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IntrodⅦC銭on

Sake,JapaneSetraditionala)coholictxverage,isbrewedfromrice.¶lekqjimold(｣s-

FVrgiuzAS OryW)produces e呵meSthat convertrice stald to sug叫and Sakeyeast

(Sbccha"叩CmVLskze)metah)Ii2X:SSugartOethznol(Kondo1984).Theproduceden一

町meSinkqjimo]dshowedthetrmsghJCOSidationreacdon.Onftrmentationpr∝eSSOf

Sake,ethylα-D-glucoside(α-EqFig.A)

WaSformed by the tranSglucosidation

reactionofglucosemoietyinα-1,4-glu-

CantOethan01by魚mgaltranSglucosidase

(Oka& Sato1976).α-EG has becn

タ2H5
Fig.A StructureofethylαTD-glu00Side

knoⅥm肘tOnlyasthe4thm*orcomponent(1～7mghL)nexttowatenethanoland

glucose,butalsoasapeCuliarCOmPnentinSake(Hayakawaeta).2000,lmanari&rTb-

mura1971,Oka&Sato1976,OkaelaL.1976).

lmanari&Tbmtm(1971)andThgueeta[.(2004)showedthata-EGwasdetectedin

the血ofthem皿WhotodkSakeⅣricewine･Thehistoryof仏α-EGingestionnwasap-

Pearedbyanalysisoftqinarya-EGOntheotherhand,Sakeisusedincookingasflavor

enhzmThmforeexposu托by肘EG職quitelikeけasaresultofthecoruunptionof

essenti濾yn皿-alcdhoIconhiningM･¶luSurinazyaTEGwasnotn∝eSSari1yderivedby

drinkingofSake.

Ingeneral,90～95%ofethanOliseliminatedbyoxidationmainlyinthe追verandO.5%

OfethzulO)e]iminationwasbio-bTaJuformedtoethyIg]ucumnidevjbcoTtiugadonwithacti-

Vatedglucuronjcacid.Ethylglucuronidewasdet∝tedinurineandblod(JaakonmakietaI.

1967),andwasdetectableinhairoveraftwmonths(YtgleseLal.2004).Furthermorefatty

acidethylestersⅥ汀eenPatical桓ぬmedinasidero嘘eoftheethanOlmetabolismin
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almostalldssues(Auwarteretat･2001,Pragsteta[.2001).Fattyacidethylesterswerede-

tectableinbldupto24ha食ertheetdofdrinkingandaccumulatedinfhttissuesIEthyl

glucuronideand蝕吋acidethylestersⅥⅦ℃tWOm毎ormazkersofthenon-OXidative血01

metabolism.On也eotherhand,d鱒Piteextensivereseardintothemetabolic伽eofethan0l

OVermanyye訂S,glucosidationtoethanOlasaccppterinmammalian旭yhasnotbeende-

SCribed･Tbereforea-EGmightnotbeappearedinurineumlessitwasingested.

Somes匹ificpropertiesandfunctionsOfa-EGhavebeenknown.α-EGshowedin-

StaZdaneOuSSWeettaStelikeglucosewithslow-adingbittertaste.AccordingtoOkaetal.

(1976),dmsholdvalueforsw血essandbi触訂taSteOfa-EGwasassessedl.2andO.063

g/100mL,reSpeCtive)y･TherefoJtα一EGwasconsideredtobringcharacteristictasteforSake.

Re∝ntly,KitamLJraeta[･(1997)reportedthephysiolqgicaledbctsofα一EGthattraJISepi一

血malwaterlosslevelsa触rukravioletBirradiahwaslow耶dwbenitwasappliedto

motBe軸andGxTnationofcomi負edmvelopeSdiBkrentiatedtypekeratininlm

kemtinQswasaaele鹿dbyapplyingaTEGinthemeditm.Ontheotherhud,ethyl

P-D-glucoside(PLEG)wasdetectedin匹lofyuzu(C7trwhLNakuHORr)(Matsubaraet

a]･1989)･AccordingtoMatsubametaL(1989),P-EGdecreasedbloodpressureonSHR-SP

ratatlmg/100gbodyweightdose･F血hermore,aCCOrdingtoKitamume(al.(1997),

P-EGdidnotshowanyeffbctsonproliferationofhurrLankerath∝yteS.Thusitwasre-

POrtedthata-andPTEG血)WdinbrestingPhysiologicale飴cts.

AI也oughJ叩aneSehaveingesteda-EG如mSakesinceanCienttimes,itsnutritional

avaihbilityhasnotkendescribed･Nutritionalavai)d)ilitiesinmammalianbodyofsome

glucosides.forexamPlevitamin-glucosidesandfIavonoid-glucosideshavebeenreprted

PayetaL2000,Gregory1998,ThJmboetal.1990).If肘EGwashydro匝dinanimal

body;itwouldprovideglucoseandethamolasnutridonalsotms.

G)ucoseandits弧alogueswerepolarmOl∝uleanditdoesnotreadi)ydi瓜seacross
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thehydrophobicplasmamembrane.Tbereh,SpeCi丘ccarriermoleculesexisttomediate

thespeCi負ctvtakeofthissugarlhpkFizedqpithelialcellsinthelumenofsmallintestine

andintheproximaltubulesofthekidneys,thereisanenergyJependentNa'也1ucoseco-

tran叩Orter(SOdiumJependentglucosehprter;SGIJ).TNstransportproteinutilizes

themovementofNa+dmitselectdemicalgradienttodrivethecompleteuptakeof

gluoseinintesdzN:andkidn甲S･Intheintes由紀,鵬sgluosetransporterservestoe伍-

Cientけal)SOd)thedietary-PreSentedglucose.hkidneys,fi1teredgh00Seisreabsotbedback

into也ebl∝d･hcontrastto也ehi由1yresbictedtissue印∝i血ityofdleSGIユal1ⅡはⅡト

maliaJICellscontainoneormoremembersofthe払ciIitativeglucosetranSPOrter(GLUT)

geneihmi虹Thesemaredharacterizedbyahighdegreeofstereo-Selectivity;PrOVid-

ingfor也ebi一曲戚onaltranqdofghACOSe,withpa∬ivedihsionsolelydownits

COnCen血dongradient(01son&Pessin1996).hdaueta].(1962)reportedthatu-EGwas

extensivelyconcentmtedinevertedharnstqintestine.Ramぉw狐Iyetal.(1976)demm-

Sb血也如hamsterintesdnalSGIJ血)WdaBinitytoP-alkylglucosides,and也e叫

OfalkylglucosidesforSGIJlincⅧeSwith鮎increeLSeinthelengthofthe咄Ichain.

Furthermore,Kippe(a[.(1996)aJsodemonstratedthathogrenalSGuもshoweddi飴r-

encesof軸toalkylchainlengdlinakyl如osides.Thus a･EGwasactive&

tranSPOrtedinsmal]intestine(probabけvLdSGul),Whichindicatedthata-EGmightbe

e触tivelyabsorbedintobl∝山strt:am.

Jhpresentfewresearchpqpersdealingwiththemetabolicstatusofa-EGiqgested

havebeenappeared･InthisdleSis,theauthorintendedtorevealhowα-EGishydro)yzed,

abso咄excretedandhowitaBbctstheratsphysio]0gical)y.
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C血apterl

御用吋S誌o一曲〆叫甘COSideby帽tO聯皿Sand

mtint萬血乱1a亡血mepowder

Disaaharidesarehydmbzedby肘glucosidaseslocalizedinthesmal1intestinalmu-

COSa(Dahlqvist1964,GlItSChmidtetal.1979)andreleasedmonosacdaridesareabso血d

thTOughglucosebTanSPOJterSdistribu(edinsmal1intestinalmembrane(Hamon&McLeod

2001,W∞d&Tmyhum2003).

Someglwosidestakmoral桓werehydro匝dbye叩Sdistribdedinsmallintes-

血e asmllas disaccharides.AccordingtoThkenaka&U血iyama(2001),(29rl-0-

aD-glucosylglycerol,鵬dhwasalsocontainedinSake,Ⅷhydroly2edbysucraseinsu-

CraSe-isomaltasecomplexinratintestine.Furthmore,vitamin-glucosides(GregoTy1998,

ThJniboetaL1990)andflavwoid-glucosides(Dayetal.2000)werehydroly2X)dinanimal

body;andth野PrOvide由woseandaglycons匝Idrientsinthesecases).Ontheotherhand,

m虎hyla-D-glucoside(a･MG),nOnTHWtabolicghlCOSide,isusableforana桓ingtransport

activityofSGLrl(Gonzalezelat.1998,Kimmich&Randles.1981,Shinoharaeta[.

1993).

げa-EGwashydmbzedinratorgam,辻pmvidesglucoseand血molasconventional

nutrients･In也isC軸肘EGhydmlyzingacdvidesbycrudeenzymeSP托pared鮎mrat

OrganSandintestinaIacetonepwderareCOmparedwithdisaccharideshydrolyzingactivi-

ties･Furthew e蝕ofαTEG on d血des hydrolysisin smauintestine are

examined
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Mate血ka皿dmethods

馳酢m飴姐d血

Reagentgradea-EG(purity>98%),α-MGacartX)SeandGlucoseB-1七stW止owere

PurChased血∝nWhkoPtmChemicalsCo.M.(Osaka,Japan).R加intestinalacetone

POWderwaspurchased如mSigmaChemicalCo.(St.Louis,U.S.A.).0也ぽreagentSWere

PurChasedfromNacalaiTヒsquelnc.(Kyoto,Japan).MaJeWist訂STcleanratswert:Pur-

ChasedfbmJapanSLCTnc.(HamamatSu,Japan),andca陀anduseoftheratsinthepresent

Studyfo1lowed也eguidelinesofgovementall喝isladoninJapanOntheprppquseOf

laboratoryanimals(1980),andanimalexperimentswereappmvedbyethicalcomitteeof

FacultyofAgriculttJreinGifuUniversity.

一代p乱用血n0l亡Ⅲdee呵mモ如htbn血Ⅶmr如Orga鮎

1析stzFSTrats,aPPrOXimate吋10～12wkoldandapproximateせweighing250～350g,

Werekilledbydrawingbl∝山underaneSthesia,andtissues(Smallintestine,1iver;kidneys､

甲1een,brain,dorsalmtBClesandhead)wereexcisedimmediatelyandrinsedbrieflywith

COldphysiobgicalsaline･Smallintes血ew鮎CutOpenandmLmSaWaSSCmpedoぼwitha

Slideglassonice(intestinaltnucosa).Theresidualdssuewasservedasinlestinalresidue.

Crudeenpesoludons蝕皿ratintestinalmu00Saandothertissueswerep托paredac-

COrdingtothemethdofDahlqvist(1964)･SauvohⅡ忙伸)ofO.2MsodiumPho甲hate

bu餓汀bH6.0)wasaddedtoeadtissue(livehhdnqs,SPleen,brain,dorsalmuscles,heart,

intestinalLmCOSaandintestinal柁由due),and血孤homogenizedwithHG30homogeni2W

(HITACHIILgh-TbchnologiesCo.,Tbkyo,Japan).Homogenatesweresonicatedfor15

minushgaSharpUTllO4Silenmi(SharpMbMhcturingSystemCo.,Osaka,Japan)in

icebah･Tbremovelargepar(icles,k皿OgenateSWereCentriAwdat2,000xgfor30minat

4℃twingare鮎geratedcenhifugeRS-20IV印)MYSEROCo.,Ltd.,Tbkyo,Japan).

EachsupernatantaSCrudeenzymeSOlutionwascoll∝tedinasamPletube･Proteinconcen-
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旭ionineachsupematantWBLSdetetTninedbythemethodofLowryeta[.(1951)using

hⅣ血esen∬ndb血as也es也血如.

a-EGhydrt.せ王imgac(iYitybyhomogeJl&tCSfbmnltOtTg&nS

R飴CtionmixtlJre,Whichwasconsistedof200pLof500mMα一EGora-MGdissoIved

inO･2Msdum匝OSPhatebu鐙ir(pH6.0)and1001止ofthecrudeenzymesolution,WaS

incubatedfor180minat3rC.Tbereacti皿WaSStqPpedbyaddinglOOpLoflMNaOH.

A触rneutralizad皿widllMHCl,reaCti皿mixturewascendAq;edat12,000xguslng

high一平伏dmicrore鮎geratedcen出血辞MR-150CTWSHXOCo.,Ltd.).¶leamOunt

OfglucoseinsupematantWaSdeteJTninedwithGlucoseB-TbstW址0･Reactionwasper-

formedintripIicate･Hydrolyzingactivityofα-EGwasexpressedasthe岬10lofglucose

liberatedpermgPrOteinperhotnFurhermore,maltosehydrolyzingactivitywasalso

measuredforcrudeenpsolu血ns蝕msmallintestinalmLmSaandkidnqs.糎bz-

ingactivityofmaltosewasexpressedashalftheamount(PmOJ)ofglucoseliberatedpermg

PrOteinperho叫SincelmolmaltoseishydrolyzedtolibeTde2molofglucose.

PTYPamtiorLOfcrudee呵meSOluthtlfbmrdintestinalacetonepowder

Crudeenpsolutionwas画血mratintesdnalacetorwpow血rasdescribed

byT址enaka&Uchiyama(2001).Twogramsoftheacetonepowderwassuspendedwith

10volume(Wル)ofO12MsdiumPhosphatebu飴r(pH6.0)andthenhomogenizedwith

HG30bmogeni2XnthxnogenateⅦSOnicatedfor15minusingaSharpUTllO4Silent-

SOniciniccb血･Tb糊n脚ela喝ePardcl彷,homogenateⅧCemi毎edat3,000xgfor30

minat40cusingar曲igeratedcentrifugeRS-201VSupematZntaSCrudeen町meSO)ution

WaSCOllectedinasampletutx,andkeptoniceuntiluse.Proteinconcentrationine誠hsu-

pematantWaSdetenninedbythemedlOdofLowetaL(1951)asdescribedabove.

M鰯Ⅶ托me鵬○Ⅲydm匝Ⅰ唱a叫血r肘Eq肘MGamddぬ∝hadd偽

TTleCrudee呵meSO]utionwasdiluteddO.2Msodiumphosphatebu熊汀(PH6.0)
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appropriately.Substra暮esolution(a-Eqα-Mqmaltose,SuCrOSeandlactose)wasdilded

Variousconc印加tionswiththesamebu飴LA允erpreincubationof200ドLofeachsugar

SO旭ion払r5Tnin,reaCti(氾WaSStartedbyaddingl00l血ofcnxleenpsoludon.Incu-

bationⅧ画at3rC払r180minfora-EGanda-MGor30mhfordisaccharides.

Tbstqpthereacdon,1MNaOHwasaddedand也飢neubdizedwith1MHCl.RBaCtion

WaSperhin鵬plicate.A鮎rcentrifidonat12,000xgfor10minwidl

MR-150,SuPematadwasusedforglucosedetenninationbyGlu00既B-TbstWhko.

坤血匝喝aCdvityformaltosewasevressedashalftheamount(POl)ofghN:OSe

liberatedpermgPrOteinperhotQSinalmolmaltoseishydrolyzedtoliberate2molof

glucose.

Asscssmento†IC50fbrdis&CChrideshydrtIl野isbya-EGandm電Iucosidaseinhibitors

Tbstarthydrolyzingreaction,100pLofthecrudee呵ⅠIleSOlutionwasaddedto200

PLof50mMdisaccharideOnabse,SuCrOSeandlactose)solutioncontainingvarious

COnCenbdonof肘Eqarabinoseoracarbose.呵droけzingreactionandglucoseanalysis

Wereperfomledbythemethddescritxxlabove.

AsscssmetltOrinhibitionbrdisacchrideshydrtI吋Sisbya-EG

Tbstartreaction,100pLofthecrudeenzymesolutionwasaddedto200pLofvari0us

COnCentrationofmaltoseorsucrosesolutioncontainingvariousconcentrationsofa-EG

Ilydrolyzingreactionandghwoseandysiswenperhedbythemethoddescribedabove.
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R傍Ⅶ1鹿

町drobzingacdvidesfor肝玉Gweredetectedincrudee呵meSO旭io鮎P托pared

蝕msmallintestina)mucosaandkidneys,WhichshowedO.064andO.029poUmgpro-

teinA,reqX!Ctively(datanotshown).Nb血organ血)Wedanydetectableactivityfor

α亜Ghydrolysisin血isexperimentalconditims.Ontheotherhand,hydrobzingac也vities

forTnaltoseinsmallinte$tinalmucosaandkidn6ySWerelO.58and6.53pmoumgproteinm,

鱒鮮血ely(datand血〉Wn).Anydetectableacdvity触aTMGhydrolysiswasnotshown

inal)enqmepreparations(datanotshown).

Saturationcurveofu-EGhydrolysisbycrudeenpeprepared丘omratkidneyswas

ShovninFig.1-1.LineweaveトBurkpldforaTEGhy血)lysisbycrudee呵mePrqaration

如mratkidn野SWaSindicatedinFig.1-2.血andrhaxvaluesfora-EGhydroけSiswere

63.1mMandO.023pmol血唱PrOtein血,reSpeCtivehh也eotherhand,Rhand伽Ⅸ

Valuesform血ehydroけsiswerel.8mMand7.62pmo仇ngproteinhl,reqX:Ctively(data

notsboⅥm).

肝玉Gwashydmけzedbycrudeen勾Ⅶ蛤SOl血onpreparedhratintestinalacetone

POWd訂(Fig.1-3)and肘MGwas肘thydrolyzed(dataTd血own).LinewewBurkplot

払r肘EGhydJblysisbycrudeen野meP柁paratiQn励びnratintestinalacetonepowderwas

indicatedinFig.14.1もblel-1stJmmarized伽andnnaxvaluesforα-EGanddisaccha-

ridesinthishydrolysisexperiments.VhaxvaIuesforthehydrolysisofα-EGmaltose,

StmSeandlactosewereO.09,13.l,4.46andO.22ドmOl血gpmteinnl,reSpeCtively.FigureS

l-5andl毒血wsLin㈹VeトB血plot触maltoseandsucrosehydrolysisbyratintesti-

nalcrudeenpwiぬorwithouta-EG掛EGshoⅥ尺dmixedtypeinhibhionforhydrolysis

Ofmaltoseandsucrose.TbeR3valu彷Ofa逓Gforhydrolysisofmaltoseandsucrosewere

285mMand93mM,reSPCCdve)y.

Figurel-7showede触tof肝玉Gonhydm吋2血gofdisaccharidesbyratintestinal
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Crudeenpesolution.Hydroly2:ingactivitie$formaltose(a)andsucrose(b)werede-

CreaSedbyaddhgひ重GtoreacdQnmixtl】柁,howeven也虚血rlactose(c)wasdecreased

On&slightけhthepresenceof肘EGThblel-2summarizedtheconcentr如ionsrequiredfor

50%inhibidonofthereaction(IC扇.ha-EqIC50formaltoseandsucrosewas408mM

andlOl血M,re甲∝億vdy.InacartN)Se,IC50formaltoseandstmsew鮎2.6pMand2.5

PM,reSPeCtively｣lnarabinose,IC50forsucrosehydrolysiswas3.4mM,Whereasmaximal

inhibitionrateformaltosewas20.9%at667mM.
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Tゝblel-1Kine(icscoJI血ntsford)ehydrt,IysisofglucosecoqjtIg&tC$bycrudeem町me

p叩礼帽鰯o吐血Ⅶm円止血t細山鼻血e岬der

血(mM) 伽Ⅸ(押nOl血喝Fdei膿)

α-EG

Mdtose

Sucmse

La劇bse

1S.7

14.1

19.9

22.5

0.09

13.1

4.46

0.22

h;utdicnswereperfbrTTdaI3アCfhr180minfora-EGor30minfordisa"harides･Reactionwasperfbm血in

扇pBca飴.
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R跳血mⅥ蘭画h扇pli儲鹿.
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旭他Ⅷ画h叫i鹿.
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■mblel-21C5+Y&1ucsoIDEG&rabinoseoracartwebrdisacchridebydmJy$isbycrude

et)町mePrePmdonfhmmtintcstinaI&CetOnePOWder

IC50V血此S

a,EG Ambinose Ac血se

Ma)tose 408mM ND■ 2.6トM

Sucrose lOlmM 3.4mM 2.5llM

IC50,h鮎b如町∝醐出血on画for50%inhibitionOC50)fordiszN3Cb扇dehydroけSis.Ⅰ即血山肌wasperfonT拇dd

3γCぬr30血肋血mwぉ画b坤Ii融.

●tC50Ⅷtddctmirdtnhibidonwぉmaximum(20.9%)at667mM
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Diseussion

l_且ndaueta[.()962)suggestedpresenceofα一EGhydrolyzingenqmes,glucosidases,

inhzmterintestine.hthisirrves晦血叫hydro吋zingactivityforα掘Gwasdetected

Crudee呵meSOlutionsprqxued蝕msmal1intestinalmucosaandkidneysofWistarrats.

α掘Gmightbehydrolyzedbya-glucosidases,Whichwererqxxtedtobedis扇butedin

Sma11intestinalmucosa(托m&Md.eod2001,Sanaietal.1997)andkidnqsbruSh

bordermembrarb:(鱒血eta[.1997,Kageyamaetal.1997,Satoetal.1993).Howeveち

hydro匝ngacdvityfora&Gwasmuchlowerthanthatformaltose(SeetheResultssection

inthisChapter).

Ratintestinalacetme卯Wderwasusedformeasuremedofhydrolyzingactivityin

Smal1intestinebecuseitwasdi伍culttodbtainenoughsampleofsmal1intestinalmucosa.

a掘Gwashydml芦edbyratintesdnalpreparation蝕)maCetOnePOWderas shownin

Fig.1-3.fbTdrobzingadivityfora-EGwaslowerthan也osefordisaccharides(Tablel-1),

血ch血㈹d也epossibilitydlata&Gmigl*bealowcal0ricfoodc叩鵬.Furdler-

moreasmallzmountofglucoseandethanO11iberated鮎mα竜Gwereconsumedsafeけas

conventionalnutrients.

Disaceharides,e.gmaltoseandsucroseareabsodxxlasmonosac血aridesahrmem-

bmnedigestionbysmal]intestinale呵meS(職mai&rTbttji1996).TheseenzymeSCOuld

hydmly2eVariousglu00SeCOrgugateS(Dayetat.2000,Gregory1998,廿umboetal.1990).

Pyridoxine5'-Pho甲bateco∝entrationinplasmawasincreasedfo1lowingadministrati皿

Ofpyridoxine-a-gluosidesaswellasadministrati皿Ofpyridoxine,血ichsuggestedthat

Pyridoxine-肘glucosides were hydrob2edinrat旭y(M加noet al.1997).Ribofla-

Vin-5'-aTD-glucosideandasco叫T2血D-glucosidecouldexhibitfidlbioavaihbilityasa

SOtmOfeachvitaminnutrient,becawe血甲Werehydrobzedinmammalianbody(Greg-

Ory1998)･a-EGshow由mixedJypeinhibiti皿formaltoseandsucrosehydroけsis(Figs.

16



1-5andlJ),SuggeSting也如a掘Gmi如behydrobTZedbymaltaseandstme.Onthe

Otherhand,a-MGwzLSWthydmbzedbytheintestinalcmdeenzymeprepar如ion(datanot

血own).Atp陀SentむMGisconsideredasanon-metabolicglucosidebecauseitwasnot

hydrolyzedbymama]ianenZymeS(GonzaJezeta[.)998,Kimmich&Randles198l,

Shinohametat.1993).Thmforea･EGhydro桓inge呵meSinratsmallintestinemight

recognizealky)carbonchainlengthinaglycon.

AsshowninThblel-2,IC50Vahesofα-EGform加seandsucrosehydroけsiswere

higherthanthoseofarabinoseandacarbose.Arabinoseshoweduncompetitiveinhibition

forsucrosehydro吋sis(Sanaieta].1997)andthusitwaseqpectedforpreventionofin-

C陀おing plasmaglucoselevelaAer sucroseingestion.Acatbose stronglyinhibited

disaccharide$hydroけsisbyinte$血alenzyme$,血耶foreitisu光dasdiabedcmedicine

Pirshetat.1997,Kagqamaetal.1997).職舷e触tofa-EGasinhibitorfordis鉱Cha,

rides hydroけsis suggestedthat s間代SSion ofglucoselevelirNme
byα掘G

disucharides画onwaslessascomparedtoarabinoseandacatbose.

α-glucosidaseinmamaliansmal1intestinehasbeenreportedtocatalyzetransgluco-

Sidation(Mutoe(a/.1990,Satoeta[.1993,T址enaka&Uchiyama2001,hamOtOetal.

1990)･tbwevendespiteextensiveresearchintothemetabolicthteofethanOlovermany

years,glucosidatiαltO血molasaccqterinm弧mauan旭yhasnotbeendescribed.

Theqeforeα掘Gmightnotbedetectedinmamalianbodyunlessitwasingested丘om

Sakeorricewhe.
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C血apt打2

AbsorptionofethylaTDTgluco$idebyevertedratintestinalsac

GlucosewaspolarmOleculeaJlditdoesnotreadilydi軌seacrossthehydrophobic

Plasmamembrane･Therefore甲∝i丘cc虻iermoleculesexisttomediatethe鱒iBcuptake

Ofthiss喝arlhpolarized印ithelialcellsinthelumenofsmallintestineandintheproximal

tubulesofkidnqs,血ereisanenergyJependentN弟gh氾OSeCOtranSPOrter(SOdium-de-

pendentglucosetransporter;SGIJ)･ThistranSpOrterprOteinutilizesthemovementofNa+

downitselectrochemicalgradienttodrivethecomplete叩takeofglucose.Itservestoe鉱一

Ciendyabsod)也edietazy十preSentedghKOSeinintestineandreabs血bs也efikeredglucose

backintobldinkidn甲S･Incontrasttohi由1yrestrictedtissue甲∝iBcityofSGIn,al1

mammalianCe])scontainoneormoremembeIちOfthe鮎ilitativeglucosetransporter

(GLUT)ge眠魚miかThese&ilitadveglucosetransportersarecharacterizedbyahighde-

greeofstereかSelectivity;PrOVidingforthebiJirectional叫rtofglucose,withpassive

di鮎ionsolelydownitsconcentrati皿gradient(01son&Pessin1996).

L皿血efa/･(1962)demons血teda-EGwasetfktive)yconcentratedinevertedham-

Sterintesdnal姐C･a-EGmightbeabsorbedintoblodstremthroughthesmal1intestinal

Wallofratsaswe11ashamstenThep叩SeOf也isstudyistoinvestigatew触herα-EGis

absotbed也mughdleratintestinalw由lusingevertedratintestinalsac.
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MatedakandMet血ods

Re8酢n蝕a皿d姐im8k

Reagentgradeα-EG(purity>98%)wasobtained丘om粘meboCosmeticsLtd.(Tbkyo,

Japan)･Glucoseassaykit(GlucoseB-TbstW址0)aJldα-glucosidase(EC3.2.l.20)from

地相〝耶暦平WerePtqChased蝕皿W血)PtqeChemicalsCo･Ltd･0也erreagents

WerePtmhased鮎mNacalaiTbsquehc･MaleWistarSTcleanratSWerePurChasedfrom

JapanSLCInc･,andcmanduseoftheratsinthepresentstudyfollowedtheguidelinesof

govemmental1egislationinJapanontheprpperuSeOflaboratoryanimals(1980),andani-

malexperimentswereapprovedbyethicalcommitteeofFacultyofAgricultureinGifu

U山Ⅴ耶i年

P柁pa柑血n0l併モ鵬血相暮ht噂thalsa侶

WistarSTrats,aPPrOXimate&10～12wkoklandapproximate&weighing250～350g,

Wereki11edbydrawingbloodunder皿eSthesia,andsma11intestinewasexcisedirrmedi-

ate&andrinsedbrieflyw妃=卸1d馳bs-Ringerbu銀狐Thep托parationofevertedrat

intestinalsiKWaSperformedbythemethoddescritxxlbyWilson&Wkeman(1954).The

adherentmesenteric鮎sueand蝕werebinmedoff蝕皿j㊥mumr6glOn.Thej如肌皿WaS

dividedintotubesofs血ilarSize(4cmin1ength),andtheneverted.Bothendsofthese

tubeswereboundtight&withsiksdnga鮎rinclusionof500pLKrebs-Ringerbu飽n

Sug&rSabsorptionbyevertedmtihteStiJ"Isac$iJIthepIY$enCeOfa-EG

Intestinalsacsweredippedi血K陀bs-Ringerbuhcontainingseveraleoncentradons

Ofα亜qw鮎chwenbd)bledwidlWCh(95:5,Vk)gasadequately.A肋incubati皿for

30minat370c,SerDSalso)utionwasusedfordeterminationofg)ucose(G)ucoseB-Ttst

Wako)･Tbtalsugar(a-EGplusglucose)wasdeterminedbythesamekitafterhydroけsisby

α-glucosidase如mShcchaTV明関野･α-EGal)SO血dwa$Calculatedbys血咄i喝glu-

COSe録omtotalsugaLFurthermore,a-EGabsorptionassaywasperformedbyreplacing
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SOdiu汀トionwithequimolaranOuntOfpotassium-i皿inthe馳bs-Ringerbu飴r(Shlmi2n

etaZ･2000)･Absorptionactivitywasexpressedasthermolofsugarabsotbedpercmsmall

intestineperminutes.

Timecourseofa-EGab$OrPtionbyevertedmtintestinaIsacs

Thepreparationofevertedratintestinalsacwas画dbythemethoddescribed

above･Ⅰ鹿Stinalsacswereincubatedineach甲perimentalsoludoncontaining20mM

a-EGasindicatedinparendwsis;Control匹元bsTRingerbu取り,N{一触e匹元bs,Ringer

b曲rq)1acedsoditn-ionwithequimolaramoudofpotassium-iop)andphlorizin

(Erebs-Ringerbulkrcontainingl･55血Mphlorizin)･A鮎rincubad皿forO(blank),1,5,15,

300r45minutesat3ヂC,SerOSalsolutionwascollectedinsamPletube.SameVOlume

(血)ofi∝ヰOldK托bs-Ringerbu飴rwasaddedtoresidualintestinaltissue,andthenh&

mogenized雨也H00Ohomogemi2XnA鮎rcemi触感皿at12,000xgforlOminat40c

WithcentrifugeMR-150,S耶matantWaSCO11ectedinsamPletube･Serosalsol戚onand

$uPematant蝕mtissuehmgenatewereusedfordetenninadonofsugars･Sugaranalysis

WaSfo11owedbythemethdmendonedabove･Absorptionofa-EGwasexpressedasthe

nmolofα-EGabsodxxIperlOOmgsmal1intestine.

弘也tkalama吋S誌

Stadsticalsignifi00幻CeamOngmeanSWaSeStimatedat舛0･05accordingtostudent,st-

test(Sh呵02004).
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ResⅦ1ts

Figure2-lshowstheresultsofa掘Gabsorpdonbyevertedratintestinalsacsatseveral

COnCentrations･α-EGwasdetectedinallserosalsolutionsanditsabsorptionintheabsence

Ofsodium-ionwassignificantけbw訂thanthatinthepresen∝Ofsoditm-ionatanycon-

Centrationtestedげ<0.01).Althoughghmseliberated蝕)mα-EGwasdetectedinserosal

SOlution,itwasextremelylowlevel(1essthan1%ofabsotbeda-EG;Fig.2-2).

Figures2-3and24shows也etimecou指eOfα-EGabso申ioninsmal1intestinaltissue

(Ce11s),andinserosalsol虚血Ofevededratidestinalsacs,re甲eC血elya-EGabsαptionin

也esmallintestinalce11andsぼOSalsolutionwerereducedbyeliminationofsoditn-ion

fromexped皿er血1solution,WhichcoincidedwellwiththeresultsasshowninFig･2-1･

FurthemoreaTEGabso甲tionwasreducedbyaddingphlorizininthemucosalsolution.
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a-EGabsorptionintosndIintcstirdtissLN:OfeYeTtedratiJT(C$dnaJsacwasexamirdEYertedmtintestjnaJsacswereincu-

batedforO,1,5,15,300r45tninh也eKrcb軒R論評rbu飽rconbiningsodiuT>i孤(○),h鮎Krebs-Ringerbu飴r

Widw)utSOdium-ion(△)h血potassiun>i仙WaSSdtdbJtedbysdiuⅡト加orin也e馳由一Rhgerb曲with1.55

mMph】orizin(□)･a-EGabsoTT*ionwzucaJculahdbysubtrachgglu00既命omt血11yabsortdsugad･(glucosepILJSα-EG).

Si騨i鮎町I一成飴n瓢e虚餞血00抑班b嘘皿Ⅷh虚血吋感激(●■;ヂ<0.01弧d■;タ<0.05).臨血印加w訟‖m偲むl±

StandaTderror(n=10inContrD]arKln=6inNat-fiwad坤hlorizin).
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SOdium-ion(△)hwhichpotzLSSium-ionⅥ耶SddtutedbysdiLJm-ionorind℃K柁h>Ringerbu飴rwidll.55mMphlor-

izin(□)･肘EG叫皿WaSCalcdatedbysddrachgghJC#鮎mtddlyabsoddsugaT㈲tJCOSePltJSa-EG).

Si頭重00Ilt戯蝕Ⅷe細撒血∝血仇Ⅷh戯曲d吋鮎庇遠永(●*;タ<0.01鉱山■;タ<0.05).放血印加wぉⅡl飽l±

StZndaTdemr(rF)OinContrD]aJdn=6inNaトー触aJdヤhlorizin).
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DiseⅦSSiom

Brashbordermembmnetransprtinsma11intestinalmLMSaPrWdsvidSGIJland

GLUT5.BasolateralmembranetranprtisalsomediatedbyGLUT2,W出血hassd)S加‡e

野郎i五cibrsimilartobutdistinct丘omthatofGLUT5.Thesubstrate甲∝i丘cityofSGLrl

evaluatedbyexamnmgthetran画andinhibitoryacdvidesofmanyhexosesin.YbnLPZLS

hzevね00qyteSiqiectedwi血SGulcRNAisin the order ofD-glucose>α-MG>

D-galactose>3-0-methylglucosidか>mannitolandL-glucoseOkedaetal.1989).Alkyl

ghN:OSideswerealsosdbstratesforSGmandafePOOdytranPrtedornot叩dby

GLUT坤rs(Kimich&Mles1981).

DisaccharidesarehydrolyzedtomcnosaccharidesbythebruSh-borderα-glucosidases,

andthenmonosaccharidesareabsofbedintobloodstreimbySGLrandGLUTtranSPOrterS

distdbutedinintestinalmembrane(職mai&Tb両i1996).InChapterl,theauthorrevealed

thatα-EGhydrolydngactivitywasdetectedinratintestine.AsshowninFig.2-2,glucose

liberated丘oma-EGwasdetectedinserosalfluidaAerincdbation･Theseresultssuggested

thatglucoseliberated鮎ma-EGwasabsofbedthrough也esmal1intestinalwal1.Howeven

absotbedgbsewaslessthanl%ofabsodda-EG(figs.2-1and2-2).Therefore,nOtall

Ofingesteda-EGwashydrolyzedinsmal1intestine,andα-EGingestedmightbeabsorbed

throughthesma11intestinalwallasintactform.

AccordingtoLandaAletal･(1962),a-alkylghNX)Sideswiththesmal1estagけcone,Le.,

meぬyl,ethylandisqprppylglucosideswereextensivelyconcentratedineve

intestine･FurthemorehamsterintestinalSGIJshowedaEinitytoβ一alkylglucosides,and

theaainityofalkylghcosidesforSGLrlincreasedwiththealkylchainlength.Only

P-methyl,P-dhylandP-PrOPylglucosidesaretranSlocated,Whereasthelongerchaincom-

POundsarecompetkiveandnonJransportedinhibbrs(R弧1aSW弧Iyetal.1976).Inthis

experimentusingever(edratintestinalsac､α-EGabsorptionintosmallintestinalcellswas
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reducedbyeliminadonofsditm-ion鮎mthemucosalsolutim(Fig.2-3).SimilarObseト

Vationwasreportedontzusportofglucose(Shimizuetal.2000).Furhermore,aSShownin

Fig･2-3,α-EGabsorpdonintointesdnalcellswasreducedunderdlePreSenCeOfphlorizin,

血ichisaq3eCi名cinhibitorofSGLr坤(Eoq)SelletaL1990).Thesedatasug-

gestedthatα裾Gwas absotbedinto smallintestinalcellsvkz SGLTlinbrush-border

membrane･AsshowninFig･24,α一EGwastranqxxdintoserosalsolution,Whichsug-

gestedthatかEGabsotbedintointestinalcellswastranSPOrtedtoserosalsideviaGLUT2.

Howevera-EGwa$almostsaturatedinintestinalcellsahr15minofincd)ation(Fig.2-3).

ThebanqXdactivityfora-MGbyGLUTwasloⅥ閻thanthatbySGIJ(Kimich&

R弧dles1981)･a-EGabsαもedwasaccumulatedintosmallintestinalcells(Fig.2-3),Sug-

gestedthatthetranPrtaCtivity触a-EGbyGLUTwaslowerthanthatbySGIJaswe11

asα-MG

AlthoughabilityofGLUT5andother叫SyStemSOna掘GtranSPOrtinsmal1inー

testineremainedunknown,reSuksinthisChaptershodthata-EGwas叫Ortedinto

intestinaleellthroughSGIJldistributedinbruSh-bordermenibrarM:andthentransportedto

SerOSalsidebyGLUT2distributedinbasolateralme血brane.

IncorN:1usion,0nlyapartofα-EGingestedwashydrolyzedinsmal1intestine,andmost

Ofa-EGwasd)S血bdasintactfom血oughsmal1intestinalwall.Consequently;α一EG

migldbeabsodxxlintobloodstreamasintactform.

26



C血apter3

FeedjngexperimentofethyIα-D-glucosidesoIutiontoadtIJtrats

InChapterl,叩r血entb7V加demonsbded也athydrolydngactivityfora-EGwas

detectedincrudeenzymeSO旭ionprq)ared鮎mratsmallintestinalmucosa,howevel;it

WaSIowerthinthose払rdisaccharides･F血more,a-EGwasabsotbedthro叫ghratsmall

intestinalwallasi血t触m(Chapter2).hnanari&Thmura(1971)andTbagtwetal.

(2004)叫edthataTEGwzLSdetectedintheurineofthemanWhotookSake.Thesere-

Sultsindicatedthata-EGwasabso血由idoblood strean.Inthis dlaPtel;the author

investigatedwbetherαTEGwasdetectedinplasmaand血eofWistarratahαTEGinges一

点om

Ma鹿dakandMe他ods

ぬgem蝕andamimak

a-EGsamplesolution､Whichconsistedof9.5%α-EG(0.46M),0.91%glucose,0.39%

maltoseandl･6%isomaltose,WaSObtainedfromOzekiCo.Gh00SeaSSay(GlucoseB-Tbst

W址0)zndinsulinenzymeiJTmunOaSSay匹IAinsulinassay)kitswerepuⅣhased丘om

W波oPureChemicalsCo･Ltd･andKantoKagakuCo.Crbkyo,Japan),reSPeCtiveかOtbr

reagentswerepurchasedfromNacalaiTbsqueI肛.unlessotherwiseindicated.MaleWistar

STc血nratsP4wksold,Weighing450～550g)Ⅵ肥化PurChased録omJapanSLCInc.,and

Ca陀andu光Oftheratsinthepresenthdyfo1lowedtheguidelinesofgoverrmental1egis-

lationinJapan皿theprppertBeOfhboratoryanimals(1980),andanimalepriments

WereaPPrOVedbyethicalcmitteeofFacuQyofAgricultureinGifuUmiversity.

tTPLCappmttISand&nabticaIcondiIion$

α-EGinplasmaandurinewaskindlyanalyzedathdkiCo.Achromatograbhicsystem
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m血加代dbyGilsonMedicalElectmicshc.(Middletown,Ⅵ,USA)eqpippedwithan

SZ5532(Su評)colm(ShowaD蝕koK.K,Kawasaki,Japan)andaSedexmode155

evaporadvelightscatteringdetector(SEDERE,Alfortvi11e,Cedex,France)wasused.The

COlumnwaselutedwithalineaugradient丘om80%CH3CNand20%H20to70%CH3CN

and30%H20in10min.TheelutionwascontinuedinthelattersoIventunti120min.Flow

ratewassetatl･OmL/minthroughouttheana)ysis.

ConditionsofthefbediJ)geXperiment

Ratsweredividedintothreegroq)S(n=5)andindividual1yhousedinawire-bottom

StainlesssteelcageinatemperattmOntrOuedrmQ3±lOc)w姐a12,hlighu12-hdark

CyCle(light;6:00～18:00)･Theyweregivenhea∝eSStOPOWderMFdiet(Ode血1Ybast

Co･,Tbkyo,Japan)andeachtestsolud皿WaSadministeredfor36daysasindicatedinpa-

renthesis:Controlgroup(tapw晦LdHbitum),α掘Ggroup(0.46Ma-EGsamPlesolution,

Ldlibitum),andPFgmup(0･46Mα-EGsaq)lesolution,PaizL免dtotheControlgroup).

Duringthefeedingperiod,drinkandfoodintakesweremeasu托deverydayand24-hour

urinewascollectedtocheckitsvolumeOnCeaWeek.

Onday360fthefeedngperiod,bl00dwasdrawn鮎manabdoHhalaortathrougha

Synngetreatedwith1%hqparin-NaunderetheraneSthesia.PlasmawasobtainedaRercerL

trifugationatl,500xgfor20minat4℃w姐acemifugeRS-20ⅠVGlucoseandinsulinin

PlasmaweredeteminedwithGlucoseB-TbstW嶽0andinsulinenzymeirrmunOaSSaykit,

re甲edvely｣α掘GinplasmaandurinewasanalyzedbytheHPLC,andexcretionrateof

α一EGinurinewasexpressedぉtheratioofurinaryα掘GtoingestedaTEG

馳tis蝕漁1紬叫鳴

Statisticalsi評iBcanCeamOngmeanSWaSeStimateda(P<0･05accordingtoANOVA

andDumcan'smultiplerange-teSt(ShiQjo2004).
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Res甘1触

Table3-11iststotalfoodandwaterintakesandthelevelsofinsulin,glu00Seandα-EG

inplasmatogedwrwidlOthergrowthparameters.α-EGwasdetectedinplasmaoftheα-EG

andPFgroups,butplasmaglucoseandinsulinlevelswerenotaBbctedbyα-EGfeeding.

Tbtalfoodintakeintheα-EGgrotq)WaSSl卯ific肌tlyless也弧thatoftheControlgroup,

andtherewasnosi伊ificantdi肋einthe血albodyweightbetweentheControland

α-EGgroups･hcontrast,tOtaldrinkintakeintheα-EGgroupirM:reaSedsignificantlyas

C叫aredtothatoftheControlorPFgro呼.FinalbodyweightinthePFgro叩WaSde-

CreaSed丘ominhialbodyweigld,anditwassignificantレIessthanthoseofothergroups.

αTEGwasdetectedfbm血intheαTEGandPFgroups.Excretionrateofα-EGwasap-

PrOXimatelyO.6～0.9duringtheexperimentalperiod伊ig.3-1).UrinevolumeinthecL-EG

groupwassigli丘cant&如gerthanthoseoftheothergrolq)Sd血喝theexperlmentalperiod

(Fig.3-2).
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1伽bte3-11nitidtxdyweight,瓜ndtdyweight,tOtdbodint&ke,tObIdrinkinbke,and

l併曲○†癖Ⅶ00Sち血Eqandh5血h画鮎ma

CoI血d α-EG PF

Initialbodyweight(g)

Finalbodyweight(g)

Tbhl丘伯d止血血e(g)

Tb血l血ink血由(g)

Plasmag]ucose(mM)

Plasmaα-EG(叫

Plasmainsulin(nghnL)

505+17 507±16

521+17a 509+20a

591+12a 410+26b

l糾8±108b 2411+119a

14.6±1.3a 14.7+2.1a

ND 9.5±0.Sa

l.OS+0.24a l.07+0.19a

506±15

432+15b

352±21b

lO56±96b

9.8±0.$b

3.5+0.1b

O.73+0.05b

ND,l】d血血

Ⅶll銭aJ℃m弧±standarderror知名verals.M飽nSin也esamerownotsh訂i喝蝕瀾meSuPerSCriptNeSi騨i丘candy

diabrentatP<0･05･TbstdrinksweretapwaterLdLibhzLm(Ckhl),0.46M血EGsamplesolution(OzekiCo.)Ldlibkm

(肘Eq,血0.46M肘EG封江lIpk鋤1u血n画鋸ぬ也eCoIl加1gm叩(PF).
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Co･)adLibkum,and也ePFgroup(△)wぉgivmO.46Mofa-EGsoltdiondtatⅧPairLlbdto也eConh)1group.かEGwas
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(○)wasgivenO.46Mofa-EGsolutjon(02Z!kiCo.)adtib血Lm.and鵬PF卵uP(△)wasgivenO.46Mofq-EGsoluIion

thatⅦPairLlbdto也eContrDlgrotq).Fbribedingcondidons,Seel喝endforFig.3-1.触hpintwasm飽Il±standarderror

(n=5)･MeNtSindtesame血yTK)tS血ing吐忙SZLmeaJphabetaJモSigni6camtレdi触ntalP<0.05.
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DiscⅦSSion

AsshowninChapter2,a-EGabsorptionwasreducedbyeliminationofsodium-ions

蝕)mtheexperimentalsolution(Figs.2-1,2-2and2-3),W鮎chsuggestedthatα一EGwas

absotbedthroughsmallintestinalwal1vibSGIJl.Thtw,inthisexperimentinvivo,intact

formOfα一EGwasdetectedinplasmaofratsfeda-EG(Thble3-1).

Allofghwosefikeredfbmplasmabykidneysisrnormal&reabsod光dbackintothe

bloodbySGIユ盲intheproximaltubules(W軸匝2001).Kippetal.(1996)reportedthatre-

nalSGInshowedannitytoalkylglucosidesandtranPedshortchainakylglucosides.

AsdemonstratedbytheinvivoexperimentshowninFig.3-1,α-EGabso血dinblood-

StreamWaSeXCretedinurine,andthe既CretionradowasapproximatelyO.6～0.9.These

datasuggestedthatnotal1也ea-EGBlteredinkidneyswasreabs併bdbySGu脂inproxi-

maltubules.Imanari&Thmura(1971)foundaiEGintheurineofthemanWhotookSake,

W鮎chcontainedtracea-EG(l～7mghnL).ThismeanSthatα-EGwasexcretedintourine

even血amhuteamOtJntOfa･EGwasingested.Ontheo也erhand,BormanSetal.

(2003)rq)0血dthatαTMGwasalmostcompletelyreabsofbed丘omtheprimaryglomeru1ar

filtrate,Whichsuggestedthata-MGwasretainedinthebody.a-EGabsotbedintoblood

StreamWOulddisappe打払)mthebdyevenifa-EGhadbecnreabsotbedbythekidneys

becausekidnqshad町EGhydrolydngactivity(Chapterl).Inotherwords,α-EGingested

WOuldnotberetainedinthebo4ydi飽rentfromα-MG

Foodintakeoftheα-EGgroupwaslessthanthatoftheControlgroupmspiteofno

Si評iBcantdi飽和ceinfinalbodyweightbetweentheControlandα-EGgroups(Thble

3-1)･Thisresultshowedthatapartofα-EGmightliberateghN:OSeandethanOlandwere

utilizedasconventionalnubients.AsShowninChapterl,hydrobzingactivitiesforα-EG

Weredetectedincrudee呵meSOlutionsprq)訂虚血)mSmal1intestinalmucosaandkid-

neys.Howevenhydrolyzingactivityfora-EGwasmuchlowerthanthosefordisaccharides,
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andinsulinsecretionwasnotenhancedbyα-EGingestioninspiteofhightotalsugarCOn-

Centration(a-EGplusglucose)inplasmaofthea-EGgroup(Table3-1).a-EGwasalow

energyfoodco叩ne鵬W鮎chwouldnotinduceinsulinsecretiondirectか

AsshowninFig.3-2,therewasasl卯i点cantdi飽和ceinurinevolumebetweenthe

α-EGgroupzndtheothertwogroups･Theauthorstmisedthatα-EGⅢteredinglomeru1us

mightpreventwaterreabs叩ti皿byincreasingosmoticpresslmattherenaltubuleside,

andincrea$eurinevolume･Thusα-EGcouldbetBedasadiuredcsimi1arレtomamitol,

WhichisanOSmOticdiureticusedinvariousclinicalsettings,includingbrainedema,glau-

COma,andacuterenal払ilu托(Lameire&V由血01der2001).

Kitamurae(a[･(1997)reportedthatα-EGq)p)iedtomouseSkinhasphysiologice飴ct,

andα-EGinmediⅥmaCCeleratesce皿di飴rentiatim.In血isinvestigation,anintactformof

α-EGwasdetectedinplasma･Thissmisedthepossibilitythata-EGmighta飽ctskince11

di飴托ntiationbyingestionwithoutdirectapplicationtoskin･

hconclusion,0nlyapartofa-EGingestedwashydroly2X:dinsmallintestine,andmost

a-EGwasabsotbedintobloodstreamintactthroughsmal1intestinalwal1.Absotbedα-EG

WaShydrolyzedinkidneystosomeextent,andexcretedintourim.Moreoveritwasfound

thata-EGwasaninsulin-indqQdiuretic,andle$S-nutritiveg加oside也如WaSSafely

applicabletofood.
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Chapter4

E蝕ctsofethyla-D-glucosidefbedingonurineexcretionandmorphologic

d用心geSO-ratkidneys

InChapter3,itwasrevealedthata-EGwasdetectedinplasmaandapproximately60～

90%ofα-EGingestedwasrecovered丘omurineoftheratsreceivedα-EGsolutionadli_

bitum･Therefbreitwassurmisedthata-EGwaslowenergyfoodcomponent･Ingestionof

α-EGsolutionincreasedminevolumeSlgni丘cantly･Severalpapersreportedthatingestion

Ofsomematerials,e.glerythritol,Whichwereabsorbedintobloodstreamandexcretedin

urine,CauSedmorphoIogicchangesofrenaltissuewithoutanydetectabledamage(Baretal.

1995,Oginoetal･1994,Tiletal･1996)･HenceitisinterestingandimportanttOinvestigate

howα-EGingestiona飴ctskidneys･InthisChapter,e飴ctsofα-EGingestiononurineex-

CretionandmorphologicchangeOfkidneysareinvestigatedusingrats･

MaterialsandMe仙ods

Reagent$andArLim&ls

α-EGsolution(34%)wasobtained丘omOzekiCo.Uricacidassay(UricacidC-Tbst

Wako)andureaassay(UreanitrogenB-Tbst%ko)kitswerepurchased倉om%koPure

ChemicalsCo･Ltd･Otherreagentswerepurchased録omNacalaiTbsqueInc.un1essother-

Wiseindicated･MaleWistarSTcleanratS(4wksold,Weighing80～100g)werepurchased

fromJapanSLCInc･Careanduseoftheratsinthepresentstudyfo1lowedtheguidelines

OfgovernmentallegislationinJapanontheproperuseoflaboratoryanimals(1980),and

animalexperimentswereapprovedbyethicalcommitteeofFacultyofAgricultureinGifu

University.
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HPLCappmttIS&ndan&lyIicaJcoJlditions

α一EGinu∫inewaskindlyanalyzedatOzekiCo･aSindicatedinChqpter3.Inbrief;the

ChromatographicsystemequippedwithasugarcolumnandaneV叩Orativelightscattering

detectorwasused■ThecolumnWaSelutedwithalineargradientofCH3CNandH20and

nowratewassetatl･OmLhninthroughouttheanalysis.

Conditio且SO一触edingexperiments

Feedingexperimentwasperformedfor39days･Ratsweredividedintothreegroups

(n=6)andindividuallyhousedinawire-bottomedstainlesscageinatemperature-COn-

trolledroom(23±lOc)with12-hlight/12-hdarkcycle(light;6:00～18:00).Theywere

glVenfreeaccesstot叩Waterandeachexperimentaldiet.Basaldietconsistedofcasein

(20%),SOybeanOil(5%),α一COrnStarCh(20%),Cellulosepowder(5%),DL-methionine

(0･3%),Cholinebitartrate(0･2%),A脚-76TMmineralmixture(3.5%),AIN-76TMvitamin

miⅩture(1･0%)andsucrose(45%)･Forthecontroldiet,Water(298gkg)wasaddedtothe

dietduringthepe11etingprocesstoa(帥stwatercontentintheexperimentaldiets.α-EG

WaSincorporatedintothedietatlO%(10%a-EGgro叩)or20%(20%a-EGgroup)ondry

Weightbasesattheexpenseofsucrose･Duringthefbedingperiod,drinkandfoodintakes

WeremeaSuredeverydayand24-hoururinewascollectedtocheckitsvolumeOnCeaWeek.

α-EGinurinewasdeterminedbyHPLCmethodasdescribedabove.

Onthelastdayofthefeedingperiod,bloodwasdrawnfromanabdominalaorta

throughasyringetreatedwithl%h甲arin-NaunderetheraneSthesia.Plasmawas｡btained

a鮎rcentrifugationatl,500xgfor20minat40cwithare録igeratedcentrifugeRS-20IV

PlasmauricacidandureaWeredetermineduslngWakokits.

P叩arati㈹OIMdn町叩eeimenandh如opatb0logiealtest

Preparationsofkidneyspecimenandhistopathologicaltestwerekindlyperformedby

DL%ai(FacultyofAppliedBiologicalSciences,ⅥterinaryScienceofGifuUniversity).
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KidneyswerefixedwithlO%bu飴redformalin･Thetissueswerethenembeddedinparaf･

血wax,SeCtioned,andstainedwithhaematoxylinandeosin(HE)(Yanaietal.1993).

Photomicrogr叩hsofrenalspecimenswereusedforhistppath0logicaltestandevaluationof

dilatedlevelonrenal(distalandcollecting)tubules.

知a血ticalanaけ$is

Statisticalsigni丘canCeamOngmeanSWaSeStimatedatP<0･05accordingtoANO

andDunCan'smultiplerangeteSt(Shiqjo2004).

Results

TtanSientdiarrheaandvomitingwerenotobservedandnomortalityoccurredinallrats

duringthefeedingperiod･Tbble4-1summarizestotalfoodanddrinkintakes,COnCentra-

tionsofuricacidandureanitrogeninplasmaandothergrow血parameters･Although血al

bodyweightandtotalfoodintakedidnotshowsigni丘cantdifrtrencesamOngthethree

groups,bodyweightgaininthe20%a-EGgroupwassignificantlylowerthanthatofthe

Controlgroup･Feede伍ciencyshowedsigni丘cantdecreaseintheα一EGgroups･Tbtaldrink

intakewasincreasedwithincreaslngα一EGconsumption･Noincreaseinplasmauricacid

andurealevelswasobservedinthea-EGgroups･Thble4-2summarizesorganSWeights

includingthoserelativetolOOgbodyweight･Kidneysweightsintheα-EGgroupswere

Signi丘cantlyhigherandepididymalandabdominalfattypadweightsweresigni丘cantly

lowerthanthoseoftheControlgroup･AsshowninFig･4-1,theurinevolumeSinthelO

and20%a-EGgroupswerehigheraboutl.2～1.9-fo1dand2.1～4.2-foldthantheC｡ntr｡1

group,reSPeCtively･Figure4-2showstheurlnaryeXCretionofα-EGinthefeeding

experiment･Approximately60～90%ofingestedα-EGwasrecovered如mtheurine.The

Photomicrogrq)hsofkidney叩eCimenwereshowninFig･4-3,Whichindicatedtypicaldi-

1ationlevelsas砧nosigni丘cantly-dilated,,inFig･4-3-(a),"slightly-dilated"inFig.4-3-(b)
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and"moderately-dilated"inFig.4-3-(C).Thenumberofthespecimenevaluatedindilation

levelas"nosigni鮎antly-dilated","Slightly-dilated"and``moderately-dilated",reSPeCtively,

ineachgroupwereasfo1lows;theControlgroup2/6,4/6andO/6;thelO%α-EGgroup,0/6,

6/6andO/6;the20%α-EGgroup,0/6,3/6and3/6.Nonecrosis,innammationandedema

Ofcellwereobservedinallspecimensintermsofhistopathologicaltest･
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恥ble4-1Finalbodyweight,bodyweightgaiA,tOt&1fbodiAtake,tOtaldrinkintake,鮎ed

efficiencyaJIdpb$JnatIric&CidandtIreaCOnCeJItratioJ)Sintheexperimentalratgroups

Control lO%α-EG 20%α-EG

Finalbodyweight(g)

Bodyweightgain(g)

Tbtalfoodintake(g)*

Tbtalα一EGintake(g)

Tbtalwaterintake(g)

Feedefnciency

Plasmawicacid(mg/100mL)

PlasmaⅥr飽(m釘100mL)

244+8

156±6a

775+30

0±OC

517+55b

O.200±0.003a

l.01±0.11

17.1+1.1a

236±5

146+4ab

7$2+30

77+3b

601+26b

O.188+0.004b

O.94±0.07

14.3+0.5b

230+6

138+6b

811+22

162+4a

990+32a

O.170+0.004C

O.76+0.07

14.9+0.3ab

ViluesaremeanS±stamdarderrorforsixrats.MeaJISinthesamerownotsharingthesameSuperSCriptaresigni丘cantly

di飴rentatP<0.05.TbstdietswereAIN-76TMbaseddietadlibitum(Control),10%a-EGdietadlibi(um(10%α一EG)

and20%α一EGdiet〃dJ路ぬ椚(20%α-EG).

*Wetweightinwhichwaterwascontainedat29$g丑gdiet･
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恥ble4-2 0rgaASand血ttypadsweightsintheexperimentalratgroups

Con打01 10%α-EG 20%α-EG

Liver(g)

Liver(g/100gBW)

Kidneys(g)

Kidneys(g/100gBW)

Spleen(g)

Spleen(釘100gBW)

Epididymal叫pad(g)

Epididymalfattypad(g/100gBW)

Abdominalfattypad(g)

Abdominalfhttypad(g/100gBW)

10.6±0.5

4.34+0.09b

l.61±0.06b

O.66+0.01C

O.56+0.02

0.230±0.004b

5.72±0.45a

2.34±0.14a

5.65±0.43a

2.31+0.13a

10.8±0.3

4.59+0.12b

l.77+0.02a

O.75+0.01b

O.60±0.02

0.256±0.005a

4.30±0.30b

l.82±0.10b

4.24±0.26b

l.79+0.09b

11.3±0.4

4.90+0.08a

l.89+0.05a

O.82+0.01a

O.59±0.03

0.257+0.007a

3.64+0.19C

l.59+0.11b

3.84+0.27b

l.67+0.10b

BWbodyweight

Ⅶuesaremeans±stadldarderrorforsixrats.MeadlSinthesamerownotshatingthesamesuperscriptaresigni丘cantly

di飴rentatP<0.05.Forfeedingconditions,Seethelegendfbrlもble4-1.
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Urinevolumeinthe蝕dingperiodwasplotted.TheContTOlgroup(×)wasgivenAlN-76TMbaseddietadlibitum,the

lO%α-EGgroup(○)wasgivenlO%a-EGcontainingdietadlibitz)m,and20%a-EGgroup(△)wasgiven20%a-EG
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(a)

l 1

250岬

Fig･4-3 Tサpicalmicrophotographsofkidneyspecimensortheexperimenta)ra(S

Fig･4-3-(a)showedtheoneofthemicrophotographsofkidneyspecimenintheControlgroupevaluatedindilatedleve]

as"nosigni丘cant]y-diLated'',Fig･4-3-(b)showedtheoneofthemicrophotographsofkidneyspeciTT.eninthelO%cL-EG

groupevaluatedindilatedLevelasuslightly-dilated竹andFig･4-3-(C)showedtheoneofthemicTOPhotographsofkidney

SpeCimeninthe20%cL-EGgroupevaluatedindilatedlevelas"moderate.y-dilated,,･Kidneyswere丘xedwithlO%buff-

ercdformalinLThetissueswereembeddedirLParafnnwax,SeCtioned,andstainedwithhaematoxyIinandeosin(HE).
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DiseⅦSSion

Duringtheα-EGfeedingperiod,叩PrOXimately60～90%ofingesteda-EGwasrecovered

formtheurine(Thble4-1andFig.4-2).ThisresultconsistedwiththepreviousStudyin

WhichWistarSTrat,24wksold,male,WerereCeivedO.46Mα-EGsamPlesolutionadli-

bitum(Ch叩ter3).Additional1y,α-EGwasabsofbedthroughthesmallintestinalwa11via

SGIJl(Ch叩ter2).Thesedatasuggestedthatα一EGwasefncientlyabsorbedandexcreted

inurineeasilyasintactform.Feedefficienciesoftheratsfeda-EGdietsshowedsigni丘-

Cantlylowvalues(Thble4-1)d甲endingonα一EGcontentindiets.Thisresultwasdueto

lowhydrolyzingactivityforα一EGofα一glucosidase(Chapterl)andhigh1yurinaryexcre-

tion.Lowenergyvalueofα-EGwasrenectedondecreased触ypadweightsanddecreases

inweightgainandfeede餌ciency(Thble4-1).Itmightbeprobablethatmoreproteinfrom

foodwasutilizedforcatabolismandresultedindecreasesinweightgainandfeedefn-

Ciencyinthea-EGfedgrol甲SaSCOmParedtotheControlgroup.

Urinevolumeoftheratsfedα-EGincreasedwithincreasingα-EGconsumPtion(Thble

4-1andFig.4-1).Ingeneral,highconcentrationoftwinaryexcrementscausedincreasein

urinevolu皿ebyincreasingosmoticpressure(B盈retal.1995,Oginoetal.1994,Tiletal.

1996)･Infact,α-EGconcentrationsinurineoftheα-EGgroupsweremorethan0.1g/mL

urine.Thereforeitwassuggestedthatα一EGexcretedinurineincreasedurinevolumeby

increaslngOSmOticditwesis.Inseveralreports,α-EGwasdetectedinurineofthemanWho

tookitfromSake(Imanari&Thmura1971,Tbagueetal.2004).Fromtheseresults,itwas

SurmisedthatalargeamOuntOfα-EGingestionmightcontributetoosmoticdiureSisin

bumanaswellasi皿r如S.

Increasesinkidneysweightanddilationlevelofrenaltubuleswererelatedtothedie-

taryα-EGlevel(Thble4-2andFig.4-3).IntermSOfsafetyassessmentonkidneys,itwas

importantthattherewasnodisorderoftherenalcellsevenatthe20%dietarylevel(Fig.
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4-3-(c)).Exposureatthe20%α-EGdietarylevelcorrespondedtoingestionof27.5±1.1g

α-EG/kgbodywt/day.Iftherenalexposurewascalculatedfromthekidneysweightsand

theamOuntSOfα-EGexcreted,Valuewasmorethan1.5gα一EG/gkidneys/dayforratsfed

dietcontaining20%α-EGThedilationofrenaltubulesmightbecausedbytheincreased

diuresisandworkloadthatwasassociatedwiththeeliminationofhighamountsofabsorbed

α-EGIncreasedkidneysweightwasobservedbyingestionofsomesolublematerials(Bar

etal.1995,Oginoetal.1994,Tiletal.1996),SuChaserythritolthatwase伍cientlyab-

SOrbedandexcretedunchangedintotheurine.AccordingtothecalculationbyTiletal.

(1996),renalexposure evenat2.O g erythritol/g kidneys/day did not cause detectable

histopathologicaldisorderinmice.Theabsenceofanydetectablehistopathologicaldamage

Onkidneysattestedthelackofanyadversee飴ctsofα-EGupto20%dietarylevel.Asfor

renalfunctions,Plasmauricacidandurealevelsintheratsfedα-EGdietsweredecreased

COmParedtotheratsfedthecontroldiet(Table4-1)andglucosuriawasnotobserved(data

notshown).Increaseinurinevolumebya-EGmightenhanCeurinaryexcretionsofuric

acidandureafromplasma.Ingeneral,fatalimpalrmentbyhyperuricemiawasnotobserved

inrodentswhichhaveuricase(ECl.7.3.3)(Kangetal.2002,Ma2:Zalietal.2001).How-

everBekairietal.(1987)reportedthatplasmauricacidandurealevelswereincreasedin

ethanOl-treatedWistarrat.EthanOlincreasesplasmauricacidlevelbyenhanclngPurine

nucleotidedegradationanddecreasinguricacidexcretionbyproductionoflacticacid(Ni-

Shimuraetal.1994,Y瓦mamoto2003,Yimanaka1996)anditincreasesplasmaurealevel

bychangeOfaminoacidsmetabolicpattems(Bekairietal.1987,AvogarOetal.1986,

Erikssonetal.1980).Con$equently,Plasmauricacidandurealevelswerenotincreased

aRerhighdoseofα-EG(Thble4-1)di蝕rentlyfromethanolingestion.

Theexposuremightdisappearafterdiscontinuationofα一EGbecauseitwaseasilyex-

Cretedinto urine.α-EG might not
be accumulatedin body evenifα一EG would be
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reabsofbedbyrenalSGIJ盲inkidneysbecauseofexistenceofα-EGhydrolyzingenzymes

inkidneys(Chapterl).Furthermore,α-EGdidnotcausesevererenalimpairmentdi飴r-

entlyfromdrugSSuChasamino-glucosides(Chabneretal.2001,Kahlmeter&Dahlager

19$4).

Inconclusion,1ngeStedα-EGwasexcretedinurineasintactformWithincreaslngurine

VOlume.Kidneysweightwasincreasedandrenaltubulesweredilatedbyα-EGingestion

Withoutanydetectablehistopathologicaldamageonrenaleellsandadversee飴ctsonrenal

functionsintermsofplasmauricacidandureanitrogenlevelsinWistarrats.
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Chapter5

E蝕ctsofdiscotLtinuationofethyla-D-glucoside

bedingonki血eysandurinevohlmeinrats

InChapters3and4,mOStOfα掘Gingestedfromdrinkordietwasexcretedintourine

OfWistarratS.Fwthermore,authorreportedthatalargeam0untOfα-EGingestioncaused

OSmOticdiuresisanddikぬonofrenaltdbuleswithincreasedkidneysweight.Simi1arOb-

SerVati0nsOfosmotic diuresis andincreased kidneys weight
byingestingindigestive

SOlul)lematerialswererqxded.鱒aretal.1995,Oginoetal.1994,Ti1etal.1996).The

StudiesinChqdm3and4demonstratedthatdlisrenalmorphologicalchangebyα-EGin-

gestiondidnotrelatedtodetectablehistpp血0logicaidamageOnrenalce11sandadverse

dkctsonrenalfunctionsintermsofplasmauricacidandur飽1evels(Chapter4).Renal

hype血画andglomerularhyperhionhadrelevanCewithhyperglycemia(ChristianSen

etal.1981,Mogensen&Andersen1973,Stalder&Schmid1959),butsomeresearchers

Showedthatosmoticdiuresisinducedbydiureticswasdi飴rent蝕)mOSmOticdiuresisasso-

Ciated wi血hyperglycemia(Ishikawa et al.1980,Sladek&Knigge1977,Zefbe&

Robertson1983).Tiletal.(1996)柁pOrtedthateryddtolingestioncausedosmoticdiu托Sis

andincreasedkidneysweigld,andadversee飴ctsonkidneyswerenotobserved.

Whereutheauthorreportedthata-EGshowdosmoticdiuresis(Chapters3and4),

durationofdiu陀Sisbyα-EGremainedunkn0wn.InthisChaptentheauthorinvestigated

Whetherosmodcdiu陀Sisanddiladonofrenaltubulesbyalargeam0untOfα-EGわgestion

COuldbenormalizedafterdiscontinuationofa-EGingestionanddilationofrenaltubules

wasassociated南仏increaseofwaterelimination.
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Materia]sandMethods

Reagen也姐dAnimak

α-EGsamplesolutionwasobtained鮎mOzekiCo.andotherreagentswerepwchased

fromNacalaiTbsqueInc.MaleWistaqSTcleanratS(6血sold,Weighing120～140g)were

PurChased蝕)mJapanSLChc.Ca椚∋anduseoftheratsinthisstudyfo1lowedtheguide-

1inesofgoverrmentallegislationinJapanOntheproperuSeOfl曲oratoⅣanimals(1980),

andanimalexperimentswereapprovedbyethicalcoⅡ皿itteeofFacultyofAgriculturein

GifuUnlversity.

HPLCappmtusandan&Iytic&lconditions

α-EGwaskindlyanalyzedatOzekiCo.asindicatedinChapter3.Inbrief;thechro-

matogrqhicsystemequippedwithsugarcolumnandevaporativelightscatteringdetector

WaSused.ThecohmnwaselutedwithalineargradientofCH3CNandH20andflowrate

WaSSetatl.Omuminthroughout也eanalysis.

Conditionsoffbedingexperiments

R如SWereindividualレhousedinawirebottmstainlesssteelcageinatempera-

ture-COntrOlledrm(23±lOc)with12-hlighd12-hdad"yCle(1ight;6:00～18:00),and

WereglVenfreeaccesstopowderMFdiet.InExperlmentl,ratSWeredividedirdothree

groups(n=4),andwereadministeredeachtestsolutionadlibitumfor26daysasindicated

inparenthesis:Control-1group(tapwatet),α-EGgroup(0.29Mα-EG),Glucosegroup

(0.44Mglucose).InExperimerrt2,ratSWeredividedintotwogroups(rF5),andweread-

ministeredeachtestsolutionasindicatedinparenthesis:Control-2group(tapwaterfor42

days)andα-EGWgroup(0.29Mα-EGfor26daysfollowedbytapwaterfor16days).

Duringthefeedingperiod,drinkandfoodintakesweremeasuredeverydayand24-h

WaSCOllectedtocheckitsvolumeOnCeaWeek.

Attheeachendofthefeedingperiod,ratSWerekilledbywithdrawingbloodfromab-
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dominalaortausinga野rlngetreatedwith1%heparin-NaunderetheraneSthesia.Plasma

WaSObtairM,da鮎rcentrifugationofbloodatl,500xgfor20minat40cus1ngare鮎ger-

atedcenbi軸評RS-20IVInE甲慮mentsland2,α一EGinplasmaandurinewasanalysed

byHPLCmethodasdescribedabove.

Prepmtionofkidneyspecimenandhistopthologic&1test

Preparationofkidney甲∝皿enandhistppath0logicaltestwerekind&performedby

DLⅥmaiasdescribedinChapter4.Inbrietkidnqswere駄edwith10%buhdforma-

1in.Thetissues were then enibeddedinparaBh wax,SeCtioned,and stainedwith

haem呵1inandeosin(HE)(馳etal.1993).Photmicrographsofrenal甲eCimens

WereuSedforhistqpath0logicaltestandevaluationofdilatedlevelinrenal(distalandcol-

1∝血g)t血nles.

執a鮎鵬粗1独和鹿

StatisticalsignificanCeamOngmemSWaSeStimatedatP<0.05accordingtoANOVA

fo1lowedbyDuncan'smuhiplerangetest,Student'sJ｣teStandWtlch-teSt(Shirtio2004).

Rt慧Ⅶ1ts

Ttaruientdiar血eawasnotobservedandnomortalityoccurredinallrats.Glucosewas

notdetectedfromtheurineofal1ratsduringthee坪erimentalperiod.

Thble5-1stmadzeskidn野SWeightrelativetolOOgbodywei如plasmaα-EG

COnCentradonandothergrowぬparametersinExperimentl.TbtalfoodintakeintheGlu-

COSeanda-EGgroq)SWeredecreasedsigni丘cantlycomparedtothatintheControl-1group,

Whereasfinalbodyweightdidnot血owanysigmificantdi飴renceamOngthethreegroups.

Kidneysweightintheα-EGgroupwassignifican吋irM汀eおedcomparedtothatoftheCon-

trolandGlucosegroups･α-EGwasdetectedintheplasmaoftheα-EGgroup.Si如ficantly

higherdrinkintakeand血evolumeWereObservedintheα-EGandGlucosegroups(恥-
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ble5-1andFig.5-1).FurthermOre,thesevolumesintheGlucosegroupweresigni負cantly

higherthanthoseoftheα一EGgroup.a-EGwasdetectedinurineoftheratsfedα-EG

throughoutthefeedingperiod(Fig.5-2).

Thble5-2sumarizeskidneysweightrelativetolOOgbodyweight,Plasmaa-EG

COnCentrationandother卵W血parameterSinExperiment2.Nosi騨Ii丘cantdi飴rencewas

ObservedinkidneysweightbetweentheControl-2anda-EGWgroups.α-EGwasnotde-

tectedinplasmaattheendoftheexperiment(16daysaRerdiscontinuationofα-EG).Both

drinkintakePg.5-3)andurinevolume(Fig.54)intheα-EGWgroupweresigli丘cantly

increasedduringtheα-EGfeedi喝period(uptoday26),howeveちtheywerenormalized

afterdiscontinuationofα-EG(afterday27).Intheα-EGWgroup,a-EGwasexcretedin

urinethrough也eα-EG免edingperiod,andα-EGwasnotdetectedinurineonday28(Fig.

5-5).

Thedetai1sofdilationlevelas``nosigni負cantly-dilated'',"Slightけ-dilated''and"mod-

erateけJilated"areshownin
Thble5-3.No necrosis,inflammationand edema were

Observedinal1kidneyspeClmenSintemsofhi叫ad10logicaltest.
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1hble5-1tlodyweight gain,丘n&lbodyweight,tOblbodinbke,tOta)drinkint&ke&rLd

pl鮎川胴‖か正GcotLCentrationandki血eysweightinExperinentl

Control-1 EG Glucose

Bodyweightgain(g)

F血d叫wei由土(g)

1b也1fbodhねke(由

Ibtaldrinkintake(g)

Pla5maα-EG(mM)

Kidneys(g/100gBW)

154±5

2$5+2

480±12a

926+57C

ND

149+8

285±10

402+15b

155+3

292±5

299十15C

1452+89b 2709+134a

4.49+0.79 ND

0.66+0.02b o.74+0.02a O.60±0.02b

ND,nOtdetected;BW旭yweight

Ⅶuesammews±staJldardmorforfotJrratS.M弧inthesamerOWnOtS血ingthesamesuperSCriptaresigli丘cantly

di能代TTtatP<0.05.Thedrinksweretapwabrα‖ibit7Lm(Con廿01-1),029McL･EGsoludonadLibiL7Pn匹G),andO.44M

glu¢0封己SOl戚皿d肋肋抑(Glu¢0紀).

49



爪V

爪V

(-∈)芸叫JD

10 20

Feedingperiod(血カ

30

Fig･5-1tJrinevolume血血gthebedingperiodinExpenmentl

Urinevolu靴in鮎feedhgperiodwasplotted･TheCordrol-1group(○)wasgiven叫WateradLibhum,鮎a-EGgrotq)

(△)wasgivenO･29Ma-EGsolutionadlibitzLm,andtheG]ucosegroup(□)㈹5givenO.44MglLJCOSeSOIutionad)i仙un.

Meansinthe泌IledaynotshariqgdleSanV叫血血daresigni鰯cant&di飽和摘P<0.05.Eachpointrqpresentsm飽n±

S血de汀α匝=4).

(餌)U甲ぢ

10 20

Fe¢di喝匹rid(day)
30

Fig･5-2 aTEGiJltak"nditsurin&rye[CretionduringtheJbedingperiodinExpenmentl

u-EGjntakeaJlditsurinaryexcTTtionin鵬fbedingexperinlentWereeXamjned･α-EGintake(●)andα-EGexcretion(ス)

inthea-EGgrotq}WerePloued･Thea-EGgroupwasglVenO･29Ma-EGsolud仇ailibiium･払chpointism飽n±stan-

daJtLerror(n=4).
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1乱bkゝヱ 叫We短如g乱叫血血坤短叫血血1旭h血b,血血1d血ki血b8nd

pl鮎ma肘EG印nC仙鵬伽n姐d輌W咄thExp血助t2

C∝ぬ℃1,2 αtEGW

Bodyweightgain(g)

Finalbodyweight(g)

Tbtalfoodintake(g)

Tb也1血ink血地血e(由

Plasmaα一EG(mM)

Kidneys(gl00gBW)

198±7

332±8

793+10

1524+94

ND

O.58+0.02

220±7

353+8

730±19*

2034+109*

ND

O.62+0.01

ND,nOt血血;BW;叫Ⅵ毎払

Ⅶ1ue$arem3anS±ぬ血crrwfor負vet3tS.+Si匝血ydi飽陀Ⅱ一触m也8C00lroト2騨0叩atP<0■05･Thedrinks

weretapwaterad仙itumfor42days(ControJ-2).andO･29Mu-EGsolutionぬr26daysfollowedbytapwaterfor16days

α㍑肋肋間(かEGW).
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F短.58 D血k細胞d吐血g也e仙gped鵬hEx匹r皿emt2

D血kintakcintheftcdingperiodwasplohed.11)CConhl-2group(○)was由VentaPW血rfbr42daysadtibiLtLm,andthe

α-EGWgroup(△)w3SgivenO.29Mα-EGsoIu血Ifbr26daysfoJlowcdbytapw臆radLibhm･Eachrx)intrcpTCSentS

nⅦUl±standardcrrw(n=5)..Si如丘Ⅷltlydi熊mnt鮎m鵬ContTDト2gr仇IPa(Fh=0･05･Amwindicatdthedaywhen

testsoludonwaschazIgedhmu-EGsoludonLotapwah=rinthea-EGWgroup･

爪V
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Fee亜ngped鵬(血y)

椚g.5｣し1U血eY血me血血g仙e姐gped血hE画m粗t2

Urincvolumcinthetbedingpedodwaspl鵬止T7teContTOト2gmup((〕)wasgivcntapw如rlbr42daysadLibitum､and

thccL-EGWgroup(△)wasgivcnO･29Mα一也Gsoludonfbr26daysfolJowcdbytapwatqfbr16daysadHbLhJm･馳ch

tnintTqTYSCntS一一暇ul±standaJtLeTTOr(n=5)･+Signi丘candydifht鮎m也eControl-2groupaLfkO105･^mwindi-

catedthedaywhente$tSOlutionwaschanged鮎mu-EGsolutjontotapw如rinthea-EGWgroup･
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F短･ゝ5 肘EGhhb姐d細川血a町eⅨ代血n血血喀血e叫画hE司鱒血ent2

α-EGintakeanditsurinaryexctt,tionofin止忙fbedhgexperirrmtweTt:eXamined.a-EGintake(○)azda-EGexcTCdon

(×)inthca-EGWgrt)uPWerCpIottcd･¶lCtl-EGWgrmpwasgivenO.29Ma-EGsoIl血nfor26daysfo1lowedbybp

Waterfor16血ysadHbihm･EadhpointisⅡ忙an±staJ)dardemw(n=5).Am"indjcaledthedaywhentestsohonwas

Changedfroma-EGsohdontotapwah訂in血ea-EGWgroup.
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1bble5-3 EvduationoImorphoIogicdchngesjnkidneysinEI匹rimentsland2

Contml-l α-EG Glqcose Control-2 α_EGW

鮎血eys(可 (勺

Nosigmi丘cBLnt 3

Slight l

M血 0

(4) (4)

0 3

3 1

1 0

(5) (5)

2 0

3 5

､0 0

鮎血甲SW耶即血血血劇癒姐Ievelぉ`bo感騨通叫撼1曲ば',`憾卵y｣並鹿ぽ,α`嘲,.鮎血甲S

Were丘xedwithlO%bll脆redf加malin･T址tissucswerecmtxxkIedin騨m餓nⅧ,父Cdoned,andstaincdwithhaema-

toxylinande00in(HE).Fortbedingconditi0喝SCCkgetKIforThbles5-1and5-2.
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Diseussio且

D血gtheαTEGfeedingperiod,ratSinthea-EGandaTEGWgroupsreceived血

3･4and3･2gα-EG/day,reSpeCtive]y･Tbeywerenearlyequaltotheamountsinthestudyof

Chapter4inwhichratswerereceiveda-EGconhiningdiet(2.0～4.2gα-EG/day).Inthe

α堰Ggro叩,urinevolumeincreasedwithincreaslngdrinkintakebya-EGingestion,and

α-EGwasdetectedinurineath妙concentradons(62～74mg血Lurine).Theseresults

SuggeStedthatα一EGwasassociatedwid10SmOdcditJreSis･FurhemorealargeamountOf

α-EGingestioninduceddilationofrenaltubulesandincreiLSeinkidneysweightwithout

adversee飽ctsonkidneysintemuofhistppathologicaltest(職bles5-land5-3),Whch

WereCOn$istedwithpreviousstudy(Chapter4).Someresearchersrqxwtedthatosmotic

ditmsisinducedbymamitolorhypertOnicsodium血loridesoMonwasshowntObe

m血dけdi触氾thmosmodcdiuresisassuiatedwithhyperglycemia(ChristianSenetal.

1981,Mogensen&Andersen1973,Sladek&Knigge1977).Ontheotherhand,inthe

Glucosegroup,drinkintakewas血utl.6-foIdshigherascomparedtothatoftheα-EG

group･Wも飢ratSreCeivedcarbohydratesohtimadHbiium,SuChasglucose,itsintakewas

matkedlyelevated(Mobketal･1983)･Consequently;increasingofdrinkintakeincreased

urinevolume(1･5～2･3-foldshigherascomparedtothatofthea-EGgroup).Tncreasein

urinevolumeintheGlucosegroupwassimplewaterexcJ℃tionandwasnotaccompanied

bydiuresisdi飽血y伽mtheα-EGgroup.AlthoughmoreurinewasexcretedintheGlu-

COSegrOuPaSCOq)aredtothea-EGgrotp,increa紀inkidn甲SWeight(恥ble5-1)and

markeddilad皿Ofrenaltubuleswennotobserved仲ble5-3).Theseresultssuggestedthat

di如ionofrenalhd)ulesandincreasedkidneysweightwerenotinducedbyincreasedwater

eliminati皿inkidneys･Tiletal･(199句rqxdthatalargeam0untOfe巧他ritolingestion

increasedkidneysweightandtheysuggestedthatincreasedkidneysweightmightreflect

theincreaseddiuresisand耶ddoadthatwasassociatedwiththeeliminadonofalarge
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am0untOfabsotbederythritol･FurdlermOre,0ginoetal.(1994)rqxxtedthatosmotic

diuresiscausedbyⅥ陀ainhionwasdb別汀VedinnmalWistarrats,andtheyconcluded

thatincrea$einrelativekidneysweightwasnotcausedbyfluidaccumu)ationbutrenalhy-

PertrPWhyperPlasiabecaweproteincontentinthekidneyswasincrea駅d(Baretal.

1995)･Proteincontentinkidneyswasnotdeterminedinthisexperiment,buttheresultsin

Experimentsland2indicated血如therenalmo甲hobgicchangesintheratsfbda-EG

mightbecausedbyworkloadthatwasnotassociatedwithsimplewatEmliminationbutthe

eliminad皿Ofalargeam0untOfabsorbeda-EG

hthea-EGgmup,a-EGwasnotdetatedinthetxineonday280fBedi喝period

W鮎chwascollectedoveraperidof24～48ha鮎rdiscontinuadonofa-EGAccordingto

TbagueetaLQ00勺usingthelHNMR甲∝加SCqPymethod,a-EGwasstilldetectableup

to28ha触ringestionintheurineoftheTTnnWhot00kSake･Thedi能rencemightbe

drm丘omthedi銃刑班CeSinlimitofdetection.Howeverα-EGexcredonintourinewas

rapidlydeclinedwithin24haRerdisc血ion伊ig.5-5),anddrinkintakeandurineex-

Cretionintheα-EGWgroupwerenormalizedabrdiscondnuad皿Ofα-EG(Figs.5-3and

5-4)･Theseresultsindicatedthato弧雨cdiuresisbya-EGwastranSierLt.Furthermore,be-

twecnthea-EGWandControlgrol甲S,nOSl評i重cantdi飴托nCeSindilationlevelofrenal

tubulesandkidneysweightwereobservedCThbles5T2and5-3),Whichsuggestedthatdila-

tionofrenaltdbuleswouldnotprpgressa触rdiscontinuad皿Ofα-EGandtendtobe

n∝m血.

Activetransportsystemforsug椚(SGIJ))distributedinsmallintestinehasbeen

ShowntOplqyan叫匹血mtroleinthetransportofa-EG(LandaAletaZ.1962,Rmaswamy

etal･1976),andSGI胸distributedinrenalpmximaltubuleshuuportedalkylghwosides

(Kippe(a/･1996)･TheI℃forcapartofα-EGmightbereabsorbedbytheserenalabsorption

SyStemS･Plasrrnα-EGⅧdetectedintheα-EGgmup(Experimentl),dereasitwasnot
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detectedintheα-EGWgro叩inw出血a-EGingestbnwasdisco血edfor16days(Ex-

Periment2)･lnChapterl,theaudlCqShowedthata-EGhydrolyzingacdvitywasdetected

incrudeenzymeSOhdonpreparedbmratkidneys･Thereforeα-EGwashydrob2X:din

kidneysev蝕ifα-EGmightbereabsodxxlinkidneys･C皿Sequendy;α-EGmightnotbe

retainedinbody･Atpresent,theacctmteinformad皿蝕retenti皿timeofα一EGinbody

remainsunkrmHowewthehistoryofα-EGingestimmightnotbebbservedinblood

atleastover16daysandinurineatleastover2days･

Inconclusion,a-EGdjsqppeared丘omurineandplasmaaReritsdiscontinuation,fur-

themoreosmoticdiu托Sisbya-EGwastransient･Dilationofrenal血buleswithinmasmg

kidneysweightbyala喝eam0untOfa-EGinges也onwasnotcausedbyincreasingwater

eliminati皿anditwasnotprogressedbyitsdiscontinuation.
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Conclusion

Ethyla-D-glucoside(αTEG)isapeculiarco叩nentinSake,JapaneSetraditi皿alal-

COholbeverage(Hayakawae･(at.2(X札7manari&rThum1971,Oka&Sato1976,Okaet

al･1976)･TherehJapaneSehaveぬninges血gα-EGbmSakesinceanCient血凪

HoweverfewresearchpqpersdealingwiththemetabolicstahBOfα-EGingestedhasap-

Peared･Thepurposeofthisstudywastorevealhowa-EGishydrolyzed,absorbed,

excretedandhowita触tsanimalbodyPhysiologically.

Hydrolyzingacdvityforα-EGwasdetectedincrudeenzymeSOlutionspreparedfrom

SmallintestinalmucosaandkidneysofWistarJ7ItS(Chapterl).lntheexperimentusing

CrudeenzymePrePared鮎mT71tintestinalacetonepwdeTlhydrolyAmgactivityforα-EG

WaSmuChlowerthanthosefordisaccharides(¶血Iel-1).α-EGshowedmixed-tyPeinhibi-

血阻払r血toseandsumsehydro吋sis伊igs･1-3and14),SuggeS血gthatα-EGmightbe

hydrolyzedbyInaltaseandsucraseinratsmal1intestine･Notallofingestedα-EGwashy-

drolyzedinsmallintestine,aJldαTEG既e画hmhydrolysisinsmallintestinewas

absobedintobloodstreamhroughthesmallinteshalwall(Fig.2-1andThble3-1).Alkyl

glucosidesweretransported皿bradborderme血brarLe血smallintestinalrmcosaviaso_

dium-dependentglucosetransporter,type1(SGLrl).AccordingtoLandaueta].(1962),

α一EGwasextensivelyconcen血ineNertedhamsterintesdnalsac.FurthemoreRamas-

W孤nyetal･(1976)dmtratedthatintestinalSGIJbnnsportedEthylP-D-ghlCOSide

(β-EG)･As血糊inChapter2,αTEG曲sorptionwasreducedbyehminadonofsoditm-ion

丘omexperimentalsolutionandadditi孤Ofphlorizininm眠OSalsolution,伊igs.2-3and

2ヰ)usingevertedratintestinalsac,SuggeStingthata-EGwasabsortxdthroughthesmall

intestinalwallviaSGIJlinbruShbordermembraneand鮎ilitativeglucosetranSpOrter,

type2(GLUrT?)inbasolateralmembmne,andconsequentlyia-EGwasabsohedintoblood
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hrenalproximaltdbules,P-alkylglucosideswidl血鵬alkylchainwerebanSPOrtedby

SGLTb(Kippeta[･1996)･Probably;apar(Ofα-EGmightbetdsorbedbytheserenalab-

SOq)ti皿SyStemS･HowevehaPPrmately60～90%ofα-EGhgestedwas既α℃tedinto

urineoftherats免da-EG(ChapteTS3～5)･Furthemm狛mereSearChersrepdedthat

α一EGwasexcretedintourineevenwhenaminuteam0untOfα-EG(1-7mg/mL)wasin-

gested(Inuari&Thmura1971,Tbagueetal･2004)･Tbeseobservationssuggestedthat

α一EG負1teredinkidneyswasnotcotnpletelyreabsorbedbackintobloodstreiLm.

InChapters3～5,α-EGwasdetectedin血eoftheratsLbda-EGathighconcentration

(morethan60mghnLurine).FurthermoreminevolumeOftheratsfedα-EGincreasedwith

increaseha-EGconsunpti皿(Table4-1andFig.4-1).ⅥleSereSultssuggestedthatα-EG

excretedintourineincreasedurinevolumebyosmoticdiuFeSis･Asdescribedabove,a-EG

WaSeXCretedintourineofthemanWhot00kSake(lmanari&T如11Lm)97l,Tbagueeta[.

2004)･Fromtheseresults,itwasstmisedthatalargeamdofa-EGhgestionmight

COmibutetoosmodcditmsisinhtmaJ)aSWellasinrats･OndleOtherhand,aRerdiscon-

tinuadonofα薫Gingesdon,itsc孤Centrad皿inurinedeclinedrapidlywithh24h,and

urirLeVOltmewasrLmlizedげigs･5-3and54),Whichindicatedthatosm)ticditmsisby

α-EGⅧ廿ansient.

A血苫eamO皿tOfa-EGingesd皿CauSeddilad皿Ofrenalttibulesandincreaseofkid-

neysweight(Thbles4-2and5-1)･bm5eSinkidneysweightanddihtionlevelofrenal

tubuleswereTdatedtothedietaryα-EGlevel(Thble4-1andFig･4-2)･Theabsenceofany

detectablehist叩athologica]damageinkidneysattestedthe.ackofanyadversee能ctsof

α一EGupto20%dietarylevel(Chapter4)･Asforrenalfunctions,plasmauricacidandurea

levelswerenotincreaseda鮎rhighdoseofa-EG巾ble4-1)･Thusalargeam0umtOfα-EG

ingesti皿didnotshowadversee触tonkidneys･伽dleOtherhand,nOincreaseinkidneys
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Weight(恥ble5-1)andnoTnarkeddilad皿Ofrenaltuhulesweredbserved(Table5-3)inthe

rats氏dglucosesolutionalthoughurinevolumewasmuchhigher(Fig.5-1).hcreasedurine

VOlⅦneintherats免dghcosesoldionwasnotas甜Ciatedwithditmsisbutsi叩Iewater

excretion･The$ereSultsindicatedthattherenalmorphologicchangeSintheratsfedα-EG

mightbecausedbyworkloadthatwasnotassociatedwithsimplewatereliminationbutthe

eliminationofalargeamountOfabsorbedα-EG

α-EG was hydrolyzedby crude enzymeprep訂adon斤om rat kidneys(Fig.1-1).

Thereforea-EGmight鋤tberetainedinbodyevenifa-EGwasreabso血力byrenalSGIJ』.

Tbehistoryofα-EG血gestionwasnotdbservedinblodandurineatleast16daysand2

daysaRerα-EGdiscontinuation,reSPeCtive]y.(rtbble5-2andFig.5-5).

α-EGwasalowcaloricfoodcomponentbccauseitwaspoorlyhydro)yzedintherat

bodyandeasilyexcretedintourine･h血ctfeede蝕ienciesoftheratsfedα-EGcontaining

dietsshowedsigni丘cantlowvahes(恥ble4-1)dqxmding皿α掘Gcont孤tindiets,and

lowenergyⅥ血眼Ofα-EGreflectedondecreasedhttypadsweightandbodyweightgain

ぐ払ble4-1).

α-EGshow由weakinhibitionforhydrolysisofdisaccharides(maltoseandsucrose)by

Crudeenzyme丘omratintestinalacetonepowder(Thblel-2).Asshownin職blel-2,IC5｡

Vabes(CmCenbdmrequiredfor50%inhibitionofthereacdon)ofα一EGformaltoseand

SuCrOSebydrolysiswerehigherthanthatofard)inoseandacatbose.E飴ctofα-EGasin-

hibitorfordisac血arideshydrolysiswasweakcoq}aredtothatbyarabinoseandac訂bose.

Eitametal･(1997)rqxdedthatα-EGappliedtomouseskinshowedphysiological

e飴ct,anda-EGinmediumwasacceleratedcellditR3mtiadon･Inthisinvesdgation,intact

formOfα-EGwasdetectedinplasma･T鮎ssumisedthepossibihtythatα-EGmighta飴ct

Skince11di能rentiadonbyingestionwithoutdirectapplicationtoskin.

hconclusion,Onlyapartofα-EGhgestedwashydmlyzedinsma11intestine,and
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mostofitwasabsoぬedintoblodstreamaSintact払mthroughthesma11intes血alwal1

ViaSGIJlinbruShbordermembmneandGLUT2inbasolatera]membrane.α-EGab_

SOrbedinbloodsぬmwashydrobzedinkidneystosomeex叫butalmostofpl

α-EGwasexcretedintominewithincreaseinurinevolumebyosmodcdiuresis･Kidneys

Weightwasincreasedandrenaltbbulesweredilatedbyal喝eamOuntOfα-EGingesdon

withoutanydetectablehistopath0]0gicaldamageOnl℃mlce))sandanyadversee能ctson

renal蝕肛tionsintermSOfplasⅡ迫uricacidandureanitrogmlewIsinⅥstarrats.Osmotic

ditmsisbyαTEGwasnotapermanentPhenomen叫anda-EGdisappearedhm血eand

Plasma血ritsdiscontinuation･Furthermmdibi皿Ofremltubuleswidlincreaslngkid-

neysweightwascausedbylargeamountofa-EGehminati皿anditdidnotgetprogressed

血enα-EGingestionwasdiscontinued･加wasalsofotmddlata-EGwasaninsu-

1in-indqQdiuretic,andless一皿bidvegIu00Side,Whchwassafelyapplicabletofood.
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