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Abs仕act   

ThepresentstudywasdesignedtoclarifythemechanismofnlckeluptakeinprlmaryCulturesofrat  

hepatocytesIExposureofthehepatocytestoNi（2～50FLM；asNiC12）forupto6hwasnotcytotoxic，  

asassessedbythetetrazolium－baseddye（MTT）assay・HepatocytesweretreatedwithlOFLMNiC12in  

theabsenceorpresenceofcalcium（Ca）andmagnesium（Mg）（1mM）．Niuptakewasincreasedby  

19％inmediumlackingMgorCaandwasincreasedby37℃inCaandMg－Freemedium．Therole  

OfCachannelsonNiuptakebythehepatocyteswasinvestlgated・Pl・etreatementwithnical・dipineof  

VeraPamil（200iLM），POtentinhibitorofCachannels，decreasedNiuptakeby20％．Thiseffectwas  

OnlyobselVedwhenthecellswereincubatedintheabsenceofCa．Pretl・eatmentwithvasopressin（100  

FLM），aWellknownCachannelagonist，SignificantlyincreasedNiuptakebythehepatocytes（24％）．  

TodeterminetheinvoIvementofcalTier－mediatedprocessesonNiuptake，theeffectoftempe1・ature  

WaSalsoinvestigated・At4℃theNiuptakewasdecreasedby20％comparedtouptakeat37℃．These  

resultsindicatethatNiuptakebythehepatocytesoccurs，atleastinpart，throughtheCachannel  

transportprocessesIFurtherstudywillt）erequiredtoassesswhatothermechanismsareinvoIved．  

Keywords：Hepatocytes；Nickeluptake；Calciumchannel；Nicardipine；Vasopressin  

1．Intl・Oduc潰on   

Nickel（Ni）isanimportantinorganicenviron－  

mentalpollutantandthepotentialforhuman  

exposurehasgenerallyrisenwithitsincreaslng  

industrialusagel）・Thetoxicltyandcarcino－  

genisltyOfNicompoundsinexperimentalanimals  

and humans have been welldocumented213）．  

ExposuretoNicanresultindamagetovarious  

tissues，includingliver，kidney，1ungandtes［es2T6）．  

Increasedlipidperoxidationhasbeenobserved  

dultingNidetoxication，anditisthoughtthatNi－  

ihducedoxidativedamagemaybeanimportant  

mechanisticaspectofNitoxicity7・8）．Recently，  

Stinsonetal．havedemonstratedtheocculTenCeOf  

OXidativedamage，SPeCifica11ylipidperOXidation，  

inliverinresponsetoNiC12eXPOSure9）．   

TheabilityofNitoentertargetcellsappearsto  

beamaJOrdetelminantofthetoxiceffectsofthe  

metallOrll）・Ithasbeenrepol・tedthatmanymetal  

ions，including zinc（Zn），Cadmium（Cd），  

manganese（Mn）and Ni，inhibitcalcium（Ca）  

inflow throughtheCachannels12）．SinceCais  

takenup through specificchannels，itwould  

appearthatthesemetalsinhibitCauptakeby  

＊か甲r・〟肋J’∫川＆町U並び〔血ルeⅢケOf州汀5川g胡dぶocノ∂JWeJ血℃  

＊＊β甲r．Offウgfe山cCわeⅢ．，掩c．凹】甜m．∫cノ．，肋m∂mOわU〃ル．  
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COmPetlngWitheachothel・forthechannelsonthe  

Cellularmembl・ane，Furthermore，Since theionlc  

radiusofNiissmallerthanthatofCa13），Nimay  

alsoflowintocellsthl・OughCachannels．Indeed，  

inbullfrogventriclestl・lPSandmolluscansmooth  

muscles，NicancrossthemembranethroughCa  

channels and competes with Ca for specific 

receptors14．17）．Howevel・，themechanismsofNi  

uptakebylivel・cellshavenott）eendefined．The  

tl・anSPOrtpathwaysmayvarylneaChcelltypeand  

maydependonthemorphologlCalandfunctional  

differencesbetweenthecellmembranes．  

Inthepresentstudy，WeeXaminedtheeffectsof  

Cachannelblockers，nical、dipineandvel・apamil，  

andtheagonist，VaSOpreSSin，OnNiuptakeuslng  

PrlmaryCulturesofl．athepatocytes．Theeffects  

Ofessentialmetals suchasCaandmagnesium  

（Mg），andtheeffbctoftemperatureonNiuptake  

Wel’ealsoinvestlgated．  

blueexclusionmethod，WaSgl・eaterthan95％．  

Primaryculturesofhepatocyteswereestablished  

byseeding7xlO5cellsonto6－Wellplates．The  

Cellswel◆eculturedinEaglelsminimumessential  

medium（NissuiPhal．maCeuticalCo．，Ltd．，Tokyo，  

Japan）supplementedwith5％fbtalbovineserum  

andO．03％glutaminefor24hbefol・etl・eatment．  

Cultures were maintained in a humidified 

atmosphereof5％CO2／95％ail・at37℃．  

2．ヱq心血症舟  

Thehepatocytesweretreatedwithval・iouslevels  

OfNiCl2（0，2，5，10，Or50／JM）bl・0．5，1，2，40r  

6h．Cellviability wasassessedbythe 3－（4，5－  

dimethylthioazole－2－yl）一2，5－diphenyl－tetraZOlium  

bromide（MTr）assay19），  

Z4．かefeJm血血oJ】扉州岬f正e   

Twenty－fourhours aftel、hepatocyteisolation，  

cellswerewashedwithHank．sbalancedsalt  

SOlution（HBSS）（SigmaChemicalCo．，St．Louis，  

MO）containingl．26mMCa2＋andO．9mMMg2＋，  

andthentl●eatedwithlO，30，Or50FLMNiC12（4  

kBq63NiperWell）inHBSSforupto6h．Aftel・  

the treatment，the cells were washed thl・ee times  

Withphosphate－bufferedsalinecontaining2mM  

O，OLbis（2－aminoethylトethyleneglycol－  

NLtetraacetic acid（EGTA）toremove fl・ee and  

loosely bound metal．The washed cells were  

SCraPed to remove them from the plate and  

SuSPendedinlmioflNNaOH todissoIve the  

Cells．Thenanaliquot（100／／Dof［hesolutionwas  

added tolmlofliquid scintillatol・（ACSII；  

Amel．ShamIntel●national，UK）．Cellular63Ni  

radioactivltyWaSmeaSul．edwithanAlokaliquid  

SCintillationcounter（modelLCS－3500）．  

2．MaterialsandMethods  

2．ノ．Cわemノc∂J5   

Nickelchloride（NiC12・6H20），WaSPul・Chased  

from NakaraiTesque，Inc・（Kyoto，Japan）．  

Nicardipine andverapamilwereobtained from  

YamanouchiPharmaceuticalCo．，Ltd．（Tokyo，  

Japan）andEisaiphal．rnaCeuticalCo．，Ltd．（Tokyo，  

Japan），reSPeCtively．Vasopl◆essinwaspul・chased  

fl’OmPeptideInstitute，Inc．（Osaka，Japan）．  

Radioisotopicnickel（63Ni）waspul・chasedfrom  

NewEnglandNuclearCo．（Boston，MA）．Other  

Chemicalswereofreagentgrade．  

ま2．R∂rム甲∂わり′kcl血リノ℃5  

The hepatocytes were isolated from male 

Wistal、1、ats（KyudoCo・，Ltd．，KumamotoJapan），  

Weighing150－200g，bythemethodofBelTyand  

Friend18〉．Cellviability，determinedbythetl・yPan  一－∴・．J・一仙t・Jい・J（－．川一IJ叫・り‖∴＼J‖／巾l人‘・   
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ThecellsweretreatedwithlOFLM63NiC12in  

thepresenceorabsenceofCaC12andMgC12（1  

mM）forupto60min．TheamountofNiuptake  

bythecellswasdetermined．  

ShowninFig．1．TheuptakeofNiwasincl◆eaSed  

rapidlylnthefirst30minaTldthencontinuedata  

slowel・rate for thel・emainder of the5．5h  

obselVationperiod．Totalaccumulationsafter6h  

wereO．9，1．8and3．4nmoINipermgproteinin  

thece11streatedwithlO，30and50FLMNi2＋，  

respectively．  

2．6．月蝕cr50fC∂Cム8月月eノbJoc友一eJ■ぶ8月d C8  

∂gO扇5rO〃州岬ね友e   

The cells were pretreated with200FLM  

nicardipineorverapamilfor30min，OrlOOnM  

vasopressinfor3min．TheamountofNiuptakein  

thepresenceorabsenceofCaC12andMgC12（1  

mM）wasdetermined after60minincubation  

uptakelOFLM63NiC12・  

ユ3．月f托cねOfCb∂月d鳩00ノⅥ岬f∂鮎   

Hepatocytes were treated with Ni in the 

PreSenCeOrabsenceoftheessentialmetals，Ca  

andMg（Fig．2）．IncreasesintheuptakeofNiwas  

ObservedinthecellsincubatedinCa－free，Mg－  

fl・ee，OrCa－andMg－freeHBSSascomparedwith  

thecellsincubatedincompleteHBSS．Niuptake  

after60minwassignificantlygreaterinCa－and  

Mg－freeHBSS（37％）thaninHBSSlacking  

eithellCa2＋orMg2十（19％）  

2．7肋crof紐叩eJ血〃℃0月州岬ね友e   

ThecellswereincubatedinHBSSateither4℃  

or37℃for30minpriortotreatmentwithNiC12．  

ThenthecellsweretreatedwithlOFLM63NiC12in  

HBSSateither4℃or37℃forupto60min．The  

amountofNiuptakebythecellswasdetermined．  3．4．月ffbcrβOfC∂C力∂月月eJbJoc友eJ・5∂月d Ca  

∂gO月ノβrOn州岬払たeらyム甲∂わⅣ妃5   

The role ofCa channels on Niuptake by  

hepatocyteswasstudied（Tablel）・Pl・etreatment  

Witheithel・200FLMnlcal・dipineorverapami1，a  

potentinhibitol、OfCachannels，Slgnificantly  

decreasedNiuptakebyapproximately20％．This  

inhibitoryeffectwasonlyobsel－vedwhenthecells  

wereincubatedintheabsenceofCa．  

Vasopressinwasusedtodeterminewhetherthe  

stimulation ofCa channels wouldincrease Ni  

uptakeintohepatocytes（Tablel）．Niuptakewas  

24％gl・eaterinthepresenceofvasopessin，a  

knownagonistofCacharmels，buthadnoteffect  

OnNiuptakewhenCawaspresent．  

2．β．ぶね〟5〟c∂J∂乃∂ケざJ5   

Datawereanalyzedby aone－Way analysISOf  

Variance．WhentheanalysISindicatedsignificant  

difference，thetreatedgl●ouPSWel●eCOmParedto  

thecontroIsbyDuncan’snewmultiplerangetest  

（p＜0．05）．  

3．Results  

3．J．肋cfof一州0月CeJJvねわJノブ伊  

TheeffectofNioncellviabilitywasassessedin  

hepatocytesuslngtheMrITassay・ExposuretoNi  

（rangingfl・Om2to50FLM）forupto6hdidnot  

induce detectable toxic effects on the cellular  

level（datanotshown）．  

3．5．βf托cJofre〟】peJ●∂h‖te O月Ⅳノuf）r∂んeわγ  

ム甲8わり′re   

To detel・mine theinvoIvement calTierMmediated  

β．2．肋crof〟me∂月ddoふe（刀一州と∫pJ∂女e   

Time coul・SeOfNiuptake byhepatocytesis  
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A）andMg（0．65Å）aresmallerthanthatofCa  

（0．99A），enablingthesemetalstopassthrough  

theCachannels，Thus，itcanbededucedthatNi  

maycompetewithCaandMgforCachannels．   

Previously，Abbracchioetal．reported that  

tl．eatmentOfChinese hamsterovarycells with  

NiC12at4℃resultedin50％decrease ofNi  

uptake compared to thecontl●01ce11streated at  

37℃25）．Simi1arly，inthepreserltStudy，theuptake  

Of Niby hepatocytes was affected bylow  

temperature（20％decrease）．Ithasbeenreported  

thattransportprocessesinvoIvingmembrane  

CalTiers are temperature－dependent26）．Recently，  

BlazkaandShaikhfoundthat80％ofCduptaken  

byhepatocyteswasinhibitedbylowtempel・ature  

at4℃21），Whileverapamilpretreatmentdecreased  

the Cd uptake with a maximum inhibition of 

31％27），Theseresults suggestthat theuptake of  

Cdbyhepatocytesoccursnotonly throughCa  

Channels butalsothroughtheothermembrane  

Carriertransportprocesses．However，thecurrent  

datashowthatthepercentageoftheinhibitory  

effects ofCachannelblockersonuptakeofNi  

WaSaCtuallythesameasthatoflowtempel・ature，  

indicatlngthatinhibitionbylowtemperatul・emay  

COrreSPOndtoinl1ibitionoftheCachannelsbythe  

blockers．Inaddition，Simplediffusionprobably  

accountsforsomeoftheNiuptakeaswell．From  

theseresults，itcanbeconcludedtheuptakeofNi  

byhepatocytesoccurs，atleastinpart，throughCa  

Channels，and temperature－insensitiveprocess  

maybeinvoIvedintheuptake．  

Inconclusion，theresultsofthepresentstudy  

indicate that Ca channels areinvoIvedin the  

uptakeofNibyhepatocytes．However，Other  

mechanismsl◆eSPOnSible for Niuptake by  

hepatocy［esremains tobeelucidated．Further  

transportpl．OCeSSeS On the uptake ofNi，［he  

hepatocytesweretreatedwithNiateithel・4℃01・  

37℃（Fig．3）．TYleuPtakeofNiat4℃was80％  

ofthelevelobselrVedat37℃．  

4．Discussion   

Theresultsofthepl●esentstudyindicatethatCa  

Channels areinvoIvedin Niuptakein  

hepatocytes．Thisis consistentwithpreviously  

reportedstudiesinbullfrogventriclestrlPS15‾17）  

Similartothetoxicmetals，1ikeCdandmercury  

（Hg）20・21），theuptakeofNibyhepatocytesisa  

rapid andbiphasicprocess．ApartoftheNi  

【ransport processeSin hepatocytes was  

detel・mined tooccurthroughCachannels．Two  

Cachannelblockerstestedshowedverysimilar  

inhibitoryeffectsonNiuptakewithamaximum  

inhibitionof20％．Additionally，Cachannel  

agonist，VaSOpreSSin，enhancedtheNiuptakeby  

hepatocytes toa24％．Thesefindingclearly  

indicatethatNiistakenupthroughCachannels．  

However，OthermechanismsresponsibleforNi  

uptakebyhepatocytesremaintobeelucidated．  

Therefore，furtherstudywillberequitedtoassess  

whatothermechanismareinvoIved，   

ThreekindsofprocesseswherebyCacancross  

theplasmamembraneofanimalsincludevoltage－  

OPeratedCachannels22）23），reCePtOr－OPeratedCa  

channels23）and facilitated diffusion24）．Ithas been  

reportedthatCachannelsinhepatocytesare  

receptor－OPeratedraterthanvoltage－OPeratedand  

areinhibitedbymanymetalionssuchasZn，Cd，  

MnandNi－2）．Thisis supportedbyourfindings  

that，1nthepresenceofCaandMg，Niuptakeby  

hepatocytes was slgnificantly decreased．  

Combination of Ca and Mg had a gl．ea［er  

inhibitoryeffectonNiuptake thaneithermetal  

alone．ThisisbecausetheionicradiioFNi（0．66  

－86【   
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Studywillberequiredtoassesswhatother  l）Nriagu，J．0．，Pacyna，J．M．，Quantitativ  

mechanismsal・einvoIved．  assessmentofworldwidecontaminationofair，  

References  waterandsoilbytracemetals．NatuL℃333，  

Fig・1・EfftctsoftimeanddoseonNiuptakebyhepatocytes・  

Hepatocytoswel◆etreatedwithlO，30，Or50FLMNiC12わrupto6h・Thedatarepresentthemean±  

S・D・forthreeindependentcellpreparations．⑳，10FLM；底，30FIM；圏，50ilM．  

Fig12・EffectsofCaandMgonNiuptakebyhepatocytes・  

HepatocytesweretreatedwithlOFLMNiC12forupto60mininthepl・esenceorabsenceofCaand  

Mg．Thedatarepresentthemean±S．D．forthreeindependentcellpl・ePal・ations．⑳，HBSS  

COntainingl・26mMCaandO・9mMMg；□，Ca－freeHBSS；△，Mg－freeHBSS；○，Ca－andMg一  

丘eeHBSS．  
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Fig・3・EffectoftemperatueonNiuptakebyhepatocytes．  

Hepatocyteswel・etreatedwithNiC12（10FLM）at40r37℃forupto60min．⑳，37℃；○，4℃．  

Table 1 

Effectsofnicardipine，VeraPamilandvasopressinonNiuptakebyhepatocytes  

Medium  Pl・etreatment  

None  Nicardipine  Verapamil  Verapamil  

0．67±0，02  0．68±0．03  

0．80±0．03  0．66±0．06＊  

0．81±0．01  0．76±0．08  

0．71±0．05   0．68±0．02  

0．72±0．01＊  0．92±0．01＊  

0．73±0．04   0．83±0．05  

0．79±0．02＊  1．10±0．06＊  

HliSS  

CaMfreeHBSS  

Mg－freeHBSS  

Ca－andMg一丘eeHBSS  O．92±0．02  0．76±0．02＊  

Hepatocyteswerepretreatedwithnicardipineorverapamil（200FLM）for30min，OrVaSOPl・essin  

（100nM）for30min，thentl・eatedwithNiC12（10FLM）fol・anadditiona160mininthepresenceor  

absenceofCaandMg（lmM）．Thedatal・epresentthemean±S．D．（n＝3）．  

＊Significantdifferencefromnon－Pl・etreatment（p＜0．05）．   
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ラット初代培養肝樹脂におけるニッケルの取り込み機構：カルシウムチャネルの役割  

船越崇行 井上 武 島田秀昭 児島昭次  

要  旨   

ニッケル（Ni）は生体内微量元素で、RNAの安定化や特定の酵素活性（Arginase，  

Aminoaciddecarboxylase，Phosphoglucomutase，AcetylCoAsynsetase等々）の発現に必須  

である。欠乏症としては、生殖低下、肝脂質・リン脂質代謝異常、グリコーゲン代謝  

低下等がある。一方、Niは環境汚染物質の一つであり、鋼材、合金材料、電子機器、  

メッキ、触媒、電池、台所器具等に使用され、日常的に暴露されている。その経口毒  

性は比較的低く、Cu，Co，Zn等必須金属と同程度であるが、化合物として気道・肺から  

吸入されると肺炎・肺うっ血・浮腫、肝・腎炎等の毒性が大きい。本研究では、ラッ  

ト初代培養肝細胞を用いてNiの肝細胞内への取り込み機構について検討した。その結  

果、2～50FLMNi存在下で37℃、6時間培養しても細胞毒性は認められず、Ca，Mg非存  

在下ではNiの細胞内取り込み量が19％上昇した。また、Caチャネルの強力な阻害剤ニ  

カルジピン及びベラバミルで前処理すると取り込み量は20％減少し、作動薬のバソプレ  

シンで前処理すると24％上昇した。このことからNiの肝細胞内取り込みにCaチャネル  

の一部関与が推察された。  

キーワード：培養肝細胞，ニッケル，カルシウムチャネル，ニカルジピン，バソプレシン  
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