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RoleofCaffeicGlticosideEstersinDefense-Repair
ProcesslngOfTreesI.
●

Synthesisofthepartialstructureofacteoside,21(3,4-
dihydroxyphenyl)-ethylβ-D-glucopyranoside,and

peroxidase-catalyzedoxidation*1

MichikazuO廿A*2,ToshifumiAzUMA*3,Masa.tsuguOHIRA*4,I

KazunariABE*5andHisayoshiKo如 JITA*2

樹木の修復 ･防御機能発現におけるカフェー酸糖エステル

類の役割 (第 1報)

アクテオシツドの部分構造,2-(3,4-ジハイドロキシフェニル)-
エチルβ-D-グルコビラノシツドの合成およびペルオキシダーゼ

による酵素的酸化反応*1

太田路-*2,東 俊文*2･3,大平昌次*2･4,阿部一成*2･5,小藤田久義*2

カフェー酸糖エステル類は樹体内における生理的役割として障害時の防御一修復機能の発現に

関与している可能性を検証するために,カフェー酸糖エステル類の3種類の化合物および部分構

造の一つとして合成した2-(3,4-ジヒドロキシフェニル)-エチルβ-D-グルコビラノシド (化合物
9)の酵素的酸化反応を行った｡差スペクトルの検討により,0-キノン構造が生成し,縮合物に

変化することが示された｡アクテオシドのベルオキダーゼによる酵素的酸化反応で褐色の生成物

の沈殿が認められ,その収率は種々の反応条件で22-89%であった｡この褐色生成物は種々の極

性溶媒に難潜であった｡化合物9では沈殿が認められなかった｡生成物の沈殿には,カフェオイ

ル部分とラムノース部分の両部分構造あるいはそれらのいずれかが必要であることが示唆され

た｡アクテオシッドの縮合物の化学構造について,その構造中に糖部分が存在し,構成成分の縮

合にラジカルカップリングが関与していると考察した｡合成した化合物9は天然物と同一のもの
であった｡

Caffeicglucosideestersintreescanplayaphysiologicalroleinthedefense-repairprocessingof

woundedtissues.Toprovideinvitl10evidenceforthisexplanation,enzym aticoxidationofthree
caffeicglucosideesterswithasyn払eticcomponentof也em,2-(3,4-dihydroxyphenyl)-ethylβ-D-

glucopyranoside(Compound9)wasexamined･ThedifferF.neespectrashowedthat0-quinoneswere
formed,followedbyaconversiontocondensedsubstances.ActeosideresultedinabroⅥmsubstance

precipitatedintheperoxidase-catalyzedoxidation,yielding22-to89-%underdifferentincubation
conditions,Ithardlywassolubleinvariouspolarsolvents.ForCompound9,obseⅣableprecipita-

tiondidnotoccur.Itwasinferredtohavesugarmoietiesinitscondensedstmcture.Bothorone
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ofthecaffeoylmoietiesandtherharrmosylonelikelymayberequiredtocauseprecipitable

substances.Aninterventionofradicalcouplingsamongconstitutivemoietiesofitisdiscussed.

Comppund9wasidenticalwiththenaturalspecimen･

Kqywoれ虫:caffeicglucosideesters,defens'e-repairprocessing,enzymaticoxidation,･synthesis,2-

(3,4-dihydroxyphenylトethylP-D-glucopyranoside.

1.INTRODUCTION
I

Thecaffdcglucosideesters(oftentemedphenyl-

propanoidglucosides)■arefdundwidelydistributedin

plants.1)i However,theirphysiologicalfuncti'Onis
unknown

Inourworkonthediscolorationofkiri(Paulownia

tomentosaSteud.)wood,caffeicglucosideesters

(acteosideanditsanalogouscompoundsshoⅥm in

Fig.1)werefoundtobedistributed1.5-to･3.6-mg/g

(freshweight)inthexylemLOfatr'ee.Also,the

peroxidaseactivityintheoutemostxylemwasmuch

greaterthan thatinotherpartsofthexylem.r2T4)

When acteoside was subjected to peroxidase-

catalyzedoxidation,thebroⅥmsubstanceprecipitated

wasfoundtobeinsolubleinneitheracetone,meth-

anol,andacetone/water(9/1,V/V),norin,dioxane/

water(1/1,Ⅴ/v).
1

Itisthereforeconceivablethat也isisagreatly

condensed substancethatwould be fomed by

oxidativecoupling.Suchacouplingmaybefomed

betweencaffeoyl-andcaffeoylmoietiesorbetween

caffeoyl-and 2-(3,4-dihydroxyphenyl)-ethylmoi-

eties,resultinginanintemolecularco.upling,and

between2-(3,4-dihydroxyphenylトethyl-andcaffeoyl

moieties,resultinginanintramolecularcoupling.

Besides,theremaybecouplingsbetweensugarmoi-

etiesandaromaticonesviaquinonemethideinteme-

diates.Thiswouldcausereducingoftheirsolubil-

ities.

TheideaofoxidativephenoliccouplinghasbeenJ.I

proposedintheinitiationoflignification,5~7)thefor-

mation ofphenol-carbohydrate coupling,8~17)the

inductionofadefenseagainstfungalattack,18･19)也e

lesseningofcellwallextensibilityi20)andthebrown-

ingoffood.21) Ourinterestinoxidativephenolic

coupling,especially血eperoxidase-catalyzedcou-

plingcentersaroundaroleinvolvedin血edefense-

repairprocessingoftrees.Wh entreesareinjured.1

theircellwallsandcellmembranesaremptured,and

也us仇eintegritiesofcellularcompartmentschange,

leadingtothe上mixingofsubstratesandenzymesand

concomitantlytotheeffluxofvacuolarcontents.In

thiscontext,theabovecondensedsubstancecould
●●

playapossibleroleasarepalrlng▲material,acon-

stitutivematerial,oran･infusingsubstanceinthe

ligno-suberiZedboundaryzoneorotherstructural

barriersinducedinthewoundedtissues.22-?4)
●

Thepresentworkisaimedatrealizingphysiologi-

calfunctionsofc阜ffeicglucosideeatersintrees

throughthecharacterizations､oflinkagetypesof

oxidativecouplingsamongconStitutivegroupsinthe

abovecondensedsubstances.Itschemicalstructure

wouldbeexpectedtobe-ofagreatlycomplex･polymer

becauseacteosidehastwob-diphenolmoietiesand

twosugaronesinitsstructure. Toュdevelopthe

problem;synthesisofacteosideanditspLartialstruC-

tureswouldberequired;whichwouldhelplabelling

studiesoftheenzymaticoxidationofitinvit710and
●
lnVIVO.

Inthisstudy,oneofthepartialstructuralcom-

poundsofacteoside,Compound9,wassyn也esized

andenzymaticoxidationsof也reecaffeicglucosideI
esterswithitbyacrudesolubleenzyrpesolution

(PTP)ofkiriandthecommercialhorsetadishperox-

idasesolution (HRP)werespectroscopicallyand

visuallyexamined.

2.RESULTANDI)ISCtJSSION

2.1Synthesisof21(3,4-dikydrow henyl)-etkylβ-D-

glucoCymnoside(9)
Thestructureoftheintemediatesandfinalcom-

poundwasconfimedbyspectroscopicmethodsor

spectralcomparisonswiththenaturalspecimen.

2-(3,4-dihydroxyphenyl)-ethylβ-D-glucopyr-

anoside(9)wasaknowncompoundpreviouslyrepor-

tedasa.constituentofthefruitsofLtgwt7um

obtusljuiumSieb.etZucc.,and thebarkofPnJnuS

g7uyanaMaxim.25･26) Itsaglycone,3,4-dihydroxy-1
phenethylLalcohol,wasrecognizedfirstasacompo-

nentofechinacoside, aglucosidefrom./Echinacea∫l

ang2iStifolia27)andunambiguouslywaspreparedfrom
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Compotlnd2.28)

Compound9wassynthesizedaccordingtothe-syh-

theticschemeshowninFig.1.

3,4-Dihydroxyphenylaceticacid2wd!prepared

fromhomoveratricacid1accordingtotheprocedure

ofShawetal.inayieldof85%.29)

Methyl.3,41dihydroxyphe･nylacetate3wasprepared

fromCompound2by･theconventionalacid-catalyzed

esterificationwithmethanolin.ayieldof93.6%.

Methy13,4-isopropylidenedioxyphenylacetate 4

waspreparedfromCompound3by也econventional

acetalationwithacetone,andかtoluenesulfonicacid

monohydrateasacdtalystinayieldof50%.30)

3,41Isopropylidenediokyphenethylalcohol5was

preparedfrom Compound4bythe.conventional

sodiumborohydridetreductioninayieldof71%.31)

3,41Isopropylidenedioxyphenethy12,3,4,61tetra-'0-

acetyトβ-D-glucopyranoside7.waspreparedfro血

Compounds5and6by也e･Koenigs-Kno汀me也odina

yieldof23%.Theyieldwasnotsatisfactory,butit

couldbeimprovedbyamuchlargeradditionof

Compound6,because20% ofstartingCompound5

wasrecovered.Compound7wasdeacetylatedwi仙

sodiummethoxideinmethanol,followedbydeprotec-

tionof仇eisopropylidenegroupwith99% trifluor･

OaceticacidtogivethetargetCompound9inayield

~
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Fig･1･SyntheticschemeofCompound9andstruc-
turesofcaffeicglucosideesters.

of83.5%vhzCompound8.:..

OurCompound9wassynthesized-first,provingto

beidentical･tothecorrespondin巨naturA1specimen

me叫ioned above on the basis of spectral

comparisons.25･?6)

2.2Enzymicoxidaiion

AsFig･2show軍,allfourcompoundsresultedinfast1I
increasesofabsorptionsat380-430nmin1or3min

tipontheenzym aticoxidationsbytheLIHRP,andafter

thattimethe. absorptionsdecreasedslowly･for

acteoSideorfastforisoacteosideandCompound9,

buttomentosideAincreasedslowly.AsFig.3shows,

isoacteosideand･tomentosideA resultedinfast

increasesofabsorptionat370mmin20-and10min,

respectively,upontheenzymaticoxidationby也e

PTP,andafterthattimetheabsorptiondecreased

fastforisoacteosideorincreasedslowlythrough30

minandthendecreasedslowlyfortomentosideA.

Acteosideresulted in relatively fastand s-mall

increasesLOfit,at410nm､in10minandafterthat.time

in也everyslowincreaseofit.Compound9resulted

0 10 20 30 40 50 60
Reactionthe(min)

Fig.2. Differencevisible-UVspectraoftheHRp-
catalyzedoxidationofcaffeicglucoside
estersatspecifiedwavelengths.

Legend:○:acteosideat430nm,●:isoacteosideat
400nm,□:tomentosideAat380nm,▲:
Compound9at400nm.



Vo143,No.3,1997] Peroxidase-CatalyzedOxidationofCaffeicGlucosideEsters 263

0 10 20 30 40 50 60

Reactlontime(mh)

Fig.3. Differencevisible-UVspectraofthePTp-
catalyzedoxidationofcaffeicglucoside
estersatspecifiedwavelengths.

Legend:○:acteosideat410nm,●:isoacteosideat
370mm,口:tomentosideAat370nm,▲:
Compound9at410nm.

inaslowincreaseofitat410nmthrough60min.

Theincreaseinabsorptionatthatrangeofabsorp-

tion wavelengthsindicatestheformation ofO-

quinonesandhence,itsdecreasemeansthatO-

quinoneswouldbeconvertedmostlyintocondensed

substancesthatareinsolubleandprecipitableorsol-

ubleinthemeasuringsolution.

Actually,asFig.4shows,fortheHRp-catalyzed

oxidationofacteoside,theturbidityofthesolution

occurredin1minaftertheadditionofthehydrogen

peroxide,andtheobservableprecipitationofthe

brownsubstanceoccurredin30min.ForthePTp-

catalyzedoxidationofit,slightturbidityoccurredin

3min,buttheobservableprecipitationofthebrown

substanceoccurredin60min.Furthermore,forCom-

pound9,anyobservableprecipitationofthebrown

substancedidnotoccurin24hbyeithertheHRp-

catalyzedoxidationorthePTp-catalyzedone.

Theyieldofthebrownsubstancewas89-and65-%
in6monthsat4.CfortheHRp-andPTPICatalyzed

oxidationsofacteoside,respectively,and22-and59

㌔_
J.
一

_ . 了 て一言

~~一IT∴ こ.●蕊

A ら C D E F G H ェ

Fig.4.Visualobservationsoftheenzymicoxida-
tion,A:referencewithacteosideattime-

1min;B:acteoside,withHRPattime-1
min;C･acteoside,withHRPattime-30
min;D:referencewithacteosideattime-3
min;E:acteoside,withPTPattime3min;
F:acteoside,withPTPattime=lh;G:
referencewithCompound9attime-24h;
H:Compound9,withHRPattime-24h;
Ⅰ.Compound9,withPTPattime=24h.

一%(cumulativevalues)in24handfourmonthsat

roomtemperatures,respectively,fortheHRp-catal-

yzedoxidationsofit,asdescribedunderHExperi-

ment".Notethattheyieldsobtaineddonotalways

resultsolelyaftersuchlengthyreactiontimesbecause

thepresenttime-yieldexperimentswerenotenough

toleadtoconclusiveness.

Thesebrownsubstanceshardlyweresolublein

acetone,methanol,andacetone/water(9/1,Ⅴ/v),nor

dioxane/water(1/1,Ⅴ/v).Theyhadsugarmoieties

intheircondensedstructures,becausenotanythe

glucoseandrhamnosewasdetectedinthecentrifugal

supernatantofthereactionmixture.

Fromtheseresults,thefollowingconsiderationcan

bemadeforthestructuralformationofthebrown

substances:theyaregreatlycondensedsubstances

thatwouldbeformedbyoxidativecoupling.Radical

couplingsinterveneamongtheconstitutivemoieties

soastoproducepolymericsubstancesinsolublein

aqueous,organic,andaqueousorganicmedia.Such

couplingsmaybeformedbetweencaffeoyl-andcaf-

feoylmoieties32･33)orbetweencaffeoyl-and2-(3,4-

dihydroxyphenyl)-ethylmoieties for an inter-

molecularcoupling,andalsobetween2-(3,4-dihy-

droxyphenyl)-ethyト andcaffeoylmoietiesforan

intramolecularcoupling.Besides,therearepotential

couplingsbetweensugarmoietiesandaromaticones

foranintermolecularcouplingandanintramolecular

oneviaquinonemethideintermediates.8)Considering

alloftheresultsanddiscussions,webelieveitreason-

abletopredictthatpolymericsubstanceswillbe
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formedinvivofrom caffeicglucosideestersand

probablybeincorporatedi血othewallsofextantor

injuredcells,followinganinjury.

Thedifferencesin也espectral-andvisualexamina-l■'.ナ
tionsbetyeentheHRp-andPTp-catalyzedoxida-
tionsmaybeduetothedifferenceofperoxidase

activity,becausetheHRp-activitywaslltimes

greater也anthePTp-activity.However,it,isworth:

whiletonotethatthePTPmaycontaino也erpoly-

phenoloxidases,liketyrosinase,andtheycanaffect

inv年riou声.WaysSuchdifferences･

Theapparentspectral･differencesobservedamong

threelanal'ogouscaffeicglucPSideestersandthe

effectsoftheirstructurd1fea車TeSOnthespecifiedt '､I

precipitancyremainltObeexplained,basedonchemi-

calstmcturesoftheircondensedsubstance.Never一

也eless,theoverallresultsmaysuggestthatbothor

oneofthecaffeoyl~moieties,andtherhamnosyl

moietyarerequiredtocauseprecipitablesubstaゎces

atleastunderlthepresentconditionsofenzymatic

oxidations.､

Inconclusion,thisworkestablishedfirstasynthetic

routetoGlucoside9andconsequentlyprovideduseful

infomationconcemingtheeffectsof也e'structual

featureson也especifiedprecipitancyandsolubilityof

thecondensedsubstanceofthistypeofglucoside.

3.EXPERIMENT

3.1Znst7umentandchro桝αtOg7179勿/
Meltingpointsノ(mps)areunco汀eCted.Thefollow-

inginstnmentswereused:UVspectra,Shimadzu

UV1300;IRspectra,.JASCOIRA-1;NMRspectra,

HitachiR-22(lH:90MHz),BRUKERAM500(lH:

500MHz)withTMS(tetrame也ylsilane)asaninter･

nalstandard;MSspectra,FD-MS(JEOLJMS-OISG

-2),ELMSandCトMS(Hitachi,M-2000);HPLC,RI

detector(ShodexR1-72,SHOWADENKO)andpump

(MP-312,Lab-Quatec). Chemicalshifts(♂)and

couplingconstants(/)aregiveninppm andHz,

respectively.SilicagelTLCandsilicagelcolumn

chromatographyemployedsilicagel60G (Merck)

andWakogelC-300(Wako),respectively;HPLC,

TSKgelSugarAXI(TOSOH,4.6mmⅠ.D.×15cm).

3.2Sy7dhesisof2-(3,4･-dikydroW henyl)-etkylP-D-
glucoAymnoside(9)

3.2.13,4-Dikyd710m henylaceticacid(2)

Commerciallyavailablehomoveratricacid1(50g,

0.26mol)wasdemethylatedbytheactionofhydriodic

acidinthepresenceofredphosphomstoproducethe

knownCompound2(36,4g,85%).29)mp131-131.5oC

(Ref.29) mp131-132oC);IR.yhBJxcm~1:3440(OH),1

1690(C-0),1600,and1520くaromatic.C=〒.C),CトMS

m/Z:169[M+1]',.123[M-CO'OH]+IlH-NMR(901

MHz,CDCl,+CD｡OD)･.63.47(2H,S,塾 ),6･6116178

(3H,m,壁)I

3･2･2Me物′13,41dikydroAaPhenylace.tale(3)

AmixturebfCompound2(30g,0.18mQl)a血d97%

H2SO 4(10.2g)indrymethanol(182ml)wasrefluxed

for15h.Thecooledmixturewasworkedupbythe

standardmethodtogiveacolorlessSymp3(30.4g,

93.6%),whichshowedones-plotuponth'in layer

chrQmatOgraPhy(TLC)with toluene/e'thylfomate/

fomicacid(5/4/1,V/V),Rf0.54;IRZ'SBJxcm-1:3400

(OH),1720(C-0),1600,and1520~(aromえtic.C-C).,1
EI一雨Sm/I:182[M]十,123[M-COOCH3].. 1520

(aromatic.C-C)..lH一雨MR(90RiHz,CDC13):63.50

(2H,S,⊆旦 2),,3,70(3H,S,･⊆革 芦),5.85(2H,br.S,!型),

6.58-6.80(3,H,m,Ph).

Thiswasemployedinthe.nextstepwithoutfurther

purification,
■

3.2.iMetkyl3,4-isop吻 IidenedioW henylacetate(4)

AmixtureofCompound3(8.20g,45.1mmol),and

クーtoluenesulfonicacidmonohydrate (89mg,0.47

mmol)indryacetone(5.7m1,78mmol)anddⅣ

benzene(1_00ml)wasrefluxedfor24h,removing

waterproduced.30) Thecooledmixturewasworked

upby也estandardmethodtogiveacolorlessSymp

4(5.0g,50%.),whichshowedonespotupon仇eTLC

wi也 hexane/e也ylacetate(36/1,Ⅴ/v),Rf0.28;IR

vW;rxcm-1:1740(C-0),1490(aromatic,C-C),1380,
and1370(>C(CH3r)2).1Hr-NMR(90MHz,CDC13):

♂1,68(6H,S,､>C(CH｡)2,3.52(2H,S,CH2),3.67(3H,

S,⊆昼 ｡),6･68(3H,br.S,Ph). ･

Thiswasemployedinthenextstepwithoutfurther

purification.

3.2.43,4lIsop吻 IidenedionQhenetkylalcohol(5)

Compound4(-9.1g,41m ol)wasdissolvedina

peroxide-freedioxane/water(1/1,Ⅴ/v)mi-Xture(300

ml),andsodiumborollydride(17.4g,460mmol)was

addedportion-wisewithstirring･for20min.31) The

mixturewassti汀edfor6hatroomtemperatureand

workedupby也estandardme也odtogiveacrude

syrup(7.1ど),whichwaspurifiedonasilicagelcol-

umn(214g).Elutionwith n-hexane/ethylacetate
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(9/2,Ⅴ/v)gaveacolorlesssyrup5(5.7g,71%);IR

vRBirxcm~1:3420(OH),1490(aromatic.C-C),1380,

and1370(>C(CH3)2).lH-NMR(90MHz,CDC13):

61.65(6H,S,>C(CH,)2,2･761(2H,t,I-6.0,旦二⊆革旦),
3.80(2H,t,∫-6.0,α-CH2),6.63(3H,br.S,Ph).

3.2.5'3,4-Zsob吻 h'dened2-吻 henetky12,3,4,6ltet7r

O-ac吻′l-β-D-glucoby71anOSide(7)

Compound5(1.2g,6mmdl)wasdriedbyco-

evaporationwithdiybenzenethreetimesandthen

overphosphoruspentoxideinvacua.IToamixtureof

itandmercury(ⅠⅠ)cyanide(0.8g,3mmol)indry

acetonitrile (30ml),2,3,4,6-tetra-0-acetyl-a-D-

glucopyranosylbromide6(2.5ど,6.2mmol,prepared

bythemethodofBirczai-MartosandK6r6sy34))was

added.~Themixturewasstirredfor6hatroom

temperatureandworkedupbythestandardmethod

togive仇ecmdeproduct(3.6g)whichwassubjected

tocolumnchromatographyonsilicagel(217g)I.

Elutionwithn-hexane/ethylacetate(10/0.2to10/5,

Ⅴ/V,stepwiseelution)gaveanamorphousPowder7

(0.7g.23%);IRy品Barxcm~1:1740(C-0),1490(aro一

matic.C-C),1380,and1370.(>C(CHS)2).FDIMS

m/Z:524lM]',525lM+1]'.lH-NMR(500MHz,

CDC13-):foranaglyconemoiety,♂1.65(6H,S,>⊆

廷道立 星,2.78(2H,m,旦二⊆旦星),3.61(1H,m,α-CH2),

4.07(1H,m,α-CH2),6.57-6.63(3H,m,Ph),andforan

glucosemoiety,64･49(事H,d,I.〒8･0,旦±),5･0(lH,t,
I-9.0,g ),5.19(lH,tJ-9.3,由 ),5.09(1H,t,I-

lo.0,旦±),3.68(lH,ddd,∫-2.0,5.0,10.0,旦±),4.14
(1H,dd,I-210.12･0,旦 吐連),4･27(1H,dd,I-5･0,12･0,

旦四二少,1.97,2.00,2･02,and2･09(each3H,S,些 ).
3.2.63,4-ZsoP吻 IidenedioW henetkylβ-D-glucobyy-

anoside(8)

Toastirredandice-cooledsolutionofCompound7

(0.68g,1.3m ol)in,drymethanol(20ml),asolution

ofsodiumme也oxide(76mg,1.4血mol)indrymeth-

anol(5ml)wasaddeddropwise.Themixturewas

stirredfor50minatOoCapndneutralizedwithDowex

50-Ⅹ4(1g).filtered,washedAndconcentratedin

vacuotogiveawhiteamorphousPowder8(0.44g,

96%).Thisshowedonespoton'theTLCwithchloro-

fom/methanol/water(30/10/1,Ⅴ/v),Rf0.73.This

wasemployedinthenextstepwithoutfurtherpurifi-

cation.

3.2.72-(3,4ldikyd棚 henyl)-etkylβ-D-glucobyy-

anoside(9)

Compound8(0.44g;1.2mmol)wasdissolvedin

99%trifluoroaceticacid(3ml)atOoC,andsti汀edfor

1h.Evaporationandco･evaporationwithdrytoluene

gaveapalepinkishamorphouspowder(0.46g).This

wassubjectedtocolumnchromatographyonsilicagel

(66g). Elutionwi仇 chlorofom/methanol/water

(40/10/1,Ⅴ/v)gaveanpalepinkishamorphousPow二

der9(0.34g,87%);IRtJnBJxcm~1:3360(OH).1600,
and1520(aromatic.C-C)I.FD-MSm/Z:316[M]+,

317[M+1]十.lH-NMR (500MHz,CD30D):一foran

aglyconemoiety,62.77(2H,m,過 ),3.67-3.71

(1H,m,α-CH2),3こ99-4.04(1H,m,α-CH2),6.68(lH,

d,∫-2.0,Ph-H-2),6:67(lH,d,∫-7.9,Ph-H-5),6.55

(1H,dd.J'-･2.0,･7.9,Ph-H16),andfor'aglucose

moiety,♂4.28(1H,dJ-8･0,旦±),3.18(1H,dd,′-

8･0,9･0,旦ゴ),3.23-3･37(3H,m,旦壬,旦±,旦卓),3.67

(1H.ddJ-2.0,12.0.些旦茎至),3･86(1H,dd,I-5.0,12.0,
些旦9二旦)I

3.3EnzymZC'oxidation

3.3.1物 amtionofenzymesolutions

Twoenzymesolutionswereused:PTPandHRP.

Thefomeronewaspreparedasfollows:35･36)the

outermosトsapwoodofa也ree-year-oldkiriwas

scrapedofftogive66gofthetissue,whichthenwas

frozenwithliquidnitrogen.Thiswasgroundfortwo

minwithacoldvibrating-ballmillandthenextracted

inamortarfor10minat40Cwitha0.1Mpotassium

phosphatebuffersolution,pH7.0,whichcontained1.0

gofPolyclarAT(GAFChem.Co.Ltd.)pergramof

thetissue.Theextractwasseparatedfromtheresi-

duesandthePolyclarATwithaB仏chnerfunneland

furtherclarifiedbycentrifugationat8400gfor20min

at4oC.Thesupematantwassaltedoutwi也amm0-

miumsulfate(75%saturation)andthencentrifugedat

8400gfor20minat4oC.Theprecipitateobtainedwas

dissolvedin70ml'of0.lM potassium phosphate

bufferso､lution,tfiH7.0.andthendialysedwithapure

water(1Lx8)for24hat40Ctogive-105mlofthe

PTP. ･

TheH良Pwaspreparedasfollows;fivemgofthe

commercialhorseradishperoxidase(ToyoboCo.Ltd.,

peroxidase[ⅠⅠⅠ])wasdissolvedina0.1Mpotassium

phosphatebuffersolution,pH7.0anddilutedto100

mlwiththebuffer.

Peroxidaseactivitiesof也etwoenzymeprepara-

tionswerecomparedaccordingtotheo-dianisidine-

activitytest37)withtheactivityexpressedas』Abs.

min~lml~1,resultinginHRPataboutlltimesgreater
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inactivitythanthePTP.

3,3_2Spectralandvisualexaminationsofenzm tic
oxidatioa

For也espectralexaminations,fourcompounds

wereused:acteoside,isoacteoside,tomentosideA,

andCompound9and也eirdifferencevisible-UV

spectrawereta､kenwithanenzymaticoxidation,

Solutionsusedforthespectralexaminationswere

preparedfromstocksolutions(10ml)ofwhichfor

thefirstthreecompounds血econcentrationswere

0.25mM in0.2M sodiumphosphatebuffersolution,

pH7.0andforthelastoneitwas0.76mMin也esame

buffersolution.ThesamplesolutionintheUVcell

wascomposedofthebuffersolution(2ml),也estock

solution(1ml),ahydrogenperoxidesolution(8.8

mM,0.03ml),andtheaboveenzymesolution(0.2ml).

ThereferencesolutionintheUVcellwascomposed

ofmebuffersolution(3.03ml)and也eaboveenzyme

solution(0.2ml).Themeasllringmixtureswereheld

at25±0.5PCfor5minwithsti汀ingbeforeanaddition

ofthehydrogenperoxidesolution. Spectrawere

takenat1-,3-,5-,10-,20-,30-,and60-minafterthe

additionofthehydrogenperoxidesolution,scanned

at180-to600lrm.

Forthevisualexaminations,acteosideandCom-

pound 9 were used:sufficient amounts of

isoacteosideandtomentosideAwerenotavailable.

Twosolutionsofasampleandareferencewere

preparedfromthestocksolutions(10ml)ofwhich

theconcentration･ was6.5mM in･a0.2M sodium

phosphatebuffersolution,pH7.0.Thesamplesolu-

tionwascomposedof仇estocksolution(5ml),a

hydrogenperoxidesolution(140mM,0.25ml),and

也eaboveenzymesolution(0.5ml).Thereference

solutionwascomposedofthestocksolution(5ml),a

hydrogenperoxidesolution(140mM,0.25ml),and

也eabovebuffersolution(0.5ml).Photographswere

takenat1-,3-,5-,10-,and30-min;1-,3-,6-,and24

Th.aftertheadditionofthehydrogenperoxidesolu-

tion･Thesolutionswerekeptat49Cforsixmonths

and血encehtrifuged,followedbywashingwithwater

(threelimes)to､giver=thebrownsubstances:the

yieldswere89-and65-%basedontheamountof

acteosidefortheHRp-catalyzed-andthePTPICatal-

yzed･oXidation.10fit,･･respectively･ Additionally,

anotherexpe.rimentusingacteosideandtheHRP

resulte_dinyieldsofsuchsubstanceswere22-and59

一% (cumulativevalues)basedon也eamountsof

acteosidein24handfourmonthsatroomtempera-

tureafter也eノadditionsofhydrogenperoxide,respec-

tively.Thecentrifugalsupematantofthereaction

mixturein24hwasanalyzedforacteoside,glucose,

andrhamnosebyTLC:developingsolvents,CHC13/

MeOH/H20 (30/10/1 v/v) for acteoside and

acetonitrile/H20(5.2/1,Ⅴ/v)forglucoseandrham-

nose.Therelativeflowrates(Rfs)wereacteoside

(0.30),glucose(0.26)andrhamnose(0.48).Also,也e

samesupematantwasana･lyzedforglucoseandrham-

noseby HPLC:column,TSK gelSugarAXI

(TOSOH,4.6mmmI.D.×15cm);mobilepha･se,0.4

Msodiumbotatebuffer(pH8.5);flowrate,0,45ml

min;pumppressure,19-to20-kg/cm2;columntem-

perature,60oC.Theretentiontimes(Rts)(min)were

glucose(124.36)and血amnose(16.63).TheTLCand

HPLCanalysesprovedthatthesupematantdidnot

containanyofacteoside,glucose,andrhamnose.
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