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TherapeuticagentsareessentiaItoovercomediseases，butsomedrugsshow

seriousproblemsinrarecasesintheirclinicaltreatment・Theaimofthisstudywasto

clarifythemechanismofthepharmacokineticsoftherapeuticagentsasadirect

considerabIeefforttowardimprovingthetherapeuticindicesUptakeofnafamostat

mesilate(ＮＭ)acrossthebasolateralandapicalmembraneofproximaltubularcelIs

wａｓｅｘａｍｉｎｅｄｍＷｖＯａｎｄｍｖｉｔｍｏ､TheinfluxofNMacrossthebasolateralmembrane

shouldcausetheaccumulationofNMinthekidney，resultinginthesideeffectsof

hyperkalemiaGrepafloxacin,asubstrateofmuItidrugresistanceassociatedproteins

(MRPs)，isreportedtohaveaweakphotosensitizingaction，likeother

fluoroquinolones・lfoundthatMRP1wasinvoIvedintheexcretiOnofgrepafloxacinin

theskin・Inaddition,transdermalpermeationof[3H]flurbiprofenand[1℃]indomethacin

wascharacterizedtoinvestigatethepossibleinvolveｍｅｎｔoftransportersinthe

transdermalpermeationoftwodrugs・EffectsofunlabeIedcompounds,mediumpH

andATP-depressorsweredeterminedExpressionprofileofxenobiotictransporters

wasscreenedintheskinofhairlessmouseandhuman・Idemonstratedthepossible

invoIvementofacertaintypesofnonlineartransportmechanism(s)inthetransdermal

permeationoffIurbiprofenandindomethacin．

ｍＨＵｕｎＵｎｎｎロﾛｕＵｕnｕ罰、

Nafamostatmesilate(ＮＭ),anorganiccationiccompound,hasbeenreportedto

accumulateinthekidney，whichwasproposedtobIocktheurinarysecretionof

prostasin，resultinginthesideeffectsofhyperkalemiaand/orhyponatremiainrare

cases，lattemptedtoclarifythemechanisｍｏｆａｃｃｕｍｕｌａｔｉｏｎｏｆＮＭｉｎｔｈｅｋｉｄｎｅｙin

chapｔｅｒＩ、Idemonstrated，bykidneyuptakeindexmethodmWVo,thatanorganic
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cationtransportsystem(s）seemslikelytobeinvolvedinNMuptakeacrossthe

basolateralmembraneofproximaltubularcells,TranscelIulartransportofNMacross

culturedmonolayersofLLC-PK1cellsfromthebasolateraltotheapical(ＢｔｏＡ)ａｎｄ

fromtheapicaltothebasolateral(ＡｔｏＢ)directionswasexaminedatdifferentinitial

concentrations・TheBtoAtransportwasdecreasedsignificantlyathigherinitial

concentration,suggestingtheinvolvementofsaturabletransportsystem(s）inNM

transportintheeffluxdirectionUsingXenOpus/aevisoocytesexpressingsystems，l

demonstratedthatNMwasasubstrateoforganiccationtransporters(OCTS)suchas

rOCT1,rOCT2andhOCTawhichareexpressedinthebasolateralmembraneof

proximaltubularcellsd

lntheuptakeofNMbybrush-bordermembranevesiclesisolatedfromrenalcortex

ofrats，atransportsystemwasalsoinvolveｄｉｎＮＭtransportacrosstheapical

membraneofproximaltubules,Nosignificantuptakeof[１℃]NMwasobseⅣｅｄｂｙ

ＨＥＫ２９ＳｃｅⅡｓｓｔａｂｌｙｅｘｐｒｅｓｓｉｎｇｈＯＣＴＮ１ｏｒｈＯCTN2comparedwithmockcelIs，

suggestingthatNMwasnotasubstrateofOCTNsThetransportof[3H]daunomycin，

atypicalsubstrateofP-gp,iｎｔｈｅＢｔｏＡｄｉrectionwasgreaterthanthatintheAtoB

transport,butnodirectionaltransceIIulartransportofNMwasobseⅣedsuggesting

thatNMwasnotasubstrateofP-gpTheinfluxofNMfromthebasolateralmembrane

shouldresuItintheacCumuIationofNMinthekidney・ThereasonwhyNM

accumuIatesinthekidneyｉｓ１ｉｋｅｌｙｔｏｂｅｔｈａｔｉｎｆｌｕｘｏｆＮＭａｔｔhebasolateral

membraneasasubstrateofOCTsishighlyefficient．

n口nｍｕｃｕ「ＩIＩＬ 瓜HHI

Skinisadynamicorganhavingvariousdefensemechanismstoprotectthebody

fromenvironmentalfactors・Grepafloxacin,afluoroquinolone,isasubstrateofMRP1，

andisreportedtohaveaweakphotosensitizingaction，likeotherfluoroquinolones、l

determinedtissue-to-plasmaconcentrationratio(Kpvalue)ofgrepafloxacininmice，

andfoundthatKpvaluesofgrepafloxacinintheskinofMrplknockoutmice

(FVB/Mrpl(-円）wassignificantlyhigherthanthatｏｆｗｉｌｄｍｉｃｅ（FVB/Mrpl(+/+))，

whereasnodifferencewaSobseⅣｅｄｉｎｔｈｅｐｒｏｆｉｌｅｓｏｆｔｈｅｐｌａｓｍａｃｏｎｃentration

betweenFVB/Mrpl(-人)andwildmiceFurthermore,lobtainedtheconfocalimagesof

l-[2-amino-5-(2,7-dichIoro-S-hydroxy-S-oxo-g-xanthenyl)phenoxy]-2-(2-amino-S‐

methylphenoxy)ethane-ﾉWWWV-tetraaceticaciｄ(fluoS),afluorescentsubstrateof

MRP1，ｉｎｔｈｅｓｋｉｎｓＩｉｃｅｓｍＷｔｍｏ・AccumulationoffluoSintheskinsIicesofhairless

micewasincreasedbyprobenecid(２，Ｍ)ａｎｄＦＣＣＰ(51-1M),butnotbyTEA(２，Ｍ)．

AccumulationoffIuoSintheskinslicesofFVB/Mrpl(-/-)wassignificantlyhigherthan

-259-



thatofFVB/Mrpl(+/+)micasuggestingthatMRP1isinvolvedintheeffluxoffluoSas

aneffluxｐｕｍｐｉｎｔｈｅｓｋｉｎＭＲＰ１ｉｓｉｎｖｏｌｖｅｄｉｎｔheeffluxofxenobioticsintheskin

ioftransdermaItransportoffIurbiＤｒｃnａｒａｃｔ nｄｉｎｄｏｍｅｔｈ

TransdermalrouteisfrequentlyutilizedfordeIiveryofpotenttherapeuticagents

withlowmolecularweight,andoffersseveraladvantagesoverConventionaIdosage

formsLogPvaIuesofdrugswereusedtopredictthepotentiaIoftheirtransdermal

permeation,andIipophilicityoftheenhancerswasthoughttoplayamalorroleinits

activityHowever,althoughthelogPvalueofflurbiprofen(424)issimilartothatof

indomethacin(3B),thetransdermalpenetrationofflurbiprofenismuchhigherthan

thatofindomethacin、Icharacterizedandcomparedthetransdermalpermeationof

[3H]fIurbiprofenand[1℃]indomethacin,byuseoftheUssing-typechambermethocL

Thepermeabilityinanabsorptivedirection(Pabs)ｏｆ[3H]flurbiprofenwasmuchhigher

thanthatof[１℃]indomethacin,whereasthepermeabilityinasecretorydirection(PS.。）

of[3Hlflurbiprofenwasalmostsimilartothatof[j4C]indomethacin､Suchphenomenon

maynotbeexplainedbythepassivediffusionofthesecompoundsthrough

multilayersofepidermiscells,Transdermalpermeationof[3H]flurbiprofenisincreased

withtheincreaseinitsinitialconCentration,suggeStingthatnonlinearmechaniＳｍ(s)is

invoIvedinthepenetrationofthiscompoundTheaccumulationofboth

[3H]flurbiprofenand[１℃]indomethacininanabsorptivedirectionremarkablyincreased

(180-foIdLwhereasthePabsoftwocompoundsincreased50-foldand22-fold,

respectively,withthedecreaseinpHvaIuesfroｍ７４ｔｏ５０､Thus,theincreaseinPabs

offlurbiprofencannotbedescribedbytheincreasｅｉｎaccumulationofthetwo

compounds，butatypeofproton-dependentmechanismshouldbeconsidered、ln

addition，coadministrationofATP-depressorssignificantIydecreasedthePabｓｏｆ

[3H]fIurbiprofen,butslightlydecreasedthatof［1℃]indomethacin，suggestingthat

ATP-dependenttransportsystem(s)areinvoIvedintheabsorptionof[3H]flurbiprofen，

ratherｔｈａｎｔｈａｔｏｆ［１℃]indOmethacinlfoundthattheexpressionofxenobiotic

transporters,suchasMRP,OATROCTNandMCTfamilymembersinhumanskin,

ｗｈｉｃｈｗａｓａＩｍｏｓｔｓｉｍｉｌａｒｔｏｔｈａｔｉｎｔhehairleSsmouseskinFurthermore，I

characterizedthetransportoftwoNSAlDSinhumankeratinocyte(HEKOO1cells).In

agreementwiththeresultsoftransdermalpermeation，effectsofunlabeled

compounds，mediumpHandATP-depressOrswereobseⅣedInaddition，high‐ａｎｄ

Iow-affinitytransportwasobseⅣｅｄｉｎｔｈｅｕｐｔａｋｅｏｆ［3H]fIurbiprofenjbutone

componentwasobservedintheUptakeof[１℃]indomethacin,inagreementwiththat

theaffinityoftransdermaItransportof［3H]flurbiprofenwashigherthanthatｏｆ
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[１℃]indomethacin・IdemonstratedthepossibIeinvolvementofacertaintypesof

transporter-mediatedmechanism(s)inthetransdermalpermeationoffIurbiprofenand

indomethacin．

学位論文審査結果の要旨

腎臓は薬物を排泄する主要な臓器であり、尿細管上皮細胞の形質膜に発現する薬物トランスポーター群が

分泌や再吸収の分子機構として認識されつつある。一方、皮膚は他臓器に比べ細胞間液の容積が大きく血漿

中と同レベルのアルブミンが存在するため、薬物の主要分布臓器の一つと考えられるが、皮膚での物質透過

は主に角質層が形成する物理的バリアーに依存すると考えられてきた。本研究は、腎への蓄積により副作用

である高カリウム血症が引き起こされると考えられるセリンプロテアーゼ阻害薬nafamostat（ＮＭ）の腎移

行、ニューキノロン薬grepafloxacinの皮膚への分布、ならびに非ステロイド性抗炎症剤Hurbiprofenの皮
膚透過機構に焦点をあて､両臓器における薬物の分布と排泄に関わる分子機構の解明を目指したものであり、
以下の点が明らかとなった。

１）ＮＭの腎移行には、尿細管血液側膜に発現する有機カチオントランスポーターＯＣＴによる効率的な取

り込みと、管腔側膜上の有機カチオントランスポーター群による認識性の低さが関係すること。

２）皮膚には種々の薬物トランスポーター群が発現し、中でもmultidrugresistanceassociated

protein（MRP）１は皮膚において排出ポンプとして機能し、基質であるgrepafloxacinの皮膚への分布に関
与すること。

３）Flurbiprofenの経皮吸収およびkeratinocyteへの取り込みには、濃度依存性、ｐＨ依存性およびエネ
ルギー依存性を示す何らかの輸送機構が関与すること。

以上の結果は、ＮＭの腎移行と副作用発現機構の解明や今後の適正な薬物療法に有益な知見を与えるもの

と考えられた。また、皮膚における薬物輸送にトランスポーターが関与するという知見は本研究が初めての

ものであり、経皮投与製剤の開発において有用な情報と考えられるため、本論文は博士（薬学）論文に値す
ると評価された。
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