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Abbreviadons

AAPH

BHA
BHT

C

CG

2--dG
DMEM

2,2'-azobis(2-amidinopropane)dihydrochloride

butylatedhydroxyanisole

butylatedhydroxytoluene

(+)-catechin

(-)-catechingallate

2'-deoxyguanosine

Dulbecco■smodi丘edEagle'smedium

DMSO - dimethylsulfoxide

DPPH - 1,1-dipheny1-21Picrylhydrazyl

EC - (-)-epicatechin
ECD - electrochemicaldetector

ECG - (-)-epicatechingallate

EDTA - ethylenediaminetetraacetatedisodium

EGC - (-)-epigallocatechin

EGCG - (-)-epigallocatechingallate

FT-IR - fouriertransform infraredspectrometry

GC - (-)一gallocatechin

GCG - (-)一gallocatechingallate

HPLC - high-performanceliquidchromatography

LC/MS - high-performanceliquidchromatography-massspectrometer
MTT - microcultruetetrazolium

NMR - nuclearmagneticresonance

8-OHdG - 8-hydroxy-2'-deoxyguanosine

8-00HdG - 8-hy血operoxy-2'-deoxyguanosine

TBHQ - tert-butylhydroquinone

TLC - thin-layerchromatography
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Chapter1

GeneralZn加 duction

hcluding cancer, eleven

degenerativediseasesasshown inTable

1arebelievedtobeinducedthrough

oxidative genetic dam age. The

oxidativedam ageiscausedbyreactive

oxygen species(Guyton and Kensler,

TableI. Degenerativediseasesdirectly
causedbyoxidativeDNAdamage

Cancer diabetesmellitus

amyloidosis hyperpleSia

arteriosclersis pancreatitis

arthTosteitis parkinson'sfacies

ci汀hosis senilecataract

dementia

1993;Emerit,1994;Mamett,2000)andfわrmsmainly8-hydroxylsinthebases,

8-ox0-7,8-dihydrodeoxyguanosine (8-hydroxy-2'-deoxyguanosine,8-OHdG) and/or

8-hydroxy-2'-deoxyadenosine(Fig.1)(Randerath,1997;BoiteuxandRadicella,1999;

o 母 oH
oH OH

8-hydroxyl2'･deoxyguamosine 8-hydroxy-2'-deoxyadenosine

(8･OHdG) (8-OHdA)

Fig.I.StructuresoftheoxidizedDNAbases

Nomotoeta1.,2000;Podmoreeta1.,

2000).Anaccumulationof8-0HdG

hasbeenfわundinseveralcarcinoma

cellsandmutatedgenes(Yam am otet

al. 1993; Kondo et al.,2000;

Foksinskietal.,2000). Levelsof

8-OHdG inhum an skeletal muscle,

respiratoryepithelium,andleukocytesarecorrelatedwith aging,exposuretourban

pollutionandsmoking,respectively(Mecoccietal.,1999;Calder6n-Garcidueaaseta1.,

1999;Lodovicietal.,2000).Urinary8-0HdGisabiomarkerofhum an oxidative

stressaccompanyingcancer(Simic,1992;Kasai,1997;Halliwell,1998;Zwart,1999)･

An importantissueinhum an health isthesuppressionofoxidativedam age,which

shouldassociatewithnutritionalbehavior. Thus,thebetterunderstandinglSWhich

2



GeneralIntroduction

food factors are su氏ciently antioxidative to

suppressthe8-OHdGformation.

Otudailyedibleplantscontain alarge

num berofphytochemiCalswithoutapparently

nutritivevaluefわrhum an butwith pronounced

biologicactivity(Wattenberg,1990). Theyare

polyphenolsandoccurubiqultOuSlyinvegetables,

fruits,andteas(Robards andAntolovich,1997;

Hollman and Katan, 1999), The ten

polyphenolsincludesvariouskindsofcompounds

thatderivefromthebasicphenol-structuresasFigs.

2,3,and4.Theyhavesomeabilitytoscavenge

reactiveoxygenspeciesandespeciallyortho-dioI

structure (catechol) shows strong activity

89127365104 5
0

Anthracene Anthraquinone

Fig.3. StructuresofAnthraceneand
An thraquinone

COOH

65* 2,
Hoo°壌 ;

Benzoicacid Cinnamicacid

Fig.4. Structuresofthetwotypesof
phenolicacids

O

Flavone

･ ヂ

FlavonoI Flavanone

Lsoflavone FlavanoI

Anthocyanidin 0

aalcone

Fig.2. Structuresofthevarious
classesofnavonoids

(Rice-Evansetal.,1996;Nanjoeta1.,1996).

Foodpolyphenols,therefore,areexpected

tobeabletoprevent血edegenerative

diseases(YbudimandJoseph,2001).

The丘rstitem requlnnglSWhich

foodsincludethestrongantioxidantsto

quench 也e reactive oxygen species

sufficiently. Theauthorhasexploredthe

strongantioxidantsinthetropical fhlitsin

Chapter2. Sincetropical fruitsgrow

3



Chapter1

underhotandintensesunlightthatfacilitateslipidperoxidadon,theauthorthinksthey

shouldcontainthestrongantioxidantstoshieldag乱nStPerOXidizingfactors.

TheseconditemrequlrmglSan eStablishmentofexactevaluationmethodfor

antioxidativelypreventingdiseases.Topreventgeneticdamage,antioxidantsshould

trapthereactiveoxygenspecieseffectivelyenough easierthan DNA.Theputative

reactiveoxygenspeciesthatfom 8-hydroxyderivativesarehydrogenperoxide(Floyd

etal･,1998;Tayloretal.,1995;Abu-ShakraandZeiger,1997;LloydandPhillips,1999),

thiolradical(Goldman eta1.,1999),andlipidperoxides(KanekoandTahara,2000).

However,theyallrequlretransitionmetals,UVraysoryraystointerconvertand

generateoxidizingspecies.Thus,thisFenton'sreactioncomplicatesseveralsubfactors

suchashydrogenperoxide,iron(II),andethylenediaminetetraacetatedisodium Salt

(NappiandVass,1997;Yokozawaetal.,1997).Thevarioussubfactorsmayresultin

errors,forexample,interactionwithmetalionsandrayquenching(Sugiharaeta1.,

1999;Puppo,1992).AsimpleandconvemientsystemisfavortoevaluatewhichfoOd

factorscan ScavengereactiveoxygenspeciesbeforetheDNAbasesaredamaged.In

Chapter3,theauthorhasestablishedanovelevaluatingmethodfortheantioxidative

potenciesoffood.

Thethirditem requiringisan improvementfortheanalytical methodto

determineantioxidantsinourdailyfoods･Consideringthehum an,thequantitative

dataontheoccurrenceofantioxidantsarestronglyrequestlng･Recently,quantitative

methodsforflavonoidshavebeenpublishedbasedonHPLCwithdiode-arraydetection

(Hertogetal.1992a;Crozieretal,1997a;MerkenandBeecher,2000)buthavenotbeen

includethedeterminationofotherphenolics. Schieberetal.(2001)havereportedan

improvedmethodforthesimultaneousquantitationofbothflavonoidglycosidesand

4



GeneralIntroduction

phenolicsbutislackindetectionofflavonoidaglycon.TheanalytiCalmethodshould

beabletodetermineal1antioxidantsocctm ginfoodin thespeciesandthecontents

simultaneously.InChapter4,theauthorhasdevelopedandvalidatedacomplete

methodtodetemi nealmostallphenolicantioxidantsinhum andiets･

Theflnalitemisthebetterunderstandingofbioavailability,whichincludesa

physiologicallevelofdietaryaJltioxidantsinthecells.Itrealizesforthe丘rsttimeto

preventdiseasesthattheantioxidantsinfoodwouldbeabsorbedinbodyandreachnear

DNA inthecells･ InChapter5,也eau也orhasdeteminedtheplasmalevels

employlngananimalmodeland血r血erevaluatedthepreventingeffTectagalnStoxidized

DNAdamagesat也ephysiologicallevelsofantioxidantsuslngaCellline.Finally,the

potentialityofmaintainingthehum anhealthwithdailydietisdiscussed.
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Chapter2

StrongAntioxidantsin

CavendishBanana

Thischapterisbasedmainlyon:

LargeAm ountofDopam ine:AStrongAn tioxidantinCavendishBanana

JournalofAgriculturalandFoodChemistry,2000,48(3):844-848.

9



ChapteT･2

Ln加duciion

meproductsoflipidperoxidationarepartofourdailydiet･Thedigestive

systemoftheman possessesan abilitytodetoxify smal1amountsoftheseproducts

(KanazawaandAshida,1998a).However,thoseperoxidesthatcannotbedetoxified

areabsorbedintothebody(KanazawaandAshida,1998b),wheretheycan cause

variousdegenerativediseasessuchasatherosclerosis(Nourooz-Zadehetal･,1996),

Cancer(Chaudharyetal.,1994),diabetesmellitus(Novotnyetall,1994),Parkinson's

disease(Yoritakaetal.,1996),andothers(Kdstaletal.,1996).Itisimportanttoour

healthtomaintaintheabilitytodetoxify inthedigestivetractbyeatingantioxidative

foods.

Plantfわods,particularlyvegetables,containvariousantioxidants,tocopherols,

ascorbicacid,carotenoids,andflavonoids.Stronglyantioxidativephytochemicalsalso

havebeenfわund;catechinsinteas(Salahetal.,1995),sesaminolsinsesame(Kanget

al.,1998),chlorogemiCandcaffeicacidsincoffTee(Laranjinhaeta1.,1994),curcum inin

herbtumeriC(Todaetal.,1988),rosmanol,Cam osolandcam osicacidinrosemary

(Inatanietal.,1983;Am omaetal.,1992),andsoforth.Theauthorisinterestedin

fhitantioxidants.Wangetal.(1996)examinedtheantioxidativepotencyin12ihits

and5f血itjuices,andreportedthatstrawberryhadthehighestactivityfTollowedby

plum ,orange,andetc.includingbanana. Theauthorhadalsoexaminedthe

antioxidativepotencyofseveral鉦uits,andfbundthattropicalfhJitshadstrongactivity.

Forexample,abananawater-extractsuppressedtheautoxidationoflinoleicacidby

65-70% a洗era5-dayIncubationinanemulsionsystem,asdetemined丘om 也e

peroxidevalueandthiobarbituricacidreactivity.Tropical丘uitsgrowunderhotand

10



SLTTOngAntioxidants

intensesunlightthatfacilitateslipidperoxidation.Theauthorconsideredthatban an as

shouldcontainantioxidantsinpulpandpeeltoshieldagainstPerOXidizingfactors･

TheobjectiveofthepresentChapterwasanexplorationofbananaantioxidants･

TheauthorfirsteXaminedthepeel,andidentifleddopamineasastrong

wateトSOlubleantioxidant,presentat也elevelofonehun血edmgper100g･Next,血e

authoranalyzedthepulp,andfoundittoocontaineddopamineatafewmg/100geven

innpenedbananasreadytoeat.

MaterialsandMethods

Materials

Themostpopularbananaontheworldmarket,Musacavendishii,imported

fromtwodifferentplantationsinthePhilipplneS,WasObtainedfromalocalmarket

outletbefわrenpenlngtreatmentwith ethylenegas. Linoleicacidpurchasedfrom

NacalaiTesque,rNC.(Kyoto,Japan)wasdistilledundernltrogeninvacuotwice.

Standardchemicals,dopamineandothercatecholamines,aninoacids,andtocopherols

wereusedfTromNacalaiTesque,INC.(Kyoto,Japan),W独oPureChemicalIndustries

Ltd･(Osaka,Japan),andEzaiCo.,Ltd.(Tokyo,Japan),respectively.Flavonoidsand

catechins werefromFunakoshiCo.,Ltd.(Tokyo,Japan).Allotherchemicalswere

commerciallyavailableinhighgrade.

ill



Chapter2

SepaT･aLionofba月anaanLioxida〃ts

Bananapeel(1050g)wasobtainedfrombanana(3kg)without丘血tapexand

stalk Thepeelwasallowedimm ediatelytostandin boilingwaterf♭r20Seeto

inactivatepolyphenoloxidases(JimenezandGarcia-Carmona,1999). Itwasminced

withaWiringblenderandcentrifugedat8000×g.Thesupematantinacellulosetube

(dialyticmolecularsize,lessthan 12,000114,000)wasdialyzedto10Lofwater

ovemight.Thedi艮lSateafterbeingcondensedwithanevaporatorundermitrogenwas

weighed(29.84gbydryweight),andwassubjectedtothefわllowingchromatographic

separations･Thepartofpulpwascutintoone-cmpleCeS,andthe500gwastakenup

randomly,andthentreatedsimilarly.

ProductsinthedifRISateWerePurifledwhilemomitonngtheantioxidative

potency.An alumina(alum inum oxide90,Merck&Co.,INC.,Darmstadt,Gemany)

colurrm(¢3･5×30cm,0･05Mboratebuffer(pH8.6)fTortheimmobilephase)wasfirst

used(Drell,1970).Theelutionwithwater(fractionA-I),0.2Naceticacid(AIII),and

2NHCl(A-Ill)gave16.95,10.38,and2.46gdryweight,respectively.TheA-Iwas

subjectedtoan ion-exchangechromatography(Dowex50W x4,200-400mesh,

Na-fTorm,¢1.0×65cm)(DowChemicalCo.,Midland,MI),andelutedwith0.2M

acetatebufferofpH3.25(I-a),thesamebufferofpH4.8(I-n),and0.02NNaOH(I-b).

Theelutedmatterweighed9.00,1.59,and6.34gdryweight,respectively.A-IIwas

passedthrough asilica-gelcolumn(WikogelC-100,¢2.0×40cm)(WAkoPure

ChemicalIndustriesLtd.,Osaka,Japan). Theelutionwithamixedsolventof

1-butanol:aceticacid:water-4:2:1astheimmobilephasegaveacolorlessfraction

(II-Sl,dryweight0.34g)andyellowfraction(II-S2,8.85g),andthenawashwith2N

HClgavefraction I I-S3(1.17g). II-S3wasfinallysubjectedtopurificationof

12



ShongAntioxidants

antioxidantbycellulose(AvicelSF)thinllayerchromatography(TLC)(0.25x200x

200mm)twice,developingwith 1-butanol:aceticacid:waterI 4:2:1andwith

ethanol:water-63:37.

EvaluationofantioxidaLivepotency

Theauthoremployedanoxygen-absorptlOnmethodusingaGilsondiffTerential

respirometer(ModelGRP14)(GilsonFrance),becauseonecandirectlyevaluate也e

antioxidativepotencyfromthesuppressionofoxygenuptakeduringtheperoxidationof

polym saturatedfan acid(Kanazawaetal.,1973).Twentymicromolesoflinoleic

acidwasdispersedwith20%Tween40in2mLof0.1MphosphatebuffTer(pH7.0)

contalnlngaCertainconcentrationofbananaproducts･ShakinglnaWaterbathat370C,

theoxygenuptakewasmonitoredandcomparedtothatofthecontrolwithoutbanana

products.

Anotherevaluation method wasused thatemploysa 1,1-dipheny1-2-

picrylhydrazyl(DPPH)radical.Thebananaantioxidantwasaddedto250nmoIDPPH

in50%ethanolin0.05M acetatebuffer(pH5.5),andirrmlediatelyfadingat517mm

wasmomitored,companngtothefadingabilitiesof130nmoleachofstandard

chemicals.

Instrumentalanalyses

Thepurifiedantioxidantwaselucidatedastochemicalstructureusinginfrared

spectrometry(ShimadzuIR-408)(ShimadzuCo.Ltd.),nuclearmagneticresonance

spectrometry(BrukerAC-250)(BrukerAnalytikGMBH),andgaschromatography-

massspectrometry(JEOLDX500)(JEOLLtd.)withacolurm of3%OVllusingan

13
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iomiZingvoltageof20eV.

ugh-per'formancelL'quL'd-Chromatogl･aPky(HPLC)fol･determL'tu'ng

antioxidativephytochemicals

Theantioxidantsinboth bananapeelandpulpwereidentifiedbyHPLC

(IRICA E871)(IricaCo.Ltd.)comparingwiththerespectivestandardchemiCalS･

LevelsofcatecholamineswereanalyzedintheaboveA-1Ifraction,modifyingthe

methodofCausonetal.(1981):Column,Wakosil-ⅠⅠ5C18AR(¢4.6×200mm);mobile

phase,70mMKH2PO4COntalnlng1mM ethylenediaminetetraacetatedisodium ,2mM

sodium 1-0ctaJleSulfonate,and lO% methanol;flow rate,I.0mL/min;column

temperature,350C;andmonltoringwithan electrochemicaldetector(IRJCAE875)

(IricaCo.Ltd.)setat+600mV.FlavonoidcontentalsowasdeterminedforA-II,using

acolumnSHISEIDOCAPCELLUG120(¢4.6×250mm)(SHISEIDOCo.Ltd･)

maintainedat35oC,elutingwith45mMpotassiumphosphatebuffer(pH3.3):methanol

= 45'･55,andmonitoringwith aphotodiodearraydetector(ShimadzuSPD-M6A)

(ShimadzuCo.Ltd.).Altematively,bananapeelorpulpwasmincedinethanoI

containing5%pyrogallol,saponifledin60%KOHfor3min,andthenextractedwith

diethyletherorwithmethanol･.dichloromethane-1:2.Theetherextractwaspassed

throughaSep-Pak(WatersFlorisilcartridges)(NihonWatersK.K.)andsubmittedto

tocopherolanalysisonHPLC(LumenandFi且d,1982). Carotenecontentswere

determined in methanol:dichloromethane extract(Millereta1.,1984). The

deteminationofantioxidantlevelswaspe血med3timesindependentlyusmg12

bananaseachattheripenlngStages.

14
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Results

Zsolatiof10fantioxidativeingredientsinbananapeel

Fig.1showstheisolatingproceduresforantioxidantsinbananapeel･The

antioxidativepotencyofisolatedproductswasmonitoredfromthesuppressingeffecton

oxygenuptakeoflinoleicacid. Linoleicacidabsorbsonemoleofoxygentofbm its

hydroperoxidesand anothermole ora little more fordecomposition ofthe

hydroperoxides(Kanazawaeta1.,1973). Finally,20pmollinoleicacidusedherewere

FreshBanana3000蛋

l
FreshPeel1050蛋

Inb.uingwierf.,20S∝.

t
Mince

Centrifugeat8000×qjO
l
g

l
rtheSupmatant

Dialyze
l

Drythedi凪satetoobtain29.84g

l

Elutewith:water
(A-I)16･95g

Ⅰ｡n_｡血 野Ct.md.grghy

r ~~十｢

aceticacid
(A-ⅠⅠ)

10･38蛋

siliよgclch .ma..脚 hy

HCl
(A-ⅠⅠⅠ)
2.46g

[蚕 室 亘]

f｣ .千 .｢
acidic neutral alkaline (II･Sl) (IIIS2)

(I-a) (I-n) (I-b) 0.34g
9･00g 1.59g 6･34蛋

▼ ▼ ▼Am血oacidsandpeptidesFlavonoids

8.85g

Catecholamine

(ⅠⅠ･S3)
1.17g

l
CelluloseTLC

l
Dopamine

Fig.1. Isolationofbananaantioxidants. Detailsaregiveninthe
"MATERhLSAND METHODS".Figuresnexttothefiactionnamesare
theyieldgasdryweight･Theproductsinsquareswereidentifiedhere.
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estimated to absorb around 50 pmol

(1120トIL)ofoxygen. Fig.2compares

theoxygenuptakeoflinoleicacidwith

and wi也o山 banana products. h a

control without product,the uptake

imitiated afteraround 60h-incubation,

which is the induction period of

autoxidation. Then, linoleic acid

absorbed oxygen actively and 也e

autoxidationalmostfinishedataroundof

230h. In也elinoleicacid-emulsion,50

pgdrymatteroftheisolatedfractions

wasadded･ Thediffusateprolongedthe

inductionperiodtoaroundof200hand

suppressedtheoxygenuptaketo570LIL

a氏er300h(Fig.2A).

It had been reported by

Udenihend etal.(1959)thatbanana

(1
ユ
)

3鴬

1dnua
gJb(

o

IαX)

800

600
400
2(刀
0

10X)

800
6CX)
4(刀
ニ00
0

IncubationtimeOl)

Fig.2. Antioxidativepotencyofthe
isolatedbananaIngredients.A;thedi乱sate
and isolated &actionsobtained bythe
aluminacolumnchromatography.良;the
&actionsonion-exchangeandsilica-gel
columnchromatographies.C',acomparison
oftheantioxidativepotencyof10 Llg
purifiedkactionII-S3Cand50nmoleachof
standardchemicals;dopa,dopamineand
BHA(butylatedhydroxyanisole).

containedcatecholam ines. Thestrong

antioxidativepotencyofbananadi飢ISatemightbeattributedtothecatecholam ines.

Fortheisolationofcatecholam ines,an alum ina-columnchromatographyhasbeen

reportedtobesuitable(Drell,1970). Theauthorthen employedthealum ina

chromatographyandseparatedthedifRISateintothreefractions. FractionA-Ihad

weakantioxidativepotency,whereasA-IIandAIIIIwerestrong. A-Iwas山地er
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separatedthrough an ion-exchangecolumn-chromatographybutstillgavenoactive

fractions(Fig.2B).Incontrast,A-ⅠIpassedthrough asilica-gelcolum gaveaStrong

丘action,IIIS3･ProductsinII-S3werepurifiedoncelluloseTLCtwicetoII-S3C･

TheA-IIIfractionformedadark-brown precipitateduringafewhstanding.These

isolatedfractions,purifiedproductsandprecipitateswereelucidatedinstrumentallyas

tochemicalstructure.

ZdentlJicationofbananaanLioxidanls

FractionA-∫waspositivefわrninhyddnreagentandthenanalyzedbyamino

acidanalyzer(HITACHImodel835)(HitachiLtd.)directlyandafterhydrolysis.It

wascomposedmainlyofpeptidesandfreeaminoacids(datanotshown).Themost

activeI-bamongthethreeA-Ⅰ丘actionsincludedbasicpeptidesandaminoacids,

particularlyl･77mgfreeargininein6.34gofI-bfraction(Fig.1).Thebasicamino

acidshavebeenknown tobemoreantioxidativethan acidicandneutralaminoacids

(MatsushitaandIbuki,1965).TheactivityofI-bwasprobablyduetoarginine.In

I-nfraction(1.59g),0.30mgfreetyrosineand0.44mgphenylalanineweredetectedbut

Fig.2B showedthatI-n丘actionwasnotantioxidative. Thisindicatedthat

antioxidativepotencyoftheneutralaminoacidswereweakerth an arglnlne.

InthemostantioxidativeA-II丘action,theIIIS3CpurifiedfromII-S3showed

aphenolicOH(vmax3300cm-I),amine(vmax1600cm-I),andaromaticring(V.na又1495

cm-1)inan infh edspectrum inKBr. Themassspectrum afteracetylationwith

trifluoraceticaciddetectedamolecularionpeakatm/Z441(Mつandfragmention

peaks;at7n/I372(-CF3),329(-NHCOCF3)asabaseionpeak,315(-CH2NHCOCF3),

301(-CH2CH2NHCOCF3),and126(CH2NtICOCF{)asthesecondarypeak.The
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spectrum oflH-NMRin dimethylsulfoxide-d6Wasassignedasfollows;at82.66(t,J-

7.8)forH-1',82.91(t,J-7.8)forH-2',86.48(m)forH14,86.63(d,J-7.9)forH-5,

and86.66(d,J--8.0)forH-6. The13C-NMRsignalswereasfollows;at832.7for

C-1',841.0forC-2',8116.3forC-3,8116.5forC-6,8120.2forCl5,8128.6fTorCl4,

8144.3forC-1,and8145.5forCl2.Everyanalyticaldatum completelycoincided

with thatofstandarddopamine(Fig.3). Inaddition,thisII-S3Cexhibitedstrong

potencyforantioxidantsimilartothestandarddopamine(Fig.2C).

TheII-SIshowedtwolargepeakson

HPLC,having3.9and4.1minasretentiontimes.

The mass spectra analyzing with a liquid

chromatography/APCトmassspectrometry

(HITACHIM-1200H)(HitachiLtd.)at-50V

OH

F ig.3. Chem ical stru cture of

dopam in e･

fTorionlZlngVOltage,showedionpeaksat7n(Z

577(M-1-2H)andTn(I271(M-1-rhamnoglucoside)forthefわrmer,andatm/Z609(M-1)

andm/I301(Mll-rutinoside)forthelatter.Theanalyticdatacoincidedwiththoseof

standardflavonoidglycosides,namglnandrutin,respectively. Flavonoidshavebeen

recognizedtobepotentantioxidants(Jovanoviceta1.,1994;Caoeta1.,1997). The

activity ofII-SIwasduetotheseflavonoids(Fig.2B).II-S2gavetwomajorand

severalminorpeaksonHPLC･ Themajorpeakshad6･8and19･5minofretention

timesandgavesignalsatd z168(M-1)and孤(I152(M-1),respectively,withaliquid

chromatography/APCI-massspectrometry. TheinfTormationcoincidedwiththatof

standardchemicals,andthentheywereidentifiedasnoreplnePhrineanddopam ine,

respectively.

TheprecipitatefromA-Illhadalmostthesan espectrumasdopam ineinthe
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infraredanalysis.Thisfractionwassuggestedtoincludealargeamountofdopamine

andtoformoxidizedproductssuchasdopaminepolym ersduringthepreparation･

Then,becauseoftheinstability ofdopamine,theantioxidantcontentsof

bananaweredeterminedusing丘eshpeelandpulp.

Antioxt'dantcontentsofbananaatvar･iousrlbeningstages

Thepeelcontainedantioxidativearglnlne,naVOnOidsandcatecholamines,and

probablyothers.Theamountsofthesecompoundsandotherknown antioxidative

phytochemicalsweredeterminedinbothpeelandpulpatthevariousripenlngstages

(Table1)･TheripemingstagewasevaluatedaccordingtothecommonclassiflCationin

themarket･Theclassificationdefines8stagesbycolorscore;allgreen,lightgreen,

halfgreen,halfyellow,greenchip,fullyellow,star,andduffel,andbysugarcontent;

around1,3,5,9,14,17,19,and19%,respectively･Stages1-3wereJuStimportedand

hadnotreceivedripenlngtreatment.Stages4-8wereafterthetreatmentwithethylene

gas･BananaisusuallyseⅣedatanpemngstageof6or7.Atstages1-3,itisnot

usuallyeatenbecauseitisgreenandveryhard.At8stage,itisovempeandmuddy.

Bananacontainedalargeamountofdopamineinbothpeelandpulp.Theamounts

decreasedalittlewithripenlngandremainedatlevelsbetween80-560andbetween

2･5-10mg,per100gofpeelandpulp,respectively,evenattheediblestages.The

variancewasduetoadiffTerenceofplantationsinthePhilipplneS.Interestlngly,the

metabolizingprecursordopawaslessabundantthandopamineinpeelandpulp･

NaringlnandrutincontentswereafTew10mginthepeelandnegligibleinpulp･me

ascorbicacidcontentwasconstantataround10mg/100ginbo也 peelandpulp,

regardlessoftheripenlngStage･Carotenesandtocopherolswereappreciableinpeel
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andlessinpulp. Thus,thestrongantioxidativepotencyofbananaisattributableto

dop血 e,whichismuchmoreabundantthan otherantioxidantsinthisf血it.

Table1. LevelsofAntioxidativePhytochemicalsinBananaattheⅥ山ousRipeningStage

Ripeningstaged

ト3 4-6 6-7 7-8

Inpeel(mg/100g)b

Dopamine

Dopa

NoreplnePhrine

Naringln

Rutin

AsCorbicacidd

carotenesd

Tocopherolsd

Dopamine

Dopa

NoreplnePhrine

Naringln

Rutin

Ascorbicacidd

carotenesd

Tocopherolsd

865-1940 185-705

(1290±420) (430±210)

14-30 3.5-10

55-118 8.2-14

120-260 17-120

16-23 11-14

6.8-8.2 6.6-8.7

0.43-1.2 0.55-0.87

2.4-2.6 3.2-5.3

80-560 235-930

(380±160) (500±270)

1.1-8.0 2.5-15

ND cl24 38-43

28-95 42-72

11-16 15-17

5.818.0 3.2-7.9

0.28-0.78 0.I1-0.66

1.5-5.8 5.5-7.8

Inpulp(mg/100g)b

4.7-10 6.ト15

(7.0土2.0) (9.1±3.1)

1.3-1.9 1.3-1.9

0.80-1.7 0.84-2.1

ND cl65 ND C

ND C-4.8 ND c

12-13 11-13

0.09-0.12 0.06-0.12

ND c ND C_0.29

2.5-10 0.72-6.1

(7.3±2.4) (3･4±2.2)

1.0-1.5 0.9511.4

0.82-1.6 0.62-1.5

ND C-3.3 ND C

ND C ND C

6.9111 5.4-10

0.03-0.12 0.02-0.05

ND C ND C_0.45

TheripenlngStageWasdeterminedasmentionedintheMaterialSandMethods
Thevaluesareexpresseda5arangebetween也elowestandhighestcontents･Inthelinesfわr
dopamine,valuesinparenthesisare血emean±SD.

Notdetectable.

Theascorbicacidisthesum ofreducedandoxidizedforms.Carotenesarethesumofα-and

β-carotenes,mainlyα-carotene.Tocopherolsarethesum ofα-,†-and8-tocopherols,mainly
α-tocopherol.
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SLTOnganLioxidab'vepote〃qvofdopamine

The antioxidative potency of

dopam ine was compared with thatof

standardchemicals(Fig.2C). Dopam ine

wasStrOnger也an dopa and 血e fわod

additive BHA. In Fig.4,another

evaluationmethodwasusedwithaDPPH

radical･DopaminescavengedtheDPPH

radicalactively,moresothan glutathione

and ano也erfわod-additive,BHT. The

activity wasalso strongerthan thatof

flavoneluteolin andflavonolquercetin.

Catechinshavebeen found to bethe

(a
u
!)0
30
%
)u
u卜
tE
tt233u
!qJO
Sq
V

00.2 0.4 0.6 0.8 1

Incubationtint(min)

Fig.4.Scavengingactivityofdopamine
againsta 1,1-diphenyl12-picrylhydrazyl
(DPPH)radical. Abbreviations:AsA,
Ascorbicacid;GSH,glutathionereduced
form;BHT,butylated hydroxytoluene;
Ltn,navone luteolin;Qcn,navonol
quercetin;Ctn, catechin;and GCG,
gallocatechingallate･

strongestantioxidantsin phytochemicalS

(Salahetal･,1995)･ Dopam inehadafasterradical-scavengingratethan catechin,and

wasSimilartogallocatechingallate. Ascorbicacidisthestrongestwater-soluble

antioxidant･ Dopamineexhibitedsimilaractivitytoascorbicacid.

Discussion

ThepresentChapterrevealedthatbananacontainedastrongantioxidant,

dopam ine,inlargeamounts. Theantioxidativepotencyofdopam inewasgreaterthan

thatofBHA,BHT,flavonoids,glutathione,andcatechin,andsimilartothatofthe
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strongantioxidants,gallocatechingallaLteandascorbicacid(Fig.2Cand4)･Borsetal･

(1990)describesthatthestrongactivityrequiresanortho-dihydroxy(catechol)structure･

Dopamine,oneofthecatecholamines,hasthis stru cture,anditsmin°residue

fTacilitatesthehydrophiliccharacter. Thus,dopamineisapowerfulwater-soluble

antioxidantlikeascorbicacid.Ediblebananapulpcontaineddopamineandascorbic

acidathigh levels(Table1). Bananaisthereforeoneofthebestsourcesof

antioxidants.

Thepeelcontaineddopamineatthehundred-milligram level,andthe

antioxidativephytochemicalS,flavanoneglycosidenaringinandflavonolglycosiderutin,

attheten-milligram levelper100gatal1ripenlngStages.Banana,atropicalplant,

mayprotectitselffTrom theoxidativestresscausedbystrongsunshineandhigh

temperaturebyproducinglargeamountsofantioxidants. A few milligramsof

dopanineexistedinthepulpatthestagethatitisusuallyeaten.Dopaminehasbeen

foundtoprotectagainstintestinalmucosalinjurybymodulatingeicosanoidsynthesis

(MacNaughtonandWallace,1989･,Alankoetal.,1992).Ban anamaycontributetothe

anti-inflamm ation.

Dopamineisconsideredtobeeasilyabsorbedthrough adopaminetransporter

andusedinthebody(Abi-Dargham etal.,1998).Althoughdopamineplaysimportant

rolesasanuerotranSmitterandprecursorfornor-eplnePhrineandeplnePhrine,an

accum ulationoftheoxidizedproductsofdopaminesuchasitsqulnOneinbrainwith

agecan causeneurocellstoundergoapoptosis,aprocessthatisassociatedwith

Parkinson'sdisease(Luoetal.,1998;CadetandBrannock,1998).Itisaremaiming

questionwhetherafewmilligramsofdopamineinpulphasafavorableorunfavorable

effTectonhum anhealth.
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Chapter3

ANovelMethodUsing8-Hydroperoxy-

2'-deoxyguanosineFormationforEvaluating

AntioxidativePotencytoProtect

DNADamage

Thischapterisbasedmainlyon:

ANovelMethodUsing8-Hydroperoxy-2'-deocyguanosineFomationf♭rEvaluatlng

AntioxidativePotency

basedon:FreeRadicalResearch,inpress
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Chapter3

Znかoduction

Cancerandotherdegenerativediseasesarebelievedtobeinducedbyoxidative

geneticdamage･Theoxidativedamageiscausedbyreactiveoxygenspecies(Gyuton

andKensler,1993;Emerit,1994;Mamett,2000)andismainlyduetotheformationof

8-hydroxyls,810X0-7,8-dihydrodeoxyguanosine(8-hydroxyl2'-deoxyguanosine,

8-OHdG)and/or8-hydroxyl2'-deoxyadenosine,inthebases(Randerath,1997;Boiteux

andRadicella,1999;Nomotoeta1.,2000;Podmoreetal.,2000).An accum ulationof

8-0HdGhasbeenfoundinseveralcarcinomacellsandmutatedgenes(Yamamototoa1.,

1993;Kondoetal,2000;Foksinskietal.,2000).Levelsof8-OHdGinhum anskeletal

muscle,respiratoryepithelium ,andleukocytesarecorrelatedwithaging,exposureto

urbanpollution,andsmoking,respectively(Mecoccieta1.,1999;Calder6n-Garcidue丘as

etall,1999;Lodovicieta1.,2000). Urinary8-0HdG isabiomarkerofhum an

oxidativestressaccompanyingcancer(Simic,1992;KaSai,1997;Halliwell,1998;

Zwart,1999).

Antioxidantscan scavengereactiveoxygenspecies･Theantioxidantsinour

dietmaytherefTorepreventdisease(YoudimandJoseph,2001).Abetterunderstanding

isneededofwhichdietaryantioxidantscan trapreactiveoxygenspecieseffectively

enoughtopreventgeneticdamage,i.e.easierthanDNA.Theputativereactiveoxygen

speciesthatform 8-hydroxyderivativesarehydrogenperoxide(Floydeta1.,1988;

Tayloretall,1995;Abu-ShakraandZeiger,1997;LloydandPhillips,1999),thiol

radical(Goldman etal.,1999),andlipidperoxides(KanekoandTahara,2000).

However,theyallrequlretransitionmetals,UVraysoryraystointerconvertand

generateoxidizingspecies,andseveralofthemhavetoformhydrogenperoxideorlipid
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peroxides. Thus,Fenton'sreactionhasbeenemployeduslng2'-deoxyguanosine

(2'-dG)asatarget(KasaiandNishimura,1984),whenevaluatesantioxidants.This

system iscomposedofseveralsubfactorssuchashydrogenperoxide,iron(II),and

ethylenediaminetetraacetatedisodium SaltPappiandVass,1997;Yokozawaetal･,

1997)･Thevarious subfactorscomplicatetheassaysystemandmayresultinerrors

duringtheevaluation,fTorexample,several antioxidantsinteractwith metal ions

(Sugiharaetal･,1999)andchelator(Puppo,1992).

Asimplesystemandaconvenientmethodarebetter.Inthepresentstudy,

theauthoremployed2,2'-azobis(2-amidinopropane)dihydrochloride(AAPH)becauseit

hasbeenprovedtoproducestoichiometriCallyamolecularoxygenradicalviaan

intemed血yAAPH-peroxylradical(Niki,1990).Theoxygenradicalispresentin

normalcellsathighsteady-stateconcentrations(Simandaneta1.,1998).Especiallyin

mitochondria,sidereactionsoftheelectrontransportchainwith molecularoxygen

directlygenerateitsradical,superoxideanion(CadenasandDavies,2000;Atlanteeta1.,

2000)IThen,being2'-dGasatarget,itformedanovelproduct,8-hydroperoxy-

2'deoxyguanosine(8100HdG),quantitatively.Thesystemcouldeasilyandaccurately

evaluatethepotencyofboth water-andlipid-solubleantioxidantstosuppressthe

fTormationbyHPLCanalysis.

27



Chap ter3

MaterialsandMethods

ChemicaLs

AAPH,2'-dG,8-OHdG,andascorbicacidwereobtainedfrom WikoPure

ChemicalInd.,Ltd.(Tokyo,Japan). 1,1-Dipheny1-2-picrylhydrazyl(DPPH)wasfrom

NacalaiTesque(Kyoto,Japan).QuercetinwasfromExtrasynthese(Genay,France),

epigallocatechingallate(EGCG)wasfromKuritaKogyo(Tokyo,Japan),andtheother

antioxidantswerehigh-gradecomm ercialproducts.Theseproductsweretestedtobe

freefrom impuritiesbyHPLCbeforeuse.WaterwasdistilledtwiceaJldallother

reagentsusedwereofthehighestgradeavailable.

HPLCa〃alysisforreactionproductsof2'-dGandAAPH

AAPH(25mM)wasmixedwithof2--dG(0.5mM)inwaterandincubatedat

370Cwithstirringunderatmosphericpressure･ThepHofthemixturewas710and

remainedunchangedduringtheincubation.An aliquot(10pl)wasanalyzedina

reverse-phasedHPLCsystem equippedwithUV(254nm)(HITACHIL-7100and

L17420)andelectrochemical(+600mV)(IRICAI875;Kyoto,Japan)detectors.The

conditionsforHPLCwereasfollows:colurrm,CapcellpakC18UG120(5ト上mmesh

and中4.6×250mm)(ShiseidoCo.,Ltd.,Tokyo,Japan),maintainedat350C;mobile

phase,amixedsolventof6.5% methanoland93.5% 20mM potassium phosphate

buffer(pH4.5)containing0.1mMethylenediaminetetraacetatedisodium salt;andflow

rate,1.0ml/min.

28



ANovelAntioxidantAssLD7

P〃1･Ljicatio〃oftheproducts

Toobtainthereactionproducts,anothermiXtureof250mM AAPHand2.5

mM 2'-dGwasincubatedfor6h. Thismixture(10mi)waspassedthrough an

ion-exchangecolumn(Dowex1x4,50-100mesh,OH-form,014×100mm ).The

productswereelutedwith0.1NHClafterawashwith50mlofO.1NNaOHand50mi

ofwater. Theeluatewasneutralizedwith lN NaOH andconcentratedbyan

evaporatortoaround5ml. ItwasthensubjectedtoHPLCwithaCosmosilPacked

Colum breparativecolumn,中lox250rrm)(NacalaiTesque,Inc.,Kyoto,Japan)and

elutedwithwater.The丘actionshowingabsorptionat254mmwascollectedanddried

withacentrifugalconcentrator(VC-96N,TaitecCo.).Thedriedproductsshoweda

singlepeakintheaboveanalyticalHPLCwhichcoincidedwithoneoftheproduct

peaks.

ElucL'dationofchemicalsducture

Thechemicalstmc山resoftheddedproductswereelucidateduslngnuclear

magneticresonance(NMR)spectrometry(DPX-250,BrukerAnalytikGmbH).Proton

spectra were recorded at250 MHz and 13c at62.5 MHz in D20 and

3-trimethylsilylproplOnate-2,2,3,3,D4. Massspectrawereobtainedwithan HPLC-

massspectrometer(LC/MSM-1200H,HITACHI)underatmosphericpressure,with

chemicaliomizationandiomzlngat+30eV.In丘aredspectraweremeasuredwith

FTIIR spectrometer(FTIR-8600PC,Shimadzu)inKBrpowderbyadi銃lSion

reflectancemethod.
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A〃h'oxida〃tassqywith2'-dGa〃dAAPH

Antioxidantsin5lilofdimethylsulfoxide(DMSO)wereaddedatsixdifferent

concentrationstothemixttueof0.5mM 2'-dG and25mM AAPH. ARer1h

incubationat370C,theamountof8-00HdGfわrmedwasdeterminedwith10plofthe

mixtureusingtheanalytical HPLCsystem atUV254nm. Wh enthechemicals

constructedadose-responsecurve,theIC50Valueswerecalculatedbyplottingthe

suppressionof8-00HdGformationagalnStthedose.TheIC50Valueistheamountof

antioxidantrequiredfor50% suppressionof8-00HdGformation.Theassayswere

doneindependentlyintriplicate.

A月otherassaywithDPPH

Theassayaccuracywascomparedtoaconvemientandwidelyusedmethod

employingtheDPPHradical(Blois,1958).Sixdifferentanountsofeachantioxidant

inethanolwereaddedto250nmoIDPPHin50%ethanolin50mMacetatebuffer(pH

5.5)andthesignalwasmonitoredat517mm.ThereductioninDPPHradicalwithin5

minwasplottedagalnSttherespectiveconcentrationsofantioxidant.TheIC50Value

wasthencalculatedastheconcentrationofantioxidantrequiredforscavenging50%of

DPPHradicalsin血esol山ion(125nmol)wi血in5min.
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Results

ReactionofAAPHand2'-dG

Fig･1AistheHPLCprofile

obtainedwhenthereactionmixture

orAAPH and2'-dG wasincubated

for1handmonitoredat254mm.

Other monitoring methods uslng

different waveIengths and

electrochemicaldetectionwhichhas

been known to be sensitive to

8-OHdG (Sies,1993)didnotgive

additional peaks. Thus, the

reactionofAAPH and2'-dG gave

訂
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Fig･1･ HPLCforreactionproductsofAAPHand
2--dG.(A)Apro別eof1hincubationof25mM
AAPHwith0.5mM2'-dGat3rC.Theincubation

mixture(10pl)WチSanalyzedbyreverse-phased
HPLCwithmonitormgat254mm.Peaks1-4Were
identifiedasAAPH,areactionproduct,decomposed
productsofAAPH,and2'-dG,respectively.@)
hcubationtime-dependentformationoftheproduct
(0)anddecreaseof2'-dG(+).

fTourdetectableproductsonHPLC.

Thefirstpeakataretentiontimeof3.3minwastheoriginalAAPHwhilethethirdat

7･8minwasitsdecomposedproductbecause血eincubationofAAPHaloneproduced

thesam eprofile. Thefourthat10.1mincoincidedwith 2p-dGinretentiontime. A

minorpeakat5.5minwasidentifiedasguaninecontam inatlngthereagent. Thus,the

secondpeakat4.3minwasthereactionproductofAAPHand2'-dG. Theproduction

involvedtime-dependentconsumptionof2--dG(Fig.1B).
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ZdetlLiJicaLionofLheproduct ･

Thecharacteristicsofthepurifledproductaresu- arizedin Tablelalong

withthoseofstandBLrd2--dGand8-OHdG･ Theproductgaveaparentionpeakattn(I

300suggestingan additionof32massunits(02)to2'-dG. TheUVspectrumindicated

apurineskeletonaswellas2'-dG. BasedonIRanalysis,thebandswereasslgnedto

v(0-0)and8(00H). Chemicaldeteminationoftheperoxidevalueindicatedone

peroxidegrouppermoleoftheproduct. Thevaluewasnegativein2'-dG and

8-OHdG.

InNMR(Table2),血eproductgavenosignalfわrH-8or8-OHdG･ Theo也er

signalswereassignedtoriboseprotonsfrom H-rtoH-5.(Linetall,1985),which

shiftedslightlytohighermagneticfieldscomparedtothoseof2'-dG,withalargershift

forHllrthan8-OHdG. Theshiftsareafeatureofsubstitutionatthe8-Position

TableI.SpectrometriCandChemicalCharactersoftheReactionProductofAAPHand2'-dG

Analysis product 2I-dG 8-OHdG

LC/MS(m/I)
(M+1)+,300 (M+1)+,268 (M+1)+,284

(M+1)-ribose,184 (M+1)-ribose,152 (M+I )-ribose,168

Uv(H20)‥lm-(S)a 254(15(,13,060,).㌻d313 253(12,800) 245(1Zi3.?303oTd293

8V('.0;01, 1910205ccm: I nOSignals nosignals

芸r.ouxid.el)Tlue oI93 negative negative

a,MolecularextinctioncoefrlCientoftheproductwascalculatedwiththemolecularweight
obtainedbyLC/MS(allothervalueswerefromKasaiandNishimura(1984)).

b,ThevaluewasdeterminedaccordingtothemethodofSully(1954)andtheratiowascalculated
withthemolecularweightobtainedbyLC/MS.
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(keharaetal.,1972;Clupetal.,1989). Incarbonspectra,C-8shiftedgreatlytoa

lowermagnetic丘eldcomparedtotheoriginal2■-dG,弧dC-2,C-4,andCl5tohigher

fieldsaswellas8-OHdG(Uesugi andIkehara,1977). Theshi允ofC-8wasgreater

than thatin810HdG. Theprotonandcarbonspectrathusindicatedagroupo!herthan

1bble2.PertinentNMRAbsorptionsof血eProduct

chemiCalshiRs(ppm),multiplicity,J=Hz

product 2'-dG 8-OHdG
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OHsubstitutedatthe8-Position. Thesubstitutewassuggestedtobeaperoxidebased

onthedatafrommassandIRspectraandchemiCaldetermination.

A remalnlng question iswhetherthesubstitute isahydroperoxideor

endoperoxidesuchas4,8or5,8. Then,theproductwasincubatedin0･17NHClat

37oC(Fig.2). A151minincubationproducedan appreciableam ountof8-OH-guanine

andasmal1am ountof8-OHdG,andsimultaneouslythefわrmationof2'-deoxyribose

wasdetectedonthinlayerchromatographywithMerckKieselgeI60F254(Dam stadt,

Gemany)developedinmethanol:ethylacetate(5:2)with coloringbyareagentof

diphenylamine:aniline:phosphoric acid (data not shown ). The fTormation of

8-0Hsindicatedthattheorlglnalproductwas8-00HdGasillustratedinTable2.

hcubation
Omin

8-00HdG

0 5 10 15 0 5 10 15 0 5 10 15

Retentiontim:(min)

Fig･2･Changeof8100HdGtohydroxyls･Thepurifled8-00HdGwasincubatedinO･17NHClat
370cfor15min,andthenanalyzedbyHPLCasinFig･1,monitoringwithUV254nmand
electrochemicallyat+600mV
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Quantitativeformationof8-00HdG

Fig.3A isacalibrationcuⅣefor8-00HdG obtaineduslngthemolecular

extinctioncoefEcient九254(S)=15,300inTable1. m edeterm inationlimitwas3pmol.

Thefわrmationratesof8-00HdGdependedontheincubationtemperature(Fig･3B)and

everycurvewasalmostlinearwith theincubationtime. Further,thefTormationrates

(8-00HdGnmoUmin)werelinearlyproportional toAAPH concentrations,indicating

thatthefわrm ationexhibitedfirstorderkinetics(Fig.3C). Theseresultsshowthatthe

presentsystemcan beusefulfTorantioxidantassay.
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Fig.3.Quantitativeformationof8-00HdGundervariousconditions.(A)Acalibrationcurvefor
8-00HdGwiththemolecularextinctioncoefficientof九254(E)-15,300inTable1.Thedetermination
limitwas3pmol,(B)Theformationof8-00HdGundervarioustemperatures.ThemixtureofO･5
mM2.-dGand25mMAAPHwasincubatedat(□)25,(●)30,(△)35,(○)37,(◇)40,and(▽)

50oC.(C)Theformationof8-00HdGwithvariousconcentrationsofAAPH.2.-dG(0.5mM)was

incubatedat37oCwith1,10,25,50,75,100,and200mMofAAPH.Theamountof8100HdGthat
formedintheseincubationmixtureswasdeterminedbyHPLCasinFig.1every10minin60min･
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EvaL〟aLio〃ofa〃Liaridah'vepoLe〃qvwingtheg,stem of8-00HdG

formation

Theauthorevaluatedtheantioxidativepotencyin 90chemiCalSwith the

presentsystem.Theyweredissolvedin5LllofDMSOandaddedtotheincubation

mixtureof0.5mM 2'-dGand25mM AAPH.Thesuppressionratiosagainstthe

formationof8-00HdG withoutchemicalsweredeterminedastheantioxidative

potencyofthetestedchemicals.ThesolventDMSOhadnoeffTectonthe8-00HdG

fbmation.

Table3showstheantioxidativepotenciesofsimplephenols,flavonoids,

anthraquinones,otherphytochemicals,fToodadditives,andbiologicalcomponents,most

ofwhichoccurinourdiet.Almostallof血emgaveIC50Values,meamngthat也ey

wereantioxidativedependantondose.Among血esimplephenols,protocatechuicacid,

catechol,caffeic acid,and chlorogenic acid showed the lowestvaluesand

ortho-dihydroxylproductswerealsorecognizedaspotentantioxidants(Brosetal･,

1990). Inflavonoids,theantioxidativepotenciesalmostcoincidedwiththeirhydroxyl

num bers,whereasno-hydroxylflavone,flavanone,andchalconewerenoteffectiveand

theone-hydroxylflavonolwasweakerthan thepolyhydroxylflavonoids. Am ong

anthraqulnOneS,Ortho-dihydroxylsshowedrelativelylowIC50Valuesbuttheothershad

highervaluesorwerenoteffective. Thebiologicalcomponentsglutathioneand

ascorbicacidshowedhighIC50Values,andtheneurotransmitterdopamineand

hormonesshowedrelativelylow values. Neitheraquencherforsingletoxygen,

β-carotene,noratrapperforlipid-peroxylradicals,α-tocopherol(Kdnsky,1989;

Mascioeta1.,1991),gaveanIC50Value.On血eo也erhand,也eDPPHmethodwas

noteffectiveforscavenglngradicalsorfordetermimingtheIC50Valuesofseveralsimple

phenolsandnavonoids.Forexample,apigeninwasevaluatedasineffectivethough it
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isknown tobean antioxidant(Cholbietal.,1991;Yokozawaetal.,1998).

Mostofthesimplephenolsandflavonoidstestedherearelipid-soluble.

ComparedtotheDPPHmethod,theproposed8-00HdGmethodwasabletodetermine

theactivity oflipid-Solublechemicals. mepresentmethodwasalsousefulf♭r

evaluatingthepotency ofwater-solubleantioxidantssuch ascatechinS,Trolox,

glutathione,andascorbicacid,whiletheDPPHmethodcouldnotdetecttheactivityof

onebiologicallyimportantantioxidant,glutathione.

Table3･ EvaluationofAntioxidativePotencywiththePresentSystemandDPPHMethod

IC50Value(LLM)aagainst:
Chemicals(positionofsubstitute) 8-00HdG

fbmation
DPPHradical

SimplePhenols

1,2,4 lbenze n etriol

benzoicacid

caffeicacid

catechol

gallicacid

gallicacidn-butylester

hydroqulnOne
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Hoo°

ioH

& oH

室

∴
∴
(,1);i.iJ':(帆

H

H｡｡｡慧◎

37

15 19COOH
ゐ ne ne

6.2 26

&oH

'J
I;I:

(孤
:.;I::I()

H

6

5

1

1

23 25

8.9 ne

8.9 neCOOH
eH6･4 neOH12 ne

H｡｡C適 11 ne



Chapter3

Table3- continued

IC50Value(pM)aagainst:

Chemicals(positionorsubstitute) 8-00HdG
fbmation

DPPHradical

para-hydroxycl-am icacid H｡｡C～◎/0"
phenol

phloroglucinol

protocatechuicacid

pyrogallol

resorcinol

α-resorcylicacid

β-resorcylicacid

vanillicacid

Flavonoids
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Flavones

navone(none)

chrysin(5,710H)

baicalein(5,6,7-OH)

apigenin(5,7,4.-OH)

apigenin-6-C-glucoside(isovitexin)

apigenin-710-glucoside(apigetrin)

apigenin-8-C-glucoside(vitexin)
luteolin(5,7,3',4●-OH)

luteolin-3',7-di-0-glucoside

luteolin-4'-0-glucoside

chrysoeriol(5,7,4r-OH,3'-OCH3)
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Table3- continued

IC50Value(pM)aagainst:

Chemicals(positionofsubst血te) 8-00HdG
fbmation

DPPHradical

Flavonols

navonol(3-OH)

galangin(3,5,7-OH)

datiscetin(3,5,7,2■-OH)

kaempferol(3,5,7,4'-OH)

kaempferoI-3-0-rutinoside

kaempfero1-7-0-neohesperidoside

morin(3,5,7,2',4'-OH)

quercetin(3,5,7,3',4'-OH)

quercetin-3-0-glucoside(isoquercitrin)

quercetin-3-0-rhamnoside(quercitrin)

quercetin-3101rutinoside(rutin)

robinetin(3,7,3',4㌧5--OH)

isorhamnetin(3,5,7,4--OH,3'-OCH3)

quercetagetin(3,5,6,7,3㌧4㌧-OH)

myricetin(3,5,7,31,4㌧5'-OH)

myricetin-3101rhamnoside(myricitrin)

Flavanones(2-3issa山rated)

navanone(none)

naringenin(5,7,4■-OH)

hesperetin(5,7,3■-OH,4--OCH3)

(+)-t批ifolin(3,5,7,3',4l-OH)

Iso幻avones(B-ringbindsto3Position)

daidzein(7,4●-OH)
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(+)-catechin(Rl=H,R2-H,R3=OH)

(-)-gallocatechin(R1-OH,R2-H,R3-OH)
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(-)-epigallocatechingallate(R1-OH,R2-OG,R3-H)
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Table3- continued

IC50Value(pM)aagainst:
Chemicals(positionofsubstitute) 8-00HdG

fbm ation
DPPHradical

Chalcones

chalcone(none)

butein(3,4,2',4■-OH)

AnthraceneandAnthraquinones

10 4

0

Anthracenes

anthracene(none)

9(10H)-anthracenone(anthrone)

1,81dihydroxy-9(10H)-anthracenone(anthralin)

AnthraqulnOneS

anthraquinone(none)

alizarin(I,2-OH)

quinizarin(1,4-OH)

chrysazin(I,8-OH)

rhein(1,8-OH,3-COOH)

chrysophanol(1,8-OH,3-CH3)

purpurin(1,2,4-OH)

emodin(1,3,8-OH,6-CH3)

OtherPhytochemicalsandFoodAdditives

chlorogenicacid

CurCumln

sesamo1

2,2,5,7,8-pentamethy1-6-chromanol(PMC)

Trolox

butylatedhydroxyanisole(BHA)

butylatedhydroxytoluenePHT)

tert-butylhydroquinone(TBHQ)
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Table3- continued

IC50Value(pM )aagainst:

Chemicals(positionofsubstitute) 8-00HdG
fbmation

DPPHradical

BiologlCalComponents

glutathione

dopamine

adrenaline

noradrenaline

β-carotene

α-tocophero1

6

5

2

9

I

/O

ら

e

5

1

n

n

ne

12

10

12

ne

36

αAntioxidativepotencywasexpresseda5theIC50Value;theconcentrationsrequiredtosuppressthe
formationof8-00HdGby50%inthe1-hincubationofO.5mM 2'-dGwith25mMAAPHorto
scavenge50%ofDPPHradicalswithin5-minincubation.

Discussion

Thepresentstudyfわundthatthemolecularoxygenradicalsgeneratedfrom

AAPH fわrmedanovelproduct,an 8-00H derivative,on2'-dG (Table2). The

formationof8-00HdGwaslinearlydependentonincubationtime(Fig.land3)andso

wasusefulfTordeterminlngtheantioxidativepotencyofvariouschemicalsinourdiet.

Thisassaysystem issimpleandeasytaking15minfTortheHPLCfbllowlnga1-h

incubationandisasconvenientaStheDPPHmethod. TheDPPHmethodhasbeen

usedwidely,however,itemploysan artiflCial DPPH radicalmakingitdifrlCultto

evaluatetheactivityofantioxidantstopreventgeneticdam age. Themethodproposed

hereemploys也emolecularoxygenradicalwhichis血Oughttobepresentinnomal

cellsathighsteady-stateconcentrations(Simandan etal.,1988)andespeciallyin
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mitochondria,sidereactionsoftheelectrontransportchainwith molecularoxygen

directlygenerateitsradical,superoxideanion(CadenasandDavies,2000).Also,the

presentmethodemploys2'-dGasthetargetandenablesonetodirectlyevaluatewhich

antioxidantscan inhibittheradicalactionsbeforetheoxidativedamageto2'-dG･

Additionally,thismethodcouldbeusedtoevaluateboth lipid-andwater-soluble

antioxidants(Table3). Thismethodassessedthatp-caroteneandα-tocopherolwere

notantioxidativetooxygenradical,andwascorrectbecausep-Carotenehadbeen

recognizedtobeaquencherforslngletoxygenandα-tocopheroltobeascavengerfor

lipid-peroxylradicals(Kdnsky,1989;Mascioetal.,1991).So,the8-00HdGmethod

isconsideredtobemoreusefulthantheDPPHmethod.

Thus,themethodproposedherebasedontheformationof8-00HdGisvery

usefulf♭revaluatingtheeffectsofthedietaryantioxidantsanddetermlnlngthepotency

atwhichtheypreventdegenerativediseasesincludingcancerassociatedwithoxidative

geneticdamage.
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Chapter4

ACompleteAnalysistoDeterminePhemolic

AntioxidantsinVegetables,FruitsandTeas

Thischapterisbasedmainlyon:

Acompleteanalysistodeterminephenolicantioxidantsinvegetables,fhlits,andteas

JournalofChromatographyA,insubmitted
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ChapteT･4

Ln加 duction

DietarypolyphenolshavethebeneficialeffTectsonpreventionofdegenerative

diseasesincludingcancer.Theiractionscan beclassifiedintoantioxidativepotency

andmodulationofproteinfunctions.Theantioxidativepotencycan protectfTrom

oxidativegeneticdamagesthatassociatedirectlywiththedegenerativediseases

(Guytonetal.,1993;Emerit,1994;Mamett,2000). Theintakeofantioxidative

polyphenolshasbeenprovedtoreducetheincidencesofcancerandlife-Stylerelated

diseases(Wattenburg,1985;Morieta1.,1986;Vermaetal.,1988,Weieta1.,1990;

Tanakaetal･,1993;Yangetal.,2001;Han eta1.,2001).Also,polyphenolscan

modulatetheproteinfunctions:theyexhibitagomism and/orantagomism onseveral

receptorssuchasarylhydrocarbonreceptor(Ashidaeta1.,2000),estrogenreceptorP

(An etal･,2001),α-fTetoprotein (Bakereta1.,1998),brain GABAAreCePtOr

(Dekermendjianetal.,1999),adenosinereceptor(Moroeta1.,1998),epidermalgrow血

factor(Agulloetal.,1997),andsoon.Theysuppressorenhancegeneexpressionsof

severalenzym es(Williamson,eta1.,1996;Sorianietal"1998;WadsworthandKoop,

1999;Liangetal･,2001).Theymodulatesecretionofcytokinesthatinducean arrest

incellcycle(BhatiaandAganvall,2001;Freyeta1.,2001)andrelatetoallergy

(Yamadaetal･,1999),andinhibitthecytokineactions(Salioueta1.,1998;Xagorariet

all,2001)･ Theyregulatemembranetransporters(Park,1999;RevueltaandHidalgo,

2000;Leslieetal.,2001)andfurtherinhibitorstimulatevariousenzym esthatmainly

associatingwith tum origenesis(LepleyandPelling,1997;NagasakaandNakamura,

1998;YamaguchiandSugimoto,2000;Kobuchietal.,1999;KuppusamyandDas,

1994;ZhuandLiehr,1996;Otakeetal.,2000;Laughtoneta1.,1991;Giletal.,1994;

48



AnalysisofDietaTyPolwheT70ls

KitsonandKitson,2000;Keung,2001).

PolyphenolsoftenoccurastheglycosideformSinvegetables,丘山ts,andteas

(Herrman n,1976;WollenweberandDietz,1981).Thebio-activities,however,are

basedontheiraglyconestructt汀eSwithoutsugarChains. TheantioxidativepotencylS

greatinortho-dihydroxyl(catechol)structureones(Broseta1.,1990;Rice-Evansetal･,

1996;Sakakibaraetal.,inpress)andthemodulatingactionsonproteinsarecontributed

bytheirrespectivestericstructures(Kanazawaetal.,1998;Ashidaeta1.,2000;Ferteet

al･,1999;CasagrandeandDarbon,2001).Therefore,polyphenolsinfわodshouldbe

determinedintheiraglyconestructures.

Aglyconesofpolyphenolsareclassified into threeclasses,flavonoids,

anthraquinones,and simple polyphenols(Fig.1),although varietiesofthese

polyphenolsarebeyondmillionspeciesinplantkingdom.Alargeclass,flavonoids,is

constructedbasicallywithAandCringsofbenz0-I-pyran-4-qulnOneandBring,and

触 herclassifiedtoflavones(basicstructure),flavonols(havinghydroxylon3-Position),

isoflavones(B-ringbindsto3-Position),flavanones(2-3bondissaturated)including

catechins(C-ringis1-pyran),chalcones(C-ringisopened),andanthocyamidins(C-ring

is1-pyran,and1-2and3-4areunsaturated),whichhaveavarietyinsubstitutegroups

withhydroxylsand/ormethoxyls.AnthraqulnOneSarealizarin,rhein,emodin,andetc.

(Sun eta1.,2000),andrarelyoccur asglycosideforms.Theotherpolyphenolsare

mai山yconstmctedwi血aslnglenngand也engenerallycalledassimplepolyphenols,

whichincludethreesubclasses;cinnamicacidssuchascoum aricacid,fTerulicacid,and

caffeicacid;benzoicacidssuchasprotocatechuicacid,gallicacidandvanillicacid;and

othersaresesamolandsoon.
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AnalysisofDietaTyPolwhenols

Recently,severalwo血 ggroupshaveproposed血edeteminationme血odfわr

polyphenolaglyconesemployingHPLCwithphotodiode-arraydetector(Hertog,etal･,

1992a;Crozieretal.,1997a;Haekkinenetal.,1998;Justesenetal.,1998;Merkenand

Beecher,2000).Theirmethod,however,havetwodemerits.Theydeterminedonly

flavonoidclassbutdidnotanthraqum onesandsimplepolyphenols,andrequireda

pretreatmentofhydrolysIS. nehydrolysisproducesalossofcontentsby

decompositionandpolymerizationofpolyphenols,fTorexample,underthemostoptical

condition也ehy血olysisledtoanunderestimationofupto50%ofthetmepolyphenol

levelinfood(Hertogeta1.,1992a). Thus,themethodisnotsuitablefbrthe

quantitativedeterminationofdietarypolyphenols. Schieberetal.(2001)have

improved血eHPLC me也odtodetectsimdtaneously丘eepolyphenolsandits

glycosideswi血o山 hydrolysis. However,血eycoulddetecto山yoneaglycone

quercetinbutnotothers.

Theobjectofthischapteristhedevelopmentofanalyticalmethodtodetermine

both fTormsoffreeandglycosideinidentiflCationsofpolyphenolclassesand

quantificationsofthecontentsinfTood.Theauthorestablishedanoveldetermination

methodusingHPLC anddiode-amaydetector,with asimpleextractionwithout

hydrolysis･Thismethodwasabletoaccuratelydeterminealmostallofpolyphenolsin

47kindsofvegetables,fruits,andteas.
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Mater･ialsandMethods

StandardchemicaLs

ThestandardchemiCalSusedherearesum arizedinTable1. Am ong

flavonoids,flavoneandflavonolwerepurchased丘omNacalaiTesque(Kyoto,Japan)

andTokyoKaseiKogyoCo.,Ltd.(Tokyo,Japan),respectively. Catechinswere

obtainedfromKuritaKogyo(Tokyo,Japan)andtheaflavinswerekindlyfumishedby

ItoEn,Ltd.(Tokyo,Japan). Theotherflavones,flavonols,flavanones,chalcones,and

anthocyanswerepurchasedfromExtrasynthese(Genay,France). Simplephenolswere

high-grade comm ercialproductsavailable. The standardswere dissolved in

dime也ylsulfbxide(DMSO)at也econcentrationof10mMandkeptaト200Cunderdark

fTorupto3months. Dilutingtorange丘om 1.0to1000LIM with DMSO,the

calibrationcurvesweremadeonaHPLC. Waterwasdistilledtwiceandallother

reagentswereofthehighestgradeavailable.

Vegetables,fr･uL'tsandteas

FleshvegetablesandfruitswerepurchasedfromthelocalmarketsinKobeCity･

Theedibleportion(loog)Werewashedwithtapwater,chopped,andhomogemizedin

liquidnitrogenwithahomogenizer(NihonseikiKaishaCo.,Ltd,Osaka,Japan). Teas,

cacao,andcoffeebeans,whichwereobtainedfromlocalgrocerystoresinKobeCity,

werepowderedwithacoffeemill. ThehomogenizedpowderwaslyophilizedatO･2Pa･

for48handstoredat40cinadesiccatoruntiluse. Themoisturecontentswere

calculatedwithdifferencesinweightsbeforeandafterlyophilization.
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ExLracLionofpol岬henoLs

Thestoredpowders(50mg)wereextractedwith 2mLof90% methanol

contaiming0.5% aceticacid,adding50mmolesofnavoneinDMSOasan intemal

standard.Flavonewasmostlyusedbecausevegetables,fh止ts,andteashavebeen

foundtorarelycontainnavone.Wh enfわodsamplesgaveflavonepeakontheHPLC,

theintemalstandardwasreplacedwith anotherintemalstandardsuchasnavonolor

chalcone. ThesolutionwassomicatedbyaHeartsomicaterfわrlmin,andthe

supematantwasrecoveredbyacentrifugationat3000rpmforlOmin.Thesonicatlng

extractionwasrepeatedthreetimes,andtheextractsweredriedupwithacentrifugal

concentrator(VC-96N,TaitecCo.,Saitana,Japan).Theresiduesweredissolvedin

O･5mLofDMSOandwerefilteredthrougha0.2pm membranefilterMillex-LG

(MilliporeCo.,Bedford,Am erica)beforetheHPLCanalysis.Theextractionwas

preformedindependentlytreetimesormore,untilavarietyoftherecoverypercentage

calculatedwithintemalstandardwaslessthan5%.

HPLCanalysis

TheHPLCsystemwasemployedaHITACHIHPLCseriesD-7000(Tokyo,

Japan),equippingwithaHitachiModelDl7000chromatographydatastationso舟Ⅳare,

aautosamplerDl7200,acolum ovenD-7300,andadiode-arraydetectionsystem

D-7450･HPLCcolumnwasCapcellpakC18UG120(250×4.6HlmI.D.,S-5,5pm,

ShiseidoCot,LTDITokyo,Japan)andjointedwithguardcolurrm(10×4･Orrm I･D･)･

Boththemainandguardcolumnswerethemostaticallymaintainedat35OcandwasLO

mL/minfbrtheflowrate.Foramobilephase,gradientwasprogramm edwithA

solutionconsistedof50mMsodiumphosphate(pH3.3)containinglO%methanoland
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Bsolutionof70%methanol:100%Aasinitialcondition,70%Afornext15m血,65%

AfToranother30m血,60% Afor20min,50% Afor5min,0% Afor15min,and

丘nallyO%AforlOmin. meinjectionvolum eforsam pleswassuitabletobelOトIL

Spectrawererecordedatwavelengthrangedfrom200to600nm.

LdentlJicationa〃dq〟antljicationofpol岬henolsonHPLC

First,aHPLClibrarycompnslngbyretentiontimeandspectraofskeleton

structureswasconstructedwithstandardchemicalsinTable1. Wh enthefoodextract

wasanalyzedon血eHPLC,polyphenolswerecomparedinretentiontimewi他山atof

standardchemicalsinthelibraryandthenidentifledbyaspectrum coincidentwith

standardchemicals. Mostofnavonoidglycosidesdisagreedintheretentiontimewith

standardsthough gavethesimilarspectrum tooneofstandards,becausenaturally

occumngflavonoidshavemanyvarietiesinglycosideforms. Then,fToodsamples

includingtheseflavonoidglycosideswerehydrolyzedasmentionedinnextsectionand

analyzedagainonHPLC. Avariety offlavonoidaglyconeswaslimitedandalmost

coveredbythestandardsinTable1. Thus,theparentaglyconewasidentifledwith

retentiontimeandspectrumcompanngtothoseofstandardaglycones,anddetermined

inam ountwith absorbanceoftherelatedglycosideasmentionedbelow. Simple

polyphenolshaveatypicalspectrum asenrolledascinnam icacidsorbenzoicacids.

Hereby,comparisoninthespectrabetweenhydrolysisandnon-hydrolysiscouldidentify

therespectiveparentstructure. Theidentificationswereconflrmedfurtherwitha

HPLCmassspectrometriCanalysiswhenrequiredthemorestructuralinformation.

h determlmngtheam 0untS,thecalibrationcurveswereconstructedwiththe

specificwavelengthsofstandardchemicals:250nmforbenzoicacidsandisonavones;
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280nmforflavanones,catechins,caffeine,ellagicacid,andintemalstandardflavone;

320nmforcinnamicacids,flavones(exceptforflavone),andchalcones;370nmf♭r

flavonols;and510nmforanthocyanS.Withthecorrespondingstandardcalibration

curves,theamountsoffToodpolyphenolswerecalCulatedwithintegratedareasonHPLC･

Am ongtheglycosidesofflavonoids,cinnamicacids,andbenzoicacids,whentheydid

notfindinthelibrary,thestandardcuⅣesthatmadewith glycosideofthesame

aglyconewereused,fTorinstancequercetin-3-0-rutinoside(rutin)fTorotherquercetin

glycosidesandcaffeicacidfわrcinnamicacidglycosideswereused.

Hydrolysistreatment

Wh entheaglyconeprofileswererequiredontheHPLC,thestoredfood

powdersweresubmittedtohydrolysistreatmentmodifyingthemethodofHertogetal･

(1992a)･FiftymgofpowderweretransfTerredinatesttubesealedwitharubbercap

and mixed with 4 mL of 62.5% aqueous methanolcontaining 0.5 g凡

tert-butylhydroquinoneand1mLof2NHCl.A鮎rpin-holedontherubbercap,the

solutionwasheatedat900cf♭r2hand也enex廿actedwithtwovolumesofethylacetate.

Theextractwasdriedundernitrogengasstream,dissolvedin0.5mLofDMSO,filtered

througha0.2トLmfilter,andanalyzedwith theHPLC.
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Results

HPLClibr･aヴWithsta作dardchemicals

TheHPLClibrarywasconstructedwith7benzoicacids,7Cinnamicacids,55

flavonoids,8catechins,4theaflavins,4anthocyanS,4chalcones,and 30ther

phytochemicalS,andtheirretentiontimesonthepresentHPLCconditionsand九max

obtainedfrom thediode-arraydetectorweresummarizedinTable 1. Forevery

standardchemical,也ecalibrationcuⅣewasmadewi血 theindicatedwavelength.

Sinceallchemicalsconstructedalmostlinearcurvesthrough zeropoint,theslopesof

curvesandthedeterm inationlimits(pmol)werelistedinTable1.Themostsensitive

chemicalwastheaflavins-3,3'-digallateandwasdeterminedupto 10pmol. The

lowestoneis(-)-epigallocatechinand也edetem inationlimitwas360pmol.

Tablel･ Analyticalcharacteristicsofthestandardphenoliccompounds

Catibration

Compounds Lmax(nm)
(min) (nm)2 Slope3,.̂ム (PmOl)4

BenzoicacidsandCimamicacids

:6 0㌢ H..C*
Benzoicacids

o-hydroxybenzoicacid(2-OH)
m-hydroxybenzoicacid(3-OH)
p-hydroxybenzoicacid(4-OH)
protocatechuicacid(3,4-OH)
P･resorcylicacid(2,4-OH)
vanillicacid(4-OH,3-OCH3)

gallicacid(3,4,5-OH)

Cimamicacids

o-coumaricacid(2-OH)
〝トCOumaricacid(3-OH)
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273,321
234,293
2llsh,253
257,291
250,291
259,290
269

213sh,232sh,276
211sh,231sh,275,320sh

0
3
′hV
∠U
0
O
4

0ノ
0
4
5
′LU
5
7

=
日日

7
7
00
4

7
7
8
7
4
7
0

0ノ
0ノ
3
4
00
5
7

5
1

1

0
0
0
0
0
0
0

5
5
5
5
5
5
5

2
つ▲
2
2
2
つ▲
2

3
5

.
8
7

.
9

.
3

8

34
16
13
9
.
10
16
5
.

00
4
3
5

ノhV
0ノ

.
3
9

4
9
.

0
0
2
つi

3
3
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9

.
8
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4
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TableI.I continued

Calibration

Compounds i.TLaX(nm) {ニ【､ ′ ､, slope3
(min) (nm)2

p-coumaricacid(4-OH) 213sh,226sh,291sh,307 23.3 320 2.36 22
caffeicacid(3,4-OH) 215,234sh,29lsh,319 18.4 320 2.07 38
chlorogenicacid(3,4-OH,glycosylation 217,241sh,294sh,321 14.1 320 2102 36
ofthecarboxylategroup)
ferulicacid(410H,3-OCH3)

isoferulicacid(3-OH,4-OCH3)

Flavonoids

214,239sh,291sh,325
239sh,29lsh,325

3'

どlavones

navone(none)
7,4'-dihydroxyflavone
7,3',4I-trihydroxyflavone
chrysin(5,7-OH)
gewkwanin(5,4'-OH,7-OCH3)

baicalein(5,6,7-OH)
baicalein-7-0-glucoside(baicalin)
apigenin(5,7,4'-OH)
apigenin16-C-glucoside(isovitexin)
apigenin-7-0-glucoside(apigebin)
apigenin-8-C･glucoside(vitexin)
vitexin12乃101rhamoside

luteolin(5,7,3',4'-OH)
1uteolin-6-C-glucoside(homoorientin)
luteolin-7-0-glucoside
luteolin･8-C-glucoside(orientin)
luteolin-3',7-di-0-glucoside
luteolin-4'10-glucoside
diosmetin(5,7,3I-OH,4'-OCH3)

diosmetin17-0-rhamnoside(diosmin)
chrysoeriol(5,7,4'-OH,3'･OCH3)

5,7-d血y血oxy-3',4',5'-
trimethoxyflavone

tangeletin(5,6,7,8,4'-OCH3)

gardeninA(5,6,7,8,3',4',5'-OCH3)

Sinensetin(5,6,7,3',4'-OCH3)

Flavonols

navonol(310H)
galangin(3,5,7･OH)
datiscetin(3,5,7,2■-OH)
kaempferol(3,5,7,4'-OH)
kaempfero1-3-0-glucoside(astragalin)
kaempfero1-3I0-rutinosi°e
kaempferol17-0-neohespridoside

0

247,295
230sh,253sh,307sh,329
235sh,307sh,339
243sh,267,311
265,334
274,321
276,315
265,336
269,334
265,336
267,334
267,336
252,265sh,347
255sh,267,346
253,265sh,346
254,266sh,346
239,266,338
246,265,336
250,265,344
251,265,344
249,266,344
269,329

269,325
247,295
267,329

236,305,341
264,307,355
257,304,346
264,363
263,344
263,344
246sh,263,318sh,361

25.8 320 2.09 33
26.3 320 2.69 51

2
3
1
∠リ
0
2
4
5
0
7
4
2
6
5
00
2
4
5
2
0
2
3

3
2
4
3
2
4
/0
1
5
′0
4
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3
4
4
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4
3
′0
2
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3
3
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3
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5
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7
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0
0
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0
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2

7
7
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5
1
2
′O
q
′
0
4
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3

8
5
0
8
0
4
L
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8
0
L
5
8
7
7
6
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4
4
L
3
8
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7
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00
0ノ
00
5
$
3
5
3
3
7
2
3
2
3
5
00
′0
00
00

4
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ー
3
3

3
0ノ
′0

4
4
00

1
2
1

0
0
0

2
2
2

3
3
rJ

′0
′0
3

1
00
′0

0ノ
8
00

5
′LU
2
0
1
6
8

7
4
1
2
4
0ノ
′0

-

00
0ノ
0
0
2
0
8

0
4
1
0ノ
4
3
1

00
3
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1
4
5
2

0
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0
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0
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5
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2

1
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00
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Table1.- continued

Compounds i.tu(nm)

mo血(3,5,7,2',4--OH)
querce血(3,5,7,3I,4--OH)
quercetin13-0-glueoside(isoquerci血 )
quercetin-3I0-rutinoside(rutin)

quercetin-3-0-rhamnoside(querciBin)
robinetin(3,7,3',4',5'･OH)
isorhamnetin(3,5,7,4.-OH,3.10CH3)
tam arixetin(3,5,7,3㌧OH,4'-OCH3)
quercetagetin(3,5,6,7,3.,4㌧10H)
myricetin(3,5,7,3㌧4',5'-OH)
myricetinl3I0-rhamnoside(myricitrin)

Flav㌍ones(2-3issatLmted)
narlngenin(5,7,4'-OH)
naringenin-7101rutinoside(naringin)
eriodictyol(5,7,3',4'-OH)
hesperetin(5,7,3'-OH,4p-OCH3)
(+)-taxifolin(3,5,7,3I,4'-OH)
Isoflavones(B-ringbindsto3Position)
daidzein(7,4'-OH)
血idz血-7-0-glucosi°e(daidzin)
daidzein-i-C-gulucosi°e(puerarin)
genistein(5,7,4'-OH)
genistein-7-0-glueoside(genistin)
biochaninA(5,710H,4'-OCH3)
formononetin(7-OH,4'10CH3)

CatechinSandTheanavinS

OH

HOW "R･･3,:RgROl"
Catechins

(+)-catechin(Rl-H,ち-H,R3=OH)
(-)-gauocatechin(Rl=OH,R2-H,

R3=OH)
(～)-catechingallate(Rl-H,R2-H,

R3-OG)
(-)-gallocatechhgallate(R1-OH,

251,261sh,352
253,297sh,367
253,263sb,294sh,351
255,265sh,294sh,352
253,263sh,344
249,317,361
253,367
253,26Ssh,364
257,273sh,358
251,300sh,370
256,298sh,349

226sh,2i8,331sh
224sh,281,332sh
227sh,286,332sh
229sh,286,333sh
229sh,287,333sh

246,300
248,299
248,302
259
259
259
246,302

R2=H,R3=OG)
(･)-epicatechin(Rl-H,R2=OH,R3=H) 229sh,277
(-)-epigallocatechin(Rl=OH,R2-OH, 229sh,269

R3-H)
(-)-epicatechingallate(Rl-H,R2-OG, 276

(_,_eR,3i3 .catechingalla.e(Rl=｡H, 2,,
R2=OG,R3=H)
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1
1
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2
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OHGニーCO
13_6 280 11.3 180
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19.7 280 3.62 68
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22.9 280 2.12 30

17.0 280 3.24 80
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Table1.- continued

Calibration

Compounds Ln.A(nm) ′ニ"､ ′ ､, slopcユ
(m叫) (nm)ヱ

Theaflavins

theanavin(R1-OH,R2-OH) 267,370,446
theaflavin-31gallate(R1-OG,R2-OH) 269,370,440
theaflavin13'･gallate(R1-OH,R2=OG) 273,370,440
theahvin13,3I-digallate(R1-OG, 273,370,446

R2=OG)
Cbalcones

3'

chalcone(none)
isoliquiritigenin(4,2',4'-OH)
butein(3,4,2㌧4.-OH)
phloretin(α-βbondissatWated,

4,2',4',6'-OH)

AnthocianinS

0
309
298sh,367
259,305sh,378
225sh,285

pelargonidin(3,5,7,4'10H)
cyanidin(3,5,7,3',47-OH)
cyanidin13-0-rutinoside
delphinidin(3,5,7,3',4',5'-OH)

Others
caffeine
sesamo1

ellaglCacid

267,409,503
276,503
278,512
271,429,521

271
230,293
251,300sh,358

00
4

2
3

0
0
1
1

00
00
00
00

280 1.92 18
280 2.26 20
280 1.68 14
280 1.28 10

′0
′0
2

0
00
0
5

L
2
4
L1

0
0
0
0

2
2
2
2

3
3
3
3

1
2

2
3

つ】
4
0ノ
0

0ノ
00
7
00

47.7 510
36.3 510
17.4 510
28.2 510

16.7 280
19.2 2$0
43.1 250

30
39
38
81

9.03 30
13.3 39
8.87 57
9.94 27

4.17 30
1.64 24
0.84 12

IRetentiontimes(min)
2Detectionwavelengthscorrespondtotheabsorptionmaximofthecompoundsl
3y-axwhereaistheslope,xisthepeakareaandyisthephenoliccompoundconcentration(pM).
4Determinationlimits(pmoL/10pLinjection)werecalculatedasamountsexhibitingtentimesareaof
thelargestnoisepeak
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0 15 30 45 60 75 90

Retentiontime(min)

Fig.2.SeparationofastandardmixtureofpolyphenolsbyHPLC(280nm).

1=gallicacid,2-gallocatechin,3=protocatechuicacid,4〒P･resorcylicacid,5-chlorogenicacid,6;=caffeic
acid, 7=epigallocatechin gallate, S=sesamol, 9-p-coum aric acid, 10-Daidzein17-0-glucoside,
11=catechingallate,12-1uteolin-3',7'-0-diglucoside,I3-0-coumaricacid,14=luteolin-7-C-glucoside,
15=quercetin-3-0-rutinoside,16-hesperetin-710-rutinoside,17=myricetin,18-aplgeninl7-0-glucoside,
19=kaempfero1-3-0-glucoside,20-daidzein,2I-quercetin,22-luteolin,23=kaempferol,24-aplgenin,
25-flavone,26-galangin,27-flavonol,28=chalcone

h 血epresentHPLCsystem,thesechemicalswereel山edaStherespective

singlepeakswhencombinedwithothers.Forexample,Fig.2showsatypicalprofile

with28chemicals,whichweremixedattheconcentrationofevery1nmoles,picking

upabundantlyoccurringonesindailyfood(RobardsandAn tolovich,1997;Herrmam,

1988)･ A good resolution wasachieved forevery chemical in the mixture.

Subsequently,in也epresentHPLCsystem,simplepolyphenolswereelutedbetween

5･8-3413minattheretentiontime,Catechins werebetween8･1-26･1mln,glycosidesof

flavonoidwere17.land58.8min,anthocyanswere17.4-47.7min,navonoidaglycones

were34.0-91.5min,chalconeswere79.2-92.0min,andtheanavinswere80.4-81.3min,

andallchemicalswereelutedin95min.
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AaalysisforfoodpolyphetwLs

h order to be accurate

determination,first,recovery in the

extraction process was examined.

Radish rootwa5uSed becauseitwas

known to contain little polyphenols

(EloesserandHerrmam,1975). Fifty

nmoleach of23 standard chemicals

shown inTable2wasaddedtothe50mg

powderofradish root,and 也en was

extractedandanalyzedontheHPLC aS

mentionedunderMaterialsandMethods.

Eachrecovery% of23chemicalswas

sum ariZedin Table2whenrepeated

independentlythreetimes. Therecovery

wasin也erangebetween68and92%,and

Table2.Recoveriesofthephenolicstandards
addedtoradish(root)'

Standardadded Recovery(%)

Phenolicacids

protocatechuicacid
o-hy血oxyclmamicacid
p-hydroxyclnnamicacid
gallicacid
chlorogenicacid
caffeicacid

Flavonoids

aplgenh
aplgenin-7-0-glucosi°e
luteoliれ
luteo1in-7-0-uco～i°e
kaempferoI
kaempfenoI-3-0-ucoside
quercetin
quercetin-3I0-rutinoside
myricetin
myricetin-3101rhamnoside
daidzein
daidzein-7-0-glueosi°e
namgenin
nanngenin-7I0-rutinoside
flavone
navono1
chal°one

75土 2
78士6
68土 1
87j=3
70土 4
77土 9

78土 5
73j:3
78土7
80土4
81士2
81土7
83土3
77士2
73土2
92土$
86±3
7 4土4
79土3
77土5
$l士5
76土3
83j=3

'Theamountofeachstandardaddedwasloo

pMof丘nalextractsolution･

thevariancewasin1and9%. These%

ofrecovery anditsvariancewereconsideredtobesufrlCienttodeterminefわod

polyphenolsquantitatively.

Next,血epresentme血odwasappliedtoonion,becauseonioncontainsalarge

amountofquercetinglycosidesandhasbeenusedasamodelanalysissampleby

severalworkers(Hertogeta1.,1992b;Croziereta1.,1997b;Justeseneta1.,1998;

Teyssiereta1.,2001). Fig.3showstheHPLCandspectraofdetectablethreemajor
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Fig･3･HPLC-SPDanalysisofonionextraction.
Chromatogramsareshownextractbefore(line)andafter(dottedline)hydrolysisas
describedinMatehalsandMethods.Diode-arraydetectionwasat370nm･

peaks･ Everyphotodiode-a汀aySPeCtrum WaSVerySimilartothatofquercetin

aglycone･However,也eirretentiontimesdisagreedwi地山oseofquercetinglycosides

inthelibrary. Then,theomionpowderwashydrolyzedandanalyzedontheHPLC

agaln･ As shown withthedottedlineinFig.3,thehydrolysISOmiongaveoneslngle

peakat75.5minofretentiontime,andthispeakwasexactlycoincidedwithstandard

quercetinintheretentiontimeanddiode-arrayspectra. Thismeansthatallthree

productsin omiOnwereconsistedofquercetinaglycone. As mentionedabove,the

bioactivemoietylSaglyconethatexhibitsantioxidativepotencyandmodulationof

protein血nctionsbutisnotsugarS. Thus,theauthorconsideredthatthepolyphenoI

contentsinfoodwerebettertodeterminebytheaglyconeam ountssuchasquercetin
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glycosides.Inthecaseofomion,theyweredeterminedwiththecalibrationcuⅣeof

themostabtmdantquercetinglycoside,rutin. Thesum ofamoun tsofthreepeaksin

onionwas92-178pmol/100gfreshediblepar ts asaglyconequercetin(278-538mg

quercetinn(g).Ontheotherhand,otherworkinggroupshavereportedintheamounts

tobe284-486mgkg(Hertogetal.,1992b)and185-634mgkg(Crozeretal.,1997b).

Thepresentresultwasintherangesdeterminedbyothers,thoughthesampleomionwas

differentinhaⅣestseasonsandlandsfromthem.Further,thereproducibilityin the

presentmethodwas3.6%inthevariancewhentheextractionandanalysiswasrepeated

6times. mepresentanalysismethodwasconsideredtobesuitablefbrthe

determinationoffわodpolyphenols.Inthefollowlngdeterminations,thehydrolysis

wasdonewhenwasrequiredfortheconfirmationofaglyconestructures.

Then,thismethodwasappliedtoanothersample,burdock. Burdockis

consum ingWellinJapan butthepolyphenolcontentsarelittleinformed.TheHPLC

andspectrainFig.4indicatedthatchlorogemicacidandferulicacidwerecoincidedin

theretentiontimesandspec廿awi血 血erespectivestandards.Allof也eo血er血ee

majorpeaksshowedaspectrum tobetypicalforcirmamicacids.Thus,burdock

containedonlyaclassofsimplepolyphenolsandnoflavonoids. Calculating,

chlorogemicacidwas4-178トLmOl,ferulicacid7-100,andthesumtotalofcinnamic

acidswas151532トLmOl/100gfleshburdockandthevarianceof6determinationswas

6.7%.
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Fig.4.HPLCISPDanalysisofedibleburdockextraction.
Chromatogram isshownextractwithouthydrolysISaSdescribedinMaterialsand
Methods.Diode-arraydetectionwasat320nm.

DeteT･mL'natio〃ofpol岬henolsL'nfoods

With thepresentanalysismethod,35vegetables,9fruits,and3teaswere

determined in thepolyphenolcontentsandclasses. Every food was analyzed

independentlythreetimeswi也 duplicatedeteminationonHPLCandtherangesof

variationareshown intheparenthesis(Tables3-5).

Tables3and4arefTorvegetablesandf血its,respectively. Flavonoidsinthem

occurredasflavonoidglycosidesandthemajoraglyconesarequercetinandkaempferol

aswellasreportedbyHertogetal.(1992b). Apigenincouldonlybedetectedin

parsley(133トunOl/100g丘eshediblepartforaglycone,588LImOl/100gfTorglycosides),
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Table3･Polyphenolscontentsinvegetables

pmol/100g丘eshediblepart

Flavonoids Simplepolyphenolsandothers

Root
caTrOt
PazLCZLSCarOぬL.)

burdock
(ArctL'umLappaL.)

radish
(RaphamLSSatTVZLSL)

tumip
PrassICaCamPeSLrLSL.var.
gLabraKltam)

Tuber
potato
(So/anumtzLberosumL.)

Sweetpotato
(IpomoeabaEatasL.)

chineseyam
PTOSCOnaOPPOSLtaThumb.)

Bulb
On10n
(AIlLZLmCePaLJ

Leaf
celery
(ApLZLmgTaVeO/ensL.)

chinesecabbage
PT.aSSICaCamPeSErisvat.
pervlrldlSL.)

chinesechive
(AlltZLmtZJberoszLmRottleex
Spreng.)

gallandchrysanthemum
(ChrysanLhemZJmCOrOnanZJmLJ

indiansplnaCh
@aseLJarubraL.)

Iettuce
(LactucasaLTVaL)

maltajute
(CorchorwolLtOrlZLSL)

pakchoi
(BTasstcacampestrTSVar.
ChLnenStSL.)

quercetinglycoside
quercetin

aplgenin
aplgeninglycoside
luteolinglycoside
chTySOeriolglycoside

kaempferolglycoside

kaempferolglycoside

aplgenin-6･C･glucoside
aplgenin-8-C-glucoside

quercetinglycoside

kaempferolglycoside
quercetinglycoside

kaempferolglycoside

u.d.b cinnamicacids

u･d･b chlorogenicacid
ferulicacid
cinnamicacids

u.d.也 cinnamicacids

u.d.b cinnamicacids

0.54(0.5-0.6)

63(4･178)
42(7-100)
197(15-532)

ll(5.8-13)

8

u･d･b chlorogenicacid l･9
cinnamicacids 18

u.d.ら cinnamicacids 54

u.d.b

129(92-178)
1.2(u.d.-1.9)

5.3(u.d.-16)
18(u.d.-51)
7.1(u.d.-20)
13(u.d.･38)

91(54-115)

26(16.-41)

u.d.b

u.d.b

u.d.b

chlorog.enicacid 17(0･5-50)
cinnamlCacids 1.6(0.9･2･47)

ca飴icacid
chlorogenicacid
cinnamicacids

ferulicacid
cinnamicacids

chlorogenicacid
cinnamicacids

13(12-15) caffeicacid
267(216･336)

1.6(0.3-4.8) caffeicacid

15(8.6･22)
21(13-28)
14(1.9･26)

4.3(1.5-7.2)
19(13-22)

2.3(1.7-3.5)
39(28-59)

4.2(3.6-5.1)

25(4.6-86)
chlorogenicacid 3.2(0ふ8.3)

26 cimamicacids 729
134

81(531133) caffeicacid 8.6(4.0-13)
chlorogenicacid 21(8.9132)
cinnamicacids 23(11-44)
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TAble3.-continued

pmol/100g丘eshediblepartL

Flavonoid5 Simplepolyphenolsando也ers

parsley
PetroseLmzJmCnSP7LmNym.ex
A.WHT'/I.)

qlngglnCai
P,assLCaCamPeStrlSVat.
ChinensISL.)

radish
(RbphonzJSSatTVuSL.)

radish(maturity)
(RaphanzLSSaETVZJSL.)

nlmip
PrassicacampesLrlSLvat.

glavra)

waterdropwort
(OenaTltheJaVanlCaDC)

Leafandspear
asparaguS
(AsparagusobicmalLIsL)

Fruit
bellpepper(green)
(CapsLCumgrOSSunZLJ

bellpepper(maturity)
(CapsLCumgrOSSZLmL.)
bellpepper(small)
(CapsICZLtngT･OSSumL.)

CaCaO
n7zeobromacacaoL.)

COm
eae〝lq′SL)

eggp1ant
(So/anzJmmeLongerEaL.)

okura
(AbelmoschzLSeSCuJentzLSL)

Bean
coffeebean
(CoHeaL.)

66

aplgenln
aplgeninglycoside

kaempferolglycoside

kaempferolglycoside

quercetinglycoside
kaempferolglycoside

kaempferolglycoside

kaempferolglycoside

quercetinglycoside

133(8.6-331)
588(275･873)

ll(7.8-17)

57(24･101)

233
27

chlorog.enicacid 10(5･4-19)
cinnamlCaCids 25.9(15-36)

u.d.也

76(481123) cimlamicacids 195(168･229)

58 cinnamicacids 34

16 caffeicacid
isorhamnetinglycoside 65 chlorogenic

ferulicacid

quercetinglycoside

quercetinglycoside
luteolinglycoside

luteolinglycoside

luteolinglycoside

(+)-catechin
(-)-gallocatechin
(-)-epicatechin
(-)-epigallocatechin

anthocyanins

quercetinglycoside

C-da

cinnamicacids

.2t
7

.7

2
3
3
3

38(7.8195) caffeicacid 3.8(1.3-5.7)
chlorog.enicacid 18･9(9･7-24)
cinnamlCaCids 8.9(1.7-16)

25(13-36)
20(17･26)

7.1(6.3-14)

20(15･27)

00

b

05
70
42
12

d

2

3
2
3
5

u

′-U

82(65･114)

u.d.b

u.d.b

chlorog.enicacid 65(34-106)
cinnamlCaCid5 212(93-280)

caffein 1084

benzoicacid 72(40-114)
cinnamicacid 11(2-27)
ferulicacid 7(3･12)
chlorogenicacid 229
cinnamicacids 22

u.d.b

u.d.b caffeicacid 166
chlorogenicacid 698
cinnamicacids 1350
caffein 4032
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TAble3.1 COntinued

PnOl/100g&eshediblepare
Product

Flavonoids Simplepolyphenolsandothers

Com onbeam

伊haseolzLSVuZgwISLJ

soybean
(GLICmemLZXL)

blacksoybean
(GlyclnemaxL)

Beanpeel
blacksoybean

(GlycinemLZXL)

Pea

gardenpea
PiszLmSaLTVumL)

kaempferolglycoside 1.3

genistein
daiZeinglycoside
genisteinglycoside

genistein
daiZeinglycoside
genisteinglycoside
(-)-epicatechin

oO
′0

tJ
0
Oノ

0
7
4

0
′O
qノ
2

5
4
3

7
2
2
1

(-)-epicatechin 360

anthocyanins 280

quercetinglycoside 63

u.d.b

protocatechuic 30
acid

amean(minimum-maximum)
bun°erdetectionlimts

celery(5･3f♭raglycone,18pmol/100gforglycosides),indian spinach(280トImOl/100

gf♭rglycosides),andlemon(8.5pmol/100gf♭rglycosides);luteolininonlycelery

(7･1pmol/100gforglycosides)andthreekindsofbellpeppers(green,20;mature,7･1;

andsmall,20トImOl/100gforglycosides);flavanonesnaringeninandhesperetininonly

citruSfruitsgrapefruit(12fornaringeninand258LLmOulOOgf♭rnaringeninglycosides),

orange(167f♭rnaringeninglycosidesand148pmoUIOOghesperidin),andlemon(226

pmol/100gforhesperetinglycosides);andanthocyaninsinonlyeggplant(62トImOl/100

g),blueberry (324 トImOl/100g),andblack soybean peel(280 トLmOl/100g).

Interestingly,theauthordetectedC-glycosidenavonoidatalargeamountinindian

spinati･meyareapigenin-6-C-glucoside(13LLmOl/100g)andapigenin-8-C-glucoside

(267pmol/100 g). Generally,flavonoidshavebeen recognizedtooccuras
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0-glycosides(Markham ,1982a).Further,theauthorfoundtheseC-glycosideswere

remainedunchangedafterthehydrolysis.

Table5isforteas,andthemajorPOlyphenolswerecatechinsingreen,oolong,

andblackteas. Thecontentsofepigallocatechin(EGC)andepigallocatechingallate

Tab一e4. Polyphenolcontentsin血its

pmol/100g丘eshedibleparta

Flavonoids Simplepolyphenolsandothers

Citrus

grapefhit

(CILT7JSParadisIMacf.)

Orange

(Ctl/ZJSSlnenSLSL.)

lemon

(CL'L77LSllmOnL)

Others

apple

(MaulspzLmTlaMill.)

blueberry

VaccmlumL.)

kiwi血it

(ActmLdiachmensisPlanchJ

loquat

(EnoboETyaJaPOnlCaLindl)

peach

(prwzJSPerStCaL)

strawbenY

(FragarTaXananaSSaOuch.)

nanngenin 12(4.6･27) caffeicacid 3.6(2.115.8)

naringeninglycoside 258(152-438) cinnamicacids 2310(15･6127･0)

hesperidin

nanngeninglycoside

hesperetinglycoside

aplgeninglycoside

quercetinglycoside

diosmetinglycoside

148 u.d.b

167

226(135-318) caffeicacid 1.8(1.2-2.5)

8.5(5.0-12)

3.8(2ふ4.8)

48(40156)

quercetinglycoside 8_0 chlorogenicacid 35

cinnamicacids 0,8

anthocyanins 324(168-471) chlorogenicacid 287(2731325)

quercetinglycoside 7.7(u.d.-21) cinnamicacids 13(u.d.-2I)

u.d.b

u.d.b

quercetinglycoside 3.4(2.8-4.3)

catechins 67(29-93)

quercetinglycoside 1.2(I.0･1.6)

cinnamicacid5 4.9(4.6-5.3)

caffeicacid 16

chlorogenicacid 250

cinnamicacids 33

chlorogenicacid 14(12-15)

cinnamicacids 16(13･18)

chlorogenicacid 4,6(3.7-5.8)

amean(miniヮum-?aximum)
bun°erdetectlOnlimits
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(EGCG)werethehighestbuttheiram oun tsdifferedmarkedlyam ongthreeteas. The

contentofEGCofgreentea,17900PmOl/100gfreshleaf,was3.5timesgreaterthan

thatofoolongteaand18timesthan blacktea. IncaseofEGCG,theauthorfound

almostthesameresults. Onthecontrary,high am ountsoftheaflavinS,whichare

reactiveproductsbetweenonemoleculeofasimplecatechin andagallocatechinduring

blackteafTem entation(OwuorandObanda,1997),werecontainedinblackteabuttrace

Table5･Concentrationsofpolyphenolsinteas(CamelliasineWisL.)

pmol/100g&eshleaf

greentea oolongtea blacktea

CatechinS

.(+)-catechin

(-)一gallocatechh

(･)-catecbingallate

(-)-gallocatechingallate

(-)-epicatechin

(-)-epigallocatechin

(-)-epicatechingallate

(-)-epigallocatechingallate
TheanavinS

theanavin

theanavin-3-gallate

theanavin-3I-gallateor/and

theanavin-3,3'-digallate'
Flavonols

kaempferol13I0-glucoside
kaempferol13-0-rutinoside

kaempferolglycoside

quercetin-3-0-rhamnOSide

quercetinglycoside

mymcetin13I01rutinoside
isovitexin

Phenolicacid

gallicacid
O也ers

caffeine

280

1460

u.a.

380

5800

17900

2350

14900

u.d.

u.d.

u.d.

d

0

u
0

0

0

0

0

OO

′0
2

7

つム
0ノ

1

2

1

7

5

0

0

0

0

0

0

0

0

1

0

5

0

7

0

0ノ
0

2

0

3

′hV
Qノ
00
4

1

4

5

7

′hU
0

2

2

一7

d

0

0

0

0

0

0

u

OO
′b
4

4

0

1

1

2

2

250 1340

13500 11300
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d

0

u
0

0

0

0

0

0

′0

2

7

0

2

2

2

1

1

2

2

0ノ
00
01

0

0

0

1

rJ
∠U

3

4

0ノ

m esetheanavinshaveanalmostsamespectrtm andretentiontimeinthismethod
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foroolongteaandunderdetectionlimitsforgreentea. Threekindsofflavonol

glycoside,kaempferol,quercetin,andmyricetin,werealsodetectedintheteasbutwere

minorin血econtents.

Discussion

Aquantitativedeterminationinindividualclassesofpolyphenolssuchas

navones,flavonols,catechins,andsoonarestronglyrequestedinvegetables,fruits,and

teasbeenconsum edcommonlyinJapan,whereasalargenum berofpolyphenolsare

presentinhum an diets.Vdousanalyticalmethodspublishedhavedeterminedthe

flavonoidsasaglyconeformsafterhydrolyzingoriginalglycosidestoaglycones(Hertog

etal.1992a,Croziereta1,1997a,Hakkinenetal,1998,Justesenetal.1998;Merken

andBeecher,2000). Thehydrolysisunderoptimal reactionperiodandacid

concentrationforindividualflavonoidglycosidesare,however,difrlCult.Becausetime

andacidconcentrationrequiredforcompletehydrolysisaredependentonthebinding

siteofthesugarontheflavonoidnucleus(e.g.7101glycosides>4'10-glycosides>

3-0-glycosides)andflavonoidC-glycosidewerefailingtoproducean aglycone

(Markham,1982b).Furthermore,asimultaneousdeterminationwithouthydrolysisof

flavonoidsandphenolicacids,e.g.chlorogenicacidandfTerulicacidthathasbeen

reportedasanticarcinogemiccomponentsoninvivostudies(Tanakaeta1.,1993,Hanet

al･,2001),hasbeenlittlepublished.

InthisChapter,aHPLCmethodbasedondiode-arraydetectionlSPresentedfTor

thesimultaneousidentiflCationandquantiflCationofflavonoidaglyconesandits
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glycosides,viz.flavones,flavonols,flavanones,isoflavones,catechins,theaflavins,

anthocyanS,andchalconesandsimplepolyphenols,viz.ben2:Oicacidsandcinnamic

acidsinfoods. Inthiselutionsystem,92kindsofphenoliccompoundswereeluted

within95minanddisplayedexcellentresolution,andthepresentelutionsystemallows

theseparationof21flavonoidglycosidesusedbetweenretentiontimes17.1f♭r

daizein-8-0-glucosideand58.8minforkaempfero1-7-0-neohespridoside.

Usingthisextractionmethod,therecoveriesof23kindsofadditionalphenolic

compoundstotheradishweregoodorreasonable(68-92%).Therepeatabilityofthis

extractionmethodwasgoodwith coetrlCientsofvariationranged丘om 3.6% fTor

flavonoids(quercetinglycosides)and6.7%forphenolicacids(cirmamicacids).As

comparedtovaluesreportedbyHortogetal.(1992a)andHakkinenetal.(1998),the

recoveriesandrepeatabilityintheseresultswerealmostsameorhigher.

Ananalysisme也oddevelopedin血epresentstudyprovides也eprecise

amountsofflavonoidsandphenolicacidswithinaslngleanalysis.Furthermore,this

systemhasbeenusedfordeterminationofphenoliccompoundsin35vegetables,9

fruits,and3teas. Almostal1flavonoidswereexistedasglycosidesinfoodsanalyzed

andfoundinmostfわods,exceptforrootandtubervegetables,garlandchrysanthemum ,

com,coffeebean,kiwifhdt,andloquat.Flavonoidlevelswerehighestintheleavesof

mostfbodsandlowestorunderdetectionlimitsinfbodsthatgrownbelowthesoil

surface,withtheexceptionofomioninwhichhigh levelsofflavonoidquercetin

glycosideswereexisted.Thesedifferencesmaybeduetothedifferencesofinsolation

becauseUV-Birradiationisknown toinducetheaccumulationofflavonoids(Lietal.,

1993;Lois,1994).
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CinnamiCandbenzoicacidsinsimplepolyphenolfhmilywidespreadinplant

fToods,vegetables,舟山ts,andteas. High am ountsofcinnamicacidswerefbundin

eggplant(229トLmOl/100gforchlorogemicacid),naltajute(729トLmOl/100gfTor

cirmamicacids),blueberry(287pmol/100gforchlorogenicacidand13pmol/100gfTor

cinnam icacids),loquat(16fわrcafFeicacidand250岬101/100gfTorchlorogenicacid),

andsoon. Ontheotherhand,benzoicacidswerepresentedincom(72pmol/100gfor

benzoicacids),blacksoybean peel(30トImOl/100gforprotocatechuicacid),andthree

kindsofteas asgallicacidbetween250fわrgreenteaand1800トLmOl/100gforblackteal

Interestlngly,themajorPhenoliccompoundsexistedinSunflowerFam ily,edible

burdock,garlandchrysanthemum ,andlettuce,werecinnam icacids. Theseindicate

thatphenolicacidsaremajorpolyphenolsinplantfoodsaswellasflavonoidglycosides･

Then,theauthorrepresentedthetypicalpolyphenolsindailyplantfoodsinTable6･

Table6･Foodsourcesofpolyphenols

Classofpolyphenols Speciacexample Foodsource

Simplepolyphenols

Flavones

Flavonols

lsonavones

Flavanones

CatechinS

An thocyaninS

Anthraquinones

Chlorogenic,caffeic,ferulicand
gallicacid

Glycosidesofapigeninandluteolin

Glycosidesofquercetin,kaempferol
andmymcetin

Glycosidesofnaringeninand
hespere血

Epigallocatechin,eplgallocatechin
gallateandgallocatechh

Glycosidesofanthocyanidin

Emodin,chrysophanolandrhein

Widelydistributedinfood,especiauy
rootvegetablesandteas

Foundmainlylnleafvegetablesand
citrus血its,parsley,celeryand
lemon

Foundinmanyleafvegetables,hits
andteas

Soybeans

CitruS血its

Teasandcacaobean

Magentacoloredvegetablesand缶uits
suchaseggplantandbluebenY

Medicinalplants,e･g.rhubarb

*Sunetal.(2000)
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HollmanandKatan (1999)reportedthatdietaryflavonoidsprobablydonot

explainthecancer-protectiveelfectofvegetablesand舟山ts丘omtheirepidemiologiCal

study.However,phenolicacidswerenottakenaccountofaproportionoftotaldietary

phenoliccompoundsintakes. Thesecollectivedatapresentedinthisstudyprovidea

morebaseforan epidemiologicalevaluationofpossibleanticarcinogemiceffectsofour

dailydiets,vegetables,f血its,andteas.
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Chapter5

BioavailabilityofDietaryPolyphenolsto

PreventOxidativeGeneticDamageinaCell

Thischapterisbasedmainlyon:

Bioavailabilityofdietarypolyphenolstopreventoxidativegeneticdam ageinacell

FreeRadicalBiology&Medicine,inpreparation.
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Zntroduction

Polyphenolsubiquitouslywidespreadinplantfoods,vegetables,丘血ts,andteas

andtheirintakescloselycorrelatewithincidencesofdegenerativediseasescausedby

geneticdamages.Manyepidemiologicalstudieshavebeenreported･IntheZutpen

study,flavonoidintakewasinverselyassociatedwiththeincidencesofcoronaryhear

disease(Hertogetal.,1993;Hertogetal.,1995)andofstroke(Kelieta1.,1996).In

Fimi sh,thedietaryflavonoidsarecloselyinversedtotheriskforlungcancer(Knektet

al.,1997)IInan interventionstudy,thedietaryantioxidantscouldsuppressprostate,

colon,spleen,andbreastcancersbymorethan 50%(DeMarini,1998).InFukuoka,

Japan,drinkingofgreenteawasinverselyassociatedwithatherosclerosis(Sasazukiet

all,2000)IOnJapanesewomen,thedailyintakesofflavonolsandisoflavoneswere

16･7and47･2mg,respectively,andwereinverselycorrelatedwith serum andLDL

cholesterollevels(Araieta1.,2000).IntheMediterraneanbladdercancer,vegetables

andfhitsreducedan amountofDNAadductsinbladderleukocytes(Pelusoeta1.,

2000)･However,severalreportsdescribedthattheantioxidantintakedidnotcorrelate

withtheriskofdiseases.hthesameZutphenstudyabove,thedietaryflavonoidsdid

notreducetheriskofcancers(Hertogeta1.,1994).Highintakeofflavonoidsdidnot

reducetheriskofbladdercancer(Garciaetal.,1999).Inmalesmokers,intakeof

flavonoidswasnotassociatedwiththeriSkofstroke(Hirvoneneta1.,2000).In

healthysubjects,thedietaryquercetin丘omonionandblackteadidnotreducethe

oxidativeDNAdamageinleukocytes(Beauyeta1.,2000).Withthesupplementation

study,rutindidnotreduce8-0HdGlevelsinurine(Boyleeta1.,2000)･Insmoking

healthyindividualS,theconsum ptionOfblackandgreenteashadnoeffecton
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inflaznmation,haemostasisandendothelialmarkers(deMaatetal.,2000).

ThediscrepancylnePidemiologiCalStudiesisprobablytobeduetolackin

biochemiCaldata. Thepolyphenolsmayhaveaspeci丘citytoabsorbintobodyand

Rdherintothecells,dependingonthechemiCalstructures.Thus,thebioavailabilityis

stillunclear･ h thischapter,theauthorinvestigatedphysiologiCallevelsofdietary

antioxidantswith rats,theincorporationsofthem intocellswith HepG2andthen

examinedwhethertheantioxidantscan exhibitthepotencyforthecellularDNA

damageinordertounderstandthebioavailabilityforagoalofthecancerprevention.

MaterialsandMethods

ChemL'caLs

Ascorbic acid, 2,2'-azobis(2-amidinopropane)dihydrochloride (AAPH),

2'-deoxyguanosine(2'-dG),and8-hydroxy-2'-dG (8-OHdG)werepurchased丘om

WikoPureChemicalInd.,Ltd.(Tokyo,Japan).NucleasePl,alkalinephosphatase

(fromEscherichiacoli),ribonucleaseA,proteinaseK,andp-glucuromidase/sulfatase

(CrudesolutionfromHelixpomatia)wereobtainedfrom SIGMA-ALDRICH(Irvine,

UK)･ Quercetin,rutin,kaempferol,andluteolin werefrom Extrasynthese(Genay,

France)and 8 kindsofcatechinswere 丘om Kurita Kogyo (Tokyo,Japan).

Commercialbeverage,Greentea,waspurchased丘omthelocalmarket.Waterwas

distilledtwiceandallotherreagentsusedwereofthehighestgradeavailable.
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AtlimaLsanddiets

MaleWistarrats(3weeksold,Wistar/STSPF,ShizuokaLab.A血m.Agri.,

Shizuoka,Japan)Werehousedintemperature-controlledroom(25j:loC)andhmi dity

(45150%)witha12hlight-darkcycle.Theanimalshadfreeaccesstoacommercial

dietobtainedfromJapan SLC,Inc.(Shizuoka,Japan)anddrinkinggreentea.The

dailyfoodintake(16.0g/day)andfluidconsum ption(22.2mL/day)wereunaffectedby

thegreenteasupplementation. Theratsweremaintainedinaccordancewiththe

GuidelinesforAnimalExperimentationofKobeUniversity.

Collectionofplasmasamples

ARer4Weeksofgreenteasupplementation,thebloodwerewithdrewfromrats

byheartpunctureusingheparinizedneedlesandsymngesunderanesthesiawith

pentobarbital.Theplasmawasimm ediatelyobtainedfrom thecollectedbloodby

centrifugationat800gfor10minatroomtemperatureandstoredat-800Cuntil

analysis.

DetermL'nationofcatechinsinplasma

Twoaliquotsofplasma(800トLLeach)wereacidifiedtopH5.0with18.6トLLof

l･0%aceticacidandstirred･Oneofthealiquotswastreatedwith8pLof1x105U/L

p-glucuronidase/7.5x102U/Lsulfataseforcleavageofallester-bondsofglucuromides

andincubatedat37oCfor30min･Bothaliquotsofplasmasamplewereextractedwith

2volum esofethylacetate,evaporatedtodrynessundermitrogengas,anddissolvedin

200LILofdimethylsulfoxide(DMSO)inan ultrasomicbathfor1min.ForHPLC

analysis,theauthorlnJeCted20LILofthesesampleafterfiltrationwithaO･2ト1m
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membrane丘lterMillex-LG(MilliporeCo.,Bedford,USA)intoan CapcellpakC18

UG120(250×4.6mmI.D.,S-5,5pm,ShiseidoCo.,LTD.,Tokyo,Japan)protectedby

an guardcolum (10×4.0mmⅠ.D.)usingacetritrile/100mM sodium phosphatebuffer

bH2･5)containing0.ImM ethylenediaminetetraacetatedisodium Salt(EDTA),14:86

(V/V)asmobilephase,ataflowrateof1.0mL/min.Boththemainandguardcolumns

were thermostatically maintained at 35oC. Catechins were detected by a

electrochemiCaldetector(ECD)(IRICAI875,Kyoto,Japan)at+700mV.

DeterminationofsynergismofanLioxidants

DietaryantioxidantsAscorbicacid,quercetinand8kindsofcatechinsin

DMSOwereaddedtothemixtureof0.5mM 2'-dGand25mM AAPH.Thefinal

concentrationsoftheseantioxidantsinreactionmiXttueswere50,5.0,and1.5LIM,

respectively.A洗erincubationat370Cforindicatedtime,theam ountof8-00HdG

fomedwasdeterminedwith10トILofthemixtureusingtheanalyticalHPLCsystemat

UV254rm ･ ThedetailconditionsweredescribedinChapter3. Simultaneously,the

consumptionOfantioxidantswasevaluatedbyHPLC.Themobilephaseswerea100

mM sodium phosphatebufferbH 2.5)containing0.1mM EDTA and5mM

tetra-normal-butylam onium phosphate(flowrate,0.7ml/min)fTorascorbicacidand

55%methanolin50mM sodium phosphatebuffer(pH3.3)containing0.1mM EDTA

(flowrate,1.0mi/min)fTorquercetin.Theseweredetectedwithan ECDat+600mV.

也caseofcatechins,themethodmentionedabovewasused.
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Celtc〟Lt〟re

Hum an hepatocellularcarcinomaHepG2cellswaskindlysuppliedbyDr.Koji

Ikura(DepartmentofAppliedbiology,Faculty ofTextileScience,KyotoInstituteof

Teclmology,Kyoto,Japan)andculturedinDulbecco'smodi丘edEagle-smedium

(DMEM)supplementedwith 10% heat-inactivatedfTetal bovineserum (SIGMA-

ALDRICH,Irvine,UK),4mM L-glutamine,100pg/mlstreptomycin,and100U/ml

penicillin. Thecellswereincubatedat370cinahmi difiedatmospherecontalnlng

5%CO2.

Microc〟lt〟reteLrazoli〟m(MTT)assay

Thenon-toxicdosagelevelofAAPHwas丘rstestablisheduslngMTTassay

withsomemodiflCations(Alleyetal.,1988). MTTassayresultsshowedthatAAPHat

concentrationby25mM exhibitedlittletoxicityonthecells. Therefore,AAPHlevel

of25mMwasusedasoxygenradicalinitiatorinthefollowingexperiments.

Celltreatment

Wh enHepG2cellsin100rrm disheswereabout90%confluent(3-4daysafter

seeding),theywerepre-treatedwith15mLofDMEMcontaining10LIM antioxidantin

DMSO(0･1%丘nalvolume)or也esamevolumeofDMSO.A氏er15minincubationat

370C,themedium wasremovedandthecellmonolayerrapidlywashed3timeswith

DMEM･Forintracellularevaluationofactivity oftheantioxidantadded,thecells

wereincubatedat37oCfor9hwith15mLofHanks'balancedsaltsolutionbuffTeredto

pH 7･4 wi血 25 mM N-(2-hydroxye血yl)piperazine-N'-(2-ethanesulphoneic acid)

contalnlng25mM AAPH. Afterincubation,thecellswererinsed3timeswith
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ice-coldsamebuffer,CollectedinanEppendorftube,andcentrifugedat1000g･ The

cellprecipitateswerekeptat-800ctmtilM eranalysis･

DNALsolatio〃and8-0HdGAnalysL's

For8-OHdGanalysis,DNAisolationwascarriedoutaspreviouslydescribed

byShiotami etal.(2001)withsomemodifications. Briefly,2x107 cellswere

homogemizedinTEbuffer(10mM TriS-HCl,pH7.4,and10mM EDTA)contaiming

O･5%SDS･Thehomogenateswereincubatedwith500トLg/mlribonucleaseAat50oC

fTor30minandthenwith500トLg/mlproteinaseKat50oCfor30min･A洗eradditionof

O･5MNaCl(at丘nalconcentration),DNAwasprecipitatedin50%ice-coldisopropanol･

DNAprecipitatewasobtainedbycentrifugationat10,000gf♭r15minandwashedwith

70%ethanol.TheDNAsamplesweredissolvedin200トLloflmMEDTAand15トLlof

0.5M sodium acetate.Then,theyweredigestedwi也 nllCleaSePl(10U,30min,

370C)andwere触 herincubatedwithalkalinephosphatase(3U,lh,37oC)after

additionof80トllofO･4MTriS-HCl(pH7.4). A洗ercentrifugation(17,000g,10min,

4oC),thereactionmixturewasfilteredthrougha0.2トImmembrane丘lterbeforethe

HPLCanalysis,andan aliquot(10pL)wasinjectedintothereverse-phasedcolum

CapcellpakC18UG120(5pm meshand4.6×250rm I.D.)(ShiseidoCo･,Ltd.,

Tokyo,Japan)connectedtoaHitachiL-7100pum p(Tokyo,Japan)coupledtoan UV

detector(HITACHIL-7420)andan ECD(IRICAE875;Kyoto,Japan)･ Thesolvent

systemusedwasamixtureof6.5%methanoland93.5%20mM potassium phosphate

buffer(pH4.5)containing0.lmM EDTA.TheflOwratewas1.0mL/min･ The

amountsof8-OHdG and2'-dG werecalculated丘om peakheightbasedontheir

correspondingstandards,andtheresultsexpressedasthenum berof8-OHdG/1052,-dG･
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Results

CaLechinsandL'Lsconjugatesinplasma

Theam ountofcatechinsin

corrmercial green tea was

determined(Table1). Themajor

catechin fTound in green tea is

epigallocatechin (EGC,64 pmol

/100mL)followedbygallocatechin

gallate(GCG,17 トImOl/100mL)

andepigallocatechingallate(EGCG,

15 トLmOl/100 mL). The total

catechinscontentwas 124 ± ll

Table1.Catechinsincommercialgreentea

Catechins

(pmol/100mL)I

catechin(C)

catechingallate(CG)

gallocatechin(GC)

gallocatechingallate(GCG)

epicatechin@C)

epicatechingallate(ECG)

epigallocatechin(EGC)

epigallocatechingallate(EGCG)

Tわtalcatechins

3.8±1.1

3.5±0.1

11±1.0

17±1.8

8.0±2.8

2.1±0.5

64±15

15±2.4

124±11

Dataareexpressedasmeansi:SD(n=3)

pmol/100mL Ratsusedinthis

studyingestedthesegreenteacatechins27･5pmol/rat/dayfor4weeks･ Catechin

aglyconecouldonlybedetectedasEGCG(34nM)inratplasmadrankgreentea(Table

Table2･Cumulativeabsorptionofcatechins
inplasmaW他greenteadrinkingrats

catechins(nM)'

Aglycone Conjugate

c u.d.●●

EC u.d.◆'

ECG u.d.…

EGCG 34±22

83±24

93±29

26±2.1

5±5

Othercatechinswereunderdetectionlimits.i
Dataareexpressedasmeansj:SD(n-5)
…underdetectionlimits
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2). C,EC,EGC,andEGCG were

existedinplasmaasconjugatedforms

83,93,26,and5nM,respectively,and

othercatechinswereunderdetection

limits. Thetotalcatechinslevelin

plasmawaslessthanlトLM.
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DeteTmL'naLi'o〃ofgl〃eTgismofa〃doLX7'da〃Lsbasedo〃theformationof

8-00HdG

Dietaryantioxi血 tsascorbicacid,quercetin,andcatechinsaremajordietary

antioxidants丘om vegetables,丘uits,andteas. Then,theyweretestedforsynerglSm

usingconcentrationsof50,1.5,and5.0pM,respectively,oftheseantioxidants(Fig･I),

whichareclosetotheirphysiologicallevels(Levineeta1.,1996;Mecoccietal･,2000;

Conqueretal.,1998;deVriesetal.,1998;Nakagawaetal.,1997)･ Wblethe

formationof8-hydroperoxy-2'-dG (8-00HdG)thatisoxidizedproductof2'-dGas

describedinChapter3imm ediatelystartedonincubationwith2'-dGalone(0min)(Fig･

lA),theadditionofantioxidantsobviouslydelayedtheformation. Thefわrmation

startedat60,7.5,and22.5minintotheincubationaftertherespectiveantioxid皿tS

ascorbicacid,quercetin,andEGCG wereconstmedcompletely(Fig.lB-D)･ The

presenceoftwoantioxidantsdelayed也efbmationby也esumtotalof血edelaycaused

(MT])
S)u
dPTXO!tu
V

8
･

QUH

d

G(p
M
)

0 60 120 1800 60 120 1800 60 120 1$00 60 120 180

Incubationtint(min)

Fig.1･Synergismassayfortheantioxidantswith8100HdGformation.Ascorbicacid(50トIM),
quercetin(1.5pM)and/orEGCG(5.0llM)wereaddedtotheincubationmixtureof0.5mM2l-dG
and25mMAAPHat37℃,andtheamountof8-00HdG(○)thatformedwasdeterminedbyHPLC
asinMaterialsandMethods.Simultaneously,theconsumptionofantioxidantswasevaluatedby
HPLC:ascorbicacid(△),quercetin(●),andEGCG(□)
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byeachantioxidantalone(Fig.1E-G). Then,simultaneousadditionofthesethree

antioxidantsprolongedtheformationby90min伊ig.1H).Wh enascorbicacidand8

typesofcatechin werecoexistedin theoxidationof2'-dG imitiatedbyAAPH,the

formationof8-00HdGwasmarkedlysuppressed･ As shown inFig･2,ascorbicacid

wasconsum edfirstlinearlywith timebutcatechinsremainedalmostconstantatthe

initialstage. Subsequently,gallocatechins,viz.EGCG,GCG,EGC,andGCthatare

thetriolinthe3',4',5'-trihydroxypositioninnngB weredepletedinthisorder･

Finally,othercatechins,viz.ECG,CG,EC,andC,withdiolinthe3'and4'positions

ofB-ring were consum ed. ARerallantioxidantswere exhausted,8-00HdG

formationproceededrapidly. Thisdelay(200min)wasalmostsam ethesumtotalof

thedelaycausedbyeachantioxidantusedalone(Table3). Theseresultsclearlyshow

(

v

v

ユ)

st
ut
Zp
TX

O!tU
V

05

1

200min

ローロー■-■-▼-1L⊥▼｣-▼o
60 120 180 240 300

8･(否
H
d
G
(TM
)

hcubation(min)

Fig･2･SynerglSmassayforascorbicacidandthe8kindsofcatechinswith8100HdGformation.
Ascorbicacid(50pM)andcatechins(5.0トLMeach)wereaddedtotheincubationmixtureofO.5mM
2.-dGand25mMAAPHat37oC,andtheamountof8-00HdG(+)thatformedwasdeterminedby
HPLCasinMaterialSandMethods.Simultaneously,thedepletionofascorbicacidandcatechins
wasdeterminedbyHPLC:ascorbicacid(◇),EGCG(●),GCG(∇),EGC(○),GC(▲),ECG(△),
CG(□),EC(q)andC(▼).
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Table3.Delaytimeofthe8-00HdG
fomationbyantioxidants

AntioAdant De(llyiil;me

withoutantioxidants 0

ascorbicacid(50pM) 60

5

5

5

15

15

17
.
20
15

15

17

22

thaLttheoxidativedamageto2'-dG occtm

only after all antioxidants have been

consum edandthatdietaryantioxidaLntS,Such

as quercetin and catechins,exhibit an

additive e飴ct toge血er wi血 biological

antioxidantascorbic acid on the genetic

damage.

For'matio〃of8-0HdGinDNAofHepG2cellsexposedtoAAPH

Undertheexperimental conditionsdescribedin MaterialSandMethods,the

formationof8-0HdG inDNA basesfrom HepG2cellsexposedtooxygenradical

initiator,AAPHwasmeasuredbyHPLCwithECD. Fig.3illustratesatypicalelution

profllefor8-OHdG with ECD (+600

mV)and2'-dG with UV (254rm).

ThefわurmostprominentpeaksonUV

detectionwere2'-deoxyc舛idine(2'-dC,

retention time 5.1 min),2'-deoxy-

guanosine(2'-dG,10.1min),thymidin

(2'-dT, 12.6 min), and 2'-deoxy-

adenosine (2'-dA, 21.0 min),

respectively.Atthesensitivitysetting

C7
-･-
････････,'HNm

2

2'JG

0 10 20 30
Retentiontime(min)

Fig.3.ElutionprofileofECD+600mV(line)
andUV254nm (dottedline).8-OHdGand
2'-dGwerequantitatedasdescribedinMaterials
andMethods.
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used,8-0HdG wasmachsensitivetOECD in whichdetectionlimitwas0.1pmol,

unlikethatoftheUV absorbancesignal fTorthiscompound. Thetimecourseof

form ationof8-0HdG wasshown inFig.4. Inpresenceof25mM AAPH,its

fbm ationincreasedwithanincreaseintheincubationtime. AAPHlevelof25mM

andincubationperiodof9hwereusedinthefTollowlngexperiment.

7

5

つ山

Dp･.N
sOl

＼

DPH
O･8 55 - ■l

0 3 6 9 12

hcubationtirrcPr)

Fig.4.Time-dependentformationof8-OhdGinDNAby
AAPH.HepG2cellswerereactedwith25mM AAPHat
37oC forindicatedtime.Afterincubation,DNA was
extractedand8-0HdGlevelwasdeterminedasdescribedin

Materials and Methods.Results are expressed as
8-OHdG/1052'-dGinHepG2cellsincubatedwith (0)and
without(+)AAPH.
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EHectsofa〃Lioxida〃LsagainstitlLraceLluZaroLWge〃radical

HepG2cellswerepre-incubated

with 10pM antioxidantsfわr15min

before addition of AAPH. Every

antioxidantatconcentrationof10pM

exhibitednotoxicity onthecells(data

notshown ). As shown in Table4,

antioxidantsinhibittheoxygenradical

induced8-OHdGformation,fTorexample

39%inhibitionforquercetin,58%for

kaempferol,and45%fTorEGCG.

Table4.Percent(%)inhibitionof8-0HdG
formationwithdietaryantioxidants

%i血ibition

navone

quercetin
kaempferol
luteolin
rutin
EC

EGCG

'noteffect

Discussions

Dietarypolyphenols,forexamplecatechinSandquercetin,arepowerful

antioxidantsthatcan scavengethereactiveoxygenspeciesbeforetheDNAbasesare

dam agedinvitroexperiments(Chapter3)andwidelydistributedinourdiets,especially,

greenteaandonion,respectively(Chapter4). Ontheotherhand,Cancerisbelievedto

beinducedbyoxidativegeneticdamagecausedbyreactiveoxygenspecies(Guponet

al,1993;Emerit,1994;Mamett,2000). Furtherinvestigationneedstoevaluate

potentiality ofdietarypreventionourhealth 丘om cancer. Theauthorcomparedthe

antioxidativepotenciesoffoodfactorsbasedon8100HdGformation(Chapter3)with
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itsphysiologiCallevels.ARerconsun ptlOnOf27.5pmolgreenteacatechins/rauday

for4weeks,catechinaglyconecouldonlybedetectedasEGCG(34nM)inplasma･

ConjugatedderiVativesofcatechinwererecoveredinplasmabetween5nMfTorEGCG

and93nMforEC.Totalcatechinslevelwaslessthan 1トLM.Onthecontrary,their

antioxidativepotencies(IC50Valuesforsuppressing8-00HdGformation)rangedfTrom

3･7to9･3トLM(Chapter3).Inflavonoids,theirantioxidativepotencieswerearound5

pM ormorebutphysiologicallevelsareupto1.5pM inhum an (Pagangaand

Rice-EvanS,1997;Hollman eta1.,1997;Conqueretal.,1998;deVrieseta1.,1998)･

TheseresultssuggestthatdietaryantioxidantaloneisinsufrlCienttopreventthe

oxidativeDNAdamage.On也eotherhand,biologicalcomponent,ascorbicacidhas

physiologicallevelsofaround50トLMinhum anplasma(Lebineeta1.,1996)andafTew

mM incells(Mecoccieta1.,2000).Wh enthedietaryphenolicantioxidantspresent

togetherwithascorbicacid,theymarkedlydelayedthestartofgeneticdamage.This

indicatestheimportanceofthedailyintakesofphenolicantioxidants丘omvegetables,

片山ts,andteasto facilitatetheactionsofascorbicacid although individual

physiologicallevelsofdietaryantioxidantsareinslgnificant･

Thischapter,furthermore,hasdemonstratedthatoxygenradical generated

fromAAPHiscapableofinducing8-0HdGinDNAofHepG2cells･810HdGisthe

mostmajoroxidativeproductofDNAbases(Chapter1).Thelevelsof8-0HdG

generatedincreaseswhentheincubationtimeisincreased･Dietaryantioxidants,e･g･

quercetin,kaempfTerol,andEGCG,preventedtheformationof810HdG,indicatlngthat

theseantioxidantscanbeincorporatedintocellularandscavenge也eoxygenradical

generatlngaroundDNA.

TheauthorfToundinthischapterthatvegetables,fruits,andteasconsum ption
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CanprobablyprotecttheoxidativeDNAdamageinourbodyandreduceriskofcancer.
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Conclusion

Degenerativediseasesincludingcancerhavebeenrecognizedtobeinducedby

oxidativegeneticdamages.ThismeanSthatantioxidantscan probablypreventfrom

thediseases.TheantioxidantsshouldbedailyfoodfTactorsbutnotmedicines,because

thedegenerativediseaLSeSCloselyassociatewiththelifTestyle･Then,theauthorfirst

exploredthestrongantioxidantsindailyfToods,fTocuslngthetargetontropicalfruits･

Sincetheyaregrowingundersuchacondition,hotandintensesunlight,thatfacilitates

lipidperoxidation,theyshouldincludeseveralstrongantioxidantstomaintainthe

growthS･Am ongthefhlits,bananacontainedastrongantioxidantatlargeamount･It

wasidentifiedtobedopamine･Theantioxidativepotencyofdopaminewasgreater

than thatofknown productssuchasBHA,BHT,navonoids,glutathione,andcatechin,

允r也erthecontentlevelwassurpnslng,80-560mgper100ginpeeland2･5-10mgln

pulp(Chapter2).

Ontheotherhand,abetterunderstandingoftheantioxidantactionstoprevent

degenerativediseasesiswhether也eycanscavengereactiveoxygenspeciesbefわrethe

DNAbasesaredamaged.Littlesuitablemethod,however,hasbeenavailable.Then,

theauthorestablishedanovelconvemientmethod(Chapter3).Theauthoremployed

oneofDNAbases2'-deoxyguanosineasthetargetand2,2l-azobis(2-amidinopropane)-

dihydrochlorideastheradicalgenerator.ThisgeneratorproducesstoichiometriCally

superoxideanionthathasbeenprovedtooccurinnomalhumancells.Thissystem

fTormedanovelproduct,andtheauthoridenti丘edit8-hydroperoxy-2'-deoxyguanosine

(8-00HdG)･ Thefbmationof8-00HdG waslinearlytimeandconcentrations-

dependenttofbllow血e丘rstorderkinetics.Thus,thismethodwasverysuitableto
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evaluatetheantioxidBLntSforthepotencytobeabletopreventgeneticdamages･ Ths

me也odco血deasilydetemine也eIC50V山estoi血ibit血egeneticdamagesf♭r90

antioxidantssuchassimplephenols,flavonoids,anthraquiones,otherphytochemiCalS,

foodadditives,andbiologicalcomponents,mostofwhichoccurinourdiet･Flavonoid

catechinsandquercetinaremostpowerfulantioxidantsthatcan scavengetheoxygen

radicalbeforetheDNAbasesaredamaged,andtheirantioxidativepotencies(IC50

ValuesfTorsuppressing8100HdGformation)are3.7-9.3and3.3ltM,respectively.So,

theauthorfoundthatantioxidativepotencytoprotecttheoxidativeDNAdamagewas

greatinortho-dihydroxylstructureslikechlorogenicacid,quercetin,rutin,luteolin,and

catechins.

TheseantioxidantshavebeensuggestedtowidespreadindailyplantfToods,and

littleexactanalysisdatahavebeenpublished,especiallyinJapanesefood.Thus,the

analysisdataarestronglyrequested,although thesuitableanalytical methodsare

absence･Theauthordevelopedtheaccuratemethodanddeterminedthecontents

identifyingthespeciesofantioxidantsinover50foodsinChapter4.Mostly,root

vegetablesincludedsimplepolyphenolspeciesasthemaJOrantioxidants,leaf

vegetablesandfruitscontainedflavoneandflavonolglycosides,orangefamily

flavanoneglycosides,andteasspecificallyincludedcatechinsI

Aremalnlngquestioniswhetherthesedietaryantioxidantsareavailablein

hum anS･ Epidemiologically,theintakeofantioxidantscloselycorrelateswith the

reduceofincidencesindegenerativediseasesbutbiochemicallyalittlehasbeen

informed･Theauthorinvestigatedthebioavailabilityofantioxidantsinphysiological

levelsinthebodyandin血ecells(Chapter5).Inrats,血ephysiologicallevelsareless

than lpMfortotalcatechinsand1.5トIMforquercetin.Thisindicatedthatonedietary
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antioxidantaloneisinsuiflCienttopreventtheoxidativeDNAdamagebecausethe

concentrationwasnotachievedneartoIC50Values.Contrary,catechinsandquercetin

markedlydelayedthestartofgeneticdamagewhencombinedwith aphysiological

concentrationofascorbicacid(50岬101凡), Thisresultsstronglyindicatedthatthe

importanceofthedailyintakeofantioxidantsfrom vegetables,fruits,andteasto

facilitatetheactionsofascorbicacid. Then,theauthorexaminedthecellular

availabilityinincorporationintocelland加地ersuppressionofcellulargenetic

damages･ When血ecellwasreceived也eantioxidantsandexposedtoradical

generator,quercetinandcatechinsmarkedlysuppressedthefわrmationof810HdGin

cellularDNA.Thus,theauthorconcludedthatthedietaryantioxidantswerepartly

absorbedintobodyandincorporatedthecells,andthenexhibitedtheantioxidative

potencytopreventtheDNAdamage.

AnotherinterestinglSSueisinwhichway8-00HdG fbmedinthecells

interconvertsto8-OHdG.Fig.2inChapter3showstheconversionoccursunder

acidicconditions,accompanylngaCleavageofthebase-ribosebond,andFig.3in

Chapter5showsthatthemajoroxidativedamageofintracellularDNAis8-OHdG

fTormation･Ontheotherhand,theoxidativedamagetoDNAhasbeenwellrecognized

toaccompanybystrandbreaksinthecells.Asshown withFig.2inChapter3,the

interconversionof8-00HdGto8-OHdGunderacidicconditionsaccompaniedthe

breakofsugarmoiety.Thus,itispossiblethat8-00HdGisaprimaryproductof

oxidativestressandsubsequently8-OH-guanineandstrandbreaksoccurasdetectable

phenomena.ThisisgolngOnaSOneOfmyfuturestudied.

Theauthorconcludesthatflavonoidsandsimplepolyphenolsinourdiet

contributewelltoprevent丘omthedegenerativediseasesthrough thesuppressionof

100



Conclusion

DNA danageswith theantioxidativepotency. Consequently,consum ptlOnSOf

vegetables,丘dts,andteascan antioxidativelyreducetheriskofcancerinhum an,and

especially,greenteaisexcellentresourcesfortheantioxidants.
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