll:Ut.111~ m!ov J~~iiiJ1mru i,-u 

flavonoid ~llJlfl tJl'iJIU'I.Jl'l"llltffll caffeine 'lti'l/1~1 ~~'l'\.Jfl7Hl\Pl'10~~nfll'iffn\Plffll caffeine 

tltlfl'illfl'l/1~1 (decaffeinated black tea) 'l"IU1l'l/1~7hiuq'Ylii'l4fllrnlt~'\.Jfllll11-:Jl'W'UO~ GST 

(Nakamura et al., 2003) odNh~m1Jti-:i'brn11!'.J-:Jl'WG~fli'l'lnnuviNl'\.J'UO~ caffeine lwflll 
,, ~ ' " 

mt~'W fllll11~1'W 'UO~!O'\.J l CJ!'lJ!l'lftl'W UOfl 'illflWlilO'W'illltU l()'VI 1l fllrnlt~'\.!flWl'ii~l'U'U 0~ GST 

i 'j/t d I .d d OW : Cl.I i !iJ 0 

1\Pl!'.J'l/ll>lt fll'U'U lfltllJ'JltJ~l'U11ffU citral 'b'~l1J'Uffll'1Ylflty'l'\.J'W1lJUl'IOl.fltll'l!'.J'U0~\>1t m 'Vil 

j/ 0 ~ t t 
il'lflll'Yll-:JlU'UO~ GST \)~'\J'Ull'U'U dose 1m::: time dependent 'Yl~'l'UJU'Ut'l~ GST VMl'llJ\Plll'1t OST-

pi (Nakamura et al., 2003) 

1'liu1~v1n1J GST fluvi1~1wuo-:i NQOI i,-~~wrlol'lui1Pi'!m11'll1iu1ti1J~1 (fll'l"I~ 4-6A) !1'1t 
" " 

mi i 11'1 u vi ft'VI 1~1~ v1tiu 'l u 'b'll'J fl'l/U \Pl Lee 11'1 tfl rut (I 997) 'M1 w~1'\.JmllJ ir1mrn 'U o~'l/7 

d '} , cs o • i cl d V V ~ d 

l'UV1 !'Uflllff-:JlffrnflWYIHl'\.l'\Jtl~ GST um; NQOI tlt.11~ lfl\>11lJllJOfl1llJl'UlJ'U'\.l\)~'U'\.JlJl'U'l"llt 
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'lf11;01vi'..:iffv-nnowu fl'vi1tl'u~vi1 'lttm1'li1..:i1u'lJo..:i NQO I \J ..:itu ,hu'lf1~MJ;l..:JUJ;l::;'lfw1::; 'lflf li1 

'ltt NQOI Mrn..:i l\9lt'Jfl1'HJ..:i5..:iflnvi1..:i1u'IJv..:iwu'hlf'luflzjlJ phase II tl i1fll;limrnwff1m~ v1vi 

fll'j ~ i1 ff ni 1u 1u ttl;l W'lfil \91 M1 oii ffl rn 1-.:i'lfil ~ ~fl17lJ 1-u'miu ff ..:i1nu 'l ,Jul;l::; ~ v ..:i m 'J fll'j rl, ,r~ vo fl 
" 

'ill fl i 1-.:J f11t'J M~ tl tll'il flri 111 ll~U ffl'ji..:J~'U 'l ,,r f11J'U B n1 tll'\J el..:JW'U i'lllf tl'urn ..:i (DeAnn, 1998) 
V V 

'Utlfl'il1n'Uff1'HY1tl\\jtl1'iliuvrni..:i co-factor 'IJO..:JW'Wi'lflJ Phase II,~ l'lf'U fl1'jJ;l~llilJ1lli'lfi;l!Vll,,'lu 

cyfa n'iJ::;vi1 'lttrn'U 'hlfli1..:i1u ,~i;l~J;l..:J l'lf'U fl'U (Mulder, 1981) i..:im'ilflri11 'l~1lfl1'jf 1Ju1::;mu 

Q.I t Ct, I d Ct, 'J) 

1'W':i:::~1Jff..:Jff1'J caffeine 1rn::; ff11Mmn::;mv'l'W'lf1l'MffV..:J'lf'U~ V7'ilmJfl17lJ!D'Ul'llJi~ 
" 

V ti , • V 

Nl;l ml '11~ J;ltJ..:J 1 u fl f ..:ii'l vii 'ltt ffllJl'j flff1U '1~11 'lil'vi N~\91 'il 7flm :::1J1u fl uvimrn1>1N nu vi..:i'lf11; v1 

'lf 1 ~ M J;l..:Jlrn::; 'lfl~ 1 ff 1lJ1 rn fJlJ J..:i fl n vi 7 ..:i l'U 'lJ tl ..:Jltl'U '1 'lflJ Phase I 1rn::; ff ..:i lff 1lJ fl n 'li 1..:i 7 'U 'lJ tl ..:i 

ltl'U 'l'lllJ phase II i~ulJ1'U l:::i1J~U\9lfl\>11..:Jf1'Ul~m!ou 'j1lJvi'..:lff1t'JW'U i'lf1vi'..:J'lflW'Uiei'mrlJ1rn:::'lf1 

~ M i;l ..:i m v f 11 u o fl 'il, fl tl 'lf, ff JJ u 'l l'I 'j 'Ii il ~tu ~ hrn ff n 1 l'I ~ vi u v i;l 1 'li u 'Ii, \9)::: 1 fl r n" 

U'J::; ir'l1nfl1l'll'Vl11l1 tJlJ fl'U 1rlv11.n t'J1J1fit'J1Jfl'JllJ'ff1lJ1'J fl i 'U flrn,r1u tl'U lJJ;l~ff'J::; 'il1flr11 DPPH ~1~ . " 
i~ (\917l7..:J~ 4-2) ~..:iv1'ilflri11 'M11m1lJmmrn 1um'J~7'UV'UlJJ;l~ff1::; 'liiiim1mfowun1~tJ\911 ..:i . " 
n1J m11J ff rn 1m 'l u fl1 'j 1,J~ tJ'Ult ,J J;l ..:J rnu i'll1J1mhfl ~ ..:i UlJ 111ilu flr:i 'l fl m1 ei1J 5-.:i lJ :::11 ..:J'llV ..:J 'lf7 

' "' 'l- 1 1 " "" "' -I:! "' "' " " u v m tt 1-rn lJ 'il 1flm 1lJ mmrn um rn 1u l'l l'UV'U l.J r:iv ff'J::; 1m::; llJ m 1J 'J ornl'l vm::; ~1Jm1lJ1 'lllJ'll'U 

'lJV..:J'lf7~m m::; fflJ l'l1J11 ~ l::: i1JJ11vi vrnvi1fl u~lJ'lil L~t'.Ji1 i u1>1 oiu ff 7lJUflV1J 5-.:irnu i'lllf 

Phase I 1rn::;ri..:i1ff1lJrnUi'lllJ Phase II ,~~fl17'J:::i1J\T..:I ~..:JU'J:::ir'Ylnflll'l~J;l\9)'1..:J!rlvfl11lJ!'1JlJ'U'U 
V ' 

\J..:J~'Utl1'illf1\9l'il1flfl11lJl~'U~lJl>ltll'lfr:lci' ;..:iv..:iiiiiimnw..:i1'UflJ;lifli..:iflri~: 

1 

!j / 

/// 3/ 
7 
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' ,:t 

U'Yl'YI 5 

d v 1 

'lf-:!lllJ11ff1V 

'W'U i II i;l t fl'j rn 1TI fll'H-1~ \91 'l/1 'ilt ii N i;l~ 0 'l!U ~ lli;l tu1 lJltU ff 111 l"I~~ mrn II~ miu lhrn Ni;!~ 0 

m111 ff7lJ1rn 1 u m1 tl'u J-:inurio f1J;l1V'WU i mrn!n 'il7f1NJ;l fl1Hl~l;l o-:i Vi U 11 'lf1Q'HJ;l-:JUJ;lt 

'lf1~V1~ N~\9l'il1f1'lf1ff1V'WU i Q'HM11J05 12 l'.im7llffllJ1rn 1 'U nu iUO'\.l l.J J;l0fflt tr .:icy~ t-:io1 'ii 

nci111~11 fflrn11l'l9f'U 'lfU~ GC, GCG, EGC um: EGCG l~'Ufflrn11'V19f'Uf)~}j~ii,J1tfll1~f11l"I 
t I I ,-1 

\1-:I f) 17fl 11l19f'U 'lfU ~ vu vil"l'l.J, u 'lflffl tll'iU i 5 mfovi N~ \9l ~ 1V m t1J 1'U f) 11 I~ V1f1'U u Of) 'ii lf) uutl' 11 

'lflflt 1r1f 'ilt tl!l'.im1l19f'UtUuo-:iti'u1t nournv 11~l"lu11l'.im1lrn1m11:11u m1iuti'UlJJ;lOfflt 1 u . " 
' j,I ,,,, f 

<V d , v <V (I,' ... I 1 4' II) v .c:::S Q d, d , 

l t~1Jl1 fltl 'U '\Jl-:1 \1-:J ~-:JU U lJ l t V'l!U 'U 0-:!'lfl \?lt tflJ 'iltlJ Ni;! m'il 1f1ff1500 f1t)'V11i'YI 1-:J'lf1f11 l"l 'V111fl f1fl H 

f1'l.J'l!7vf 1 lhJ 

1u nwv1~cr0ur111l.Jff1mrn 1 u m1tl'u J.:inu n0lJt11-:i'IJti-:J'l!H110d1.:i 1Mm11~mni1-:i1u'IJ0.:i 

wu'lCJ11J~l~t11'li'0-:inunuri1i~ffl'J'W1J00f1'il1f1',i1.:Jfl1tl l~un WUl'lflJ Phase I (CYPIAI 1rnt 

CYPIA2) Ui;lt!O'U
0
lCJ11J Phase II (GST Ui;lt NQOI) Vi1J17 'l!1~N~\9l'il1f1f11t'l.J1'Ufl11~ll\9lf1~1-:Jf1U 

V ' ' CV .c:::S I O d <V gJ iJ 0 

l1-:J'l/11'UV1 'l/1Q'HMUJ;lt'l/1~1 'Vllt~1Jfl17}.Jl'\JlJ'UlJfl1 

Phase I 1mtri-:i1ff111f111'1'11.:J1'U'U0.:JWUl'lflJ Phase II I~ I I ct. .:::id 

'11 mVfl11lJ 11 'il t 'l/1tJJ;l~f111 lf1~ ff lrn }J 

m1llt1lll0tltjmv1\1'.:i Ul;ltUo.:inum1'1'11J;l1tJ DNA 
11~ 1mtmvviu{'l!1vf.:i'l!1viu'(0mfo1mt 

'lf1Q'HJ;l-:Jtuvf 17 lllJJm11111\9lnll11.:inu u0n'il1ntl'l!1\?'lt 1r1f tl'.:i !'ttNJ;l Lmi1f'lv.:inu ~-:i01,i1n~ 

'il7f1ff1HY1rlt1J'l!U~ citral ~l"lumn1'W\9lt
1
lr1f rlrnfmn~1Jum1rl1rit1J~'lhvtl'u5.:iwu'l'lflJ Phase 

I 'U1'iltlfl~'il1f1 caffeine ~'V'11J1'Wmmru\1'-:Jf111'l/11;tl1mlt'lf1~'Hi;l.:J 'tY1'Uf111~lJ'l/1~fl17lJl'UlJ'U'U 

tr-:i l"11J11u1tfl'Vl~m111um1u0.:inum1'Vi1mv DNA 'iltl;l~l;l,:i 1~0.:i'il1niJNJ;l'l'l111f CYPIA2 

rvh Ju~ l;l ~ J;l.:J rr1u CYP I A 1 ulf'l ll iim1" U\9l nlll Nti d1.:i ihforl1ri ru mrn~~ Ulll m1 'Vi1-:i 1u 'lJ o .:i u 

1~11~u Ulll'lilfllUJ;lt'l!lfltlflfmfu'Vi1111mni1.:i1u'U0.:i NQOI l;l~M i.:i1!unu'Vl~l;l0.:itlt.:i 

m11 ll i:l ff 1U '1 ~11 f) n ~ lJ'lflll \ll i;lt 'l/'W~ i 'U m}J ltU ~ 11-vi VUl'Yh nu f111 ~ lJ'b'l'IJ 0-:!fl 'U vt 11 tli 'Ull\lli;lt l'U 

IU'U1ttJtl1i;ll~'U (l l'W) 'ilt1vlv.:il"lti\lltlf11l(J'l.JJ-:im1no11t11.:i ~1tJf)i;l 1nm1tl'uJ-:im1'Vi1.:i1'U'IJO.:J 

W'Ul'lflJ Phase I lli;lt'tY-:Jlff111fl11'1'll.:Jl'U'U0-:!IO'W'lCJilJ Phase II ri1um1futl1t'V1l'U'b'l'l'Wmmru 
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" " ' \!' -:Jlf)'W 'l Dtll'iltt11 'l ,J rlnn1n~m1mil-w 'W1'l ~tllCJil;l cl' i-:JU'Wfl')'.i" f)l'.iffmn f:rn~w7 i-:i nci11udjti 

~lJ'1rnil-w '.it tit t111 1~ti-:i'il1nm':i ~'!f1ijm1lJilllJl':i o 1-w m'.i!D~ ti'W!!Dl;l-:J mni1HU'Uti-:irn-w 19/lJ~ 
<$ I ' 

'il-:Jtl l'il ff ,H-!M'ltl f) U 

1nmJ 6 ITT tll':i ')lJ';j t'H 'JVH.11 (drng interaction) !rnt" f:rn'li' 1-:Jfi tl-:J ~ ti ~1J 11ml l'lf'W !f)~'fl')llJ!tl'W 

'W1'l'Utl-:J tll 'H~tl'Vll 1,r1.J':itih1~ fl Wj'lJt)-:J t11! mn hfll;l~l;l-:J l~tl-:J 'il lf)f)l'.i'U1Jtll'illf)'Jltlf)ltllf)~~'W ,~ 

'.i 'l~!~ 'Jlf)'W ID 
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