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Abstract 

The antioxidant protecting activity of three kinds of tea (Camellia sinensis var. assamica): 

green, oolong and black tea against oxidative damage of DNA strands, initiated by AAPH (2,2' -azobis 

(2-amidinopropane hydrochloride) was studied. Trolox (a water-soluble analogue of <X-:tocopherol) 

or tea infu~ions were mixea with pBlw!script followed by incubating with AAPH. The ability of 

the tea infusions inhibiting the oxidative DNA damage were assessed by measuring the 

conversion of supercoiled pBluescript to the open circular and linear fonns. ICso which describes 

the concentration that causes the half-maximal denatured forms of plasmids (open circular plus 

linear forms) were detpnnined. All kinds of tea infusions showed dose dependent inhibition to 

oxidative DNA damage. The ICso of green tea, oolong tea, and black tea infusions were 182±15, 

218±10 and 1,S20±61 ng, respectively, which is significantly different at p<O.Ol for green and oolong 

tea infusions. It was found that green tea infusions exhibited significant protecting activity 1.2 

fold of oolong tea and 8 fold of black tea infl.1sions. This result corresponded with the ICso to 

scavenge DPPH' (2,2-diphenyl-i-picrylhydrazyl radical) of which green tea infusions showed 

significant ability (p<O.Ol) 1.3 fold of oolong tea infusions and 8 fold of black tea infusions 

(lO.83±O.lS, 14.03±1.27 and 87.94±2.98!-Lg respectively). !The potential bioactivity of these three 

kinds of tea infusions were associated with their polyphenolic contents and their total catechin contents 

analyzed by HPLC. 
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., . 
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• d'! .9 d' Old I "" Q d ~ Cllt) tI~ 
\9l1.:1'l 1 U1C)f"~ 11lJ''l.:Jltl{J1G]$(;\~ lfftll11tl . fl{J 1 mfl~ ff fIl1~fl11\! fl'U'UfI'W 'illflfl11{J{JflC)f 1 ~ff'Uufl1tJl 'W 
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q~ qqJ 

ff11fl~llvl"111'W{Jtl~ ci1.:J~u i~~1 itl''W~'lI' H'fl ~~,~ u,,~ 1'U'lI'1 ff11fffl~ 1U'lI'1 (J1'l1'1) t1:l'W • 
U'H~.:J"hftWlm~.:J"l'd.:l~'~vJ~l b'W{ltI~~lU1'WlJ1fluti~'Unflfl ''U''lSl~fI1U i'YltJiitllJ'U~lflflij 3 'lI'ii~ 

u ~ 

... d 0 & I ",.d .... & ~ q "do " 
TH) "lS11'UtJ1 'lI'TQl1"~ U"~'lI'1~1G]$~1l\9lflm.:Jfl'W'Ylfll~'U1UflWl1llfl C)f.:ll1J'Wffl1l1~ Ll1lJffll\9l1'W ., 
{lUll"8ffl~vl"111'W {JtJ~"'l1.h'\'hflU fl1'Jl11f111llff1lJ11tl'U{J~ff11fffl~ ''Ul'lJ''lSl'';~ 3 "lSii~\Vi'elfl1';ill{J.:J ... . 

" . 
ti'Wfl11lJlfftll11t1'U{J~~ 19U1fJ \)~U 1 ilhim';il1i {Jfl'U~lflflu l"lSlVMh.!1.h~ lvm1~ ej l~mtJff .:Jff~ .. .. . 

"'... 1 4:!t _I .c:L:~C\ d d \1 I 1 

{J'4'lj"{)ff'J~ fl{){J~\9l{)ll llmfl" l1';i{)ffl';i1Jl~fl{)'lJ'Ylllm~fl\9l1{J'Ul~W1 ~lifl')'U~ (unpaired 

, <Ie:. 4!9 lit. d 0 ... tQC\Clro -a" ~ cr ,4 .d. .. 
electron) tI~p.:jU~fl.r!~'U{J.:J~{)':i1J'Yl{)" 1I.:J III !fftl til ffl1J1';1tl'VI11Jtj m tnfl1J{J~\9l{)lJl11 {J llJ !"fl "fltn1 {)~ 

'){)'U '1 ~1 i~tJi'1J'H~{J 1,r~!gfl~1{J'UutillJlftfl".,r1.:11fltJ~1~{J 1,r~1m~ijfl11lJli.1~m (m~t1';i~fl{)'U~ 1) 

lll!"fl".fJ HlfttJ.:I~ ~t1!t -fftJl1 ~ {) 1'U8tg fl\9l1 {J'W,,~ fl" lm.flt.!'el~~~ fl ff';l ~~111nj~iJ fI"JllJ hit ffun ';i \Vi {) 

'1t111"~\)~t.,rl'\11t1fin~ mti'U l'm"fl"~l.I '1 ~ {)~.fJ1.:JtfltJ~1l1.l!1I'U'u~n~tJ1~f119i (chain reaction) ~~J'W 
{)'4~,,6ff';i~~.:!iJfl11lJ 'b~ .:!ll.1m';i!n~tI~n~ cnn'lJ lll!"q,,~'U"1 (Haliwell & Guth~ridge, 1997) 
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Loss ofelectron e 
.:/ 

Free radical Fr~e radical steals an electron 
from another molecule 

Reactive oxygen species (. unpaired -electrons) 

•• •• 
· 0::0 . '. . . 

Superoxide anion 
.-

°2 

. 

•• •• 
·,0::0-

•• • • 

Peroxide 
·-2 o 2 

•• 
· 0:" 

• • 

Hydroxyl radical 

·OH 

_I .r:::l .Q .Q 

il1'V'hJ'.i~tleiln 1.2 U'1;l~H unpaired electron 'U~'1~'U1J~Hl'1;l';j::1Jl.:J~'U~ 
q '" 

"" .... 1.2 'ti'U~'Ue.:lel;§1JilelI'.i~ 

~ ~ • .c:Sd ~ ~ d' 
~'4lJ"~'1;l'j~u1i'lt1J'U 3 fl~Ull1tY fl~ f1"lll'VIll~ijf1C}j'!~'Um'U~~m.h~f1~1J (reactive oxygen 

species, ROS) t"lf'U t1'41J"9fJJtil~{ij6f1i9fvlUtl'U'16ijij'U (superoxide anion radical, O2--
2

) 6 '41J " 

i~mijf19'i" (hydroxyl radical, ·OH) u,,~ ~'4l.!" io l~mil~{~~f19'i" (hydroperoxyl radical, H20-) 

ti:l'U~'U f1~lJvtiji'U l~'jt~'Ulil'U~~Tlil'j::fm1J (reactive nitrogen species, RNS) l"lf'U t1'41J" i'U\9l~f1ijijf1 i9f~ 

(nitric oxide radical, NO -) lm::~'4l.!"''U l~';jt'il'U ivlij6fiiC}j'~ (nitrogen dioxide radical, NO;) &U~'U 

U"::f1~lJ~iifl"6~'Ut'I1'U6~ftil'j~f1~'U (reactive chlorine species, ReS) (~l'jl~~ L 1) 
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tI. . _."_ 

'W ~t1"1t1i1er.:Jij1lJlat1aifji~li~'W1Hlfl~~~ ij~11lJt'tYOtJ~~h ~,nt:l~1 '${~lt:l 'tYl1J1~(lfla 1M' 
q q OJ 

J/ 

lfi~t11Hrfl.:J~'l!~"fl'tY~~;j'U'${ ti'U 1a lC)f'U (03) U(;\~,~ 1~'jt"'Ul,ja{f)f)t1 iC)fv1' (~02) l'U'U~~~lat!~(;\ 

flu~~~~l'/mm'itJ'hfJlnm i~~'jat1~(;\ • OH til'U~1ijan~'~~~m.:J~ff~ ~~li1UV'W\9I~lfJ~~~ 
q cu q q 

-tI ~ t Y Q VJ .Q J "I" 44Q, 

i~ l~~t\l'Ull1f)'jf)f)fl 'C)f~ffl1l1'I(lt1tl 'll'/lfl~-a'4lql" t~~~at1C)f"'U'Ut~"lt1'YmltJlItlt1'Itn lG)fU \llt1m'I~"lfJ 

~1'Uf).:J'~1~·H\l'Wll1f){af)t1iC)fv1'1~tJ\9IH (ffllfll'I~ 1.1) l)lflllilfi~tJ1 Haber-Weiss (ffllt11~~ 1.2) 

~QQ ~ .Q ~ a e;:t d <II!l , " d 
u,,~lIgt1~tn Fenton C)f.:Jlt1~'U'U11ltllll'Ymm1~a'Vla.:JH~,re)~~1tJ ('tYllfll'I'Vl 1.3) 

H
2
0

2 
.. 2·0H 

.d 
.... ffllfll'I'Vl (1.1) . 

H 20 2 + 02-· ---..... 02 + OH- + ·OH (lI~mtJ1 Haber- Weiss) .... ffllfll'Iifj (1.2) 

.d 
..... mJt11l'Vl (1.3) 

Reactive oxygen species (ROS) 

Superoxide, Superoxide anion O2-
2 

• Hydroxyl, OH 

Hydroperoxyl, H20 • 

P~roxyl, R02 
• 

Alkoxyl,RO • 

Carbonate C03 
-. 

Carbondioxide, CO2-· 

Reactive nitrogen species (RNS) 

Nitric oxide, NO· 

N itrogendioxide, N O2 •• N02-· 

Reactive chlorine species (ReS) 
Atomic chlorine 

Others 

Thioyl radical (RS·) 

d 1 ,""' AI" .d " 'Vl1l1: mn 1"lf~~1J\9I U(;\~~W~, 2549 ~l~HVI 1 l1'Wl 2 
q 

, ... 
1.3 U't'i(H"U8,U)'U1Iil8iI';j~ .... 

~ J/ 

a'4~"fl~~~tn~~'U'${ltl.:Jmtll'W11.:jmIT\1'~1'U~m1~lIn~ 1~tJlll-k~~~H,,'Ua.:jm~'U1Ufl1~ 
".a d ct ,,J t ;. .!t -2 • 

tf-IlH"lty~Tltll11n~1t1af)nC}f!\l'Wa'4~m1'Vi'U t'WtCJI"'IlJ10t111~,\:!1ql"f)'U"l ,~tl O2 - U,,~ OH 

un~1'W'tYm1:::~i~1It1~ ti'W \l10~1111~~1It1~'Ufl~fl1~ViHl'U'Utl.:J illl'Vl~~'Ut~~tJ tl'Wll" 0:-2 tllu 
q OJ -

• • • JI. 
Q .c. 91 d~ Q,I d 9 tI Q.:9 Q1"1.a I 

tlt{ ~ (;Itl ~~~t'j lJ~ 'W'VUlJ 'W fl 'W~'jlmt"~'Vi'U'lJlfl'Vl "l ~ t 'WtCJI(;l" to ~'U 'U\llflt11'j'j 1 m(;\l'/';i a t11l1l0'Vil 6~'Ua~ 

m·Hi.:jf-hufltfinmo'U'l'W~fl icH'tI'Wri~~tfiflma'UlullJ 1'Vlfla'Ut~~tJ (Evans et aI., 1997; Raha, 2000) 
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~'4lJ~ O2 --2 ffl'lJl~mtl~uu ''lMhwulJ'' -OH ~~Uthft1U\9l~lrJ~~cJl.:jf11rJ~,,!~ U~fVillf)if~'4~" 
" " , 

tl ff~~ i Uffm1~ 'lltl091V.:jln~;ju'~ 1110'\1 ~ lrJffl1'H~ t,$U 'illflfll1~Vi ~,.~ f11rJ'Ul~lil{)~i1'UW~1i1{)~ 
. "". " <r ~ Q,I d 'GI a ~.I!!:i Q# dod 

'illmffU t~'HVl~~\9lU (ischemia) 'ill0fl11~'lftlml"~f11'j6mtY'U1U~.:j'ill0Vl~1'lf{)'YI.:j'illflU'Ufl'Vl1'jmmt; ., 
11i'ff (Roessner et al., 2008) 1110m'j~mff'U~Ui.~.:j (auto-immune diseases) t,$U ,r~fl'f1tff'U t'lJl\9l~U'fl 

., 
,. 0" d. d , Q,I it!) "QI.c:::t. • 

t~fllf11'Vl U~~'ill0fl11'lJlfl~tJ~ U~O\'l1flU'jl.:jmtJrJ.:jm'il t~'l'U~'4'lA"6tY~~'illflfl1tJU~fl l'lfU 'illflOTi 

'HlrJi'illmffl'j~1J'ill0ii.:jU1~-A'~'lJ '~uri lm~lJiufllmfl 'miYml1mtlrJ'U~ '~Vi1J'illfllH.:jl'U 

tlVlffl110~~'lJp.JU fl1U'U'H~ (Moller,et at., 2008) ifl iCJfU 'UVli'fftlflO 'C}f~ 'U 1\9l'l!'il'U i~6~OllC}f~ 
q qq. 

'ill0f11'li' 'UtI~~'VllU m'H l~vi lj ffl'i tiU'l.J~ ffl'l Uvl.:jO~U :ffl~ u~~iY tYl'it~'lJfl'll'lJ m ~'l.J i 'UB1'H 1') 
'" 

" • " ~ y 

: {)l'Hl'l;h~l.:j'ilUlf1~mJ.[~ . Bl'111'i'i'lJfl1U 'H~BBl'tn~Vi,Jl~'illflih,juY.];cifl'H"ltJ"1f1f.:f (Borek. 

1997) 'illflf11'l '~i''Utlff~U~~.[~11l'Un~1'Ul'U''1'ill0fl11'lJ~{)'U i' ~iYuO'lJlh i' .:jiYfl'MI'il b iBl~Vllw 

Uff~U~~ u,,~i'.:jiY~h~"1 (Rinalducci et at., 2008) U,,~V.:jfll'il '~i''Uffl'iB'\.H!''tl:ff~~'ill0m'Ul.:j'lfU'ft . 

l1:lU~'U (fI1'Vitl'i~o~'Uvi 1.3) 

Cellular Metabolism 
Electron i'nlnsport Chain 

Ilsch~nia ~ ~ 

.oru~~ 
Ra6ialtion 

Free 
Radicals 

Air Pollution Cigarette 
Smoke 

. ., 

Inflammacory 
Rc:;jJCnse 

. i" 4=:t, 0 t!!!ii OIQl a ~ dot! I ~ .::::. .::. 

'll.:jflltJ 'lf~U'lJ "~ff'l~'il1'U1U l1U~ 'Um'lfl1'il~l'lffl'il"'U'Vl 'j tI O"l1f1flfl'U'lJ"flff'i~'UH'lf'U P. 
q~ q q~ 

t • • 9J ~ 1 ~ 't d'.d.~ ~ ~ Ci 9J 0 IQI tI) Q.I .d d .:d 
1'lf'U NO U,,~ O2 -2 tlflff'il.:j'\lU U,j'Hmln.nflt·\.HCJf""'Vl\9l~l'lf~ l'Vifl t'lffll,WI t1'lff U"~U'UfI'YI1'lml ... 

~ml'U (Bakdash & Williams,. 2008) H;iUfll'iU,J".:jfftytylW'ill0fl1rJ'Uflf1t'lf"''' (signal transductior:) 

tV'l flfl1'Ufl'lJfll~tI~U"'~ttl~ fll'l Vi lHU '1H)~ UU 1.];1 U f11'i fl1'U fl'lJ fll'i \9l1tJ'\Ifl~t'lf" frH'U'U apoptos is 

(Sawada et al., (2008) Htl'i1f11'j~Wlm~lJ:;t~~ mi'fllJl1 'j'fl'lJ~t~ .:j'Ul.:j'lfU~iio" 'O~ffl'lJ1'.if:l!.y1~! 
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3. 'l~1J1J~fl'l1Jf.l~U~lJl W0~\! na'tT'l~ 1 'U ~l·:unfJ 1 'I10\! "h.t'tT'J:J~1;l . ~ ~ 

~lfl~ fl~ l1lJ lull':d le:lU 11" ~ ff~:tl flffr l~~Ute:l~l1 ~"lflm:1J1Ufl1~tlJUVl'lJe:l~CJ111'Ue:l·:d l~fl1tt 
q.. .. 

q dCltl c:.. cr ~ d , "91 Q <C) til dQ 
u,,: lum1:VI~~tJfl~ t"lfU fll1:'\Ie:l~ l~fl 11~e:lfll1:"l'n~fI1ttU1~"e:l1l<;l1tt:U"'W'lI t<;ltt lUfl11:VI~~ 
_I "" , 'I j/, "" - "" .::. .1 & ~ '" '" ~ , 
1Jfl<;l 'il:ff ~y.j" l11 ~ 1~ mmfl~ fI1~ ff: "1'1.l'U e:l~e:l '4lq!" e:l ff~:t'W:U1Jlfl'\lU 9f~tlJU tl'U~ ~ If.1~~'U 'U n~fl1tt 

'~~~e:l~ih:'U'U~tlfli1tl~~1m~"lflfl1':itlfl'Vll" .. ltI (defense system) l~tI'Vll'Y1U'l~fl'''J'UfI:utl~lJ1wmnJ'' 
~ q q~ 

~ 

~ff~:'\~tl~'\UfflJ~" tl'i:fltl1J~i'1t1wui9flf U":ffl~lIH"lf'U<;} ~~iA 
.. q 

3.1 un!'t cul1 

tI~:fle:l'lJ~i'1t1m'U 'C)flf 3 "lfU~'Vll~lU~e:lnie:l~tiu tllufm'mhfltlJ.rrumfl '\Ufl1'ifl11Jf1lJ 
• • U q 

_I"" "" 'I 'JI ''I d tl 0' _I _ i 0' , 0'"" - "" ' ' 
1J~lJlrutl'4~"e:lff~: l'He:l~ lUm.l~" tUJ"lflttlU 'C)f:lJ '1Jt1Je:l~e:le:lfl 9f~~1111t~ff (Superoxide dismutase, 

SOD) ttl~tlUe:l'4lJ" O2.-
2 'lhilu HP2 cit~~e:l~Qmh'}~e:le:lfl 'tll1ui1l~e:li1e:l~nu i1i,\,ft1j~u\HlI'U . ~ . 

e:lU:U" ·OH Vi5u~'ilt1lJlfl~U !e:lu'9fl1ViH;fh~<;} ·OH ij 2"lfij~ fie:l fI1~lt"ff (catalase) At,,: ... 
n\1~1''V11e:lu!tle:l{e:le:lf)9ft~ff (glutathione peroxidase) l<;1mtl~tlu ·OH itltllu ~O (fl1'Wtl':i:fle:l'Uf{ 

1.4) Ue:lfl'illf)d'~~'Wlrhte:lu 'C)flff)~:uii'ijlm1:tllue:l~fi"h:fle:l'U - l'lfU Vie:l~U~~U":'tl ~fl:ih1lUff1U 
tl~: fle:l'U'Ue:l~te:lU , 9flf C)f'l.kUe:l{ tle:l fl , C)f~ ~hiht~ff u,,:C)'fihiAtllJt lIUJ;f1U'l.h :fle:l1J11it ~'Ue:l~te:lU iC)flf 

q 

°2 " rat DPJ:·,.fAGE 

1 Superoxide 
dismutase 

HO 2 

Glutathione 
peroxidase 
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3.2 l'lh~U 

lU'i~h"fl~'lJrl'~'til':1\!l~iJ~HtitJflTnn~aU\!"~'O''i:!: (preventive antioxidant) t\1a.:Jlllfl 

'O'llJl'itloU'U (chelate) fl'U l"'I1:!:'YI'ilUciiU t'lfU t'Hgfl un:!: 'YIa.:J!t~.:J flnlm~u lU'i~ut<i.:JcNau 'til',r 

'lf1t1n~fl1'i'O'~1.:Jm~\!"~'O''i:!:~\1m~.:J l~tll,,'tf:!: (metal-catalyzed free radicals) ) t'lfU 'O'1111'itl"~ 
" • A I ~ 9J 9J J& d d a 'IY .ci d .... ,I~~ 

fl1'i'O'':i'",!.:Ja'4'.r~ OH tJf.:J\1m'i.:J t'l1 'O'':i'1.:Jt'lJalltl1''fll1'ia'VIa.:JU~.:Ja~~1t1 ('O''lJfl1'i'VI 1.3) 'O'WVUHlJ{)'itJ1 

fl1':i'tn~'I1~atU~fJUttlua'4~"~'O''j:!:'il::t7t1fl-h l'W':i'aaflciu~ulil' (pro-oxidant) ~1aal.:J l1h~uu':i':!:tml 

if i~urilU'i~'U~oU'Ut'Hgflt'lfU 'VI':i'lu-s't'rlaf~u (transferrin) t'rlaf~~'W (ferritin) u,,:!:lt"f11~t'rlaf~u 
(lactoferrin) ~1aal.:J lU':i'~u~~'U'VIa.:Ju~.:J t'lfU ttJfll"'W('l1'O'lJU (ceruloplasmin) u,,::ij"1JlJ';:i 

(albumin) ttlu~u (Ilalliwell & Guderidge, 1992) 

3.3 51 "" 
'tYl~VllU auul:t a 'tY'l:: ..... 

" 'O'l'lJl'jtluti.:J'O'l'i~lUa'4lJ"~'O'':i'::m'lJfl'' iflfl1'iV'Uv.:Ji~ttlu 2 'lriA~ fla 

au'lJ"~'O'':i':: (free radical scavenging) iM'l1'lJ~ '1'11 tGJfU m~fJ~fl (uric acid) u,,:!: iJihiJu (bilirubin) 
q~ ~ ~ 

"I' d. _1"1 51 
'W'lr t'lrU \llm'lJ,,~a~u 'illfltlJ"t)fl~U'O'U (Jayaprakasha et at., (2001) 

11~lu~'lrlPil.:J'l ii~lU1U~iA~il.:Jfl~1 5,000 "lfU~ u'lhm'lJ 1f1H'O'~1.:J'VI1.:Itflij'~ttluflal.:Jt!fltJ 10 

fni'lJ 'rlm 11'WafJ~~ijfll':i'ffmnti'Umh.:Jfl1'1.:J'\l11~ i~uri tflflf~~h'{ (quercetin) tm::fllt'VI~'U 
q 

(cathechin) 'W'U'lJlfl 'ul1J'~n 91~1l:!: l~miTd(i~'jlfJ"~t~fJ~ ''U'l11.ij'atl~ itl 

"" ""."..". "1 ' 
4. ~nU~nJ111U"''6.:J fll'l1J'6~\!~HHn:~mll!&," 'lHfllU 

, U 'U 1.:1 'O'fll1:: ~ Hfl1fJijtl~lJ lW a U'lJ" ~'O''j ::1l1fltn'U fl-:ilVl ':i' ::'U'U 1Ja.:Jtiu 'il::fl1'Uflll i,r a ~ 
q cu q 'qJ 

"I 51 0 i" ~ d c' d ! All) tJ'.J ~ d' 
l'U 'O''lJ~'' t~ 1'n 'I1tfl~fffll1:!: oxidative stress 'VHtJf""tlfl'lJ'UflU'illflfll':i'tlflflaflClf t~ff'UU t UttJf" " 

q ~ ~. 

ri ~~" i,rtn~fl11'lJt~ml1mia~lh l1Jmn"~fflfiw"ufl1'j~Tj~9f'W ~11lJt"fl"~ttlUt1Jll1'lJlfJ fit) ~11~ • u q 

1_.1 d d d _I d d 0 "I_I • " ok d t] 
. v':i'~'U U":::~WUta (m'WlJ':i':!:fla'U'Vl 1.5) 'I11flttHnnU1l1nll:!:Ul tlJ~m':i'~lU'\ltHt9f;fo;;; 9f~lJfl" In 

.0:::. ~ ltJ ~ Jt.t!:t ~ <Q.c9 ~ l' d 1 

2 ~U~ fla fl" tflfll':i'~lU'\la.:JtUOWa'tf':i'u.btJf""1l1fl'O'1'j'W1:I'I1':i't)1l1m'lrfl 'jfl~l'1'l t1f.lfl11I9l1fJU'U'U 

" 
necrosis U":::fl" 'flmj~l(J~l'lJmU;rU ~lll'jj':i'':i''lJ'lfl~'\laWlf""ir'U'l 1~tJfl1':i''';1''ltJ~1~~·1 (cell . 

d • 

suicide) t':i'tJfl11~ltJU'U'U apoptosis 
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11) Id .1 I "'_I ., I dI i I ... " d I I 11) 
vmmtltl apoptosis llJlIm';iu"tlf.l6.:!f1u';i::fltlU~~flcn166fUn'il.:! 1I'jUfl1Ut'lHH\'tIl~L~W~ umWl.:! 1';i 

~\9l11ltl1~' 11d ~l1ltlfitl i M'tnl9l1 ';if}'UH i ';iflL,f'U~t~tnnum';it~mJ'tItl,:!';i::'U'lJ11'j::~l\'l 

I Cellular I 'I ~'IJ,se 
• - Respiration .,..,t.'l~ ~ H20 + O2 111 

"" SOD V/ ' • 
Oxidative -+0 -. ~ H 0 GPx) H 0 

Burst 2 22 ~'2 

t 1 GSH' : GSSG 
Environmental ~ ~ 

Factoffi ~ GRed 

protein.:c,<;'"'' .. -"li -IV ~ Lipid 

Peroxidation Peroxidation 
DNA Damage 

by G.P.Eckert 
_.bIozenlTUm.uni.frankfurt.delPhafma1<ologielindex.html 

Q , Q~ 

4.1 fI(;Utl[J'Hl[J~ tl il'f'lVl 

f1111ltih.ll11f.l'tltl.:!()'U 11"~ 'ff';i::vi tlilVi~~~'U i$i' ~ lfJ fl tlfll';itn ~ulluf iJ f)flt}ft~~li'lJtl.:jil Vi ~ q., 

\9lH~ltmU.:!f11{t1tlU -CH2 ~~lH)y';i::'\111.:! 2 ~Uli::~'tItl.:jm~ ll-uliu hjg'!J~ 1~ .:jtth.!B~fhh::f1uu 

iU-Wtlff l'VHiTI~H"::'fl"ilVi\9l'\Jtl~tgtlt9f"~ (Niki et aI., 2005) 'l.h~n6'U~hu 3 ~UVHlU fiB ,fUt~'lJ 
." til •. 

(initiation) <\l'ULTI1I'VI1 (propagation) u,,::;rUl1t'.!~ (initiation) ~.:!'ffllnTii11.4 

R 

Malondialdehyde Endooeroxide 

RCO-

ROO\-; 
.d 

••••••• eo 0 •• __ ffllfll'fl1 1.4 
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lVltJtll!lq!i;\~V4Vl R- ~::Vil1;I~fl~tJ1ft'lJ llJmflatltlflit\l'Utlth~n~t~1tn~t1h..!tl~~"ilViVlLlltrrmJnii;\ 

(lipid peroxyl radfcal, ROO-) tl'41,di;\ ROO- ~tn~;f'Uff1lJl'jf:ll'1111ilmtJl~tl hhi'lJ~Vi~ llJti;\fJi;\~'U 
(RH) flmm1:l'U~ViVliB1Vl'jttltlfaafl'C)f~ (ROOH) Ui;\~eJtllJi;\ilVi~ R- tn~1'Y1ti ~~iitl'UlJ" R-.yt . 

q <u q 'U 

t~lJ;f'Ut~1~1~'),:Hn~t1:lutlilm Vltlfll9f \llflfll'jtn~1Iilfi~tJltlfll9fvh1M'tl'41,d"t~tJ~ 1 a'WlJ" ... 
ff1lJ1'jmh 1M'tn~tlilfi~ Vltltlfl~t~<i''Uft'lJ llJtafl"a fllJ1fllJ1rJ um1:l'W~TU 1'U 'l1" ltJ~ tltJ llJm fl" fltl'U 

" .,,.. , t 

~'W~~tlilmtJl u,,::;r'U'HfJGltn~~'Wtjjtl 2 O~lq!i;\ .. htliln~tJln'Wm{jfl(lltJt1:l'U~il~~.mViilit1:l'Um~\!(\ 

6ff'j:: 'l1~mhtliln~Vln'lJff1'j~1'1.H)l!\!(\6ff'j:: t'lf'U 1~1~'W 6 1~1~'W ~ ..,(\.., 
." . 

tl'WlI(\ ROO· fhn~~'Uffllll'jmtl~tJ'W 1~'j'~ff~1~itlt1:l'W~il~vt"if~~ltJ'Uti~m::'lJ1'Wfli'jilVi", . .. . 
ttltl{tltlfl~t~<i'U fltlffl'jtl'j::fltl'lJ~1'W1fl tm,,~iB~ ~1~'W U(\~ iB lVl'j~l{'lJeJU~l~"i t'lf'Wat'Yl'U 

(ethane) U(\~ttlil~'U (ethylene) Utl(\~ iB~~til'W~il\9l~"'Utl~fl1'jtltlfl~i~ff~~h~tyfltl 1I1(\tlU i", 

Utl(\~iB~ (malon dialdehyde, MDA) tl1lJ1tu MDA taflU11111~til'U~'lfi11~fll'jtn~iiV4Vlt1ltl{ 

tltlfl~tVl<i''U'Utl~tC)f,,~$i (Esterbauer et ai., 1991) .~(\'Utl~fll'j~ilViVlU'lJ~1'W1'W11(\ltJ~tltJ llJt"fl(\f:lfl . .. 
" JI I' • 

tltlfl~i~ff fltl'U if'Wq ~1Iiln~ tm! 'U U 1 \ltl~fll'li' 1'Utl~~tltC}$"tltt(\~~tl~lItltl{Ufll'W(\tl (organelle) ~1~"l 

mh~ i 'j ~~111~11lJti1tJ111tJ-at!!;1tl~lJ1'il1flilw~·ttJtl{tltlfl~t~<i''U tll'il iii i$itn"'~'Utll'W 1:: 

Q.I a " .! Q,I .a ~ i"cv QJ t ~Q GJi ~ ~ 
fl'UttJtltC)fmU'Vl1'U'U tJ~tl11ltfl~'U'U "'fl'lJ\9l1'UUff~(\'W'fll'Wt"tl~~a low density lipoprotein, (LDL) 

Co "I " .... 31 "I "I "" "I ".,; U(\::~'W~ t'U'Utl~t11(;l1'Utl~'jHm!:l1l1.:j"l u,,::tI~'C~~'UV1t1'J~f1'Jl~ t'L~'~~'L ~::ml'U~'W "l i,\.HGlf(\"'l 

ff111TH:1U 1 i 11 ~ fln ~ltJ'Utl~tC)f"" 

hh~'U ii 'lJ'Vl'lJ 1'Vl U'VI 'lJll fl m::'lJ 1U fll'j 1 'U ~h~ flltJ !'If'W d:h.Ut)'u i 9f1fl ~1 'U fll'j d ~tJ ij n~ rJ1 

til'U~'J'U'U ri ~ff1'j t1] 'W~'J~ tl'Ui''lJ t1J'U~1f11U~lJfll'jt 'il~f.Ut~'lJ 1\9lu,,::liYlJ'W1fll'j'Utl ~t9f" tl .., "..,~~J 'W . " 
CollJ ",. ~ I d ,. ..d Co 0 '" I \I) "<9 '" I 

fllHltlflC)f l\9lff m'j\9l'U l~tltu''n~'Vl'lJ'jnrutl1~tlJ t'l$'W active site 'Utl~ttl'U lGlfll \l~lI~"fl'j~'Vlum) 

flln1111,r1~'UtN~1~fllO m'ltlafl~i~ff1tJ':i~'Wtn~'illflfll'j~fl'j~t)::~1'UUH'lfU~f:lf)tltlflii~-ff . .. 
t'lf'U iff~~'Ufl"lm1:l'Um)fllc)fihy~~'U 'l1~tlwi'Vlltli1'Wflmmil'Wwi'Vlltli1'Uia'rltlf)'h~ l1~tltn~ 

(-S-S) m'jt1l~(J'W 
'" iJ OJ \9l'J\9lij'W'j'lJ 

tt"~ ff1'j~ij\ 'lh ~'Util 'U tl~ fl'th ~ fltlll iti ffllJ1':i f.n11~ 1'U i$i\9l1lJ,jfl~ 'l1jtlij 1I'j::il'VI1i m~ fll'jl'11~1'W 

,,~,,~ (Stadtman, 1992) 
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4 , Q c:S 

4.3 fli;'U,fffttUJVltlVlltl'Ultl 

~lg'U ltll1:J'U')'11 ffl1'U 'lim ';iU'\l tl-3i'i -3ii;1~ fll';i ln~fl11Ulatl'l11t1uri~lgl.l1tl 1: ~tltl'UlJ(;l 
• • OJ 

00. _t <t ~ Q - QI" 0 'tl '1 d ... ..., 0' ~: 
t)ff~::ll::fltll'11lf1~fll'HHntl~'UlU(;l::Ul ~ ';itllJ::1Ht:I'\.P..t(;ltlff';i::1l::~)ijfl9l" ~ffl'Uff'l1'jtlUl~l(;l 

~ dt <ltl "" d'l, "1 "" d '''' if"" d .Id 'l" "'tl"'.., , 9l'.:Il1J'Utl.:lfl . ~::fltl'U'\ltl.:lU1tl(;l ttl VI~ u~mum ff.:lf.l(;l t'I1~m'UmllJ(;ltl'U tTl'i.:lff'il.:1 . t'U(;lfl'llW::~l.:1'1 

." 
'I11f1il.:1flltl llifflUl'iOttftllJU9l'lI'~ 'il::vh lM'ln~tl11lJ~~tlfl~'\ltl'l~lgum;j'U !'li'U fflt1'\ltl.:l 

~lg'Um'\ll~ 111 (DNA strand break) f11';j,ymll'U~l'U~lg'Umr:l~ ltlf11';jl~tI':Hll~1l'\ltl.:li!1tlintl 'VI~~~ ~ltl .., 

'a d 
'I11mlf1~m'Um (DNA damage) (Mamett, 2000; Franco, et ai., (2008) 
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frll1'Ut}fU\1 frtlf)flCifi\9i£h.h;]u 8-ig~';if)nt}f-~f)f)flt}ffl111 Ut}fU (S-0H-deoxyguanosine, 8-0H-dG) 

lh1,rfl1'j~'U~'IJ~~n.Jt'I'lU~fJU\)ln GC 'lhllu TA vml'Uu'U p53 i'UlJ~~~~tlf)~Ua~lJ~t~~~'U 
" 

(Cooke et al" 2003) 1)~\t" O2--
2 \)~lhtl6n~fJltll'Vn~nm'U~ fl11U'Ull11U'U ri1'U HP2 '11"'11 

tI~n~ fJlft1H'Ut'I"'U~h~'Utf) "'U~~ flf)f)fI iClf~ua~~l'j1)f)flCif'~ri'g'U'1 viiiq'VI~t'j ~ tGJi'U N02-­

ONOO- N20,tta~ HN02 .yh1,r~n~v6n~[J1f11';i~ii'H~i'U 1~';i'H~m1~tf)ii'Uf)gi'\J lflHt'I'fl~'U1)~t'U~ 
\)~l'h 1 ,w'UttlgfJ'Uuua~ 't1\)lm~lJtfi~fl1';i nf)flalfJ~'U(;f'U (Kow, 2002) ~ fltlgffi [J1'H-d~flf)fl1';i 1M' 

'H~wVia (methylation) lltit'Ut'I'l'U~tg'ULf)ij'U'\'l'Ul'V1~h~t.yi'Ufl1';ifl1'UTJlJfI1'jUt'l'~~1)t)fI'Uf)~~'U 'h'\'!'U 

~f)'Ufll';i tfi~lJ~L~ ~l1'U'hihn';iLn~lI~fl~fJl 1 M''H*lJVi"tVgfJ'UUUM 'tI\)lflt~'l.I (Pau"a, 2008) 

• 
1 ""-",, "" 5. ':iflnUl~Hl1flaU1J'(;lelif':i~ 

ca ... 

d 11) 91 • .4 ~.ct. • q. 'jI 4 _ • .Qa.~ .Q GoP d SI d 

\)~m'U '\9i11f11'jlJf)~\t~f)t'I'';j~LnUt'l'lJVJ'' \)~flf) mm~lJt1f1';itllt)f)flC}f~~1f'U'VI~';il~fl"'JllJt~tl 

'Hlmtti~11'l.1~"fl"~1.:!'1 'lJtH':h~mtl LGJi'U ln~tl6n~tllf)f)ncjft~i'Un'UiiYi~ l~fJtll'Vn~~t1~'U1)~~ 

tI';j~ flf)'U '\J f)~ttf)LC}f(;l i:i' LO~tI~ fi~ tlTtlt)flCifL~iun'U 11h ~'U~~t)1 \)til'ULf)'U" ClfU lil'Uvi1~m'\ i''U 

(receptor) 'H~1)t'I'l';jiif)tI';j~t'I'l'V1 (neurotransmitter) dJadJ U~~~t1J'Ufl'U~';jltl~~~mn~tl6m.tllf)f)nCifl~i'U 
OJ d d ~ Of CJ 'JI a. CI fI 0 \1) ... 1 t . d 1 d 
fI'U~m'UmClfClf~\)~flt) t'Hml?lm';ifl~lV'V'l'U1!~L"~'Ul tlJ~lJ~~H 'U'Vl~~ (Haliwell & Gutteridge, 1999) 

dI 0i"a. 0 ~Jt" ~ OJ " 091 G' t'l'm1~ oxidative stress \).:!'Vll l1Lfll?lm';j'Vllmtl'Vl~ttJf)'l1'l.1LClf""U~~~"'JL«f"'''Lt).:I l'nl'HtClf"" 

L~t)lJ~fll'Vi~~1f1''htlfl~ tit) lM'LOl?lfl11lJ.1f';iltitl'U1V (Bulteau et at, 2006)LOVl1';jflU,.y.:lfl"'Jl'l.1t~1)lJ 

'lJf).:I~l.:1mtl LGJi'Uhm'lir~'H"f)l?ltiif)VlLt~.:Ivi"'J hfl'l1"'Jl'il ~f)m~\)fI fI1';jtifltt'l''U'Utl.:lF:i"'Jl1U~ 'U6f1\)1f1 

.nV.:!t rJ 'U il \).ij tlv\vh 1..1'1 ';jfliiVll'U llhjf)th~';i"'J~~ ~"'JU"~';j'U~L'j ~;f'U iVlfJt1l 'Vn~ 1 'j flvit~tl"'Jft'Ufl"'JllJt~f)'l.I 
q 

H"~fl11'l.1'UfI'Vi~ f).:t'll·f).:ILC}f"c;{tI';i~t'I'l'Vl u"~';j~'U'U~tl'lh,~~l'Vl i'Ut'I''l.If).:I 1 ';ifl'l.l~~~.:1 (~l';il.:1~ 1.2) 

(Sundaramahalingam et al et aI., 2006, Halliwell,2002:) 

Cfurical COllditioll.4) A4)socL.'\ted'Vidl Fll.>e Radical Damage 

• Alzheimer's· Coronary Artery Disease 

• Amyotropic Lateral Sclero sis " .. Heart F allure 

• Arthritis • Hypertension 

• Atherosclerosis • Inflammatory Bowel Disease 

• Cancer • Macular !::'l egenffation 

• Cataracts • l'tilultiple Sclerosis 

• Chronic Gout • Parkinson's 

• Chronic Obstructive Pulmonary Disease • Raynaud' s Phenomenon 

• Diabetes • Reperfusion Injuries 
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'1_1 t .......1 t "" ""tl " '" 1 G 0 .1.I~fI'l111~1l'VfU1i~~'H11.:.JfI'l1111~U'l11tJ1l1flm~~flt)~)f)9f ~~fl1JfI'llll"lfnU"~ '.ifnj~l~.:.J flwmm~ 

!J~u'h.l'\Jt)1J,jltJd'1l~,s1fJ'l~n1'UfI'l111~~11l'Ul~U'lntlm'Hi1u'l11t1'\Jt).:I~h~'U1t) l~u.l,jiin~fJ1t)t)flcirl~~'Ull"~ 
'til'l~'Vl~ltlil.:.JfI'l111~11l1'.i0'\Jt).:.Jm'.ii1t).:.Jn'Um~1i1U'l11tJ~.:.Jfl"111~(Jffl~~~(,'Ut)'UlJ,,8ff'j~1'U1i'.i'jlJ"lfl~ 

q .. 

.. 
'.i ~tl1J~l'U t)'UlJ "8~'j~ 1 'U~1.:.J mUll~1 ~ir" fl.:.J ll~ l~u.:J,\'lt)~"ir'Uil.:1 fl1fJ\l.:l~ ~Nfll':iffl':i~l'U t) 'Ull" 

q~ q~ 

A • Co Co d. ~ .Q.d. a ~ d a QI lrJ" 
t)ff':i~\'Jlflfllt1'\H)fll')f'U 1l1fl'l\PIllJU9f, 'l\PIllJ'Ut) 'I1':it) ltJlPll-l.lfl t~'Vl'U1l1fl'Vt1$ ~flU"~f'I" llJ'I1"lU 

"lfUIPl U,,~il1l1l,j'UvnJ11ffl~~lj fl11lJffllJl'.i 01'U fl1'.i ~ 1'U t) 'Ull" 8-.x'.i~t)th.:lljtl':i~U'VI1j fIl'Vt fl t)~1':i 
q q .. 

• .I .II ... ~ ~I . "I d.J' • <Ii 
1'Ufl"lJ'V'l"111'Ut)tI~ (flavonoids) 9f.:l1l\Pll1J'U-.xl'.i'Vtt)"l"I'Ut)" (polyphenols)lU'Vl'U1l~flm10"ffl'.i • ." . 

" .Q d~ ,,~ "Q, QI d ..c::t. ~ QI <I A ,Q..do a • cr tI 
\PIl'Um!l~"'t)ff~~'VI 11$ lUfl1'.i11lUU 2 1$'U\Plf!t) t)l!'Vl'U~'\Jt)"1\P11lJ'Ut) ")ft)111'V1'.i"t)fl9f (Trolox) 

u,,~vJ"'111'Ut)u~1'U1'U"lfl 

6.1 l-n'1i.t8fl"l1 (Trolox) 

~ QI 0' Co a ddQl J ~'l" :,'JI d 
tll'Ut)Ul'4'U1i'\Jt).:I1IPlllJ'U t)'VI'Vl~'U1'\J'U1l'lt) t "'W~"ltJ'U 1 \PI (fll'Vtlh'~flt)'U'VI 1.7) fl1'.i 

q q 

t)t)flq'VI(~"1'l1lim.Afl1J!J\PIliiU~U~1l~1~1fl-hl~U~f innu 1~mt1 'tI-h !J~nii'U~'I1~6 1'V11f!~'.it)'" 
" .ea Ii) Sid ! GJ 49 QI tI.Q ~ d 1IJ 9/d : QI ~ ,a.ea 

(tocopherol) ffllJl'.iO\PI1'Ut)'4\!(\t)ff'.i~11Pl\PllJlfl'VI" 1'U'Vl"lflm~~\PI1 1mlJ'tm"~m£Jl\Pl\Pl 'lU'UllJU'l1'.it)"'Vl\Pl 

~ "J U ~"ffllJ 1'.i 0 r-hUl~t)l9f" t1~ !J\PIliiu ~i1Utl flllt)"1~6 19f",a1l1flt)'4\!(\ 8 ff'j~ 1 \PltJ66flq'Vlt ~ TU ~ 
Vt\Plltlt)1 t)t)flcirl\Pl~'U'\J~FHgt)l9f"" mh1fl t)1\P11iJ'U~,.,~ 1~ 6~\PIt)lIl1~ l~m ,.,u~ ffllJl'.ioil.ln'UiiVtlPllt161 

CH, 

Cll • . , 
(COOH) 

CH~ Trolox 
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6.2 iJl1t11~fl8'U~'Ua~fl (phenolic compound) 

Vm'~lJlfllln1'lf .. ~'t.l1r1ill1J<Jfl~h~'1 hi t'lfU .w<JfHfl ~tl'~ h.l"lf1 G}HlfllflUg\9l Utl: '1U • 
U~~ ~;h.l~'U illl'l'U1J'Vt'lHnl'lh:ml'U~'U~~fl'~lJ1f1f1"h 8,000 <JfU~ (Harborne, 1993) tt'U~\9l11J 

~ 

QI Y ", 'UI_t & Q.I,.,!==t 'GI ~ 
fl111J9fUC)fa'U'U~~ lf1'HillH1llfl~1t1 t1Jll'UfHC)f1JC)ff)'lHlJ'U 3 fltllJ ~~'U • 

L) fl~lJ~Uf)(1 (simple phenolic compound) iilf1H~1'H~lt1vi~~~f)l;j'Uf)'1f~'Utf'\lf)~ 

~'U~(1 l'lf'U m~Ufl(1~fl (gallic acid) m~fl1t~~fI (caffeic acid) 

2.) fl~lJ'wf)~rl'U~tl (polyphenolic compound) t;hJfl~1Jviihj~lJ1WlJ1f1vi~~il~ 2/3 
~ ~ . 

'U~~~lnh:flmJrh.miln11~Hl.l~ infll~~rl~-W'U5!1'Ul;j'U~(11U1t.1 (flavan) mh1;Jf)ii1~t'11U;'W 2 1~ 

(1-3 A uit:1~ B) ~1Jnmnf1J~'1Jvi~iiti'U 3 f):'\PI,()lJcl1~f)'11l~'11t11J~:~lllJ'f)~fI~LlI'1J~~tiUt;ju1~ 
d .d '~'"1" J ~ 'il _ rJJ,l ~.d' 

(fl1'Vt1.h:flfllJ'Vl 8 fl.) m1l!ltlfl~llfl'llJU11vtm nu~tI~ 1I1f1 lfll ~~'i1::J~ll~VtUjl1Ut.lf)11ll.l'\1lq! 
~ . 

l.l1~~t;]Uf)'1J";\J'6 ~L'Vlf)f fll\9lU l1l.l,,1~mllij'\1li'8~l~flCHtlU'VlUli1JU1~Uf) l'jUl.l~fl iu llJmfl(1 
~ q G" q 

1111M'il1lJllOUU.:Jl,h;n 11'Uotl~f)~m;]u 6 fl~lJVf)tJ (subclass) (m'V'l1ll:fl~1Jvi 1.8'\1) i.~url 

vttl1'l11UU (flavanone) ~1~(h~L'lfU hesperetin, tangere tin 

- 14m l1lHw (flavonol) 1'i1mh~t'lfu quercetin, kaempferol 

- ,4tl1'l1'UOtl (flavanol)I'i1~Hh~L'lfU epicatechin, catechin 

- lim 111..1 (flavone)1'i1mh~L'lf'U luteolin, apigenin 

- 'tJ lC)f'rhn llt.! (isc!!:::.'cne) ;'1~rh~~'!h~ g~!list~i!l, daidzein 

- H'6'U 11119ftllUU (anthocyanin)1'i1~~1~L'lfU delphonidin, cyanidin 

, .I 'i .I"" 'JI ~ "" .I ft.1 1 ... '" 3.) fI~lJ1'1"1 t1'UO{J~L"lf~C)ff)U (complex flavonoids) !1JU'V'If)mlJf)'i'Uf)~nm . 1Uf)tI~ l1'Hl 

mll!~tIf'l':h i'VtlU:f:lU 1'Vl i=t:tJl'l1'U (proanthocyanin) !''If'U LL'VlUUU (tannin) ilflUU (lignin) 

" :N1'jlh:flf)'11tll!'6~flm;J~1Jfl1Jthmtl 1, 2 l1~f)lJlflfl"hfH;ntJi;]u~1l'l.h::nf)'11ln~ lfl 
til " 4 ~ CLI Q -C:Io .d a "~oClI ... ,I "'Y lJ1 fI Jt t} I 

t919'l (glyciside)H'if)f)l\l;)'lHl1J~'V'I~ WlJ'W 'VIHJm~fI1'iUf)flt.}j'~fl ~1'llJ'l:m:I1Jl tfltl tfl tC)f~t'llf) it'll 
~ 

~1.Jti'lJ'W1\P11tl i~~ ~::ljtJfl11u:tlfltl 1flU (aglycone) 

1 ..s 
7.1 mH)~nVm 

, ft,l - .I lIJ 'JI':' '1- 1"1 '" ~ 11) 'JI • "I '" 'JI" :ffl'ifinlll'ltl1 tTUOtJ~'Vn.l t~'Vl1 1J t'U'V'l'.l$ ~n Lm::~tl tlJ L'lf'U .t1J"lfl 'V'I1flll:nmflJ ~HU 
s .. • 

~ " 
'\tB1Jtil(1 '11jBf11f}~ tlb~\j u~:'V'I1Jl~l'mhu'UB~.w"lflti~lll:LtJU I'll 'ilfl tU'61~ !'t.Ia'6fltl~ . 
I"lBfI ~tl 1110t1J~~ tihHn'i~,hi,r~'6fl1110~(1iJiY~1t1 L'lfU :iYL'I1a~~ "lflJ'V'I !t~~ '~1 '\11mh~ ui:'l:i'U .. 
'Vll~Ulff"lf~'hum'l m 1.1'Uf)ut. u~ull'U:ffll~ 1U 0 U l.l tl ~ ff'i:~ ij1ll:: ff'Vl1l fll'V'l ~ ~ 'lf1tJ 1u fl1'liJ f)~t1UUtl:: ... .. 
i'mn hfWh~"1 ~'1f'U hfl!~(.I1tiU'lh'lll!n:'I1"f)~LiltJ~ q'Vlf~lUlJ:l~~ ~l'UU1Jfliiitjtl ~lUfI1l 
.... c:lt 51 
~fH:N'U 11J'U~'U (HavsteeiL 2002) 
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dxo%~ 
,Aavonol Aavone Flavanone 

fl. 

w~ 
Qi 

Flavanol (C'techins) 

" 

lsoflavone 

'U. 

fl. 1f1'j'HY~H~'Uil'UvJCI1U1l! 

~ Oi I 
0-

Anthocyanidine 

'U. lf1'j'HY~H"n\fl'Utl,n-hn ll'UtlU~fl~lJdmJ~l-'l"l 

• 
7.2 fl"'\tlflT'H)6flqnfi 

l' ~d \Il cf~ jJ _I.Q~~ ~ Q,I "hn t 1'U tI tJ~lJ flCl t fl fll'j tltl flq'Vl1i t'U 'Uffl'j~lt:1u{} mtJltltl flC)$!~~H 

Clfl1Cli (chain breakinS! antioxidact) mhdfi~~~fh:ij~tl'U1JCl6Cl''j~ti.l6{tltlnc)fCl ROO·) UCl~ 
qJ - q cu 

mp.!m)Clfltlfl~Cl (alkoxyl radical) 1~tI'\hl1~1~t1:J'U~11'11'1~ l~'jlll'UuneJ\.PJ"t1HhJ'U( fflJ fll<,j~ 
., dftOl 1 .. ""1lJ" ~ • .1 1 "~1 "" J/"" "" I • 1.5) '\1Cl-'l1l1fl'VlY'tCll 1'U tltJ~t1 fltltlfl9f t~ff 'il~flCllml.J'UY'tm 1'UtltJ\9I'h'U tlfl9fCl9f~lJfldllJlfffltJ<,jfnl .. 

'. . Fiavonoid-OH + R --. Flavonoid-O + RH 

Flavonoid-OH 

• R 

• Flavonoid··O 

• • 
a-tocopheryl-OH + R --. a-tocopherylO + RH 

d 
......... Cl'lJfll'j'YI 1.5 

d 
........ Cl'lJ fl1 'j 1'1 1. 6 

• • • 
a-tocopherylO + Flavonoid-OH--' a· tocopheryl-0H + Flavonoid-O ........ Cl'lIfll'jill1.7 

(ltlfl1UCl~f1W~, 2549) 



8. 1'U"lfl 

. 'lf111:1Utfl~tl~~lJlllJ'Uh~~'lfil~11'd.:l-vit1:l'W-vi!~flt;'WlJ1lJ1flfl·h 4000 1J ml::'U~lflfln'Wtl~l~ . ~ 

uvd'l'lInv 1~m'Q'n1::'1.h::t'YIff'VlHUt:lmmt}}V '1.h::t'Vlfl-vi~i;~·lm1:l'U 'I'/~ fl i¢luri 6"U~V ~U irlvu " . . .eta Q ~t 

'lf1lJ·IH)1'VlV1ff1'i.'1~n1 Camellia sinellsis 

I OJ' 0'. ~ _ ' OJ' ~ .d • ~ Q.I <I 
U'U~1l1V'Vi'U1iVtlVtltlm1JUlltl~fl~lJ'Hlfl fltl C. sinensis var. sinensis tl1'iH'Wfl11tlJ'W'i.'11VVfU1i •• • 

..::s ..::9..d,' Q,I,rI QlGI 

"'lf111'U" U~:: C. sinensis Yar. assamica 'I1~tlt'Wfl111l1tJ'nUll "'lf1tl'i.'1'i.'1lJ" 

.., <! .o:t 

l$li11fJ11'Ufi sinensis (1$1;)'U) .. 
_i tt OJ'.d Q.I <ld ~ .... 1 .I!I OJ' <I # "1 Q,II tI 
1J~ fln'WlJlf1lU~~'I1 1~lL'lfrJ.:I~ 1rJ 'ViU1i'Vl'Um.hJ~n fltl 'lf1,'fU 1i tl'l1 ~.:Ifll'Watl'W 'l11'n'U1itl'l1~~ 
!"J' q qJ • q " q cu 

rI OJ' 0'.Q ~ OJ' tI.c:t..Q OJ' rI.J. QI tfd 1 oe1" 
l1W~ 12 'l1'1'n'U1! 'lf~'l1'.:I~'I1'f1.:1 'lfl'W'Wll t:lfl1'UtllJ U~:: 'lf1'Vi'U1l1lq~ 'l111l1rJ'n'UI!,utH'I1~1'W~tl.:lfl1'j 

" fll'j~U~lJ1fl~tl.:lii fll'j ~~fl1'jtl1u~::m'jtfl1:l~'jtl~Ht1:l'W'j::'U'U ill 1M'ii'j1mfttlu,j'H1l.:l 
~ ~ 

u .! _ .u v 
1$1Q'lfJ11'U11 assamica (l$lt)ilill:') 

. '" . 

iju '11"~ fhtil~lJl111fl'l.h::t'VlffflUt~rJ 11j 'W'l1'lilut~tl.:ltl 'J fllJ1fl "'.1 ~.:I'I11~tirJ.:I'jirJ 'l11tl1l~lJ 
d- .dd ".. ~ rI d ~ cal tI d Q Q "'1 l!J ~d ... 'f dd' i 'JI 
lJl'U'lfl'VllJ'U'W1~ 1'I1Wfl111l1V'ViU1i'l1111U l1J'W'WU1i'lflV1tll'jtlJtt91'U l~ t~~t911lJul'l'1lJ'nJ 11 U~::U'i.'1~ 

CI q q u 

d ~. " QI <ld 
U~::lJ'j1f1111::~lfll1l1J'lf1fflV'ViUllllt.l('ViUlJ, http://www.mfu.ac.thldivisionltealknow/article_teadoc) 

ri~n In~t)fJ~"'U 1'11 1$1 

oW ~ 11 1U tlV~t1j \;I ff1~~ 1U tl\;llJ'tln''''~::~'Vi 'UlJlfl lu 1'U'l1'1 oW m l1utlv~-vi'n'UtrJ\;I rHi lJ 
q cu • q 

oWm11'Wtl~ (flavan-3-ol) 91~ijtl~1I1tlHHii.:l 60-80% '1m.:joWa111utlv~i.mlJ~ lul1J'l1111~tlfl~t1j\;l 
~ .. 

" " 18-32% ~mb'\1'ufll'U'l11ff~ tl111t~Vfl'i.'11'jmllJi1·h fllt'Vl;U (catechin) 'n'Ui¢ll'l.1'Ylflri1u'Utl.:l~'U . . 
, .,. i d.& "ad.' ~Q.II & 

'l1'1 tt~1I::'n1JlJ1fl'U~nfli. 'UVtl~'Vll1U.:j 'i.'1tl.:l ua::l;'!'llJ'lJtl.:j~t.I'l11 'I1'jtltHlfl11 "ff6.:1l'IJfl'IJ'I1U.:jVtl~" 

~. " 
;i~UVlJ ihri1'UrJtl~i1lJ 1p.ji\~t1jt.l'l11ViihH.Ufl1'n~ iitJ~lJ1tl.1 fI11'Vl~U1l.:j ff1ilUflillJilii 8 'l1'U~ 

q cu 'q 

¢l1Vfl'W (Yang, 1993; Finger & Engelhardt, 1992; Leibert et aI, 1999) (fll'Vi'lh::fltl'U-vi 1.9) i~uri 

Majorcatechins 

L (-)-EGCG 

2. (-)- EGC . 

3. (-) - ECG 

4. (-)-EC 

5. (+)-GC 

6. (+)- C 

Minor catechins 

7. (-) - CG 

8. (-) - GCG 

Epigallocatechin 3-gallate 

Epigallocatechin 

Epicatechin 3-gallate 

Epicatechin 

Gallocatechin 

Catechin 

Catechin gallate 

Gallocatechin gallate 
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A ·1"" • ... III .Ii '1 ' QI .. '1 lJ11J1W catechins 1l:at~f1\9l1-3flU nJ' u 'U"lflU.91"::~ltJ~U1i t~tI EGCG ua:: ECG 1l::'Vi'U 
q 

'hn.J~1J1W~-3'1t.1"lflassamica t'buiU"lfl sin!!nsis '1l::'Vi'U EGC '1utI~1J1W~~-3fl'h U6fl'illfl~1t1 
~ . ~ 

,"U,r~U~flIPiHt1UU~1 fl~fllal~'Ut~tJ1~ir-31tJuilll~tJ~1i'irulPifltl~1J1W'ViVa:vl'Ufl/;1 f)~11il6t1~1J1W q 1(11 q, u 

""~I '1'1 dd'1 V • .dd'1 "1111 31 '" 
'YH)/;1-nUfl/;1 !U t'U'lflV1tfl'U 'Wq~1flUll::~~fl11V1lfi'U uq~ t'U nJ~m 

OH OH 
OH 2'&.OH 

-1~~. .HO 
C f~ Q' 

~ 
5 4 OH M

OH 9H pH 
: H.f:-:C~H .~ ... ....-1(. 

H 0' -H H OH 
( +c:atechln 

~
OH 

HO ! 

, I OH 
"0 

OH ~~OH 
! OH 

(-)-catechin-3-gallate OH 

HOH 

H°W=OC>-OH 
! H '~....,O 

OH '~6H 
HO--')=_( 

HO OH 

( +epigallocatechin-3-gallate 

(+}epicatechin 

H~
H HO 0 

~ .. H 

OH ~('(OH 
~""""'OH 

H--epicatechin~ila1!ate OH 

OH 

~OH OH 

HO~~)-OH 
H0'Q::'" .... QO I). OH 

""oH 
OH theaflavln 

(-)~pigallocatechjn 
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" U~:flT'HI'lJU..f-:l (http://www.orien-tea.comlthailmiscl) ~.:jU 
dod Col' tI Q,I t ~ a -QI tI .d. 

1. "lfl'VIlJfl1~l1lJ flfltll.:jt;YlJ\t'Hl1 (fennented tea) ~1t1tll-:1 Tltl "lfl~l (black-tea) 'Vilf1!"JJl 'VI 

iAtllJ'\hlJl~il~ 1~uri "JJl'Vt'Uivt;YfflJ 
q 

& Q,I. QI t .a G.I d' .d~ 
2. "lflfl-:ll1l1fl (setru-fermented tea) ~1t1t11.:j Tltl "JJl~l1~.:j (oolong tea) 'Vi'U1l"JJ1'VI'UtllJ 

UllJl~il~ i~uti "JJlt;Ylt1'Vt'Ui~'U'VIfl"JJii~ 'il'1'Ul1 (white tea) 
q • 

3. "lflvt1liiifllH'Il1fl (non-fermented tea) ~1t1fh.:j;\tI "JJlt~tl1 (green tea) -W'Ui"JJ1~ 

iAtl~Ul111~il~ '~uti"lfl~'Uivt;Ya-~ "lflvr'U,rtll1~-:lt'lJtI'{ 12 dh'!~u "JJltl1~fl~ (yellow tea) "JJlt~tl)t,yll 
q q .. 

(dark green tea) 

"JJl~fl'U ''VItliitl:U'U11f1Tlu,,:ii~111'121tlti'Utlril-:1U'Vij'H,ntJii 3 "lfii~ fltl 'il'lt~tl1 "lflfll1"-:I .. 
ooek. Qld QI • gJ Qld.Q.J'q 

U":"JJ1~1 C)f-:l~1-:1fl'U'VIfl~:'U1'Ufl1~1111fl (fermentation) U":tI'Uttl1-:1 fl~:'lJ1'Ufl1'i'tnJfl'VItfWI'U'U l'U 

'i:1111.:jfll~~il~ i'lJ"lflu..f .:jJ'U tn~~lflfl1nh.:jl'U'Ufl.:jti)'w lC)f11~h~'11GJf'U polyphenoloxidase, catalase, 

peroxidase 11": ascorbic acid oxidase ~.:j~:t1.J~tl'U'Vitl~Yh..ltl" 't'U'1'lJ"JJ11~tJu~n1f:Jl'Vll.:jtTliiM"lU'lfii~ 
tGJf 'U oxidation, hydrolysis, polymerization U": transfonnation 11Jt1l 'U ~ il ~ fl f.\1 ~ g.u 1 GJf'U theaflavin 

11": thearubigins til'U~'U 

'" 'lfWU~n (green tea) 

'lfl~'t'IiH (ooIong tea) 

.d ad" Col QI tI d tI oI!!t !II' " ,d 
"JJl~l1",H 1I"JJtI'VI'Vifl-:lfl'lJ'Vi'U1l"JJ11l'U "'il'l~l1"-:ltUtI~ 12"l1'H) ""JJ1~'H".:jmUtltl'U" U~ 'Ui'l 

if ~ch11 "~11".:j" l1lJltlfl.:j"lfl~ ~1'U fl'i:UTU fll'J~.:jl1~fl mh1flfl 11 ci fltl't ,rtn~fl1'il1lJ'fl'lJl.:j"h'U 
l~tlfll'ilh i 'U"lflt;Y~ 11J ~.:j (withering) ~.:jU'U'U fl"l.:jtt~~ (solar withering) U,,: fll'J~.:j 't 'U~1I (indoor 

. . 
~d .Q do ~d. 

"JJl'V111fl"'Ul1tJll lJ~t;Y"JJ1~~ 

'lflvh (black tea) 

"JJl~l ;\fl~n~~h'Um:'UJ'Ufll'il1~flfl~l.:jt~lI~ 1~tI\h''U''JJ1'''~1I1~.:j UllJl'U1~ tW~ 
... 1 I q 9J eo Q.>' I d d 0 q jJ ~ ... t .Q.QCl d' d d . d d G) 9J "9 
1J"flU tl1tfl~fllnllJflfltll.:jt~lli'l 'VIl tl1tfl~utlmUltftlHltlHt~1I1'l fltlU'VI~~lIfll'iflU"JJl tl1Ul1.:j t'U, 

~u ~fl'\..l t;Y~Vi' lt1 Vil 'tM' t;Yl'J'VHJ~Vl Uti" 1'1..1 '1J<lflj;l'~tll~ (It..lt-tJll~il~fi tucv1gu l~ttfi theaflavins U~ ~ 
q 
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d Jt .a 'JJ lIJ 91 dd ~ : dod ~ Y 0 ~ 'JJd 0 lI] 91 
thearubigins 'VltlJtl"lf.:!~llUa"HI~ l~"lfll'l1Jn"U'l1tlll Ul"lfl'\l~lI1;\''Ul~laU~WUlJ 'VIl t'l11'H1fl'lfllPll t~ 

..' JI .. 

antl th.:!"j, 'lflU ~.:! .;r 'U 11' "lfl111 i'~~~'lfl~h,ru i~u ri'lfll'i \.!1j fl "'~ll'Yi 'llf 'j "''lfl~'U{).:!~ll'''lJ ~\.! ua ~ii 
4 • 

ng'U'I1tl'lJ ,»l~lli'JU "lfl'vilj·~'U~lf1f1ff .:!"'~ 1lJ l"fl't1itlrYiv'Uti'U'lfl'lfU~~U or or 4 

" hJ'U'j'j~l l'U"lfl'ti.:! 3 tI'j~tfl'Yl l'i'U11'lflvhii'jlmtlflfl";h"lf1t;jtrma~ ")flfJY/".:! 'lf1fflt1~U,r 
or ... 4 

~u iliii tnJ Ul1l1'11iJfl '\l'U ti'Ju 'lfl~l ttl tl~'\llmi'J'U fflt1i u,r -¥ill" flua~~H" ~.nt1fl11 vh 1..rih 1m 4" or 
" • ,. J/ 

Ul'f.:!fl11 'lf11;\'1t1~\nrfl"'~lJtvhu'U.yjihll1H~~ti'JU''U'lf1ff1'11i''Uli'J'U'lf.:!lfl~~H~lJfl':i'U'ti~ 3 lh~lfll'! 
4 

..::::. Q,I.J'..:S " -(1.,1 • GJ CI.I d' G.I CI.I tI "I d .. 

~.:!fli:il1 fl1':i1'\lV\Hl.:!''lf~1tltl1~ l'U'lf11;\'ltJl"IU1i{)"'1;\'1I 3 'j~tfll'! fltl'lfWU(fl "lfl0'l1a.:! Ua~'lfl~l . .. 
;l1flHlh ~ fl{)'U fl1'j'jlm~tl1tiuiihJa fl i U ~.:!Wl~Il;V.:!'j lt1Ua~tI {lfl 1 'U f)~t~tl1nU rd{).:I'\lltltl~lJ 1W 

q,J qJ cu VI q" 

m'll'! ~U '\l~lt1~fJU '1 tI~ 111 U '11 i:i.:!t'Vn~tla mt"~f)~V\tI t1 mla~t~1.H~il1 q, VI-cu cu 

"".! G} ~I v "" v , 
9. fll'a'J!fl '11 ~ 't'Ift'J1lJiJUn'1 tl & 'U fIl'1tuUiJl'1 ~nu f)'UlJ~f)iJ'1~ "f)~iJ1'l ~ 'Jf)tJ H 

• t q cu . ,,' 
m':i!Jtfl'jl~,fijm;ntl!J1i ul'i.yjii{l'lJ1~H,,~UllJ·1 'l~'l\'!fl1':i!J'OtlU fl{) fll':ii -N i,2-diphenyi-l-" 

~ .d Jt Jt ,9JQ,I .Q d " . .e::., 

t1W~~fl"UU'iH'" 'I:ff~1'lfl11lJtll1f1"U 517 nrn Ua~tlH) ~'j1Jm{lfl~'j{)'U '\ll:f1~l';i~l1J.tl\.!lJatlff'j~ 
'CU cu q ,. q" 

(AH) ~.:!fflJm'j~ 1.8 11~tl'\llfltl'4lJ"aff'j~ (Re
) ~,:nCJfl1'j~ 1.9 '\l~ttl~tI'W{!"'H"l'Hl~{ll(jifmt\tl~ 

~vh'l,rrilm':i~~t1t\'UUff.:la~",~ (Blois, 1958) 
or 

(DPPH- + AH 

d 
..... ITl.lfll'jl'! 1.9 

+ DPPH - R) 
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10. fll'l!Jlfl'll~l,hl~lJltUt\'l'l,h~fltlUVtUtl"i\fl 

fll'nnll~1I1\uffl'l'lh~fl6'IJ~~A6afl ,Ih 1~u1cN115n~m'j~1'I';h.:Jffl'l11'l~fl6'IJVJ'U6aflo'U 

Folin-Ciocalteau reagent lUl~ N~C03 (Singleton et al., 1999) 1~,tIffl'l,h~fl6'IJVJU6aml~'h 

11 i1n~ tJ1~.:JfflJ fl'l'lvi 1.1 0 lli;l~1~ftlfll';j~~n~'UUff .:J'U6.:1~aVlfiw cnffJl(~'U~ln~~uvifll1lJtJl1fl~'U 
765 nm tlljU'U1YiU'UO'lJfl'll'vhnVl'l!1'U'U6.:J gallic acid vil~11jUffl'j'h~fl6'IJVJ'U:e:JafllJ1Vl'I!1'U 

.... 0 i"~"~" .ltd! "" ,""~ 'VHnfflJ~ (plasmid) QflUl111 ' ~t1JU~t:e:JU,16VlUU'UUt'VH)fffl'hllfl11lJl"HJ1'IltJ'U6.:1~16'Ut:e:J 
~ . 

'il1flffl'l6'4:IJ"6ff'l~ ~.:Itt~ih987 (Ehrenfeld et aI., 1987; Lewis et aI., 1988) l~tJ~'lfuVi1'~ 

fl11lJliYtJ1'IltJ fl6fll'ltllgtJ'U111~1.:J'Utl.:l~ltgu16'i11m~lJl'l1 supercoiled 11111jul11 open-circular 
, . 

U"~l11 linear ~llJr;;l~'U (fll'vnh~fl6'IJ~ 1.10) (Inouye, 1984 ; Zhang & Omaye, 2001) ~ 
1~tJl~'WmffiJ~ pBluescript li'U'Ul~ 2961 basepair t1JU~h~Ut6~'UU'IJ'IJ 

.... "I d 
'il1flffl'I6'UlJ"tlff';j~ (mV'l1J'i~fltl'IJ'Vl 1.i1) . ., 

Q .d 0 ~ !II ,.c::t. .d 'Id c: .r!I 

6'4:IJ"tlff'l~'VI111 t111fl~fl11lJl"'tl1'Ilt1Ufl~ltlUltl fltl 2,2' -azobis (2-amidinopropane 
~ . 

hydrochloride, AAPH) ijfl"'flm'Il1H1U~~U AAPH liJtlmntl~1~btlfl11lJ~6t:.l'il~i.-H' alkyl 
JI 

radicals (R-) 'il1flU'U (R-) 'iI~l'hll~n~tll~60'Utltlflciil'ilU (02) 1l1' aikyiperoxyl radicals, (ROO·) 

& v "I """I <f"" ~ 0 V"" "" .. .% 9f.:l'il~l'Ul t'l166fl9ft~"'vU6U16 'VI111'l~H6'Ul6m~fll1lJl"'tl1'Ilt1'\J:W (DNA damage) (Qing-Yi et aI, . 
'" "" 2006) ~.:J"'lJfll'I'VI 1.10-1.12 

---.~ ROO-

. .. 
. .... ff1Jfl1'I'Vl 1.10 

..... ff1l fn'Ii1 1.11 

. 
"" ROO- + DNA . ---.. ~DNA damage product + ROOR ..... ff1lfl1'I'VI 1.12 

fl11lJliftJ1'Ilt1'UeJ.:I~h~tutl l111,f~lt~'U161'l1gtJUl't1'i11f1 supercoiled l'lh1Ju open 

.J; .... ~lV'l .It d ""~ ~ , " 
circular tl"~ linear 9f.:J~'i1'i11~· ~t~tJ\9I'I"lllfl'lllJlflm)t:.I'VI'Utl.:l1iUO'Ut6Vl.:l 3 l,jU'U'lJ~ltJ Agarose 

gel electrophoresis 1~tI~hg'Uml,j supercoiled tfl~tlu~''l1'$llm'lfl''ht,j linear u,,~ open circular 



19 

Oxidant o Oxidant fl' >:, r ----.. ~~~. 
supercoiled 

. 

Open-circular 

Ampicillin Resistance 
gene ~ 

Restriction Sites an.i1able in the Multiple cwnm? 
Sib> 

d . 

lJu I 
Hot I 
DaI 
B .. m 
S.a: 

linear 

Pst I 
Eco 21 
Eco RV 
BiMIII 
Cia I 
Sal I 
Dol 
A,aI 
~, .. I 

VnJl : www.bio.davidson.edul ... lKeoghipBluescript.gif 

• Q"" 

1~ '~~~~~l~~a~fll~~~~ 

ot:::\Q.I ~ d <I'd C .& ~ <it ~ d 

.:jTU1,WU l.J~~'lh:!:;cr~mlt.~ffmmrmJ;crllJl'i\1'lJa~;crl'i;crfWI1l1flt'U<]$1 3 :j'i:!:IiI'j", ~n 'il'lt'UtJd 
~ . 

<]$'lalH\~ u":!:"ll'l~h iUfl1'iU'UU~fll'ii1a~fl:Ufl11lJliYU'l11t1'Ua~~to'U!OVitn\?l1l1fl() ... .nj"f)~';;: ~'U1l:!: 
~ ~~ 

~ 0"1' a ~ : d'l".ca "l tJ'., 
tlJU fll'iUl ttl ;crfl1'Jt(;Hlfl'U'i Iml'U,"ll'l'V1fla -mfl\?l'l..h:!: ttJ'lfU~a'jl~fl1t1;cr ~;cr\?l 

~ ~ . 



1 
..::I 

Uflll 2 

4.a GI"l ~tJl.d. Qlfla 
"lf111'U".i lflrlnU t~tI'YI1 1.h,J 2 ffltl'VIU,! rHI Camellia sinensis Ut;l~ Camellia assamica 

J.:siun.l 'lfll;itl1 "lflfll1~H Ut;l~'lfl~1 'lfl~~il~..t1 It;lflfl~ltlu "lfl~l 78% 
OJ .. . 

GI d ~ Q"l Q,I' _I d 'd do _It d 

Vll.:s\Pl~1U~fl "lfll'\ltl"l 20 % Utll.I1J".i tflflflU1J".i~l'YIff'YI1~Utl1JlfllC)fVl'lfU \lU Ut;l~\y~U Ut;l~'lfl~l1t;l~flfl 
~ . . 

2% UtllJ'U~lflflfiU'YI1.:s\Plfl'Ui~'\Ifl.:s~U ~~U'U".iltl.:sl'Wfll".i1~tltntl"ln1J'lh~ ltl'lfU'\Ifl.:sfll".i'Unml'lfl 

1~m'i1'V1l~mjl.:s~.:s"lfll;jtl"l~.:slJllIlfl1..l".i~l'YIff'YI1.:sU\l1Jtfll~mtl~i:b'W'l1ci 
u 

tI tJ' . t d. d "do. 
lJf)\Pll".iUt;l~flll1llJ~ (Mukhtar & Ahmed, 2000) ".iltl.:sl'W"l1fl1".ilJ:ff'\lfll'VI~'\Ifl~lJU'tWlJff1'U • • • 

d " c.J> ... IQ " 'JI <Ot d~1 d • 11] 91<11 
tfltl1'\1fl.:s fl'UlJ ".ilJ1WUt;l~fl"lll.1 ffllJl".i \I ttl m ".i \PI1U fll!lq!t;lfl:ff".i ~'\I () ~ ffl".i'VIeli:ll"l 'W ()t;l'YI ".i1.:smtl l~ ".i'U 

• '. 'J/ 

t()fl{1J1Ut;l~flW~ (Erba et aI., 2005) ffmntl1".i',ffl~l.I~"lflVuYiljfll".ifl1'UfJlJfl1111".i ~lJ,h'lf11U 

t;l~ 2 ~1t1 fl~'HtI'W1..I~lJ1Wfllt'Yl'~h..!l'thn'U 250 iJnafl-i'lJ ttiUldt;ll 42 1U l·n.J1l'VIt;llfflJl'\lfl.:smilJ~1 • 
flVl.:siifl11lJffllJl".ifJ~lUtl'WlJt;leff".i~ (antioxidant activity) (1.98 umol Trolox equivaIentlml) :ff.:s ... ~ 

• ~ • • '" ~ I 0' Ii) o'~ 
fl11 t'Uflt;llJfl1'Uflll (1.79 umol Trolox equivaIentlml) ttt;l~'VI'U"ll".i~\Pl'UtlJfl".iflflfl tC)f\Pll'UVit;ll:fflJlt;l\Plt;l.:s • • 
flV1.:smmnfl 412 Carr U 'l'WmllJfl"l'UfllJ ltitiJu 218 Carr U '\Um;ll~"lfltii.:s • • • 

i1!'W'W ttt;l~flW~ (Leenen et aI., 2000) 'VI'lJ'hfl1llJ:ff1lJl".i\l'\'l..!fll".i~1'W()'WlJt;le:ff".i~ l'W'VIm:fflll ... 
"I.d.c:l d J f d" d QI ~: " '\Ifl.:lr-l'\l1\IJ'YIlJff'\lfll'VI~\l~ff.:s'\lUfltl1.:s".i"l~l".i"lfl1t1 t'W 3C-60 U1'Y1f11t1l1t;l~m".i~lJ'l..!1'lfl l·fl"ltl 
~ Col q cu . ~ ~ 

lj".ilt1.:s lU 'vh~'U'hfll tI'I1 c;l.:s fll".i'U nflfl'lfll1.:s '\ 'W".itl Ul'lfll1 ~fl' U ".it.ltlll~ ~'\Ifl.:s:ffl".i:ffn~ '\ 'U'lfl . .. .. 
='t .... ~ I 0'. ~. tl Y "i '" 

tlJ'l..!nt;lltnU 1-4 :fflJ~l'l1 'If''ltlt;l~fffl1''l~ oxidative stess l'l..!".il.:smtl ~ l~tlflt;lfl'l..!nu.t;l~flW~ (Klaunic 

. ,t'::'! .& 'CI t 9J .Q de! d , 

'V1".iC)f Ht;l~flW~ (Freese et aI., 1999) fffl'l:llfl"llJ\9l"lfltll.:sf;;!l'iiY.:s'YIlJ,,!'Ufl1'V1~ 20 flU fl1tJ".i~11"l1~ 

~I "'1 .dd~I'" Ii) '" ""1 "" Y "1 y", '" ~ ~ ~I d 23-50 lJ 'U".i flrW'11111".i'YIlJlJ".i1l1Wm~ I'U'lJtH1 Utt;ltlflff ~ \Pl1lJ~"ltlm".i !\Pl".i'Uff1".ifffl~ l'U"lf1 t'l..!".ilJtI1UJ~ .. .. 
~ 

(encapsulated tea extract) (fl~!1I'l..!1..I1lJ1WU1"lf1t:Utl"l 10 ~"ltl~tl1'l..!) 'Vl'U1TU1lJlWlJlt;ltlU'~~t;l~'el~ 

~.:sbtl'l..!~wiiti.:jifl"l1'lJtiYtI'I11t1'Utl.:sil~~ltltl{tlflfl~L~i'\..!t;l~t;l.:s 
1 fI ~: 0 q !J,Id d SI So' 

th::: tI'lf'l..! 'Ufl.:sm".i~lJ'\..! 1"lf1'l..! tlfl1l1f11l:::'YI1 t 'I1lJ ,,!'UfI1'V1~Ut;l "l u.:slj ".i 1t1.:slU l1 1:l1t1cif'l..! i'l..!'I1C11t1 
t I.. " , 

lh~t'YIfflh:::'U'h~'l..!Vi~lJU1'lf1t1".i~~1-j'\..!~::: 1-6 lhu 'ff1lJ1".ifli1u.:sn'l..!bw:::t;l~~mlliY(J~'\Itl~m".itn'fl . , 
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f11·HWlrl.:J'U~~~,j~f11~Wm~tn~lJ~t~.:J"lfU~~Vl ~ iUfl~lJ~1mh~vi'lJ~ltl'flJ1"lf1 1~[Jn'lJ~1lJ~1[Jnw 
~ I ~ i ... 1 .d .d .. !I d.Q'.a Q.I 1 m~flfl'hl1"lfl'Yimtltl~~tVlflt"lfU m~flfl'hl1 'U1J~~t'Vlfl"'UUrl~WlJ'UC)I'~'UtllJ~1l"lf1flUlJ1fl· ~tJl'il'Vi1~ .., q 

.d 'Ole:), J .Q d . .Q ~ 
"lf1t'Utl1 'Vi'lJ11~U~m~W'U~.:Jm~tn~lJ~tH'11.:Jt~'U'U1'Yi1~ (gastro-intestinal cancer)~11l1flm~ 

~ i a d ~ 91 ... 1 d . QlQ ~ Q d 
flfl'hll 'UtlJ~HtC)l'tI.:J t~'U~.:JlJ~~t'Vlflll'U 'Vi'lJ11~u~m·HU'U~.:Jm~ tfl~lI~t~ ~'I1m)~m'l11~ (esophageal . .. . 
cancer) ~lt,r'Ut~[J1n'U 'U ~n1l1flii V.:J '~'l1U~ 111 ~ 1t1.:J1U 1l1fl'l1 mtl'th~tVlff Vi ~ir1J~:u'U'hf11~ • 
'lJ~lfl'fl"lf1~1111~tli1 ~.:Jn'Um'l!n~lI~t~ ~,~ t 'If'U m~ilffl'hl1 iUlh:::tVlflV~l~'Vi'lJ 'hm~'lJ~ltlfl"lf1,r1[J 

i1~.:Jn'Uf11~tn~lJ~t~.:J1U'lf~.:Jtl1fl (oral cancer) lJ:::t~~",hfl~ (pharyngeal cancer) U"~lJ:::t~~flri~.:J 
d & ~ d. d. .do; d Q,I • 

t~tI.:J (laryngeal cancer) 111 flfll'l flfl'l:l 1 !utl~:::mrrty~'U ~1t~'U Url:::~~fl~1~fl~'U'lJ~~'U11m'l 

'lJnflfl"lfTh~llJld'f;rL1 ~.:Jn'Um'l (fl~lJ~t~ ~m:::t'Vi· i~m'l11'l (gastric cancer) 1l1flm'lfffl'hll1'Ut.h:::tVlfl 
• • 51 , 

illil'U 'Vi1J':h 1 'U~'I1ru .:JViiilfl'fl'Ul"lf1111flfl'h 10 ~1t1vl~1U ~1'jj1'l(}rl~-6Vl'lltiltl.:j'U~~f11~tn~lJ~1~ .:Jt~l 
u q cu u ... . 

UlJ Url~1l1flm'lfffl'hll1 ui' l'~ 1 ~11V1'lJ ':h~'I1~.:JVi'lJ~ltlflth"lf1tt1u 1.1'1:::,)1 ~Vl11tiltJ~'U~.:Jf11~ ln~lJ:::t~.:J 

Vll~t~Um'Yi1'l (digestive tract cancer) Url~lI~t~ .:JVll.:J!~Ui1~ffl1~ (urinary tract cancer) "~"~t'lf'Utiu 

C)I' l~fl::: Url~flW::: (Sueoka et aI., 200n 11tJ~lum1fffl'hl1milJ~TeJ~1.:J,)lU1U 8522 flU lUtij~.:J 
~ . 

l[Jt}fiJ (Yoshirni) l'U~ 'C)I'VlTlJ~ (Saitama Prefecture) ~Unml"lf11';[J1ttlutI'l:::~1 1~tJu,j.:jflrill~13£h~ . . 
~~mtlu 3 flcllJt1~ flcllJ'vi1J~lf1f1"lfl~lfl':h 3 a1tJ fl!:illvi'lJ~lflfl"lfl 4-9 ~1tJ tm~flcllJvi1J~lflfl"lf11l1fl 

q q q q 

~1'ff' 'Yi~~ ll~t~ .:j~'lJ~ln~11'U~fl 2 fl~lJ~m~66~1,'Jt~Ul~i'91 'i:hUll:::l~ .:jm~!V'l1:::~TVI11~~lrl~1,r'U 

nuu~''lii~1'il'Umh.:Jiiirmi1fltyVl1~ffi1·~ 
d tl'JI~ I 1iJ'JI'I "'I .., d 

tM'U Url~f1tu~ (Jian et ai., 2004).91f1fl'l:l1f1'llJ¥lU !'U tUt'.IJ~.:J Hangzhou Vlil.:j~~1U66m'iltl.:J 

'111''U~~'l.h~l'Vlfl~U l'U 2 flrilJ~1~ril.:j~ijm{mri'U'lf1~L~[J1n'W li6 mllJflU ll<U'~ttlt.!'lJ:::t~ .:jl9imJrlfll1111fl 
q q " q qJ 

o I ~1'J1dt1'~ d'l 0 .., " 

~l'l.nu 130fl'U U"~fl'llJ¥l'U· 'U'Vl 'jj1U'U'lJ~t:i.:J t9l~ 1l1U1U 274 flU "lflm1~'lJm'hlWUrl~\9l61JU'IJ'U 
11 t 11 , 

&.Q 0 -9J l!:! .t:I.!!. QJI d C 

~6'lJmlJ(}~<Jj'U~'U~.:J"lfl 1l1'W1'Utl1t1 fl1111tl .\t"~~~(J~11f:l1'U6,'J'lf1'Vl~1I V'lU116~nm:it~tI~'UU.:jfl1'ltfl~ 

lJ::t~ .:j19i~lJrl fl'l1lJlflrl9lrl.:J~ril.:Jii,r tI'tY,flW'Vll~~i1~~ 1'.IJ'lJ~ mw fl1111g lm:::1~tI~nrll 'U~~m~~1l"lf1vi 
~ u . 

.d J "'d:t ~ • _~ c,..+ ~ d, l') " 
tV'lll'UU u't'l'91.:jlm'l1'U11n·I:i~lJ<Jj'1'lf1t1U~~fl'Ufll'j11J'UlJ~tH~U'lJrlfl'l1mfl t~ 

~ 

\/)" ~QI ~ d\l}"& & 
eztJ Ur:l~¥lW~ (Hou et ai., 2004) t9l111.J111111t1.:j1Um'l1'ilV'I1rl1t1"lf'U't1 !91ffn'hlltl~f111'lJ 

rl'llJl1tl'U6~ff11~nVl "U"lf1I9i(Jfl1~i1'f.),'JnUfl11tfl~'lJ~!1.:J'U~ 'liJ;il9l (in viyo) Hrl~ '1~UllJ16i'U1[Jflf1 ~ii 

~ 1~~ vi m'illtlU , 11 i~ 'U(J~~11,·t 61l'YJ U 6 rl 11 1 flf.f11 ~n9l1 'U"lf11 'U fl11\9l~'l.n,.t.! 6~'U6~tC)l'rl"~~6~\!"~~1~ 
.. .. 

'U1~~'IJ signal transduction llU\11 i'l.l~fl1';ii1~.:jfhm1';iln~1l~t~.:j nrl lnmril'w61'ilttlu fll1auiJ,'Jfl11 

o '1 "<; _ I .d tl '" 0 QJ 'JI .., 
'l11~lU'U6,'Jm'U C)I''lJ HJ';iVlt.! . f11'Url' (protein kinase) m'l'U~'U11~fl11"11~lU'U6'119l'l~~'U'l'IJ (receptor-

.:9 .d ~ ~ ~ Q.I ~ lI) 0'1 d & lr) Q.I • 

mediated function) C)I'.:J6Q'1!t1~!9frlr:l 11')6 fl11tJ'lJtI,'J!(lU !9f'lJ .1.h\9l1~~ (protease) 9f.:Jflrl tfl~Hflrl1161\1 
. .. 

'111 ',j~fl1~f11'IJfJ1l1.:j'il'l;i\9l'U6,'Jt9fr:l" (cell cycle regulation) fl1'jiJ'lJiJ~m'Hll~tyl~'lJ 1~'U6,'Jt9frl" 'lf1[J 
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~ v ~ y 

i.,rtn~m'j'meJ'\l~,:jtCJfCltiit1J'U apoptosis V1JU·,:jm~1J1'Wm'j'i;Y·!1,:jtUm~~ huj (angiogenesis) U"~V1JV,:j 

m'j'u'W~m~~mJ'IJ~,:jlJ::t~,:j (metastasis) 

U ~fHnf1A rufllJU~'\l8,:ji;Yl'j'i;Yti~ i.1J'lfl~~f1l'j'iI v,:jn'UlJ~t~ ,:ju-K 1 • 
tJ 

lum'j'v1Jv,:jf1l'j'W~Ul'\l~,:jlJ::L~,:j l~l'J'Ulf11~ U"~AW~ (Nakachi, et 11 51 & aI., 1998) ~'j'1l'J,:jl'W\l,:jA11lJ 

.... '1 ' lJ) " d " 0 .d l1J i/G.I QJ "1 i;YllJl'j'\l~,:jn"l1 UnCllJAU t'IJlJ~tHtm'UlJ'j'~l'J~ 1 2 u,,~ 3 1l1lnU 472 'j'1l'J VI t~njm'j''j'n'l:ll t'fll'Jfll'j' • 
t Q,I " 1 GlC\ ~ _cv ~ d d • -d 

~1\9l'flt\9l1UlJ (massectomy) 'W1J11~1J~fIl'j'W'\lV~f11'j'n"mntuUlJ~t'j' ,:j~n (recurrence) "'fl"~8l'JnlJ 

fl1111-«1I~U,r n'lJ'U~lJlrufll'j'~1I'lflt:Ul'J1'\lV,:jflU'.,r l~tliUfl~lJflU '.,j'lI~t~ ,:j'j'~u~vi 1 u,,~ 2 Yi~:lnil'lfl 
'l1~1I1ru ~ 5 u,,~ ~ 4 ~1U ~tl1U U~1~~~111~"Ltiunm 7 11 'WU11~\9l'j'1f11~n"UlJlttlUll~t~,:jt)fl 

~lU~UlICl~;ff'j'~'IJ~~'lflt:Ul'J1 U"~'lfl~l ttl~l'Jml1t11Jti'lrrhu,,~~n'lfU'fl~l,:j~ 22 'lfU'fl 'W'lrh ~lt:Ul'J1 ... 
o d <t 51 _'I" "" • 151 , .s OJ 

U"~'lfl'flll1fl11l:1i;Yll1Wtl tUf1l'j'~l'U~'UlI"t1JV'j'VmlCJf" (ROO) • 'fl:ff~lJln U"~:ff~n11'W'lf U'''~Hn 
OJ OJ .. 

" . " , QI d& ,d, 0 QI QJ ,do d _ 51 
~1,:j'1 'VI~'MlI'fl'VIfffll:ll L'j'U~\9l111m'fl1J~,:j'U n'j'~i'VWll 19.4 J.lmol Trolox equivalent (TE)/g fl~'Wl . 

~ "l" d. do 

17.7 J.lmol TEfg ~n'\llJ 12.6 J1mol TEfg brussels sprouts, alfalfa sprouts 'lJ'j'tlfl tTl" 'Ul1 red bell 

pepper 11111tlll ,j'111'W'fl1l~t~tl (9.8-3.9 J.lmol TE/g) n~l1~l'fl~n l1u~t~ ~Ur-lt~'M11U n~l1~l'l1ft 
.... .:, '!1 & • 
Hnm~l1~l1 \l1~nUn Ltfl'j'tl'VI yellow squash, iceberg lettuce A'U'lfll'J U"~U\9l~f111 (3.8-0.5 Jimol 

TE/g) U8n'\llfltfv~'W'lJfl11lJ;ffl111'j'mtlu prooxidant h.J:ffm1~viiJ Cu~~1'W'lflt:UU1U"~~1~lnh 

• ~ q • .Q t:I ,fI .. 

l'flm~'Wl~tll'J1'1U~fll'j' tUfHlllfllLl1'lfU l:!Mn'.itm~tJ111tll'fl (Mukhtar & Ahmed, 1999) 'Ym11:crl"J 
" tJ 

:crti~ l'lJ'lfl (ih'iil) 1 g 1uih!m! 1000e 100 m1 tllunm 3 Ull1 iJ'l1~lJ1Wfl1tVl~'Umj:cr-1Q-1 30-42 ~ ~ ., .. . " 
Lt,,~iJfI1t'rlt)U (caffeine) 3-6% tiltl i1.h111'lh (% dry weight) !LfI'U 1~ Uiil~flW:: (Kendo; et aL 

1999) 'W'lJl1fl1111:ffllJl'j'tl i'Wf11'j'~lUf)'U1I"~i;Y'.i~1I1\llfl lfl'j' ~:cr!1~1~;j (ring B) 1 u illmfl(:l"Utl'lfl-
• OJ ~ 

DPPHt1:lU!tll'J"~ (DPPH radical scavenging activity, %) '\If)~'']j'lt:UU1lU~l'Jud1{11JnU -n'lf:crl;!ulrl~ . . 
~ • do d ~ d. .4 

13 "]j'U'fl 'W'U11~lt'\lU1lJfl11l:lffl1l1'j'mU'U'1:crf)~ (73.1%) ';jf)~'\llflnl1m'U (82.5%) (mf)~1l1r . . 

" . d 1 '1 ~ w ~ 1J1 d -C::Io '1 51 , " fJ'M"l'lJlIUf)'U 'VIC}il'J1UUlIln) l1tlnUU'W"]j'ff1fU n'l'j'tlfl 12 'If'U'fl 'flHfl "lll'Ut'fltl'j' {lavender 

chamomile hibiscus \9l~''1f1! (lemongrass) sage rosemary echinacea thyme tt/uJui'iJ'U i 
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(pepprmint) uibrl1t1 (ginkgo) liquorice U~~ thorn apple ihl':mJ~1111'lflU't1t1fl1Unfl fitltl~l'U 
Y • 

"lf1-:1 0.9-30.3% 6fll1-:1tl!j1l1W'WtI~~'UtI~\l~U'tltl~.:J\9m.Jf!1111~1111'lf:lti"~m.:Jl'Um'lfh,j~t1'U1I~ 
OJ . . 

6~'l~ 1~tI'lf11:Utl1U~~fll1~1'UihJ!j1l1W 4.03 U~~ 4.43 mM \9I1lJih~'U "h'UTI'lfl1miltlB'U"l lj 

tl!j1l1Wi'U"lf1-:1 0.47-2.63 mM 

,j~n~tI1t1t1flc)f,~<ir'U'UtI~~b LlJmflmil'U,j~f1~tl1ihflt'Y~~~1-:1f!11lJ!fftJ'V/1rJHri'c)HIIf ljt11'l 

. " 1,j tllJ 1 fllJ 1 tlVl'l 1t1-:1 1'U ~ ~fl11lJ~llJ 1'l fI'Utl~~l'j~ 1'Utl'U lJ {I6 m~ i 'U ~1'l ~ti~ '\llfl , lJ 'if1 1 u~ lOU f11'l iJ'U iJ ~ ... 
tltlfl9f,~<ir'U'Utl.:J~11111i;'\fl{l ~l'l'Wtl~~ 'Um'm-clllfl11\1t)fu 1 ~'HJm 'W 1~ tl d1.:J~~ E GCG t]j .:J'W'U' ~lJ1t11 'U • • 

" 'lf11:Utl1ljfl1111~llJ1'jfli'Ufl1'lu'UiJ.:Jm'jln\91 oxidative stress i'U1C}l'{;lIfl~~ m~1tn{ tm~f1w:: (Katiyar 
" . 

et aI., 2001) ffflino-:lfl1111~1il1'jri'Utl-:l EGCG i'Um'ji1'UiJ.:Jfl1'liffm'n[l'IJtH~h\1,r.n.l'U1:J6Vi\lriu~.:J . .. 
~'t1\91';ilb Ltlml9l 'W'U-j1f1'U~'VJ1 EGCG ~fhvnr.:J (1 mg/cm

2 
skin) ritl'Um'j01lHl~.:JB{lI9l'll"J Lm't1191 . 

." " 
~1111'jfl't1~,j~:U1W H 20 2 U{;l~ nitric oxide Vi~·:I'\''i'u.:Ji'U<ir'U epidermis lW~ dennis 'Utlfl\llflUiJ~{;l19l 

fl1'l~m~'U'Utl.:J~-m,r-:l u't1~'t1¥l~ii~1,jtl{mJn9fl¥l<ir'Ul'U1C}l''t1ft~111,r-:l'1~ 

'Vi~1 U't1::flW~ (Liuet aI, 2000) 1~fffl1:J1f111lJ~llJllfl'Utl~~1'lLl"jtfltl'Ul'Itlf.·YJ'Utl't11'U<Jfl 

':Utl1 ~Muri EC EGC ECG EGCG U~::gallic acid (GA) i'U$i'1'Um'i~l'U~~mtlufm)f1cJf1\91i''Ui'U 

low density lipoprotein (LDL) ~'~f'Utl\p.!{I6~'i::: 2,2' -azobis (2-amidinopropane hydrochloride, 

AAPH) 'W'U11'Wtli;l~t1{1~-:lfI"11~1111lfl~Tutlnn~tll~.w19l11ltl ftltlflclfl¥li'U ~t -t: t\9l0'l1111t!Ti1 2 
.:!i .., Q,f .... 1 tI .:::. GJ ! ~ ~ Q,I ~ 1~~~ G) :"" ..;;,. d d 0 Q.I 11 'i ::flT:i fltl ¥l fl'\l'Utl'UlJ {;ltum tltlflCJl'{;l t 'U'U'Ul'll.iU~:;/l1'i Butju.:/'t,;. ill m1. 'W'U H; '11 l:1'l'J ;~ V~~ 1?1Jfl11lJ 

• OJ AI 

" " ~1111'jtl ;"1U EC>EGCG>ECG>EGC>GA ui;l~r1~'VnJfl11lJ "'l11l'itl'UeI.:j)'H] m'~'Ull(lnH;,-ui 'U~1'U 

fll'i"lf'Jl'J't1l9ltl'4lql't1 a-tocopheroxyl L¥ltll1lgl'JlJ i1lLiI'U a-tocopherol cl1 ~ruu TI'1'i~ lUtl\'p.!{I6~'l~~ 
tltlflql1{i~lJlfl i~tJ~ih~'UfI'Jll1~llJ1'jflfitl ECG>EC>EGCG> EGC>GA 

if! U{l~f1W:::: (Cai ·et ai., 2002) 1~'lltJ~1'Ui1~f!111!"'llJl'jf:l'U~.;j EC EGC ECG EGCG 
" . 

I "" "" <it "" "'''1 ~"" "" 1 "" 1m:: GA I9ltlfll'iU'UU~ peroxidation t'U microsome '\lfl.:J\9l'U'Vi~l1 tl9l'l'lJU'4~("B~1Z: AAPH '¥ltJ\9l¥l 

Cl .:::. dq'jJ ja. If) -c,.o all) <I d ~ J . odd QI t 

19l111tl'llJltutltlflCJft\l'Ul1 t'lf U{l~'lhlJ1WlJl{ltl'U tl9ltl't1l9l t~19l (MDA) l1tf1l9l'Ul.J 'j'i~,- '11l'W;,;'Vl\.!tl{l~'1n't111 

L~mll'Vn::::tlth~~~ EC U't1~ EGC u-rrI9l'lmJ,j~hil'UtYl'j~1'UtllJlJ~6"'1::)i~ H{I~un'l1j'hffllJl'lfl ... 
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GI d d 4Q • .d QlII cftl _'I~ 
VlVlfflt1~HO\H~'U~.:j'Vf"lfflJVl pBluescnpt I SK (-) 'YI\lfHl~f19f~~ffft'lfJ6U\!" ·OH lJ'llJltuffl'l 

~lU6\!\!a6ff'l~iuffl'lffn~ pudina 1~ 1~v1~ DPPH 'Vi'lJ'hij~l ICso l"hti'U 7.47 I-lglml u,,~ij 
II 

,j~lJ1W"O~~u~~n1.:jl1lJ~~~l11utl~lJ1W gallic acid (Gallic acid equivalent, GAE) niln'U 'SOO 

}.1g GAEil mg 9t.:juff~.:j·hflnijfl11lJffllJl'ltl 'Uf11'll1:l'Uff1'l~1\.I61JiJ"~hn~'U6.:jffl'lffti~ pudina 

lJl\llf1ffl'ah~fl~'U'Vi~~~Utla 

1 ~..d dd .ot::Io 

I!~.:j u,,~. ~lJlm (Zang & Omaye, 2001) fff1'tJlf111lJlffV'H1V'U~.:j~mUm'Vi"lfflJ~ pBR322 

2,2' -azobis (2-amidinopropane hydrochloride, AAPH) .yh~i''Uut'{.:j ultraviolet ua~ HP2 ua~ 
II • 

'Vi'U"j, {3-carotene a-tocopherol Ha~ ascorbic acid ffllJ1'ltlrrUU.:jf11'lU\9lfl'U6.:jfflv~hijUI611\lfl 
I ~.. • ~ 

~6fl~~h:rff~1t1~6fl~i\l'W U~fl\llfli1 polyphenol 'Wlfll~t1'lffllJTimff~lJq'YIin'U;trolox (ffl'l~l'U 

tlUlJ"~ffl~lJl\9l'l;T1U l11'U~'U,:r1.J'6'UtN1\9l1iJ'U fj ~a~altlJl) 1um'liJ'U5.:jfl11lJliYV'l11V'U~.:j~hij'U!O 
qCU cD q q 

'l1f)\l1f10'UlJa6ff'l~ AAPH «Qing-Yi et aI, 2006) ... 
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8. Methanol (HPLC grade) (Sigma) 

9. Acetonitrile (HPLC grade) (Sigma) 

10. Acetonitrile (HPLC grade) (Sigma) 

11. Trifluoroacetic acid (Acros organic) 

ftfl'lnrrll'lJill'l11';jt1"8~ill';jtlflYl'1I'nfl8tl1';jit8~fl'Um';jn1i,n£l DNA ;nfl8,.n"'tl8iI';j~ 

d Q .IQ, t! 
"ll'1TVltIl flf.U~TVltIlff1!;1Vl'j lJff1) 

2. AAPH (2,2'-azobis (2-amidinopropane) Oihydrochloride) (Aldrich) 

3. Trolox (Acros Organic) 

4. Agarose gel (Aroresco) 

5. Phosphate buffer saline (PBS) pH 7.4 

6 .. NaCl, Ket, N~HP04. KH2P04 

7. Tris base (Sigma) 

8. Sodium acetate 

9. EDTA 

10. Bromophenol blue 

ll. Sucrose 

12. Ethidium b1'Omide 

L lJV-VIS spectrophotometer (Shimadzu UV-2401PC) 

..... 

... 
2. tfl'HH HPLC (High perfonnance Liquid Chromatograph) 'j~U'U low pressure 

Gradient, 2 mobile phase (Shimadzu ~'U LC-20AD) 

3. HPLC Column 'lfU~ CIS reverse phase 'U'Ul~ 4.6 X 250 mm (Inertsi! -0DS-3) 

4. software: LC solution 

5. Gel documentation system (Syngene ~'U G-Box) 

6. Software: GeneSnap 

7. Software: GeneTools 

8. Quartz cuvette'U'Ul~ 1.5 mL 
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. " 
~.:a'1.1J~1 2 ni'lJ 'h:il'Uiht~6~ 140 cm

3 
flUJl'1t1 magenetic stirrer U1U 10 'I.,nn ~:::,~ 

'ffl'H\,O'~l'lJ~l (tea inf\lsion) 

..,. 4 'I !Sf v..,. ""'1 !Sf 'i"..,. ... 
2. 1tA·n:::'MA1u.Jtrl'JJ1·H;U'Ufl1"!i!lJ'UIIl'lVll'U8~\fi.lfHf"!i~'U6.:alIl'HTfWlflJ'lfl tlJ'U ICso'~U.l1fi 

DPPH 

" " . & dd I d I <!j 2.1 t'l1 2,2-diphenyl-i-plcrylhydrazyl (DPPH)C}f~1l'ff1l1~ (lJfllm'j~~f1i:\'UU'ff~~~ 

~~~ 517 nrn) iilt1~mV1O''U'jjn~1\.A{)tPJ''~'jj'j:::lu'jjl'j''Yfl~ "lJ<}fli.l~lJ10t~h~'1 0'14 '~~~~~i:\ 
l;Ju DPPH 91~iHh'l1i){).:a Yh,,rfllf11'j~~ni)uU'ff .:a,,~,,~ g~11~lllm 'jjl'j~lU{)Ull"~'ff~::: '\ U'ffl'j" 

OJ q .. 

Q.f , 4:!! d~ • Q.I ... 1 .d 
'jjfl~llln fllf11'j~~n"UU'ff ~ntJ~i:\~Mlllm<}fUf1U (fl1'Vi1J'j~fW'lJ'V1 3.1) 

.-1 _.1 0 • ~ 
2.2~1f111Jf1Hn Ulfl1fl1'j~~ni:\Utt'ff~ (OD517) 

(% inhibition) ~1f1~\9l'j 

% inhibition = ODcontrol-ODsa.-nplc X 100 

OD . 
CQntri), 

2.3 plot f1'jlvh~wh:j % inhibition U,,:::U~lllW.'ffTHYti~ ~lf1f1'HVhh'Wrhm'j 
tI , • iI 

V1JV~Vi 50% ~::: 'Jl't1~U1W'ffl'jffn~ 11l"!niilhl ,rtn~m'jiJtI tJ..'lmp.li:\~"''j:::50 % t~tJf1'~hrh ICso 

(fl1v~11'j:::f1mJ~ 3.2) 
%Inhibition 

100~ ~ 
. so v( 

ICso 

f1Wnh~fl{)'lJ~ 3.2 fl1'j111~hfl11:J.HfllJl'jtll'Ufl1'j~TiH)'\.fl.!i:\~"''j !:'tI{)~~U'jjti~ l1J~lt1:l'\..,! ICso 
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3. ~lfll1~'th.rhnwil'11t11~ntltJVt'UtliifllUiIl1iIftVl'mn (~~UtJ",:j~lfl1~'Utl~;U~lJ'Ul'n~t"~flW~: 

2002) 

3.1 tJ~lJ1W flavonoids 'U1Xl'H'ft1~Hl1fll'U"lfl ~~~tfl';jl~M,i:iUU~lJ1W Total phenolic 

'compounds l~tll.f1ffl';j Folin-Ciocalteau phenul reagent U1;t~ N~C03 vhuBfi1t11t1'U phenolic 

compound 1'Uffl';jfft1~~lfll1J"lfl 
. IS'.. , 

3.2 1~fllfl1';j~~fl~UU1X,:j'U~~~~IOl.tiwcnvhfl~;j'Unfl11lJtll1f1~U 765 nm nJ1t1lJ .. 
l;;fJ'Uf)'Ufl~l'vhJllOl~SP'U'Utl~ gallic acid q1~,iI'U'ffl';jU';j~fltllJVJU~i1fllJllOl~~lU 

3.3 ~1'U1W.t1~lJ1W Total phenolic compounds ,iI'U gallic acid equivalent (GAE) 

... oI_t= ' ''I OJ 'I 'i' ...... <=>od 

4. 'llfll1~'t'iul1Jlm flavonoids fl~U catechin lUiJl1iIflVlltJ'til1Vltl'lfi HPLC (1l1fl11i'Utl~~1'Jtfl 

tW~flW~: 1997) 

4.1 l.f1f1tllilJU deactivated monomeric CIS u,,~ mobile phase ,.flu gradient elution ., 
solvent systems U~~fm'UJl1t1 buffer A u,,~ buffer B ri1'U1.h~fltl~~~i1 

buffer A 'lh~fltl'UJl1t1 water + 0.05% TF A (trifluoroacetic acid) 

buffer B 'l.h~fltl'U~1fJ 60:40 MeOH-ACN+O.05%TFA 

.., "* 'I "od ..,.,. ~ .., 'I d 
~~';j~'lJ'U!fI~tl,:j !l1lJfl1~"lf~f;v"lJ'Ut1J\m'll1J linear gradient ~-:jU~~~ lUlOll';jl-:j'Vl 3.1 

4.2 1X~1~ calibration curve 'Utl~ flavonoid 1I11Ol';j!1'U 6 ~i!~ U';j~fltl'U.;{1t1 Catechin 

(e) Epicatechin (EC) Epigallocatechin (EGC) gallocatechin gallate (GeG) Epigallocatechingallate 
., . 

,. Q.I .Q, SId 9J a 
(EGCG) u,,~ Epicatechingallate (EeG)1~tlJ:-I'fflJ'ff1';j"~"lt11J1Vl';j!lU'Vl~ 7 "if'U~mn~~t'Ultmtl~ HPLC 

., 
31 " .., 
iJU'UtI~'ffl';j t'U peak U'U"l . ., 

"" II) " "" _ I"" .., 'I QI 'I 4.5 'illfl\Oll~l'1'Vl .1~~~'Vl';jl'U"ifU~ U"~1J';jlJ1m'Utl~ flavonoid 'Vl~'I11J~ t'U1Xn,,"fl~ l'U"lfl 

.d ~ 0 Q.I G >C.I c' d'l ~ 
Vllll~'f1 3.1 ~~'U'U~1'Vll"~mtltl"~t1\Pl';jlt'j1'UtI-:jfl1'j"if~·flit\"l.i'UU'U'U linear gradient 'Vl 1"if l'Ufl1~ 

mJflfll''Vl''if'Ul~tl1~ HPLC 

Gradient 

Buffer A Buffer B nm %A %B 

od 

('Ul'Vl) 

0 90 10 

" 
\~h + 0.05% TF A 60 : 40 MeOHl ACN + 0.05% TF A 5 85 15 

50 60 40 
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d 

fl1~!~~f.J1.IiJl~~~~1f.J 

1.) TAE (Tris sodium acetate EDTA) un n·l f) { pH 8.5 

2.) 1% agarose gel 1:'I~1:'I1V"W TAE untnfl1 

3.) gel loading buffer 

"i 91 .... _.1 _.I" "I 910d 91 91 
4.) plasmid pBluescript l'ilf}'il1-1~1tl1Jl"tll"ttl'i PBS 1'HlJfl11lJl'\JlJ'U'U 25 ug/ul 

.d. .c::i tJJ" 
5.) l~'HJlJ AAPH'VIfl11lJl'UlJ'\J'U 2.5mM, SmM,10mM, 20mM, 40mM UI:'I:: 

UI:'I:: 80mM 
d' .d : ~ ,., 

6.) l~'HJlJ Trolox'VIfl11lJl'UlJ'\J'U 2.5mM, 5mM, 10mM, 20mM U(\:: 40mM . . 
d " " d4l:S' 0 . 

5.1 ftfl'lllfnUU"U1.I"U\,I"U0.:J AAPH 't11.1N~Vlafl1';j't11~1f.J pBluescript 

~ _I " ...... I " d 91 'iI 1.) lJhJ~~ pBluescript PBS 1J"'d"'tf}'i pH 7.4 111:'1:: AAPH 'Vlfl11lJt'\JlJ'\J'U 2.5 5 

10 20 "1:'1:: 40 mM 1:'1-3'\,IMl:'lf}~'VI~"fl-1 'l.I~lJl~';jmlJ~l';jl-1~ 3.2 

o "It! d 0 ~ od 91 
2.) \,Ill incubate 'VI 37 C llJ'Unm 90 'Ulll urJf)~1(1 agarose gel electrophoresis 

" "I_.l_~ 31 d 91 'JJ 0 

U'UllJ ll"t'vtl 45V/20mA 'Ul'U 1 '1f.lJ. tlfllJUfl1t1 Ethidium bromide U"::",H'Ul 

.d.& 91 " dd. 0 

Vll~H't1 3.2 ffn'hllfl11lJl'UlJ'U'U'Utl-3 AAPH 'VIlJf·ml9l:e.Jrn'i'VIlmV pBluescript 

.,; 
'I1C1()~V1 

ffl'iViI~lJ (ul) I 2 3 4 5 6 7 

pBluescript 25 ng/ul 5 5 '5 5 5 '5 '5 , 

PBS 20 10 10 10 to to 10 

AAPH2.5 mM - 10 - - .- - -
AAPH5 mM - - 10 - - - -
AAPH 10 mM - - - 10 - - -
AAPH20 mM - - - - 10 - -

AAPH40mM - - - - - 10 -
Incubate 37 ''c, 90 'U1Vi 

gel loading buffer 5 5 '5 .:; 5 5 5 

Run agarose gel lH.Hlri 20 uL (\~'U'U 1 % agarose gel 

electrophoresis Run gel 45 V/2 OmA 'Ul'U I <Jf.lJ. 

~f)lJ Ethidium bromide " d {j{)lJ gel 30 'U1Yl 

" . d 

(\l~'Ul 30 t.llYl 1 
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3.) ih agarose gel ~mJfllllltJvh gel documentation $i''lmTl~a~ Gene Syngene iu 
~I " ,,, .,. "" " 'G-Box 1J'j::t1a'U~'lUm·H:ntl.fll'W~'ltJ software Genesnap U~::'ltfln::l1'\Jat.l~~'ltJ software Genetool 

~lf)~alJ~~::'VIn1Jl1~lJl(91'jiuu~~::ut:lm;h..! Raw volume 
OJ 

4.) ,.h~uu" raw volume 't.lftl'U'lfl1'l111~lJlwtiJu~atJ~::'\Ja~ iflH'jtJ'W~ln'ij~ 3 
OJ OJ 

, " 

lf1'j~ltJ ;{a lf1Hlt.l super coil lm~ll1 circular Uet:: lf1'j~llllinear ~~I9i'l~eh~~Ul,!~i11$i'\)lfl software 

Genetool Un'~~iU\911'jl~.yi 3.3 

Vll'H:I~ 3.3 ~1fl~1~~fllJ"tJ~lJ1W lm~'jl1~l~'1 'tItl~\'l~lffiJ~tiJu raw volume~lfl software 
OJ .. 

supercoil 

Ge~etool Uet~1I~:lJ1W lm~'j11~ftlU1w1~iil'W % 
'" 

Track AAPH Form Raw volume 

1 f111Jf)lJ circular 90985.7 
linear 33209.5 

supercoil 1244539.3 
'ldlJ 3 'jtll1~ 1368734.4 

51 

% Supercoil form = Raw volume SupcrcoiIfonn x 100 

Ra\v volume Totll 

% 

6.7 
2.4 

90.9 
100:0 

Raw volume Total Raw volume suPcroou + Raw volume cin:ular + Raw volume linear 

o£::t " :1 v '0 

5.2 Tltl'ltlfl'll1JtTl1Jl'lfl'IJa-:l Trolox VlOfll'ltm,mUfll'1't11i.mJ pBluescript ;)1f1 AAPH 

~ tI rI '" '~.1 " d "" 1.) 1J1 ~Wl pBluescript 1J'I'h1'1a'j PBS pH 7.4 U~:: Trolox'VlTl'lllJl'U:IJ'tI'U 2.S 5 10 

20 40 m\~ 80 mM et~i'Ul1~U\91'V1<fH'IU~ ,j~lJl\91'j\911lJ\911'jl~~ 3.4 

2.) ,411tJ incubate ~ 37°C t1J'Ut1etl 30 'lnn 

3.) ihtl\9119l' 10 mM AAPH ,,~l'W'lJflH"O~ '1H\O~":: 10 J.ll 

4.) th111 incubat.: ~ 37°C 'Ul'U 90 'Ull1 utJfl~htJ agarose gel electrophoresis 

" hHn.nlJ'~Yh 45V120 rnA Ul'U 1 "}f.lI. 9'lllJ$i'1tlfl1'jli'mj~~";w Ethidium bromide 11"::~1~ih 
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., 
5.) 'i'llflUUtlfiu~l'lf'Ul~tl1ti'l.l.u'tJ 5.1 ~tJUtJtI 3.) - 5.) 

6.) 'VHHIVlfl~l-n~::'M'h:jtl~lJlm trolox ti'U~tJtJ~::'lltJ~'Wm'i1'lJ~ lft~~~'l.Hi'U~fl 
... 'II 

iilm£) tH\~ lft'Hltl~'~\1fllili:\ltl 
7.) 1l1flltlfln'ri'VIlYll ICso 'lltJ'Ifl1~ihHtium~lilm£)'Vti:\1'i1'ijVllV1mnYllfl11lJ!.ij'ilrU'U 

'UtJ~ trolox (mM) ~lhl..r'Wmi:\'ijVlmJ1'U lfl~'1~U~flfl'Vili:\ltli:\'m'W!i'j'jll")fl~ 50% .. .. .. 

fll':iH~ 3.4 f11'jffm:l1fl1111'i1'1111'j~'\ltJ~ Trolox 9ltJm'jiltJ'Itiuflwvh~lt1 pBluescript 'illfl AAPH 

.. 
lHltJVlVl 

ffl"iVil~lJ (~I) 1 2 3 4 5 6 7 8 

DNA 25 ng/J.1l 5 5 5 5 5 5 5 5 

PBS 20 10 - - - - - -

Trolox 2.5 mM - - 10 - - - - -

Trolox5mM - - - 10 - - - -

Trolox 10mM - - - - 10 - - -

I I 

Trolox20rnM - - - - - 10 - -
Trolox40rnM - - I - - - - 10 -

Trolox80mM 10 , 

'0 '" Incubate 37 C 30 U1Vi 

AAPH 10.OrnM - 10 10 10 to 10 10 10 

Incubate 37 <?C 90 'i.nVi 

gel loading buffer 5 5 1 5 I 5 5 5 5 5 

agarose gel lwa" 20 uL CI'I'U'U 1 % agarose gel 

electrophoresis Run gel 45V/20 rnA 'Ul'U 1'If.lJ. 

~f)lJ Ethidium bromide " '" l'J{)lJ gel 30 \11'11 

" : "" Cll'1'Ul 30 'U1Vi 

ft'Ufll':i'tiumJ pBluescript ;110 AAPH 

5.3.1 Am·nWil'UtJ~iIl':iin)'fI'til!:UfJl~8m':iittJ.:jft'Ufn'jlhillfJ pBluescript;no AAPH 
. " 

1.) tVl~mJ'i1'l'j"Hl~ i.'U9:l'll~U1 1~Ui'lGl:nL~tl1 0.2 ni'll i:\~i:\ltl'tht$itJmjjlJ1V1'l 
91 d ~191 '" d 91 91 

200 rol. fI'U~'1t1 magnetic stirrer t'Ul"l l.!1'U 10 'Ul'YI 'i'l~ ~i:\'1':i'i1'fl~")fll'\l{j1t'\llJ'\I'U 1,000 ng/JlI 
" ., 

'i'llflir'Ut~tJ'i'll'l'i1'l':i'i1'ti~")flt~fntt'UU serial dilution 1Uij'VI':ild11, 1: 2 ~1'U1U 7 fli'.:! Ult'1'l'ji:\'n~"lfl 
d dod "jI & 

!'\Itll'VllJfl1111\'UlJ'\I'W 250 125 62.5 31.2 15.6 tm~ 7.8 ng/~ lJ,1'I'mn 
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2.) tll1J~1Vi' pBluescript PBS ,:rl'ltl'l~f pH 7.4 m'l::ffl'iffn~'lflt:Uf.l1t'ti'lJ.n''U 

7.8 15.6 31.2 62.5 125 U~:: 250 nglP.l a.:!l'U'YI~~Vl'VIYl"~~ ,j~:tJll?1'i~llJ~l'i1~~ 3.5 

.... 1~QI.c::t.. d Q.I!V 9J t 

3.) 1J{)'Ul?lt'lf'U1Vlf.l1fl'U"U() 5.1 "U()tI()V 3.) - 5.) 

4.) 'Vf~~~mll'l'i::l1') l~tl~1iltu Cl'1'iffnfl'lfl~:Uf.l1n'Uf ~tI"::"U~.:!'Vfalff:W fl iflH?lIvi ... 
tlmhmtl H~:: lf1H'S,j;;ti:Jtlfl'¥hmtlffm'VftinlJ'lfl~ ... .. .. 

5.) 1l1f1i'L1f1nV~'YIlfil ICso "U~~f11'iil().:!n'Uf11'i'th"lt1'VfmCl'ijVl 1~tl111~lfl11lJ 

t.n':tJ'ti''U''U~.:!CI'l'iffnVl'lflt:U tl1 (ngluO ~vh 'hr 'Wmffij~wd' 'U lf1Hi tl~\l f1'VhmtlCl'.fI1'Wti'S'ilJ'lfl~ 50% 

6.) ihfil ICso "U().:!ffl'SffnVl (ngluO itlfil'U1tut1:!U ICso '\l~~''U'lfl (ngl'U'lfl) 

d 
'11 cHI "VI 

d ... 
ff1SVlt~lJ (Ill) 1 2 3 4 5 6 7 8 

DNA 25 ng/~I 5 5 ·5 5 5 5 5 5 
, 

PBS 20 10 - - - I - - -
I 

ff1sffn"'lru~U'l 7.8 ng/~I - - 10 - - - - -, 

ff1SffnYl'lru;iu1 15.6ng/~1 . - - - 10 - - - -
« .... c::rr~.t':'I t~"-t""''''''''' _rYl •• l to, • d II ,n'l>1b Uu dI .J.l." 'J.EI t-"* - - - - 10 - - -

ff1SffnYl'lfU;iv1 62.5 ng/~l - - - .- - 10 - -

ff1Sffn"'1ru;iu1 125 ng/J;ll 
I 

10 - - - - - - -

fflSffn"'lf'u;iV'l 250 ng/J;ll 10 

o ... 
Incubate 37 C 30 U1V1 

AAPH 10.OmM - 10 10 10 
I 

! 10 10 10 

o ... 
Incubate 37 C 90 '1..1111 

gel loading buffer 5 5 5 5 5 5 5 

agarose gel 'I1UelYl 20 uL CI.:JU'U I % agarose gel 

electrophoresis Run gel 45V120 rnA 'I.;!l'U I 'lI'.lJ. 

~ellJ Ethidium bromide 
91 ... 
{lBlJ gel 30 'U1l1 

91 : ... 
CI 1.:1'\..1 1 30 'U1V1 
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.dl u, _"IV 0 
5.3.2 flfl1l1Nil'U8-tiIl'lilft~'tiltl1'lil.:tVl8tn'l1J8.:tfl'Utn'l·mtnrJ pBluescript mft AAPH 

1.) t~~ tllJ~l'.i~n~ '1J'lfl~'\1~'1 t'liUt~tJ1n1Jfl1'.i t~~tllJ~1'.i~n~"lflt~tl1 

2.) th'tl~~ pBluescript PBS U'Y)n~8{ pH 7.4 U~~~1'.i~t1~"ll'1~11~'1~ihn1lJ 

tcU'lj,ru 7.8 15.6 31.2 62.5 125 Ui\~ 250 nglJ.11 '~'1hfYi~8~'Vl~~8'1 tl~lJ1~'.imlJ~ln'l.yi 3.6 

.... I.Q eve.. d QI" !iI • do 
3.) utl1J~t'lfUt~tl1fl1J'U8 5.3.1 'lJ8mW'YI 3.) - 6.) 

fI1'lH~ 3.6 fl1'.iflm:n~~'U8'1t;11'.i~n~'lfl~'I1MIOi8fl1'.iil8'1nUfl1'.iVil~1t1 pBluescript 111fl AAPH 

"" t lHW~VI 

ffl'iVil~lJ (Ill) 1 2 3 4 5 'Ii 7 8 

pBluescript 2S ng/Ill 5 5 5 5 S 5 5 5 

PBS buffer pH 7.4 20 10 - - - - - -
~ ffl'iffnYl'lrltJ'U\~ 7.8 ng/Ill - - 10 - - - - -
. ffl'iffnYl'lrltJ,.,~~ 15.6 ng/Ill - I - - 10 - - - -

1 

: ffl'iffn~'IrltJlHN 31.2 ng/)11 - - - - 10 - - 1 -
fl'lmnYl'lrltJ'H~~ 62.5 ng/J-ll - - - - - 10 - -
ft'l'ifl'nYl'lrltJ,.,~~ 125 ng/)1l - - - - - - 10 -

~mffnYl'lrltJ"'M 250 ng/J-l1 10 , 

Incubate 37°C 30 'inVi 

AAPH 10.OmM - 10 10 10 10 10 I 10 

Incubate 37°C 90 tJlVi 

gel loading buffer 5 , S 5 5 5 5 5 

agarose gel electrophoresis '1HJtlYl 20 ilL ~~'U'U I % agarose gel' 
I 

Run gel 45V/20 rnA 'W1U 1'lf.lJ. 

~()lJ Ethidium bromide " d UtllJ gel 30 'Ul11 

30 'U1Vi 
>I 0 

ClUWl 

5.3.3 ftft1l1Nil'U8-till'l(fflA'til~1~8tn'l{18':Ul'Um'ltilillrJ pBluescript mft AAPH 
• >I 

1.) t~~tl1JUTH,.nfl'lfl~l : i~1t1"lfl "ln~'h 1.0 fli'lJ ~~mtliht~'a\PltJ~Ul~j 
• _ 3 'JJ " d liJ 'JJ '" o.dd 'JJ 'JJ 

W) em flU\Pl1t1 magnetic stiffer tlIVl 'U1U 10 'WTl1 1l~ t~Hn'.it;1fl\Pl'lfl~1'VllJfld1lJt'UlJ'U\:I 10,000 

" " 
Df ~I 1l1mrUt~tl1l1'1t;11'.iffn\Pl'lfl~lUUiJ serial dilution hJ~~'.il~h'W 1: 2 ~1'W1U7 fli''1 '\hU1')Un~ 

-= dd "" & <r,-'<l1'VllJfl11lJl'UlJ'UU 2,500, 1,250,625,312.5 156.2 U{l~ 78.1 ngf!l1lJ1f'tfl1l1 

2.) lltt1~~ pBluescript PBS uvhvhrf pH 7.4 U~~Ul')un\Pl'lfl~'l1'i'1~~ij 
'JJ 'JJ 1 _I'" "" f\-; 11Jl'UlJ'UU 7.8, 15.6, 31.2,62.5, 125 Ug~ 250 ng/Ill ~'1 UlH'lD~l1\PlgD'Iu'.ilJl~')mlJ\9l1l1'1'Vl 3.5 

... IQGI'Q '. ,d CJ,.. S1,.d. 
3.) utlU~1'lfl!U~tl1fl1J'U'e) 5.3. 'Utltl'atl'YI 3.) - 6.) 
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..: 
~"~~l1'I -

I ffl1~19ilJ {J.1l} 1 2 3 4 1 5 6 7 8 

pBluescript 25 ng/Ill 5 5 5 5 5 5 5 5 

I 
PBS buffer pH 7.4 20 10 - - - - - -

trl1trn~'lfl~1 78.1 ng/Ill - - 10 - - - - '-

trl1ffnA'lfl~1 156.2 ng/Ill - - - 10 - - - -

trlmnA'lfl~l 312.5 ng/Ill - - - . , - 10 - - -

ffTiffn~'lfl~l 625 ng/J.lI - - - - - 10 . - -
I 

fflstrn~'lfl~l 1250 ng/Ill - - 10 
I - - - - -

trlstrn~'lfl~l 2500 ng/Ill 10 

Incubate 37 °c 30 lnfl 

AAPH 10.OmM - 10 10 10 10 10 to 
o' .. 

Incubate 37 C 90 lnn 

gel loading buffer 5 5 5 5 5 5 5 

agarose gel electrophoresis l1(Je~ 20 uL ll.:J'UU 1 % agarose gel 

Run gel 45V120 rnA U1U 1 '10J. 

iJf}lJ Ethidium bromide 
,tI .. 
H()1J gel 30 Ul'V1 

II : 1-3'Ul 30Uln 



, 
cl 

U't1fl 4 

.. 
Ut\~'lJl~11~fJfll";it11fh ICso l!lJa.:Jfll";iU1JU-3 DPPH radical 

(Camillia sinensis var.assaniica) 

~1';i~1U~1~U~~~~ii~ i11"$lTllm';i~~f1il'Uu~ ;:j'l1~;:jm';i'Vht.J fiO~tI1t;u DPPH~£ih!'lf1;:j i,jto'U 0.8 
~ ~ ~ 

., " 
l11-i1tJ ri1~ l,rt~Tllm';iVl~~~~Vi\1f1~~;:j Un~111j1h ICso 1l1f1ml~ 'VnJ'hffl';iffn~ l'U'.Il'll1~ 3 'lfU~ 

" " ij fl11lJffl1J1';if.l1. 'U m';i VU iJ~~'U lin 6~';i ~u~ f1~1~ti''U 1 ~tl'.ll'lt:U tJ1ijtl11lJ~111 1';i f:l iJuiJ-!l ff -!lfffl ';i ~.:ja~1I1 
q~ • q 

fl~ '.Il'lfJmH 1~tJijfll ICso lvilnu 1O.83±O.15 J.lg 1'lJ'.Il'1 U~~ 14.03±1.27 J.lg l1J~l (p<O.Ol) ~T1Hh~1J . . 
SI d 'loa 'I d 

m'l~tW~J'Yl~~ ~'U'.Il'1~1 fl~ 87.94±2.98 J.lg~1J~l (m'iHVl4.1) 

. " 
f11"jHn 4.1 r-h IC.so'U~~ffllffn~'.Il'1l:UtJ1 ~l~)'I1a~ U~~'ifl~hl'Umlu1JiJ-!l~'UlJ~6ff'i~ DPPH 

~ .~ 

d 

'ifll'UtJ1 10.66 

15.28 

88.81 

10.85 

12.74 

90.40 

10.97 

14.09 

84.63 

X±SD 

10.83±O.15 

14.03±1.27 

87.94±2.98 

'illf1mliilff"lffti'~ lU'.Il'l 3 '.Il'ij~ lJl,;htltn~tJ1till Folin-Ciocalteau reagent tvt~ltfl';il~"f 

tl~lJl:;Jffn'l.h~f1~llVJ'iwiim1:lu mgGAE 1~tJihu1ru1l1fl'i,'flJm';i y = 0.011 Ix + 0.0096 '~'illf1 

! &., "" .j"" 
fl'il'1!\l~lm!lU'U~-!l gallic acid t]j';:j YI~~~l~1111~mm'i~~fl~t!U'i,'f"Uft~1J'ilJlm gallic acid (!1g/ml) 

(R
2 

= 0.9955) (m'VCtl';i~f1~1JVi 3 Ll.,'flltlHU1f1) l'nj'h€yl'i'fffl~1flt:U!J1 ijtl~,!Jlillffl'j'lh~fl~'U~u~ilfl 

'i,'f~'i,'f~ 'jO~M1Jlfl~ffl'iffti'fI~1011~ '1 l~uihht'vhn1J l1S.86±2.8 m'~ 108.64±7.57 mg(JAE/g 
~ q. -
~llJlh~tI ri1Uffl'i ff nfl'.ll'1~i1iitl~lJ1W ffln.h~flij1JVl 'W~i1fl'J~ tlvi ~<fIfl~ 28.97±O.61 mgGAE/g 

(~,.n:.y; 4.2) 
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. 
fll"H3n 4.2 t1~1I1t\Hn'.i'lh::m)1JvhH)ilfl 1 'U"ll'11~V"l "ll'lCJ1Hl'I u~::'1n~h .. 

'" "ll'11'UV"l 

, 
a.o , d 

~ntltn.::l'Yl 1 

116.73 

106.40 

29.07 

ffl'.itl'.i::m)1Jv.t'U~ilfl (mgGAE/g) 

.... I d 

~"ltlVH112 

112.69 

103.06 

29.85 

, 
.... , .d 

~"ltltll~f\ 3 

118.15 

108.10 

28.35 

X±SD 

115.S6±2.83 

10S.64±7.57 

28.97±0.61 

... cI _.""" _.I 'l cI, """ <0\ <v "1 'l 3. fll~11fl'l1~'I1U'lllU\h'1~1 nUa£f~fl'tJ1Jfll111'tfU!Ui.ll'li.lfl~ !'lJ'tfl &~£f HPLC 

'illflmlUlffl'H\::mtllJl~lll'U~fflJi1 3 '.i::~1Jf1"lllJt.ulJ~'W'Utl.::lfl11'VUhur,,::yJm b'U~v~ 

1I1~'.ill'U 6 '.IfU~ fl~ catechin (C) epicatechin (EC) epigallocatechin (EGC) gallocatechin 

gallate (GCG) epigaUocatechin gallate (EGCG) U~~ epicatechingallate (ECG) lJ1UVfl l~tI HPLC 

• " Col tI • Q.I tI 
(Shimadzu lU LC 20) HUll reversed phase ~1Vf1tl"lJU deactivated monomeric CIS lm::'il'::f1~mJ'U 

." 

U1J'll linear gradient ¢I"ltl mobile phase 2 'il'iJVlfttl buffer A t1l::fltl'U¢l1V 1h t1~:: TF A 0.05% U~:: 

buffer B t1"j::fl~1J~-lV tlJl'l1'U~" : u~~l\9llw 1'Y1l£ (60 : 40) Uri:: TFA 0.05% U-ad'UllJlff1\~ 

flHVhj1\9l'.iillUU~::: lf1llJl1'YlUmlJ Vm-jl~~ lf1nn l'VlUflllJ'\ltl.::lffll~:::"lt1lJ1\9l"jiilU'il::tli'Uf11l'W~uu~::: 
~ ~ 

v!m i1U~£.I~lJl\9lll1U 6 'il'iJ~Utlfl~tlfl'illfln'Ui'~t'ilU l<fH.lijih~'ll'U~~ peak i~£.I~\9l1lJ{.h~'llritlU-'I1~.;j 
~ , 

lu lmlJl1f\umlJ ~.:JU ECG C Caffeine EGCG EC GCG u,,~ ECG mlJih~i..J (fl11"l'l.h:::fltl'll;14.1fl.) 

m\:::'illflfl1'.iUl't11lff·n~1'll'il'1 3 'il'UIPI fitl 'il'll~tl1 'il'ltl'l1"~ it~O:'il'l~h lJ1UtlfIH,,:: 
'" 

HPLC '" .., U 'll'll tlPlV1fl'll f)1'J Utlflffl'.ilJl\9l'.illU 

, 1 <) ".d 9JQ.J ~ I 

'Vi'll"ll~~'Utl.::l flllJl t 'Vlttfl'.ilJ'Utl-3ffll fffl lPI'il'lt'U £.I1U"::'il'lQ11 ~~'il:::f1mtlflU fI B'Vi'll peak 'Utl.::lffl"jfl'llJ 

fl1tf\~U'YIfl'.lfiJ~ {jflt~'U GCG (rnl·~t1'.i~fltl'll~ 4.1 'U. Uri:: 4.1 fl.) J;hul'Ua'l'j'i:i'tilPl'il'l~l'Vi'tlfflmrilJ . . 
" , ~.d .q. cv a _1 ~ 

mtVl'il'Ut'ViV-3 2 '.IfU'flt'Vll'U'U fltl EGC Uri:: EGCG (fll'Vi1J1:tfltl'U'YI 4.1 ~.) 

'illfl~ll111t1~1Jlrum!'YI~'U luuv'in:t peak 'UtI~ 1rlllJl1V1Ufl'jlJ'UtI'Iffl'J~n~'il'11~U1 '.Ifl~'M~.:j 
!iI ... "'!iI';' .1 • 11) , 

U"::'il'l~l H""l11f1'il:t'l1~1t1 software 'U~.::ItfllO.::l (Shimadzu LC solution) ~~lJllfl~111lJ'Vi1J GCG 
.. 

lU~llffnlPl'il'll1~ 3 ~U'fl ff1UU~lJ1rumtl1~'U 4 'il'U~ ~~ EGC C EGCG UrI:t EC l'U'il'1!~tl1U~:: 

'il'1~11r1.:j1liHlfl~1.:JnU 1~t'Jlt:!'151!~(nihJ1lJl11HtJ'U 12.48±O.40 5.20±.O.21 11.55±O.73 tm::: 
'" 

24.03±O.35 IT: yg 'l'll"tl'1\9l1lJtll~'U ri1'W'.Ifl~1'iMihJ~lJlru!tJ'U 13.80±O.21 S.23±0.32 8.79±1.60 

Uri::: 21.6S±3.~8 mglg 1'll'il'1 \OlllJth~'U t'Jml'UtJ~lJ1ru ECG 'Vi'll·h"'llffnlPl'il'lt~tl1i1t1~lJ11l1~.::If1'h 

'il'1~11~-3 (p<O.Ol) fltlih'ht'VhnlJ 13.49:::0.57 7.25±O.56 mgfgl'll'il'l mlJ"l~'U trltl1"llJt1~1J1Wfl1tVl~U 
" . , 

Vl.::ll11!1PI (total catechin) ''U''lflt~a''ltm::'il'ltl'l1r1~'Vi'U'hitiu~flv'iT:lfl'U (~ln~i1 4.3 HrI::~11H;1 4.4) 
'U .. 

ri"l'U1U'il'1~1'Vi'IJI:{1'.iflrilJm!Vl9f'Ul-Wtl'l 2 'il'UvUvil'U'Ufla EGC UrI~ EGCG Url~1~'ll1'UU1lJ1WUcltl . 
lJlfl ~tl 0.33±.O.01 u,,~ O.37±o.Ol mg/g 1'll'l!1 ~llJ"l~'U (~l'n~~ 4.5) 
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fl. 
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25 30 
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'" f:il 

25 30 

25 30 

25 30 

35 

35 

35 

35 

Dat.A Ch1 

r-. 

40 

Det.A Ch1 

..--

40 

Dat.A Ch1 

40 
min 

Det.ACh1 

40 
min 

'JI .,0'. . .,0'. 
phase HPLC \9l1tJfI~Hl'.IJ'W deactIvated monomenc CIS 'l1~f1ml'.IJ'WU'lJ'lJ Imear 

gradient 

fl. caffeine ml~ flavonoid '.IJ1\91'j!l'W 6 'l1U\9l 

., d 

"U. 'iYl'j'iYfl\9l'l1WUtJ17.14 mg/ml 

fl. 'iYl'j'iYtl\9l'l11~l1?1~ 1.43 mg/ml 

~. 'iYl'j'iYtl\9l'l111?l130 mglml 



Caffeine 

EGC 

C 

EGCG 

EC 

GCG 

ECG 

Catechin 'J'llJ 

ND = not detected 

Caffeine 

EGC 

C 

EGCG 

EC 

GCG 

ECG 

Catechin 'J"llJ 

. 
.... , d 

VI"l6t11.:J'YI 1 

19.95 

12.04 

4.97 

10.15 

24.43 

ND 

12.39 

63.98 

17.15 

14.00 

4.90 

9.28 

22.75 

NO 

7.53 

58.46 

NO = not detected 

38 

Catechin {mg/g'11 ')1'1) 
'Q./ , .cS 

~nmn.:J'YI2 

19.53 

11.69 

5.39 

10.5 

23.73 

NO 

12.67 

63.98 

. 
Q.I • d 

VI"lOt:JH'YI 3 

21.42 

13.72 

5.25 

14.00 

23.94 

NO 

15.4 

72.31 

Catechin (mglg lmln) . 
01 '. old 

VI "lOt:JH'YI 2 

19.08 

13.58 

5.53 

10.08 

23.55 

NO 

7.62 

60.36 

I 
18.38 

13.83 

5.25 

7.00 

18.73 

NO 

6.61 

51.42 

X±SD 

20.3±0.39 

12.48±O.40 

S.20±0.21 

11.55±O.73 

24.03±O.35 

ND 

13.49±0.S7 

66.76±4.81 

X±SO 

18.20±0.97 

13.80±O.21 

5.23±O.32 

8.79±1.60 

21.68±3.58 

NO 

7.25±O.56 

56.75±4.71 



Caffeine 

EGC 

C 

EGCG 

EC 

GCG 

ECG 

Catechin 'j1lJ 

NO = not detected 

. 
Q.I , .d 

~"HH.lHVI 1 

15.72 

0.34 

NO 

0.37 

ND 

NO 

NO 

0.71 

. 

39 . 

Catechin (mglglU'ifl) . 
QI • ... 

~1:eJtl1.:jVl 2 

15.12 

0.33 

NO 

0.35 

NO 

NO 

NO 

0.68 

. .... . ... 
~1t)tl1.:JVI 3 

15.55 

0.33 

NO 

0.37 

ND 

ND 

ND 

0.70 

dI V V ......,. 
4.1 flfI'lJlf1'JUU"UU"U'U'UtJ'I AAPH 111.1t:UtA8n11111illrJ pBluescript 

X±SD 

15.46±O.31 

0.33±O.01 

1\1)) 

0.37±O.01 

ND 

ND 

ND 

0.70±0.02 

~Y Q ~ Y Y 
\l1flm'j t'if:eJ'UlJ"t)ff';i~ AAPH 'YITl11lJt'UlJ'U'U 2.5 5 10 20 40 u,,~ 80 mM lJl'imll 

q", 

'r\'tfi~m'jl''h~ntl~mffiJ~ pBluescript lh'\r\'ttl~v'U lT1'j.:jltJ1l1fl supercoil ,t1ttl'U lT1Hltl circular 

u,,~ linear ~llJ 1;h~'U ~ .:jUtlfl:eJt)fl\llfln1.J t?i'11.Jff'lnlJ '14fh'Ut).:j agarose gel electrophoresisl~tIl'Hnfflj ~ 

lm.:jltJ supercoil \l~tTl~:eJ'Uv\llli?i"fl"fl'h lm.:jltllinear u,,~ circular ~nlJih~'U trlaih agarose gel 
d ,Y,_lo Y";' _I Y . 'jI 

'YIUtlfl ~ lJ'YIl gel documentation WWtTl'j(J.:j Syngene ~'U G-Box u'j~fl~1J~1t1fl1Jmtlfl1''4!1lf1~1t1 

_I d Q <fy Y & 1 Y'jl 
software Genesnap (fl1~u'j~flt)1JVI 4.2) Uf1~1'ml~'H'Ut)1q!"~1t1 software Genetool :9f.:j\l~ 'H'U6l.,!f1'Ut).:j 

Uvif1~Uf:l1Jttl'UtI~lJ1W i'UJ't.l raw volume uft'11h,j'mJI:I it.lii1'U1tu ll1t.l~lJ lflHiJ'U!t)tlf1~'Ut).:j'W" lfflj~ '" .. 
" 3 lm.:jltl tit) lT1Hltl supercoil circular u,,~ linear 1l1mr'UU1IhMl'U1W'H1'l1~mw lm.:jl'l.h~"lfflj~ 

~f:lflVi1mtlffm~1i'j'jlJ'ifl~titJ !T1H';itl linear 'nlJO'U lrlHnl circular ri';P..A lm.:j'jtl~'litlfl.yhmtl 
cu cu cu cu COl 

ffm'W1i'j';ilJCJfl~ tit) lrl'j.:jl'l1 supercoil Ua1'V.f1t)~ml14';i~'\·dl.:jU~lJltu :'\APH fl'U!m.lf1~'U(J.:j 

1 rl'j .:j';itl~"lffiJ~~f:lflVilmtlUf1Q:, 1m .,'j'jtJ~'l.itlflVilf11fJffm~1i'jJlJ'ifl~ (m1Al'lh~flt)1If14.3) 
cu cu cu cu 

...... . 
'V/';im';itlfl11 dose dependent 



Circular­
Linear-

Supercoil-

1 2 3 

40 

4 5 6 7 

.fIl'rflh~tl8'lJ~ 4.2 ~um..J'lJ agarose gel elecrophoresis 'lHHVnll'ffiJl"I pBluescript (25 ng//--ll) 

U~lJl(?l'j 10 /--ll VhU~fi~t'J1tl1..l AAPH ~fl11lJ~~lJ~'W\9h~'1 U~m\9l'j 10 /--ll 

1'W PBS pH 7.4 U~lJl\91'j 10 /--ll ~ 37 °c ~fJ'Wt1~11 90 'WTiIi Lane 1 : fl11..l~lJ; 

Lane 2 : 2.5 mM AAPH; Lane 3 : 5 mM AAPH; Lane 4 : 10 mM AAPH; 

Lane 5 : 20 mM AAPH; Lane 6 : 40 mM AAPH ; Lane 7 : 80 mM AAPH 

% ifl1~at.l'VHmrilYi 
100.0 

90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 

0.0 

~ 
"I¥ 

II L ... ., 
r I. 
I "-

'lit. 
""--

IC50 
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

• • oJ 
.1 • I"" d "" dl (circular + linear) UlJ'j(?lllJlJ'jmW'lJ'el~ AAPH 'Vl~'V'llJ'lJ'W 

-+- circular+linear 

--- supercoil 

AAPH(mM) 

4.2 flmnfllnliIltJl'j'~'U8~ Trolox gj8flwi18~nUfl1'j'fh~lfJ pBluescript 'lllfl AAPH 

.. 'JJ d 'JJ 'JJ .1"" "" 
'illflfll'.i !G)f trolox 'Vlfl11lJ~'lJlJ'lJ'W 2.5 5 1020 40 U(;l~ 80 mM lJ'jlJl\91'j 10 /--ll ~\9IlJ(;l~ 

1'W'V'lm'ffiJl"I pBluescript (25 ngl/--ll) U~lJlm 10 /--ll ~~W'\1QiJ 37°C ~fJ'W'j~(J~ 30 'W1Vi ti'el'Wfll'joMfl'Wl 

1M'~fil"lfll'.iVll(;l1(J~~g'Wm'U'el~'V'l(;l1'ffiJl"I~1(J 10 mM AAPH u~m\9l'j 10 /--ll ~~W'\1QiJ 37°C ~fJ'W!1m 
d 'JJ 0 11). I 'JJ 0 I d1l) 'JJ1I). I' .1 "" 0' 

90 'Wl'Vl U(;l1'Wl !1J~WflI"l1(J agrose gel electrophoresis U1U~'\.H'il(;l'Vl !I"I !lJm(J~lJml~1~fl'jl~'\1Ut:l1..l 

~~Wfl '~~1(J gel documentation (m'V'lU'j~fl'el1..l~ 4.4) 
oJ • 

'il1m! 'Will~'el\! ~ , Ufl 1'W1W '\11%''el(J~~'lJm'Vlm'ffiJ I"It fl'j ~iuVi \l flVl lm(J'ffm'Vl1i'j'jlJG)fl~ 

mi'1'V'l(;l'el(?lfl'jTVh~'\1':h~U~lJ1W trolox tl1..l%''el(J~~'lJ'el~ tflH'jU'V'l~l'ffiJl"I~t:lfnhm(Ju~~ tflH'jU~ 
'" '" '" 

'li\lflVllm(J'ff.fll'Vl1i'.i'jlJG)fl~ (m'VlU'j~fl'el1..l~ 4.5) 
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~H'Ifl1'j1.of.J'VfU'h trolox ffllJntliJ~~fi'Ufl1'jtiYtJ'HltJ'IJ~~'VHncriJ\9l pBluescript 'inf1 

~'UlJ€l~ff'j~ AAPH '1¢ll~wihrm.Jw~m.h\9l1lJtl~lJ1W trolox ~1oM 'illf1ml'rl'Vl'lJ'h trolox ~fl11lJt.u'lJ.u''U ... 

9.33mM 

Circular­
Linear-

Supercoil-

1 2 3 4 5 6 7 

.t11'W'l.h~fl81J~ 4.4 N€l'IJ~~ trolox ~fl11lJt.u'lJ.u''U~h~'1 tl~lJl\9l'j 10 III ~~f11'jiJ~~fi'Uf11'j 

Vilmf.J~€llffiJ\9l pBluescript (25 ng/1l1) tl~lJl\9l'j 5 III ~\1f1iml1¢l1f.J 

10 mM AAPH tl~lJ1\9l'j 10 III l'U PBS pH 7.4 tl~lJl\9l'j 10 III ~ 37°C 

dJ'Unm 90 'U1Vi Lane 1 : fl11JfJlJ; Lane 2 : 0 mM Trolox; 

Lane 3 : 2.5 mM Trolox; Lane 4 : 5 mM Trolox; Lane 5 : 10 mM Trolox; 

Lane 6 : 20 mM Trolox ; Lane 7 : 40 mM Trolox; Lane 8 : 80 mM Trolox 

% lflHitl'IJ~~~€llffiJ\9l 
10QO 

90.0 
80.0 

70.0 

6QO 

50.0 

4QO 

30.0 

20.0 
10.0 

0.0 

,... -..... 

H!I.. JlIt"'" 

o 

"" '"\ 
\ 

/ 
nf 

/ 

20 

..n ...-
/ 

/ 
\1 -+- Circular+ Linear 

1.\ 

'" 
-- Supercoil 

" ---- ~ 

Trolox (mM) 
40 60 80 

.t11'W..J~::::fl8'l.Jft 4.5 N€l'IJ~~ Trolox ~fl11lJt.u'lJ.u''U 0 2.5 5 10 20 40 U€l~ 80 mM ~~~~f.J€l~'IJ~~ 

lflHitl~mffiJ\9l pBluescript ~\1f1imhlMtfi\9lfl1'jVil€lltJfffl1~1i'j'jlJG}fl~¢l1tJ 

10 mM AAPH tl~lJ1\9l'j 10 III 
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4.3 ftm:nN,,'Ua..:i~1~~flVl'lS1&:Uf.l1~am~iJa'Ul"'!fn'n'iumJ pBluescript mfl AAPH 

"I ~ cv "" ~ ~ _1= 
~1f1fl1'j ~GlftYl'jfff1~G)j'1&'lJtl1!'lJ1l'IJ'W 7.8, 15.6, 31.2, 62.5, 125 U'fl~ 250 ngl~l u'jlll\9l'j 

10 ~l f-.lfflltl'lJ pBluescript (25 ng/~l) U~lllm 5 ~l ~~Wl1fJfi 37°C !i:l'W!1m 30 'W1Vi U"'1oMmhiM 

!n~fl1'jYll'fllt1 pBluescript ~1t1 10 mM AAPH U~lll\9l'j 10 ~l ~~Wl1fJfi 37°C !i:l'W!1'fll 90 'W1Vi Ul 
IIJ_I ~ ,0' dllJ~IIJ_I' _I = 0' d IIJ~~ 
~u!Wn~1t1 agrose gel electrophoresIs 'W1Uf-.I'W!~'fl'Vl ~~ UJtl1t1~UU'fl~1!fl'jl~l1Ut!'lJ'VlUtln ~~~1t1 gel 

documentation (fl11"lu'j~ntl'lJ~ 4.6) Ul'1i'tlll'fl iUfll'W1W111~tlml~'lJtI'I1~n '1'jU1"l'fllfffi~~t!nYllmtl 
~ ~ ~ 

U'fl~~ hit! nYll'fllt1ff fll1"l1i nlJ G)j'1~ U"'11"l'fltl\9ln'j1'Vh~1111'1U~1l1W ffnfftl~G)j'1!:Utl1tl'lJ ~tltI'fl~'lJtI'I 
~ 

1 flH~U1"lmfffi~~\1 nYllmtlU'fl~ 1 fl'j '1~U~ ili \1 nYi l'fllt1fffl11"l Jj'j'jllG)j'l~ (fl11"lu'j~ntl'lJ~ 4.7) 1"l'lJ 

l1ffl'jfftl~G)j'1!:Utl1 Uff~'1fl1111ffl11l'jt! i'Wfl1'jiltl'ltl'Wm'j!ff£J111t1'IJtI'I1"lmfffi~ pBluescript mntllHd'fl 

ilff'j~ AAPH i'Wrrm:JW~UU'j\9l1lJtl~1J1Wff1'jfftl~ i'lJG)j'1~1~ l~t1ij~l ICso !'Vlltl'lJ 18.2±1. 7 ng 1'lJG)j'1 

Circular 
Linear 

Supercoil 

1 2 3 

, . 

4 5 6 7 

-.I.c::I QI .::! do 9J 9J ... I.e:t. I-C:!. 

.fll'W'U~~fla'lJ'fI 4.6 N'fl'IJtI'Iffl'jffn~G)j'1!'lJtl1'Vlfl1111!'lJ1l'IJ'W0-250 ngl~l u'jlll\9l'j 10 ~l \9ltl1"l'fllffll~ 

pBluescript !'Ii'1l'li''W 25ngl~1 U~1J1\9l'j 5 ~l ~\1noMnUl~1t1 10 mM AAPH 

U~1J1\9l'j 10 ~l i'W-u'Vh~tI{ PBS pH 7.4 ~ 37°C !i:l'W!1'fll 90 'W1Vi 

'" d Lane 1 : fl1'lJfJlJ; Lane 2 : ffl'jffn~G)j'1!'lJtl1 0 ngl~l; 

QI d QI d 

Lane 3 : ffl'jffn~G)j'1!'lJtl1 7.8 ngl~l; Lane 4 : ffl'jffn~G)j'1!'lJtl1 15.6 ngl~l; 

QI d QI d 

Lane 5 : ffl'jffn~G)j'1!'lJtl131.3ngl~l; Lane 6: ffl'jffn~G)j'1!'IJtl162.5 ngl~l; 

QI d QI d 

Lane 7 : ffl'jffn~G)j'1!'lJtl1125 ngl~l; Lane 8 : ffl'jffn~G)j'1!'lJtl1250 ngl~l 



43 

% lfll-ilitJVHnff:ij~ 
100 

-+- circular+linear 

90 
1\ 80 ..." 

70 \ I 
60 \ / 
50 

"t 

40 -30 / 1\ 
20 / \ 

II -.... 
10 

III 

--

-supercoil 

0 +---'~-r--...--~--r--r---;--"-----;---r----'r---"--"'---! ffllffn~'lJl! ~ tl1 

0 ~fr50 40 60 80 100 120 140 160 180 200 220 240 260 280 

_I d ... d d !lI!lI I !lI 'i tl 
i11'W'U'j~fl0'U'YI 4.7 H~'IHl~'ffl'.ifffWI"lflt'lltl1'V1r1111H'lI1J'lJU 0- 250 ng/~l \9Im0t1~~'lI'e)-iI trl'.i~~ 'lI'fN 

~~1'ff:ij~ pBluescript~\1floJffl'l.Jl1M'tn~f11'.i"h~1t1ffm~1j'.i'.i1J"lfl~~1t1 AAPH 

4.4 ftm:l1N(,"j"ll0~i.Jl'ji.Jft~'lfl~'}'j~~~0m'ji10~ftUm'jfiumJ pBluescript mfl AAPH 

~!lI... !lI !lI tlQ 
'illflf11'.i t"lfffl'.i'fffl~"lfl~'I1~~t'll1J'lIU 7.8 15.6 31.2 62.5 125 U~::; 250 ng/~l '.i1Jl\91'.i 

10 III Hff1Jf1'lJ pBluescript (25ng/lll) tl1111\91'.i 5 ~l ~~W'l11J:ij 37°C tllunm 30 ulVi ur;\'1oJfm.JliM' 

tn~f11'.i'Yhmtl pBluescript ~1t1 10 mM AAPH tl11Jl\91'.i 10 ~l ~~W'I11J:ij 37°C tllunm 90 ulVi t.Jl 

IIJtl !lI 0 I d IIJ !lIlIJtl I tl Q " d IIJ !lI!lI 
t tWfl~1t1 agrose gel electrophoresis U1UHUt'il~'V1 t~ t (l1t1~ U~::;1trl'.il::;mttl'lJ'V1Utlfl t~~1t1 gel 

documentation (m~'t.h::;fl'e)'lJ~ 4.8) t.Jl~'e)1J1:1 'tlihU1W'I11~'e)tI~::;'lHl~ lr1H'.itl~~lff:ij~~tlflVllmti .. .. .. 
U~::;~ '1ti\1 flVl lmtlfffll~1j'.i'.i1J"lfl~ Ur;\'1V1~'e)\9ImTVh::;'w:h~tl1111W AAPH f1'lJ~'e)tI~::;'lI'e)~ 1 rI'.i ~~tl 

~~lff:ij~~tlflVllmti U~::; lr1'.i~'.itl~'1titlflVll~lt1fffllV11j'.i'.i1J"lfl~ (mVl'th::;flmJ~ 4.9) ~'lJ1Tffl'.i .. .. .. 
ffti~"lfl~'I1~~ U'ff~~r1111Jffl1Jl'.itl1Uf11'.iil'e).:jtiUf11'.itfftl'l11t1'U'e).:j~~lff:ij~ pBluescript 'illfl'e)l1'Jq!1:1Dff'.i::; 

AAPH 1U~fllJW::;Utl'.i\9l1lJtl11J1Wffl'.iffti~ 1'lJ"lfl~1"* l~tliifh IC50 t'Yhti'lJ 21.8±1.0 ng 1'lJ"lfl 



Circular 
Linear 

Supercoil 

1 

44 

2 3 4 5 6 7 

9J 9J ... Ie:. d Q.' 0 CJJ 
pBluescript l'UlJ'U'W 25ng/f-Ll U)lJ1~) 5 f-Ll 'VI\lf1G)H1'Wl~1t1 10 mM AAPH 

tl~lJl~) 10 f-L11'W'u~n+e)'f PBS pH 7.4 ~ 37°C lrJ'Wnm 90 'W1Vi 

'" "" Lane 1 : fl11JfJlJ; Lane 2: 'ffl)'fffWl'Mll'Utl1 0 ng/f-Ll; 

Lane 3 : 'ffl)'fffi~'Ml'Q"H'l~ 7.8 ng/f-Ll; Lane 4 : 'ffl)'fffi~'Q'\1~~ 15.6 ng/f-Ll; 

Lane 5 : 'ffl)'fffi~'Ml'Q'\1~~ 31.3 ng/f-Ll; Lane 6 : 'ffl)'fffi~'Ml'Q'\1~~ 62.5 ng/f-Ll; 

Lane 7 : 'ffl)'fffi~'Ml'Q'\1~~ 125 ng/f-Ll; Lane 8 : 'ffWi;lfi~'Ml'Q'\1~~ 250 ng/f-Ll 

% lm'l',j,j'VHnffii~ 
100 .. 
90 ---.... 80 -
70 "\ ....... 
60 \ / --+-- circular+linear 

\ 50 r 40 
/ '\. 

_supercoil 
30 
20 "" -....... 
10 ~ 

0 ''ff' ',jffn~'l!'l~l1M (ng/ul) 
IC 

0 10 20 5'30 40 50 60 70 80 90 100 110 120 130 140 

_I..:t '" "" d ~ ~ I ~ "i_I 
.fIl'W'U~~ml'lJ't1 4.9 N~'UtI~'ffl)'fff1~'Mll'Utl1'V1f111lJl'UlJ'U'U 0- 250 ng/f-Ll ~t1)t1t1~~'UtI~ ~flHlU 

'UtI~v.m'fflj~ pBluescript ~ \l f1~ml11Mln~f1wVi lmtl'ffmv.1i))lJ'Ml~~ 1£.1 

AAPH 
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4.5 ftfl'lllN"'U8.:jtYl'nJfl~'lfl~1~8fl1'ji18.:jn't,!fl1'jfi1i;n~ pBluescript mfl AAPH 

'illf)fl1~i.r;ffl~ffn\9lG)j'l~l~.u'lJ.u''W 78 156 312 625 1,250 H'tl~ 2,500 ngl~ tl~lJl\9l~ 10 J.ll 

HfflJn'lJ pBluescript (5nglJ.ll) tl~lJl\9l~ 5 J.ll ~~W'\1fJiJ 37°C ~1j'Wnm 30 'Wliii H~1imhi'l1'~ti\9lfl1~ 
vhmv pBluescript ~1V 10 mM AAPH tl~lJ1\9l~ 5 J.ll ~~W'\1fJiJ 37°C ~1j'Wnm 90 'Wliii ihitl~Wf)~1V 

o • dllJ~lIJ_I' _I'" .. d lIJ~~ 
agrose gel electrophoresis 'W1HH'W~'il'tl'VI !\9l !1JtllVi1JH'tl~1~ml~'\1Htl'lJ'VIHVf) !\9l\9l1V gel documentation 

(f1TV~tl~~f)~'lJ~ 4.10) 111.u'~lJ'tl itlfll'W1W'\11~tJV'tl~'IJ~'l im'l~tl~mffiJ\9l~tlf)'I'llmV H'tl~~ ilitlf) cu cu ClJ cu 

Hff\9l'lfl11lJffllJ1~tl h.!fl1~i1~'ln'Wfl1~~iYV'\11V'IJ~'l~mffiJ~ pBluescript 'illf)mHl'tli)ff~~ AAPH i'W 

~f)'I:lW~Htl~\9l1lJtl~lJ1Wffl'jffn\9l i'lJG)j'l~i~ i~viifll IC50 t'vlln'lJ 148. 7±11.8 ng i'lJG)j'l 

Circular­
Linear-

Supercoil-

% lflH~u'\lH'nff:iJ~ 
100 
90 
80 
70 
60 
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'JI tJJ ... I~ d Q.I 0 'j/ 

pBluescript ~'lJlJ'IJ'W 5nglf..tl1J'jlJ1\9l~ 5 f..tl 'VI\lf)G)j'f)'Wl~1V 10 mM AAPH 

tl~lJl\91'j 10 f..tl i'Wu'rlt'rl~1 PBS pH 7.4 ~ 37 °c ~1j'Wn'tll 90 'Wliii 

Lane 1 : f11'lJ~lJ; Lane 2 : ffl~ffn~G)j'l~l 0 nglf..tl; 

Lane 3 : ffl~ffn~G)j'1~1156 nglf..tl; Lane 4 : ffl'jffn~~1313 nglf..tl; 

Lane 5 : ffl'jffn~G)j'1~1625 nglf..tl; Lane 6 : ffl'jffn~G)j'l~l 1,250 nglf..tl; 

Lane 7 : ffl~ffn~G)j'1~12,500 nglf..tl; Lane 8 : ffl~ffn~G)j'l~l 5,000 nglf..tl 

-

I 

1000 1500 2000 

-+- circulafl-linear 

-supercoil 

ffl';jffn~'l!'l~l ng/ul 

2500 

. . _I "" ..... 0 '" ~ ~ • ~ i-I 
fl1'VfU'j~fl8'lJ'YI 4.11 H'tl'IJ~'lffl'jfff)~G)j'1~1'V1f111lJ~'lJlJ'IJ'W 0- 5,000 nglf..tl \9lmtJV'tl~'IJ~'l f1~'li1J 

'IJ~'l~'tllffiJ~ pBluescript ~\lf)if)111i'l1'~f1~fl1~'I'llmVffm~1i~~lJG)j'1~~1V AAPH 



, 
<=! 

1J'flfl 5 

'«ltl'l~~afltl'ilt1Nafll'i't1~aa.:t 

~lnH~ fl1~ 1,) tJvi j1tJ,nu-ilv'U 11 ~~ 'ff'j::t1j u~ 1fl1'j d lflWvi n v 111' lnVli'l111ltU tJ'H 1mtn~itgum 
.~ u 

cv ~ "" 1 d ... <!/ 0 ~ d' v "I vcv.v "" 
'6'Ut1J'U'ffl1'H~'\.I~Hnl~tflVl ~m.J:t'j~'H~lt1'if'UVl ~"'~lt1JU'Vl~l~fl1t1~'e)~ l~'j1J'ffl~~l'U'e)'Ull~V'ff'j~ 

q • q q,J 

'do .a _:J.I 0 dd ~ do Gloid'lq ~, " 

vm~n~tH'Vim'Vivtln1J{)~fl1~'Vll~ltJ~m'Um u~:nJ'U'Vl'Vl'il'UnU~11 t1J'iflt1J'Ulma"''ll~H'ff1~~1'UijU1J~ 
.OJ 

~'ff~~viihriw lVlfJi'U'iflv\~l'H,.htJiin~v"'~m~iJ 3 'l1U~U~n~h~OU~m:'U1'Um~''Hirn flV "Mlt:Uth 
u 

o. .,., 0 "I v 'J/ .....k "" lilA I CV 0 q 'J/ 
'if1ij'H~'" U~~'if1~1 'Vi'U11f)~~'U1'Ufl1'i'H1lf)Vll1'H'ffl'i~1'UijU1J~Vff'i:ff1Ul1'U"'t~W m VU'il::Vll ~11 .. . .. 
i'l'l11l 'ff11Jl Hl '1. 'U fl1'ItI nil'e) "'~tg'Ul{)~lfl'e)\'p~~~'ff'i ~tfftJ' tl~btJ 

91Q~ d q d I:S 

fj1~tJ'il"'ff'U t'il'Vl'il~ffn1:l1i'l1lll 

'ff11l1~f:l'\.ltHffl~'ffOVll'U'ifl 3 '1fU ~viU~f)~h~o'U '1. Ufl~~U1'Um~l1ir nl 'U~l{,u fl1~t1 nil ~H~tgUtmnfl 

SI 
q,.d. QI J.a cv 0' d QI tlGJ QI ..... , i d AI ... 

t'lJ'if11l 2 'ff1tJ'Yf'Uli i'lij 'fflfJ'V'I'Uli'ifl~'U U~~ffltJ'V'I'Uli'e)ffff1l ]J~~t'Vlff 'VltJllfl1~uamH 2 
q q q 1U 

ffltJ~ 'U.fi U'H i:i ",11 ~ n' 'U'if1vi 1:hriw'\.I{)",t1 ~:l'Vlffij~v\ ')"'111~U;rfJ'" ~ltJ 'ffltJir'U .fi'ifl~'U~ ij "'fl1~ nn~u~ 
q qJ CI ttl q 'qJ 

tllfl 4l:eHijfl1~')Vlmni'lU~:fIl~ttl1:l~~'e)~1':H1j'U~~'U'U ;hlM'ij'Ilfl1fl{)'U.fi'Hff'" UUllHi1~liJ'U'tfl ... 

'ifU~ U~'~11"'~1'HUltJ''U~V~~~1~1l1flfl11ff1tJ~'Ui'tfl~'U 

'ff1~1Vi' l'Uij'U 11 ~~ ff)":viff1flW i'U l'U't'l fl ~:rtf1J11'i:flV'U'V'Ivil~'Uij~n"llmtVl;'U ul9ia:i;nm1'U.fi 
<; cu u q q 

SI 

'ildh..l~lJ1Wml'Vl;'UU~fl~h",o'U't1 'U{)n~lflilq~m~t'V'l1~tl~flRV"'tiJ'Ull'il~t'J'~lfltyI9iVU~1l1Wflln1~'U 
d d d <iI 91 d Q dd t: QI ~ f c:i d 1 <it 11151 ~ 

1~tI'if1Vltfl'lHntJ1 t'Uq~~v'U'il:1J'lh1J1W'V'lV~~'UV~(Plv'Ul11'Un'if1U'H~'il"'n11'Vltn'U 'Uq~ t'U ~lIH{l 
.QCV ef9lQQI.& ,'J1 cv • '1. QI' flcv QI .& d Q, 

(Yamamoto, et aI., 1997) fl1l1'iltJUH1'iltJ'il"'. 'if~1VtJ1'" U'l11ff1t1'V'1'UliV'ffffll9f"'1lfl1~H~~ t!'l11ftJ'U ... . 
i", 3 'ifUVl U~:t1j'U~1V~HviHa~'illn~11'i~nv'Um~'llmfttno'U~t!f.'lfll'U~'''''H'}(PlttHtJ'I-ntJ u(l~tJ~n .. ... ... 

luq~!~tl10U 
~ ~c.J.!!I a 4' SI ~ ~ 
'UUll)" n'Uv",mn'ilfJ flVfl1~1!fI~1:'Hfl111lffl111'if:llU m~m'UV\'!lI~V'O'~~'UV'" 1'IJ9f1'YI'" 

q .. 

SI 

U~1l1WtrTHtl9i~:'ifiiVll'Un~llfllm;'U l~(fJ1i HPLC U'IJ'U reversed phase chromatography 'l'Juvlt)lJ1~~ 
'" "I "I _~ <V d d d '1 1 9J .. 

'VlVlffV'UTl 111.1 '0'11.1 1) tl '\.I V~ 'ff1'i fffl(Pll 'U'if1 t U fI1'iUV.:J flU fll'itfft:J'H 1tJ'U v'" Vl tV UtV t ~ tJ 'if'V'l (I 1 'O'lJ ~ 

~ d d 9J 
pBluescript t'U'U~m'UtV~'Ult'U'U 

fI1~1tfl~1:"ri'l11lJffl1J1'ifllUfll'H~lW)'UlJ[I~ff~~ '~1~ DPPH radical 11J'UV'UlIillDff'j~ 
q QJ q 'U 

H1;WO'U 'O'l'j'O'O(Pl l'U't'l c{; "'t~1 tJlJ 'Mu'Ut! l~ tJ1f1'UJ 19f1~1JnflfI'Vh i.t! 'O'1J~ l~V'U llalD ff~: 1 'W ffl~i:fn~nl~ q<u 



47 

l11t1iin~tJ1fllJ DPPH radica1l11'M'tI~lJ1fll DPPH radical i:l~"'H (m'W1.h~nfllJ~ 1 h'\mfl~U1n) ml'-;nh 
~ ~ ~, 

'tifilU'JW111~hnl'~iJlJiJ~ l'U'jtl~f)ui:l~'Ua~m'itJ'lJiJ~ (% inhibition) li\f)n l~fllm';ivlJiJ~ DPPH radicalll ., . 
,. ~ 

~t:JtJ,,: 50 (ICSO> (fll'WtI'j~nfl1Jll 21umfl~u1f1) l~fl\h'tln.nU1Jl11U'lJ-:hffl';iffn~'lJ<J11l1~ 3 <J1UVl 

<J1U~ lVlijfl111lff11l1'j\l ''Um'j~l'Ua'41Ji:lthn~'~~frht1'U ·lVllJffl';ifft1Vl'Vliifl1 ICso U'atJf1-jlUfffl~-jli'j 

f1111lff11l1';itl , U m'i~ lUflUll ~~ ff'i~1l1nfl-j1 . ., .. 
'il1f1ffl'lfft1Vlll1<J11l1~ 3 'lrUVl'WlJ-;hffl';ifff1Vl<J11l:titJ1ijfl'Jlllff11l1';i\l 'Um';iYl'luaUlli:l~ff';i~ . .., 

~~t!~ 'ifl~i:l~1l1~f)"lfl~11i:l~ lf1tJUth ICso n;,nlJ 10.83±O.lS Ui:l~ 14.03±1.27 f.:lg l1J'lfl (p < 0.01) 

~llHh~'U ~hu lU<J11~i1'WlJ11f1'Jlllffl1l1';if:llum';iYl'luat!\ti:l6ff'i~i:lVlCl~[J~1~1l1f1 l~wufll ICso tfht1lJ 

87.94±2.98 flg 1lJ<J11 UCl~~CI"'lflfl1';i111t1~1I1mffl';itl';i~f1fllJ*,Uaa n'W'U'hti~1 u '1t1'Ul1,.ua~1~tJ1nu ;la' 

'lf11;jtnutl~1I1fllffl'i'l.h~flfllJVluaafl~~f111')j'1~11C1~ 1~tJijfll11'hnlJ' 1 1 5. 86±2.83 UCl~ 10S.64±7.57 

mgGAFlgilJ'lf1 (p<O.Ol) ~lll'ih~'U u,,~tI~1l1fllffl';itl';i~m)1Jvluflan "Vl"~flth~1l1fllU'lr1~1 lf1tJu 

fll!lhnlJ 28.97±O.61 rngGAFlgi-U<J11 q1~UffVl~-jlff1';i~lUf)l!1J~~ff';i~'Uff1';ifft1f1'lJ'lflJ~ 3 'lSUfi 

'\.h\!:11:1'Wffl';itl';i~fWJlJ:W'Wf)a fI lf1tJffl';iUf.fll1J';lf1~iJfl111lffl1l1';i\l 'U fl1';iYl'l'WflUlli:l~ ff';i~ '1~~ !il~ij .'" 
."" • I ~I"" ~ ~...... .d r 'U~1l1Wff1'j1J';i~flfllJl"iUa"nff~C}f~ffaVlfli:lfl~nlJ';iltH1'W'Ua~ 'lfUU"~flW~ (Chan et aI., 2007) 'Yl11 ., ...... 

l1J'lfl"1fU ~wh~~ Uff~Hfl111Jffl1l1';ifl , um';i~ 1U fl'4lJ i:l6ff~~ iti 1'\1 1 n'W 11 ~ij ~ 'U t1'Utl~lJ1W 'W aaVJ u aCl 

'U!U'lf1 
-4"'~ dod. ~,~" a 

~Clfl1'i1tfl'il~111.h1J1Wffl'i'lh:::mnj'WtI"~'UflCln'llJrn;;Y1')j''\.Ht~CI:::'lf'UVlVl'Jmma~ HPLC . ~ 

(\pnn~ll 5.1) tI'jln!rhl/h.h~lJ GCG '1.'Uffl'iffnfl'lfl'l1~ 3 'lfUVl d1Ufl11'Yl~Uafl 4 'lfUfl~fl EGC 

C EGCG UCI:: EC 'WlJ'${1 Uffl'iffnfl'il'11;itJ1UCI~'lfl~'Hi:l~1f1tJihJ~1l1W 'tiu\Plf1~h~nu ldtl~1f1';i1~'" 
" ".Qd .Q~ ,...c::S' ~ • 
'\JtlllClfl1tJ1lif11'~'V11~fftl\Pl (Hest) t~tJllflltlJ'W 12.48±O.40 5.20±O.21 11.55±O:73 UCl~24.03±O.35 .. 
mgg 1lJ'1l'1 \Pl1lJth~lJ 'luffl'jfftifl'lflt~tl1 tm~jjfllt1:l'W 13.8o±<>.21 5.23±O.32 8.79±1.60 u,,~ 

21.68±3.58 mglg ''lJ'lf1 ~llJih~lJ l'lJffl'iffn~'lfl~l1C1~ 'tJm~'W ECG 'U'lfl1:titl1ihJ~1l1Wl.nf1n-jl 

(l3.49±O.57 mglg ''lJ'lfl) 1 'W'lf1~11C1~ (7.25±O.56 mglg lu"Ifl) (p<o.O 1) t1~1~ i'j~\PlllJtrltl'j11ltl~lJ1W .. 
fll!119f'W11 ~'H1l ~ , U ff1'j ff OVl'lfl VilJ'htl~lJlfll fllt'Yl~'W 'i11l lUff1'i ff n~'lflt~ tl111i:l::'Il'lfll1"~ lti u~mi l~ 

OJ 

CI .;. ~ "'jI ,,'.e:t..t:\ ~Q <;'.d" ~ 1 q ... 
f1'U!llfl1tml~11'\Jfl1Ji:lVl1tJ1lim'j'V11~fftl\Pl (t-test) t~tJllflltlJU 66.76±4.81 mglg lJ'lf1 tUffTiiUflfl"1fl 

t~U11m~ 56.75±4.71 rnglg ilJ'lfl1uffl'iffnfi'lf1~'HCI~ d1Uluffl'iffn~"lf1~1'W'lrhml'Yl~u~h.:t ~ 'Hlt1 

" 11).1 <!t r .<!I .<!I .1"" "" r ... q r ... 
m!f1alJ'I1lJVl nCll'Jflflt'VICl:tl1J:i1l1Wfllt'Yl'lfU'j11l1'V11f1'lJ O.70±0.02 mglg tlJ"1f11'Yll'U'W 

r '1 ~ "'" d '1 ~ l1ff~~11f1'JllJff11l1';itl 'WfIl';i~1'WtI'lfl~Claff'i:'Ufl~'lf11'\JtJ1 (IC5()=lO.83±O.15 J.1g 'lJ'lfl) C}f~ .. 
l.Jlflfl-j1"1f1~'HCI~ (IC50= 14.03±1.27flg lU'lfl) UU m~ 'ti'~lJl\ll flff1'in~1lfl11'V1~U i u l1J'iI'lt~tI-.:l 

• d ~ _I ""~I r"; <!t .'1 .,; 1 .. iI '" 
flU1.:ltfltl1 tI1\ltl.lUff1'ilJ'i~namAJfli:ll"ilWCln~lJtI'W'H'jflff1';i1J'j~nfllJfl'W 'W tlJ'iI'l uaVlfl"fl~f1lJ 

-' ul'JJ & <I""c> ~ ~ """'!l 
(jil1I~ffH"~'fItu~ (Lourdes, et aI., (1998) ~'j1t1.:l1'\.!tl.:JfI1~'VfUtflt:J'j9f\9l'W C}f~tlJU'WflinlUfl'i.'l 

miiJ-vJCl1 ldUtI'i.'I (f11t'V1~Ut1:lklmlll-vJt'I111'WtI'i.'I) 1'W'1m;iv1 trltlph'Wm~'U1'Ufl1'i'H~fl ffl'jn~ll 
:; q q 
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~~ mil 11 U'lfltl'H ~~~1'ilf;l fli;YmtJ ~hjl1~tlttl~ £J'W i'lhil'Wi;YllgU i${~lfJfr:hvttl1l:Wum'lfl-cilJmtVl;'W ;~ih 
OJ OJ • 

~ ~ 

':M"i~lii'Wfl11lJU~flvh~'U~~t1j1l1Wfllt1'l~ul'Wi;Ylli;Yfl~11J<Jfli~ 2 W~ ~hui\'\~lli;Yfl~<Jfl~lUUijfl1l 
~ . 

~~~..:jmh~1l1flli..:jfl11lJi;YllJllf;l1'Wfl1l~1'W{)'l.!1Aaaffl::: (ICso=87.94:±2.98 J.1g 1'U<Jfl) u~:::tI~lJ1Wml 

'l.h:::fltl'U~ U{)i\ fl (28.97±O.61 mgGAFJg (bJ~) Ui;Y~~11i;Ylltll:::fltl'U'Vftl~~'W{)~~t)!t~tJ itll \,\ l:::,..,.h:J 

fll:::'U1'W fl1l11ir fl 1~£J'lflt~tJ1 'JI'ltllla~ tta:::'JI'l~l~h'W m:::'U1'W fl1'jllirflitU{?lfl~h~fl'W ~~ij~a~tl 
OJ 

tI~1l1W 'Vftl1l~ 'W tl~ 1'1.,1 i'U'ln 1 ~£J'trll;j £J1~ ~fhum:::'lJ1U fl1l11ir flU tl~ i;Y ~ij t1~ lJ1Wvt tl~~ U tlCli;Y ~~~ • • • 
t Q.I' A _IQ d~1 ,,d 0 • Got <I 

'JI'1~11~~~1\'\m:::'U1U11lJfl'!i:::tI:::11'W~lJ'!ilJ1W'Vt{)a:n\,\tl~\1..:jCl~a~ ua:::~~1~lum:::'lJ1'WlllJfl\1U~lJ1JlW 

t1jlJlwvttl~w'Wm';..:j"f1~~tlth..:jlJlfl ~~i;Ytl~f1~tHn'lJH~H'I\'\!)')~'Utl~ ~f1~lU~:::f1W::: (~~~1 ua:::f1ru::: 

2006) 

n'l'H'I'n~ Catechin (mglg i'U'lfl) 

hJ'lfl caffeine EGC C EGCG EC GCG ECG Total 

Catechin 

'" 20.30:1:0.39 12.48:1:0.40 5.20:1:0.21 11.55:1:0.73 24;03:1:0.35 NO 13.49:1:0.57 66:76±4.81 'lfl1'1H.11 

'lfl~,\H\.:j 18.20:1:0.97 13.80:1:0.21 5.23:1:0.32 8.79±1.60 21.68±2.58 NO 7.25:1:0.56 56.75±4.7t 

'If1~1 15.46:1:0.31 0.33:1:0.01 NO 0.37:1:0,01 NO NO NO 0.70:1:0;02 

~ I .c:::.a.r ..!! .::9 _'t Q.I d d d Q.I' 'I 
'U\,\~tllll'U{)..:jfl1l1'iltlfl{) fll)fffllJlfl1'!i1J{)~flUfl11lJli;Y,[Jll1£J'U~Hflm'Wm'Utl~i;Yl'!ii;YflVll'lJ'trl 

"" dI, ""'" """"''''''1''1'' "'" ~ dG ')) 1')) ~ 'illfl{)'l.!lq!CI{)i;Y)::: tlf'l UfIl'!i1'ilf! ,~1\1tllf1 'JI''Vt~l~lJ~ pBluescript llJ'UVlttl'WmIPlUU'lJ'lJ ,'JI' AAPH llJ'W 

{)'WlJ~a~'j::: u~:::l~ trolox lilu~1'j~1'W{)'WlJ~fl'ff'!i:::lJ1\P1'Hnu 
q~ q~ Q 

vt/;\l'ffiJfltlfl~iilf1HlUti:l\'\ super coil ciimhunfi~£J1n'U{)\'\ll~a'ffl::: AAPH \1:::Vh'-Hffl£J 
~ ~ q~ 

dd '::'4 1 ~.dl d ~ 
f1m\'\1{) 1 i;YltJ'U{)~''f~lfflJfllfl~l{)£Jlt111..:j (nick) 'U\'\'il~f1mmfl/;\£J1tltlml.l'U lfl'!i.:Jltl open circular lm::: 

t .a 0 • .QQ,Q t "'J 4Q, 1 ~ d ~ ~ 0"4:5 ~ 
VI{)1Jl!JJ{)1'ITUfJn)tJ1~{) lt1'il'Uln~l~tlU111;:J'U\'\1J'U{)fli;Ylt111\'\~)11Jt1JU 2 ff1t!'il:::1'Il1111l1f1HltJt'l.JU 

linear VI11Jih~'lJ (Kaur et al, 20(8) ~~Vll1'il1~'$ll~tJ\PI';j1'ilfl1';jtfl~f)\,\it'U{)..:j~lg\'\l{)i..:j 3 lm'1'iu${1t1 ... 
agarose gel electrophoresis lf1tJ~lg'Um 1m;:Jlu supercoil t~~{)\'\v1'Ul${ifl~frh 1f1'Hl'JJ linear U~::: 

~ . 
1 AI 0.... .... .... ><!l """ d .,. G 1 Aid 

f1l..:jl1.J open circular \PI11lalVl'lJ ~~ .... : ~.! 'il.:J'Vt 'ill) W 1f1111JtfftJ111£J'U{)~~ltl'\'u~'illfl f1'j ',~lJ"HJn 

VilCllt1'fffl1'V'l1i)lll'lfl~ ~~~~tlHCI'i11J'U{)~ lm~lu open circular tta::: 1f1Hl'lllinear fI1'!i'!i1£J~')!fI11lJ 
d "I .1')) 1 Aid 0 "'" !J/""'" "I')) <!I 'I ')) '" ')) 

t'ff£J'\11tl'il:::lltH1U t'U'j1J'j{)tI/;\~'U{)~ . ~H'jlJVlf;lfl~,!,,!Cllt1t;\'fl1'Vt']jl)lJ'trl\P1 H1'il£J 1~mtlfll'll'f111lJ:'UlJ'tI\'\ 
qJ cu cu ~ 

91 Cl.d 0 q 91 Q GI ~ d d d dd d 0 

'Uf.l~'ffll\PI1'U{)'UlJ" {)ffj:::Vl1'l1 t 'I1tflVlmltl1JtI~fl1'!it~tll'il£J'Utl~~t{)\,\t{) W 'il~1'IlJ 1 f1l ..:j'jU1'If;l fl1'l1/;\ 1£J 
q~ q ~ ~ 

~m'Vt1i';j'j1J'lI'l~hH'{)u~::: 50 (IC~ l~tll~tmtl1JtVitl'lJfl11lJ'ffllJllf;l'U{);:J'ff1l'ffnVll1J'lI'1 3 'lI'iJ~vinfl1'j 
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d 'l"'~' ?t d cf!JI .d! .<9 d 

1J'ilrJ.:jl'Ufll'j&'ll''VHnff1J~ pBluescript l'U'W~tO\!m~'UU'U'U1f'H)ffnlJlfl1Jtfft'.l'Vilt'.1~lm)'W1J(;t q., 

Q i ".., i ..,... ,,,, . ~ "'" d ", 
-tlff'j:: . ~t'.IfJ1Jl'jU~::'lf~ . ~'W~~m (Kwnar & Chauopadhyyay, 2005) 'll' pBluescript t'U'U~m'Wml9l'Uu'U'u. 

91 ~ "'" '.91.... -: "'! .: "'! . 
i'll' • OH llJ'WlltPJ(;tllff'.i:: u(;t:: 'll'ffl'iffMl pudma extract ~lf)'W'lf'W'UWll.:! (Melita spicata Linn.) 'till.:! 

" ad ~ ", Q. d "'" "" .<9 'I '1 _I"'! 
ll'Wt~tI1lJ'Uffl'j~l'Ull'W1J(;tllff'i:: ffl1Jl'.if:l~'i1\l'Vf'UnTHffV'l11trUll~1'ml:('l'1J~tf1~'U'U &'U 2tflH'j1Jflll q., OJ 

lfl'j':!~'lI open circular U(;t:: lfl'i.:!~'lIlinear lm::~'titUV'ViltJlijtJ ifl'Hl'l1 supercoil t~1J~.:J.J~ 3 ifl'j':!~'ll 
Utlnlllln\llnn'W"if~t1i'Uci1mh agarose gel electrophoresis i~mlf'Uti~'W 3 Utl'Ul'Wu~h.m)(;\ t~t'.I.:!~11nh~'U 

• • tI COo' 
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\llflfll'.ifln1l1f1111Jfflt11'i'tl'tl a.:Jffllffn~ L-mn 3 'll'U~ '\ 'U fl1'iilll.:!n'U fl1'jliftl'Vilt1'Utl~ 
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, .d., t ~ 
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d. ~.Q _I • _i • 0 

1JfI'Jll1ffl1Jl'jf:l~lUtlUllnf)ff'l::ll'i::1J1W l.3 t'VI1'iUf)~'if11l11n.:j U"~1J'j::1J1W 8 tVll'Ua.:!'ll'l~l UCl:: q., • 
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lij tl~ 1l1flnil.:jfl11l1ffl1Jl'itll'Ufl1'iilf).:Jti'UmltU£l'Vilt1'Uij.::t'VtCllffiir;}'U6'iffl'i"1,ti~ l'U'ifll1.:! 3 'lfU~ l'fU11 

"'ll~f1c;\'f)~ti'U fla"Jflt;itl1iifl'Jl1Jffl111'lf:l i'Ufl1'jil~Hti'Ulh:1l1W 1.2 n;l'Uf).:J'lfla'l1".:j u'fl::th::lJ1W 8 t'vh ., 

, ' , . 
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1IS.86±2.83 

l08.64±7.S7 
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3 Caffeine 17.643 I 27C928 99117 0.151 UQ./uL 

35 

40 
min 

40 
min 

• 



mV 

o 

1 Oet.A ChlJ210nm 

<.Results> 

Detector A. 

5 

IO!! Name 
1 

'2 
3 
4 
5 
6 
7 

EGO 
C 
Caffeine 
EGCG 
EC 
GOO 
ECG 

mV 

, Det.A ChI 121 ""m 
<Results> 

- .-
'D:t Name 

i 
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D:\s .... 'U chemist.y,2&-12-SO\sampI97.1cd 

10 15 20 

He!_ Time Alea Heiqht 
14.061 251619 2K<92 
15.8931 114843 8587 
17.629 420036 32584 
21.794 153657 10314 
22.3251 501381 33726 

O.or.o 0 a 
31.914 176838 10663 

Ret. Ti:"':1e- Ar~a Heiqht 

30 

Cone. 'Units 
0.041 uo!ul 
0.014 uo!uL 
0.050 ~Q!uL 

0.026 "cluL 
0.065 -tiafuL 
0.000 untuL 
0.021 uo!uL 

Cone. 

35 

~ar 

V 
v; 

lInits ,,1ar 

40 
min 

L _______ ---l 
EGG 14.074 291191 24260 0.045 uoiul 

2 C 15.903 179666 13657 0.021 un.lul 
3 caffeina 17.642 462207 35759 0.055 uo/uL 
.; EGCG 21.818 243580 15944 0.034 un.luL 
5 EC 22.344 5t,'?'>46 37670 0.073 UoIuL V 
6 GOO i).000 0 0 0.000 ''''!uL V 

IJ' ECG 31.938 211844 16532 0.031 uoluL 



mV 

o 
1 OeJ.A Ohlj210nm 

<Results> 

Delect" .. A' 
1011 Name 

1 
2 
3 

,4 
,5 

6 
7 

EGO 
0 
caffeine 
EGCG 
EO 
GOG 
EOG 

mV 

300-

1 Det.A Ghl!210nm 

<Results> 

D I t A e ecor 
ID#. Name 

1 EGG 
2 0 
3 caffeine 
4 EGCG 
5 EO 
6 GOG 
7 EOG 

5 
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O:\SYIU ch"mistry\26·12·50\sample 12.1cd 

10 15 20 2S 30 

AGt. Time Area l4e;o1>1 Cone. unns 
14.015 245077 20419 0.039 ucfuL 
15.845 124124 9489 0.015 uaiuL 
17.574 448615 35055 0.053 ua!uL 
21.719 81068 5429 O. o?f unfuL 
22.242 407840 27598 0.053 un.'uL 

0.000 0 0 0.000 uc'uL 
31.780 73555 4650 0.011 uaiuL 

Ret. Time kea Heiaht conc. Units 
14.067 38877 3235 0.014 uo!uL 
0.000 0 C 0.0"...0 uQ!uL 

17.591 5763805 446122 0.685 uQ!ul 
22.151 40717 3(131 0.016 un!uL 

0.000 0 0 0.000 UQ/ul 
0.000 D I) O.OVO uo!ul 
0.000 0 0 OJY.JO UQ/ul 

35 

t..Ia.i\ 

V 
V 

Det.AChj 

,ar 

V 

V 
V 
V 

40 
min 

i 



mV 

mV 

,0 

10et.AOh11210nm 

<Results> 

,,,'ACt. 'A 
ID" Nam9 

GC 

~ .. 
00 

1'.>. 
G 

0 5 

10"t.AOh1!21Onm 

<Results> 

Detector A 
10# Name 

1 EGC 
2 C 
3 caffeine 
4 EGCG 
5 EO 
6 GOG 
7 EOG 

Ret, rime 
1',,0691 

1.00 
'.58 
.13 
1.00 
1.00 
,;OC 

10 

,Ret. Tim9 
14.036 
0.000 

17.549 
22.0791 

0.(;:)0 
0.000 
0.000 

68 

Area H~iqht Gon Onlt 'ar~ 
3784 32' uot" 

uail V 
547567 42546 ua'" 

33:37; 248 ua'u 
uo!u V 
uolu 

.; uQ'u V 

, I 
"15 20 25 :w 35 40 

min 

. .;rea Heioht C::mc. Units .ar14 
37465 3i52 0.0141 uaioL 

0 0 O.()OOI uo/uL V 
5647216 438810 0.671 , u-fuL 

35877 2677 O.OlE! uo/ul 
0 0 0,0001 uQtul V 
0 0 0.000 "o'uL V 
0 0 O.OCoQl UQ!uL V 
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.fln'flll~fl0'lJ llh&'lJ'lJ agarose gel electrophoresis 'U0-:1 pBluescript hW'lW~H' 

.fll'W'Ih~fl0'lJ~ 6 fl. ~llmJU electrophoresis !~tJ pBluescript vhllfi1£nflu AAPH 

.fll'W'Ih~fl0'lJ~ 6 'U. ~llu'Uu electrophoresis !~tJ pBluescript ~'1;nJflU trolox Ui:l~V111lfi1tl1flU 
AAPH 

.fll'W'Ih~fl0'lJ~ 6 fl. ~llu'Uu electrophoresis !~tJ pBluescript ~'1;nJflU'ffl'H"fl~GJj'l!~tn Ui:l~ 

V111lfi1£nflu AAPH 
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.fIl'W'I.h~fl8'lJ~ 6~. liJU'lJ1J electrophoresis t1i8 pBluescript ~fflJti1Jffl'Hlti~G)fl'Q'tHl,:jU'i:1~ 

YhiJ~~tJ1ti1J AAPH 

.fIl'W'I.h~fl8'lJ~ 6 'iI. liJU'l.J1J electrophoresis trltl pBluescript ~mJn1Jffl'jffn~G)fl~ltW~ 
'VhiJ~~tJ1n1J AAPH 
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, v'l t _Sot OJ d 

m~'tnm ICSO "'tl~iI1~iJil~U1.J'til~am~lJO~il'Um~'trtl'MUJ"tl~ pBluescript;nil AAPH 

fll'Vt'lh~fltl1.J~ 7 flTJ111~h leso 'tI6-3tYl~~·n~~lt~tl1 ')j'1~1111-3 Ull~ 'in~h 

% 1flH1U'I'IftllfJJA ': ........ ----.--.-----.-.----.--------=~~l 
80 \ I - --------------1 

E+-;-~:-------~--·------------------------~~,; 
30 I " 
~~=t~~~~~~~~::::::::::=======:===~ 10 ~ ~ 

1

1
-- ciccu,~r+linearl 
-- supercoil 

O~~~~~~-=m=~~==~~=mm=~m=m=~~~~ Ie,. 1I11111f.,,1fllilal(ngful) 

o 20 <0 60 ,~ 100 '20 '<0 '60'80 20J 220 2<0 260 280 

. y.,1flHI·lh'Hm(ii~ 
100 -_._.----

90 1\ ~ 80 
\ i 70 \ I 60 

50 
40 II 30 

,f ~ 20 "--10 
0 

Ie,. 
0 500 

=i 
I 

i 
i 
I 
I 

1 
i 

! 

1000 15GO 2000 2500 3000 

--+- CirCUlar+finearl 

-- supeccoU 
I 1 

.--------,\ 

-- Ci'CUlar+l,nearll 

-- supercoil t 

t'IlHrtif\'lfl~l (ngful) 

J 
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v .~ ~ .1 ' ... ~I .... .! 
'Ua1JilUnnllUp."I.:!l'Ug)H1 'Ua':!'WiJli;nJ~l'UU raw volume 'Jlfl"Il~'t'I'illfl software Genetool 

~l"IH~ 1 fl. ,rltl pBluescriptvlltlnn~tl1fi'U AAPH 

Track AAPH Form Raw volume 0/0 

o (tl11JfllJ) circular 90985.7 6.7 
linear 33209.5 2.4 

supercoil 1244539.3 90.9 
11lJ 31'lH1.:! 

" 
1368734.4 100.0 

2 2.5mM circular 690715.9 35.6 
linear 85426.3 4.4 

supercoil 1163814.1 60.0 
11lJ 3 lUll.:! 

S' 
1939956.4 100.0 

3 5mM circular 1137413.1 62.2 
linear 94057.1 5.1 

supercoil 596781.4 32.6 
11lJ 3 luil.:J 

PI 
1828251.6 100.0 

·4 10mM circular 1682186.6 80.3 
linear 139506.5 6.7 

supercoil 273645.4 13.1 
11lJ 3 lUll.:! 

" 
2095338.5 100.0 

5 20mM circular 2332630.5 98.4 
linear 36799.6 1.6 

11lJ 3 1Ui1.:! 
s' 

2369430.1 100.0 

6 40mM circular 1739313.4 98.6 
linear 25275.5 1.4 

l1lJ 3 ':illil.:J 
" 

1764588.8 100.0 

7 1" 1lJ circulartl"~ 
80mM linear 1618791 100 
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Track Trolox Form Raw volume 010 

fi11JfllJ circular 187124.4063 4.8 
linear 108828.2656 2.8 

supercoil 3623415 92.4 
'i'llJ 3919367.672 100.0 

2 OmM circular 4086721.5 82.3 
linear 688450.0625 13.9 

supercoil 190838.4375 3.8 
'!i'1lJ 4966010 100.0 

3 i..5mM circular 4194841 82.4 
linel'l.f 702052.375 13.8 

supercoil 195545.8594 3.8 
'i'llJ 5092439.234 100.0 

4 5mM circular 3293978.75 83.5 
linear 563928.3125 14.3 

supercoil 86894.96094 2.2 
11lJ 3944802.023 100.0 

5 10mM circular 4078744.75 87.3 
linear 428345.625 9.2 

supercoil 164107.1719 3.5 
'l"1lJ 4671197.547 100.0 

6 20mM circular 2296240.5 72.2 
linear 210332.125 6.6 

supercoil 675392.125 21.2 
'!i'1lJ 3181964.75 iOO.O 

7 40rnM circular 623009.8125 14.2 
linear 142949.1563 3.3 

supercoil 3607213 82.5 
'nlJ 4373 17 l.969 100.0 

8 80mM circular 1648224.6304 3.7 
linear 9456.5621 0.2 

supercoil 3864651 96.1 
1'1lJ 4022332.193 100 
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.d cil~ pBluescript P-IUlJn1JUl'H"fl~')rU:U(J1 u~1Viltl~fi1mnll AAPH ~1'iH't1 1 fl. 

u .ct 
lfl''H1'll Track iJl1i,ffl~'lfu'U~rl .. Raw volume 0/0 

1 fl1'UfllJ circular 77986,83 4.1 
linear 33595.87 1.8 

supercoil 1778941 94.1 
1111 1890524 100.0 

2 0 circular 2261507 84.3 
linear 202955.9 7.6 

supercoil 218721 8.2 
1111 2261507 84.3 

3 7.8 nWJ..l1 circular 2040343 54.9 
linear 123779.9 3.3 

supercoil 1553870 41.8 
1111 3717993 100.0 

4 15.6 nWJ..lI circular 472919.3 16.9 
linear 67727.8 2.4 

supercoil 2261445 80.7 
1111 2802092 100.0 

5 31.2 nWJ..lI circular 375019.5 12.3 
linear 39391.9 1.3 

supercoil 2629731 86.4 
1111 375019.5 12.3 

6 62.5 nWJ..I.1 circular 386731.5 10.8 
linear 68509.16 1.1 

supercoil 2504158 89.1 
1')11 2959399 100.0 

7 1251nWJ..lI circular 259049.5 8.6 
linear 31915.96 1.1 

supercoil 2724310 90A 
1')11 3015275 100.0 

8 250 nWJ..l1 circular 134597.8 7.0 
linear 26904A6 1.4 

supercoil 1766854 91.6 
1111 1928356 100.0 
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.J u1't) pBluescript H"tUO'I.Jffl<H"fl\PI"lfl~'I1~,:j uKnhui)n"1tllo'U AAPH g)1'l1-311 1 -3. 

Track 
<V 

ill1i1fl~"ltl'HiH lfl 1.;'i 111 .. Raw volume 0/0 

f111Jt}lJ circular 53883.66 3.8 
linear 58832.95 4.1 

supercoil 1307224 92.1 
'S1lJ 53883.66 3.8 

2 0 circular 2182114 92.7 
supercoil 170685.3 7.3 

'S1lJ 2352799 100.0 
3 7.8 ngl~l circular 2276490 82.0 

: supercoil 498719 18.0 
'S'llJ 2775209 100.0 

4 15.6 ngl~1 circular 1798216 67.4 
supercoil 870203.8 32.6 

'S1lJ 2668419 100.0 
5 31.2 ng/~l circular 482985.7 21.2 

supercoil .1796623 78.8 
'S1lJ 2279609 100.0 

6 62.5 ngl~ circular 242852 12.3 
linear 31052.69 1.6 

supercoil 1704824 86.2 
'S1lJ 1978728 100.0 

7 125 ng/p.l circular 215032.7 9.6 
linear 39690.25 1.8 

supercoil 1992546 88.7 
'S'llJ 2247269 100.0 

8 250 ng/~I circular 210827.4 9.8 
linear 29174.2 1.4 

supercoil 1920314 88.9 
'S'llJ 2160316 100.0 
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~,.n!l~ 1 'il. lrl~ pBluescript fl~UJn'U'ffl'HYfl~"lfl~l u~"l\1111~n~tl1fl1J AAPH 

OJ 0 

'ift<J~<JtI Raw volume Track iJl<JiIfl~'UUn .. % 

A11Jf}lJ circular 87768.13 3.5 
linear 48777.25 1.9 

supercoil 2377798 94.6 
1111 2514343 100.0 

2 0 circular 2023720 91.8 
linear 180165.8 8.2 
1111 2203886 100.0 

. 3 78 ng/I-li . circular 937452 39.2 
linear 49944.23 2.1 

supercoil 1405427 58.7 
1111 2392823 100.0 

4 156 ng/i-ll circular 443413.7 15.8 
supercoil 2368185 84.2 

1111 2811599 100.0 
'5 312 nglJ-l1 circular 199089.7 9.3 

supercoil 1950942 90.7 
1111 2150031 100.0 

6 625 ng//-ll circular 193622 8.9 
linear 36603.1 1.7 

supercoil 1949704 89.4 
1111 2179929 100.0 

7 1,250 ng/I-ll circular 229794.8 9.8 
linear 37479.64 1.6 

supercoil 2077048 88.6 
'i111 2344322 100.0 

8 2,500 ngll-ll circular 190283.6 7.8 
linear 43281.86 1.8 

supercoil 2194811 90.4 
'i111 2428376 100.0 
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fl1~fll\nt"uilui'afJi.1~'Ua~ lfl~~ltJ'WilltrnVlti~flt'iumJ (circular + linear) Ui.1~\higflt'ili.11fJi,JiIl'W 
fi":i":itJ~l~ (supercoil) . . 

.q ~ '10 ftICII~Q QI 

Vll":iH't1 2 fl. Illt) pBluescript 'VI lut]mVlfltJ AAPH 

Control AAPH(mM) 

0 2.5 5 10 20 40 
circular+ linear 9.1 40.0 67.4 86.9 100.0 100.0 

supercoil 90.9 60.0 32.6 13.1 0.0 0.0 

Trolox (mM) 
Control 0 2.5 5 10 20 

circular+ linear 9.1 3.8 63.8 97.8 96.5 78.8 
supercoil 90.9 96.2 96.2 2.2 3.5 21.2 

.J.dt QI Q.I.do 9J 10 • -Cl..::::aCl. Co' ' 

Vll":iH't1 2 fl. !'lHl pBluescript ~fflJf1'lJffllfffWI"'l!'lltJ1 Ul;11111'Utjf1'Hl1f11J AAPH 

circular+ linear 
supercoil 

circular+ linear 

supercoil 

circular+ linear 

supercoil 

Control 
9.1 

90.9 

Control 

7.9 

92.1 

Control 

5.4 

94.6 

0 7.8 
91.8 58.2 

8.2 45.1 

0 7.8 

92.7 82.0 

7.3 18.0 

0 78 

9l.8 41.3 

8.2 58.7 

ffl'j fffi~"lfll:Uf.n (ng/ul) 

15.6 31.2 62.5 
19.3 13.6 11.9 
80.7 86.4 89.1 

ffl'j ffti~"lfl~'I1l;1,:j (ng/ul) 

15.6 31.2 62.5 

67.4 21.2 13.9 

32.6 78.8 86.2 

fflJ ffti~'ll'l\Pll (ng/ul) 
156 312 625 

15.8 9.3 10.6 

84.2 90.7 89.4 

80 
100.0 
0.0 

40 80 
17.5 3.9 
82.5 96.1 

125 250 
9.6 8.4 

90.4 91.6 

125 250 

11.4 11.2 

88.7 88.9 

1,250 2,5UU 

10.4 9.6 

88.6 90.4 
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" ~ •• ) ..:i fjJ C\ a ~ "jIQI 
t1'1';i~1'U8'fIJiltHr';i~ (antioxidant 'nntltl~ nl~\PllU8'4lq!"fJn'j::: 'I1',HlffllV1ff11l11fW\Jlll1J 

" ti1JfJ'4lq!~il'1:1'j::: U~1U1JiJ~t1~mtllfJfJncHt~'I'iU'UfJ~ luta t;}a til I'll lJ 1tJ l~uri lt1';i~U l'UJu ua::: 

DNA 

I C so 'UfJ~ ill ';iff1.Jff~8~1Jilall';i~ 'I1lJ ltiO ~tI~ lJ lW ·l.m·~ ff1';i~ 1U fJ '4lq!" ~ ff'J:::~ '1:1111 110 iJ'Ug~CI'4~" 
"" • '1 9191 
mn~DPPH ~~H)tJ"::: 50 

ICso 'U~Hill';itJ8-3n'Ufll';i!~£I'l'il£l'Ua-3~,a'U'tl 111l1tJil~t1~lJ1W'UfJ~'1:11~~lUfJ'4lq!afl4X';i~~4XllJl';itl 
_'t cv d d d ~ til "'JI 
1JO~flUfl1';it'1:1t1'111t1'U8~\9ItfJUt61l1flfJ'4\tafJ4X'j~ !\9IHH.m~ 50 
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QJ V<;' Q.CV 

1. ,'rJ't'IUl &fI'Hfl1~1iJtI 

1. ~8 - UUHffJ" (.flun'hltl) '1.n~f~'Wl -a''l.Ji'W1i;~ 
.,j ..., 
'ti8 - Ul'l1tffJ'il (.flll118~flqll) Mrs. Ratana Sampantachit 

2. &'il'U't'I'lIlt1Ufl~tl'I~;lUl1,.h~'til'tiU 3-1299-00348-68-4 
o ,_c.t <v,,, tI 

3. fll~&'t'I'H'1JiJiltJU ~'ll'1t1f1'1""~'jl'l"HJ 

, ~.d ~" \II" " ~ v Jcr 
4. 't'IU1mlu'fI8g'tlin'll1~tJflflfl8 teiI~fl1fl 'ff';i8tJ't'itJ~m'il'U&'t1'If1"'t1 nl~in'I U'il~ e-Mail 

fllA1'll'lt'rli1 flf.U::1'Vl{J1f1'1~~{ 1l'Yili'Vltnatlff~'\.:!fl~\!'Vl'j1hVJl 

l'f1'Ift"tf .yhh~l'W 02-664-1000 via 8211 
... 7/ 
VlUl'\.! 02-910-0476 
... ... 
lJOfl8 089-679-6941 

hl'Itfl'I 02-259-2097 

e-mail: ratanasu@swu.ac.th 

_I ........ .:!! 
3. u'I~1f1fl1'If1fllll 

1. mtytylfl~ : 1'Vl.1J. (~htflih~Wla.:jfl'.imll,\''I11,\'1U1auTIfIl'jffflIn 2516 

2. mWflnln : 1'Vl.lJ. (~1tflib lJ'Yi1i'YIU1~tllJl1~a TInnftflIn 2520 
.. v . . 

.Q .etc( 0 Q. , Q. ~ ..:.. 

4. iI1'U11'tilfll'I'fIUfl11tJ'tilU1ty'f'UililI (UflfW1H1l1fl~~fll'If1tl'if1)'i~'lJiI1'U11'ti1fl1'I 

., • WI 

5. tI~~iI1Jfl1'Imfhfttl1.u8~fl'Ufll'i1J~'t'il'H1Ul~tI1l~fllt11UH'il~fllt1U8flt1'I~mf11V1t1 

'I~1JtftJ1U.fl1111Utl1'I.,hfl1 'Il-UtI.hd]UNlhu 19m 'IHI~.n.t~lU l~tI lY ';mu 11 fl 'I.:i fl1 'I 1 ~ tI 
q ~ 

. . . 
QQJ .cI 0 cs V.::!:l QU '.r::'td4 ,.1 1 , 

7.3 ~lU1iJtI'fI111~iI'IiJutn : 'ti8~'il~1t!1'i1t1 u't1'ftU'ft fl1~fl.ltI!tl1'I U'il~H't'I'il.:ilJU (8Hl 
, .,j 
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