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Abstract   

Theprotectiveeffectsofeffbctsofalglnicacid，aWaterSOlubledietaryfibercontainlngln  

abrownmarineplants，OnthetoxicltyOfCdinthel－atPrlmaryhepatocytecultureswere  

studied・CytotoxicitywasassessedbymeasurlngCellviability，eXtraCellularlactic  

dehydrogenase（LDH）activity，andintrace11ularlipidperoxidationandactiveoxygenspecies・  

PrimaryhepatocyteculturesweretreatedwithlO9CdC12（5，100r50FLMCdandl・85KBqof  

lO9Cd／well）for30min4h Alginicacidwasaddedtotheculturemediumtomakethefinal  

COnCentrationoflOOFLMandincubatedfor4・5hin30minCdexposureorlhin4hCd  

exposure・DecreasesinthehepatocyteviabilitycausedbyallCdexposureconcentrationswere  

slgnificantlypreventedbytrea［mentwithalglnicacid・Thetreatmentwithalglnicacidfor4・5  

hafterCdexposurefor30minslgnificantlypreventedincreasesinextracellularLDHactivity・  

IncreasesinthelipidperoxidationinhepatocytesexposedCdfor30minor4hwereprevented  

slgnificantlybytreatmentwithalginicacidfor4・5horlh，reSPeCtively・Moreover，the  

increasesinthelevelofactiveoxygenspeciescausedbyCdexposurefor30minwere  

significantlypreventedbytreatmentwithalginicacidforl・5h・Thesefindingssuggestthat  

alginicacidprotectsagalnStthecytotoxicltyOfCdinratprlmaryhepatocyteculturesandthat  

theprotectiveeffectsofalginicacidpresumablyresultfromadecreaseintheCdlevel，the  

effbctivesequestrationofthereactiveCdion，andthedirectpreventiveeffectontheactive  

OXygenSPeCiesinthehepatocytes．  

KqYIWdk：Cadmiumcytotoxicity；Primaryhepatocytecultures；Alginicacid；Detoxication  

targetorganforCd afteracuteexposurein  

laboratoryrodents6）andthel・eSultanthepatic  

necrosisafterCdexposuremayplayaroleinthe  

lethalityafterexposure・Repeatedexposuresof  

rats tolowdailydosesofCdover6months  

resultedinliverlnJuryprlOrtOtheonsetofrenal  

damage and the effectsinliverincluded   

l．Introduction  

Liverplays animportantrolein the dis－  

POSitionofcadmium（Cd）．Theliveraccumulates  

substantialamounts ofCd after both acute and  

Chronictoxicltyl・2），WhichresultsinhepaticlnJury  

duringt）Othtypesofexposure3‾5）．Theliverisa  
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elevationsinplasmaactivitiesofalanineaminoq  

transferase（ALT）andaspartateaminotransfbrase  

（AST）and decreased structuralintegrity of  

hepatocytes7）・Resentlywehaveshownthatthe  

newditiocarbamatesofeffectivechelatorsofCd，  

N－benzylLD－glucaminedithiocarbamate（BGD）8－10）  

and N－P－hydroxymethylbenzyl－D－glucamine  

dithiocarbamate（HBGD）‖・12）are moreeffective  

than otherdithiocarbamatesindecreasingCd  

levelsintheliverand kidneyinCd－tl・eatedrats  

and mice withoutl・edistribution ofthe metalto   

tissues such as the brain，teSteS and heart．Our  

studiesalsoindicatedthatanincreaseinthe  

PlasmaASTactivlty afterCd administration，  

Whichis abiochemicalevidence ofhepatic  

damage，WaSPreVentedbyBGDtreatment13）and  

that BGD tl、eatment prevented Cd－induced  

decreasesintheactivitiesofASTandALTinthe  

liverandkidneyindicatingtheacutehepaticand  

renaltoxiclty14）・   

Theutility ofisolatedrathepatocytes as a  

modelsystemforscreenlngPOtentialchelatorsin  

treatmentofCddetoxicationwas studied15）．The  

effects of diethylenetriaminopentaacetic acid 

（DTPA），ethylenediaminetetraaceticacid（EDTA），  

diethyldithiocal・bamicacid（DDC），and2，3－di－  

mercaptopropanol（BAL）inthehepatocytemodel  

SCl◆eening system correlated wellwith their  

reportedinvivoeffectsofCd were studiedin  

PrlmaryCultures ofrathepatocytesincubated  

WithCdC120rCd－diethyldithiocarbamate（Cd（－  

DTC）2），1abeledwithlO9Cd－6）．Thelipid－SOluble  

COmPlexCd（DTC），WaSraPidlytakenupintothe  

cells and a maximalconcentration wasl・eaChed   

aftel・4hincubation．The results fl・Om these  

StudiesshowthatDTCcanincl▲eELSe［hetransport  

OfintothecellbycomplexformationwithCd．   

rnlePreSentStudywasundertakentoexamine  

theeffectsofalglnicacid，aWaterSOlubledietary  

fibel’COntaining a cellwallviscosity poly－  

SaCCharideofbrownalgae，OnthetoxicltyOfCd  

intherathepatocytepl◆1maryCulttlreS．   

2。Materialsandmethods  

2．ノ．凡勉feJイ∂Jぶ  

109Cd（specificradioactivity，1・85MBq／FLg）  

WaSObtainedfromJapanRadioisotopeAssocia－  

tion．（Tokyo）．Alginic acid and CdC12WaS  

ObtainedfromNakal・aiTesque（Kyoto）．3－（4，5－  

Dimethyl－thiazolq2－yl）－2，5－diphenyltetrazolium  

bromide（MTT）was obtainedfl・omSigma（St．  

Louis，MO）．Allother chemicals wel・e of  

analyticalandreagentgrade．  

1一・JI′り……い∫＝仙Jハイ－叫′け－－J′Jい＝∫Jり高叫、  

ム甲∂わり′把CU〟M℃5rO（V   

The hepatocytes were isolated from male 

Wistarl．atS（KyudoCo．，Ltd．Ltd∴Kumamoto），  

Weighing150－200g，bythemethodofBerryand  

Friend17）．Ce11viabilityrangedfrom95r98％as  

determinedbyMTTassayMethod18）．   

Primary cultures of hepatocytes were  

establishedbyseeding7xlO5cellsonto6MWell  

Plateor7xlO4cellsonto96MWellplateandthe  

Platesincubatedfor24hwiththegl・owthmedium  

at37℃inatmosphereof5％CO2and95％air．  

ThegrowthmediumwasEagle，s minimum  

essentialmedium（MEM），PH7．4，（NissuiPharm．  

Co．，LtdリTokyo）with5％fetalbovine serum  

（FBS）（GibcoLab．，Gl・andIsland，NY）andO．03％  

しglutamine．   

After attachmentofcells to the plate，the  

growthmediumwasremoved．Thecultul・eSWere  

washedbyHank’sbalancedsaltsolution（HBSS）  

（Sigma ChemicalCo．，St．Louis，MO）and  

treatedwithCdC12（2，5，10and50FLMCd）in   
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HBSSat37℃．   

Controlexperimentswereperfol・med atthe  

SameCOnditions without－09CdC12，reSPeCtively．  

Dataobtainedwereexpressedasapercentageof  

eachcontl・01．  

dichlorofluol・eSCein（DCF）fol、med．Fortheassay  

OfCd accumulation，attheendofincubation，  

l・adioactive medium was removed and cells wel・e  

WaShedthreetimeswithPBScontainlng2mM  

EGTA．Cellswereco11ected and addedlmlofl  

N NaOH. Cd content was determined by an 

Aloka auto wellgamma scintillation counter  

（modelARC300）．Controlexperiments wel・e  

performed at亡he salⅥe COnditions wi抽ou仁  

109CdC12，reSPeCtively．  

ま3．βv∂血∂〟oJlOfり′わroズノcJり′  

Primary hepatocyte cultures were treated with 

lO9cdC12（2，5，10and50FJMCdandl．85KBq  

Of川9Cd／well）．Cytotoxicity was assessed by  

measuringcellviabiliけ，eXけacellulal・iac如e  

dehydrogenase（LDH）activity，andintracellular  

lipidperoxidation，glutathione（GSH）andactive  

OXygenSpeCies．Forthemeasul・ementofLDH，  

mediumwascollected and analyzedforLDH  

activity by theprocedure ofWroblewskiand  

LaDue19）uslng a COmmer－Cially available kit，  

LDH－UVTestWako（WakoPureChemicalInd．，  

Ltd．，Osaka）．Fortheassayoflipidperoxidation，  

hepatocytes were rinsed three times with  

phosphate－buffered saline（PBS），PH7．4，  

COntainlng2mMEGTA，COllectedinlOmM  

Tris－HClbuffer，PH7．4，and sonicated with  

SHARPUT－204for30s．Analiquot（0．5ml）of  

SuSPenSionswas analyzedforlipidperoxidation  

by thiobarbituric acid（TBA）method of  

UchiyamaandMihal・a2O）usingl，1，3，3，一tetraq  

ethoxypropanea＄thestandardandexpressedas  

nanomolofTBAreactive substances（TBARS）  

PermgOfprotein．Forthe assayofGSH and  

activeoxygenspecies，thehepatocytesrinsed as  

described above wel・e collectedin40mM Tris－  

HC＝）uffbl．，PH7．4，SOnicated，andcentrifuged  

（2，400xg，5minat4℃）．Eachaliquot（0．5ml）of  

SupernatantWaS analyzed fol・GSH and active  

OXygenSpeCiesbythemethodofKaplowitzet．21）  

and LeBelet al．22），reSpeCtively．The active  

oxygen species were expl・eSSed as2，，7’－  

ま4．肋crgof∂な血ノc∂Cノdo月町rOわズノcJけOfα   

Primaryhepatocyteculturesweretreatedwith  

－09CdCl2（2，5，10and50FLMCdandl．85KBq  

OflO9Cd／well）for5hinthepresenceorabsence  

Ofthealglnicacid．Alginicacidwasaddedtothe  

cultule medium to make the final concentration 

OflOOFLMat30minor4hafterlO9CdC12WaS  

added andtheincubationwascontinuedfol・4．5h  

Orlh，reSPeC【ively．Cellviabllity，eXtraCe‖ular  

LDHactivlty，andintracellularlipidperOXidation  

andGSHweremeasuredasmentionedabove．  

2．5．£f托crg of∂Jgノ扇c月Cノdo月∂Crルe oズγge月  

軍eCノeざ血ム印加0Ⅳ絶ぶ血duced毎（刀α・CCJ4   

Primal、yhepatocytecultures wereincubated  

With5，10and50FLMCdCl20rCC14for30min．  

Alginicacidwasaddedtotheculturemediumto  

make thefinalconcentrationoflOOFLMand  

incubatedforl．5h．．Controlexpel†imentswere  

Performedatthesameconditions wlthou［CdC】2  

01・CCl4andthechelatingagents，reSpeCtively．  

Active oxygenspecies wel．eeXPreSSed asDCF  

fol・med．  

■．－－‥‘ごJごJJ山J＝／．肛中止   

Datawereanalyzedby aone－Way analysISOf  

Variance．When the analysISindicated that a   
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Significantdifferenceexisted，thetreatedgroups  

werecomparedtothecontroIsbyDuncan，snew  

multiplerangetest．   

3．Results  

まJqyわねⅩJc坤Of、（刀  

TheeffectofCdontheviabilityofhepatocytes  

is showninFig．1．Thedataobtained were  

1・5（B）  

0  0．5  2  4  6   

Fig．2．Effects ofCdonLDHrelease（A），andlipid  

peroxidation（B），Hepatocyteswereincubatedwith5－50  

〃MCdC12inHank’ssolutionat37℃forO．5－6・Oh．  

Thedataarethemean士S．D．fbrthreeindependentcell  

PreParations．Con（rolexperimentswereperformedatthe  

sameconditionswithoutCdCl2．（○）：Control；（⑳）：5FL  

MCd；（圏）：10FLMCd；（底）：50FLMCd．aSignificantly  

diffbrentfromcontrol（P＜0．05）  

afterCd treatment．Thelipidperoxidation  

SlgnificantlylnCreaSed4haftertreatmentwith  

OrlOFLMCdand2haftertreatmentwith50FLM  

Cd．Changesin activeoxygenspeciesinthe  

hepatocytesafterCdtreatmentareshowninFig．  

2C．Treatment with5，10and50FL M Cd  

increasedlineal、1y thelevelsofactiveoxygen  

SPeCies unti12h after Cd treatment，then  

decreasedgradually，andretumedtothecontrol  

levels6hafterCdtreatment   

TheaccumulationoflO9Cdinthehepatocytes  

afterincubationwith2－50FLMIO9Cdisshownin  

Fig．3．TheaccumulationoflO9Cdincreasedwith  

timesandreachednearly［oplateauatabout4h．  

At6h，thehepatocytesaccumulatedO．60，2．39，  

4．00and12．60nmoICd／mg protein aftel・  

incubation with2，5，10and50iL M Cd，  

Fig．1．Effects ofCd on viability ofhepatocytes．  

Hepatocyteswereincubatedwith2－50FLMCdC12in  

fJank，ssolutionat37℃forO．5－6．Oh．Thedataarethe  

mean±S．D．forthreeindependentcellpreparations．  

CorltrOlexperiments were performed at the same  

COnditionsw仙outCdCl2．Data obtainedwereexpressed  

asaperCentageOfeachcontrol．（○）：2FLMCd；（⑳）：5  

FLMCd；（因）：10iLMCd；（底）：50FLMCd・aSignificantly  

differentfromcontrol（P＜0．05）  

expressedasaperCentageOfeachcontrol．Cell  

Viabilityofeachcontrolrangedfrom95－98％as  

determinedbyMTrassayMethod18）．Treatment  

with2FLMCddidnotaffbctthecellviabilityand  

thelevels ofGSH，Ca，Fe，Zn and Cuin the  

hepatocytes（datanotshown）．Thecellviability  

WaS Slgnificantlydecreased2haftertreatment  

Wi［h501・10FLMCdandremarkablydecreased  

bytreatmentwith50FLMCd・   

The activlty Of LDH released from the  

hepatocytesafterCdtreatmentisshowninFig．  

2A．Theextracellulal・LDH activityslgnificantly  

increased6h，4h，and2h，1・espeCtively after  

treatmentwith5，10and50FLMCd・Fig・2B  

Showsthelipidperoxidationinthehepatocytes  
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Fig．3．TimecoursesofCdaccumulationinhepatocytes・  

Hepatocyteswereincubatedwith5－50FLMlO9CdC12in  

Hank’ssolutionat37℃forO．5－6．Oh．Controlexperiments  

WereperformedatthesameconditionswithoutlO9CdC121  

（○）：2FLMCd；（⑳）：5iLMCd；（闘）：10iLMCd；（底）：  

50／ノMCd・   

respectively．Controlexperiments wel’e  

Performed at the same conditions without  

lO9CdC12．However，the accumulationoflO9Cdin  

the hepatocytes was not detected at any  

incubationtimes．  

Fig．4．Efftctsofalglnicacidsonviabilityofhepatocytes  

after Cd treatment forO．5h（A）or4h（B）．Af［er  

hepatocyteswereincubatedwith5，100r50FLMCdC12  

for30minof4h，theyweretreatedwith50andlOOFLM  

alglnicacidsfor4．5horlh．Controlexperimentswere  

Perfbrmedat（hesameconditionswithoutCdCl2．andthe  

alglnic acids．Data obtained were expressed as a  

PerCentageOfeachcontrol・Thedataarethemean±S・Dl  

forthreeindependen［cellprepal・a［ions．（○）：Cdalone；  

（底）：Cd＋50FLMalginicacid；（闘）：Cd＋100FLM  

alglnic acid．aSignificantly different from control  

（P＜0．05）．bSignificantly different from Cd alone  

（P＜0．05）．  

ユ2．且脆crof∂な血メc∂CノdoJ】り′わわズノcJけOfα   

Changesintheviabilityofhepatocytestreated  

WithalginicacidafterCd（5，10and50FLMCd）  

exposurefor30minor4hareshowninFig・4A  

OrB，reSPeCtively．Decreasesinthehepatocyte  

ViabilitycausedbyallCdexposureconcentrations  

WereSlgnificantlypreventedbytreatmentwith  

alginicacid（100FLM）・Thepreventiveeffectsof  

thealglnic acidonthedecreasedce11viability  

WereCOnSiderablylessinCdexposurefor4h  

thanin thatfor30min．Thece11viabilitywas  

expressed as a percentage ofeach control．  

Controlexperimentswereperbl◆medatthesame  

conditions without CdC12 and the chelating 

agents．Thece11viability ofthecontroIsranged  

from95－98％as determined with MTT assay  

Method．   

TheeffectofalglnicacidonLDHreleasedby  

thehepatocytesafterCdexposureareshownin  

Fig．5．ThetreatmentwiththechelatlngagentSfor  

4．5hafterCd（5，10and50FLM）exposurefor30  

min slgnificantly preventedincreasesin  

extl・aCe11ularLDHactivlty．Thetreatmentwith  

thechelatlngagentSforlhafterCdexposul◆efol◆  

4hpreventedincreasesinLDHactivity after  

exposurewithCdat5andlOFLM，butdidnot  

PreVentthoseafter50FLMCdexposure・   

Theeffects ofBGD andHBGDon thelipid  

perOXidationinhepatocytesaftel、Cdtreatmentare  

Shownin Fig．6．Increasesin thelipid  

perOXidationinhepatocytesexposedtoCd（5，10  
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Fig・6・Effbc（SOfalglnicacidsonlipidperoxidationin  

hepatocytesafterCdtreatmentfbr  

O・5h（A）or4h（B）．Afterhepatocyteswereincubated  

with5，100r50FLMCdC12for30minor4h，theywere  

treatedwith50andlOOFLMalglnicacidsfor4．5horlh．  

Thedataarethemean±S・D・forthreeindependentcell  

preparations・（口）：Control；（闘）：Cdalone；（闘）：Cd＋50  

FLM alginic acid；（凶）‥Cd＋100FLMalginic acid．  

aSignificantly different from control（P＜0．05）．  

bSignifican［1ydifferentfromCdalone（P＜0．05）．  

alglnicacidforl．5h．Inordertofurtherexamine  

thisrespect，theeffectsofthealglnicacidon  

activeoxygenspeCiesinthehepatocytesinduced  

t）ytreatmentwithcarbontetrachloride（CC14）  

Wereinvestigated（Fig．7B）．Treatmentresulted  

inincreasesintheactiveoxygenspeciesinthe  

Fig・5・Effectsofalglnic acidsonLDHleakagein  

hepatocy（esafterCdtreatmentforO．5h（A）ol・4h（B）．  

Afterhepatocyteswereincubatedwith5，100r50FLM  

CdC12forO・5hor4h，theyweretreatedwith50andlOO  

iLMalglnicacids for4．5horlh．Thedataarethe  

mean±S・D・forthreeindependentcellpreparations・  

（○）‥Cdalone；（因）：Cd＋50FLMalginicacid；（金）：Cd  

＋100FLMalglnic acid・∂Significantlydifferentfrom  

COntrOl（P＜0・05）．bSignificantlydifferen［fromCdalone  

（P＜0．05）．   

and50FLM）for30minol・4hwereprevented  

Slgnificantlybytl・eatmentwithalglnicacidfor  

415horlh，1・eSPeCtively・AsshowninFig17A，  

also，increasesinthelevelofactiveoxygen  

SPeCiescausedbyCdexposul・efor30minwere  

Slgnificantlyprevented bytreatmentwith the  

hepatocytes，Whichwereslgnificantlyprevented  

bythechelatlngagentS．   

Cdconcentl、ationsinthehepatocytesinthese  

experimentswel，edetermined．InCd（30min）－  

alginic acid（4．5h）tl、eatment，treatmentWith  

EIlglnic EICid slgnificantly decreased Cd  

COnCentl・ationsinthehepatocytesafterexposure  

WithCdat5，10and50FLM．InCd（4叶alginic  

acid（lh）tl．eatment，withalginicaciddecl・eased   
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OXygen SPeCies appeal●ed priol■ねincl、eaSeSin  

lipidperoxidation．Activeoxygen species，if  

PreSentinexcess，are thoughttobeirlitiatol’sof  

PerOXidative celldamage26▼28）．These findings  

SuggeStarOle foractiveoxygenspeciesinthe  

increaseinlipidperoxidationproducedby Cd  

exposure．Severalmechanisms fol．Cd  

CytOtOXicltyhavebeenproposedincludinglipid  

Pel・OXidation，1nterferencewithmitochondrial  

function，and theinteractionwithcellularthiol  

ligands2払32）．GSHgenerallyplayaprotectiverole  

against the toxiclty Of many xenobiotics，  

includingmetals，byreactlngeithel・dil－eCtlywith  

thetoxicantorinenzyme－Catalyzedreactions［hat  

allowdetoxication．   

Theeffectofalglnicacidon thehepatocyte  

toxicity of Cd indicated that alginic acid 

prevented the decrease in the viability of 

hepatocytesbyCdexposure．Thisissuppol、tedby  

thepreventiveeffbctsofthealglnicacidonthe  

increaseinlipid peroxidation and the LDH  

leakageinthehepatocytes，WhichparticlpatetO  

thetoxicityofhepatocytesafterCdexposure．Tne  

PrOteCtiveeffectofthealglnic acidagalnStthe  

hepatocytetoxicltyWaSgreaterinthe treatment  

afterCdexposurefor30minthanfor4h．This  

Showstheunsatisfactoryprotectionofthealginic  

acid against mol．e tOXicity of hepatocytes  

proceedingwith thelongerexposure withCd．  

Threeresultsoftheprotectiveeffectsofalginic  

acid on the Cd detoxicationin cultul・ed  

hepatocyteswerecorrelatedwithourl■epOrtedin  

Vivoeffectsofchelatingagents7‾10）   

Mol・eOVer，alglnicaciddecreasedtheCdlevel  

andtheactiveoxygenspeciesinhepatocytesafter  

Cdexposul．e，and alsoprevented theincl’eaSein  

activeoxygen speciesin thehepatocytesafter  

CC14treatment．Thesel・eSultsindicate that the   

Fig．7．Effec［sofalglnicacidsonactiveoxygenspeCiesin  

hepatocytesinduced by Cd（A）or CC14（B）．Aftel’  

hepatocyteswerpincubatedwith5，100r50FLMCdC120r  

lOiLMCC14for30min，theyweretreatedwith50and100  

〃M∂Iglnjc acids fb－・1・5h・Co出ro】experi汀】e雨S Were  

Performed at the same conditions without CdC12（A）or  

CC14（B）andthealginicacids，reSPeCtively・Ac（iveoxygen  

species were expressed as2，，7I－dichlorofluorescein  

（DCF）formed．The data are the mean±S．D．for three  

independent cellpreparations．（A）（○）：Control；（底）：  

Cd＋50FLMalginicacid；（因）Cd＋50FLM alginicacid・（B）  

（口）：Control；（幽）；CC14 alone；（因）：CC14＋50FLMalginic  

acid；（臼）：CC14＋100FLMalginicacid・aSignificantlydifferent  

from control（P＜0．05）．bSignificantly different from Cd  

alone（p＜0．05）．bSignificarltly differentfromCC14alon  

（P＜0．05）．  

thehepatocyteCdconcentrationsafterexposure  

to5andlOFLMCdand didnotslgnificantly  

decreaseditwith50FJMCd・   

5。Discussion   

ExtracellularLDHactivlty，Whichisknowntobe  

SenSitiveindexformetaltoxiclty23・24），WaSfound  

toincrease withincreasing Cd exposure  

COnCentrationovertherange2－50iLMCd．Tbis  

increaseindicatesmetaトinduceddamage tothe  

Cellmembrane andleakage ofsoluble ce11  

COmPOnentSintothemedium．ThetoxicltyOfCd  

tohepatocyteswasdecreasedinthecellviability．  

Inhepatocytes，thecorrelationbetweenthelossof  

Cellviability and the release ofLDHis welト  

established25）．   

ThelipidperOXidationinhepatocytesincl■eaSed  

2－4haf肋－Cd（5，10and50／∠M）exposul●e・Inrhe  

hepatocytesafterCdexposul・e，1nCreaSeSinactive  
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directpreventiveeffectsofalginicacidonthe  

activeoxygenspeciesinhepatocytesareoneof  

thecausesoftheprotectiveeffectsofthealglnic  

acidagalnStthehepatocytetoxicltyOfCd．  

Inconclusion，thepresentstudy reveals that  

alglnicacidprotectagalnStthecytotoxicltyOfCd  

inratprlmaryhepatocyteculturesandthatthe  

protectiveeffects ofalglnic acid presumably  

result fl・om a decreasein the Cdlevel，the  

effectivesequestrationofthereactiveCdion，and  

thedirectpreventiveeffectontheactiveoxygen  

SPeCiesinthehepatocytes．   
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初代培養ラット肝細胞におけるカドミウム毒性に対ずる  

アルギン酸の開削効兜  

船腰蔓 崇行 坂m 髄基 森川 俊雄 島田 秀関  

要  旨   

カドミウム（Cd）は代表的な環境汚染金属であり、我が国では、岐阜県神岡鉱山  

（亜鉛・鉛・銀・Cd等）の排水が流入した富山県神通川中流域で集中的に発生した骨  

軟化症を主体とするイタイイタイ病の発症原因物質がCdと考えられている。Cdの生  

産量は1910年より毎年増加しており、メッキ、顔料、塩化ビニール安定剤、電池、合  

金等幅広く使用されているが、これらのCdはほとんど回収不能であり、環境汚染の  

原因となっている。Cdによる急性中毒は、呼吸器からのCd微粒子の吸入により発生  

し、その主症状は胸痛、嘔吐、めまい、呼吸困難、肺炎、肺水腫などである。また、  

イタイイタイ病のように微量のCdでも、長期間摂取すると体内に蓄積し（全身に分  

布、その大部分は肝臓と腎臓）、肺気腫による呼吸困雉や肝臓・腎機能障害によるど  

タミンDの肝・腎臓での活性化が阻害され、その結果、カルシウム、マグネシウム等  

の骨塩代謝異常が起こる。これらCdによる急性及び慢性中毒の治療には、体内に蓄  

積したCdを体外へ排泄させる水溶性の食物繊維等の機能性食品の使用が、生体に対  

する安全性が高く、有効と思われる。   

本研究では、初代培養ラット肝細胞に対するCdの毒性並びに細胞組織に蓄積した  

Cdに対して、褐藻類（ワカメ、ヒジキ、ノリ等）の細胞壁粘質に多く含まれる水溶  

性食物繊碓アルギン酸のもつ毒性防御効果並びにCd排出促進作用機構について検討  

した。  

キ囲ワード：カドミウムの毒性，培養肝細胞，水溶性食物繊維，アルギン酸，  

毒性防御  
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