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PoterltlhyroidtoxicJtyOF2－Mercaptobenzimidazo】einrats・  

ment．Attheendoftherecoveryperiod，RBC，Hband  
HCrweresign沌canttydecreasedinbo（hthemaleand  
ftmale5OmgA（ggrOuPSShowingdelayedonsetofane－  
miaぐmblel）．  

Increasedactivepartialthromboplastintime（APrr：  
bloodclottingtime）wasobservedfbrboththemales  
aT）dfbmalesreceiving50m〆kg・  
CJ血fcαJ占わdgぬJワ  

At【hetemination ofthe2－MBIadministration，  

serum teve7sofTIIBUN，PL，T－CHO，F－CHO，C江E  
andγ－GTPweresigni汽canLlyincreasedintdhmales  
andfemalesgiven50mg／kg．ALIミK＋andPiwere  

decreased signiFicantly］nmaleratsrecelVlngmOre  
thanlOmgn（g．andNa＋wasiEICreaSedsigTd缶cantlyin  
the50mg／kgtrealedanimaJs・CHOandPLlevels  
remained sign泊cantlyhigh2weeksaftertemiElation  
Of2－MBIadministration（rrhble2＆3）．Serumleve】sof  

T3，TlandTSHmeasured2weeksaf［errepeateddose  
treatmen（With2－MBlorLhean（ithymidagen（S，TUand  
ETU，areShowninFig．4．  
α曙〝＝砲座血  

At（helerminatioI10f2－MBIadminis（ratioTl，dose  

rela（edincreasesinabsoJuteandrelativeweightsof  
thyroid，Iiverandkidneywereobserved．AtIOmgA（g，  
themeanabso］u把arLdrelativethyroidweightsin both  
SeXeSWereapPrOXimatdy3timesthoseof（herespec－  
tivecontroJrals，andinthe50mg／kgdosegroupthe  
increaseinrelativethyroidweightwasmorethaJllO－  
fold・Evenafterthe2－Weekrecoveryperiod，relative  
thyroidweighlswereapproximately6timesthecontroI  
values．Dose－relateddecreasesinabsoluteandrelative  

【hymusweightsinalltrea（mentgroupsofmaIeand  
ftmaleraLsandadecrEnSeinrelativespleenweightin  
bothma）esandEbmaJesreceiving50mgn（gWerealso  
Observed・SignincaJltincreasesinbrain，］ung，adrenal  
andpituitaryglandweightsanddecreasesinheartaLld  
Sabm3Xi11aryglandsofrelativeorganweightswerealso  
Observedwith50mg此g．Someoftheseorganweight  
ChaTlgeS mayhavebeenduetodleSeVeTereductionin  
bodyweightgalnaSShowninFig2＆3andTbbles4  
＆5．  

〃ねJ叩αJ月0わgブ  

Asgrossfindings，markedenlargementofthyroid  
glarLdsaJldthymusinvolutionwereevidentinlreated  
rats・Di軌sehyperPlasiaoftalJandcoJu汀marePithelial  

Cellsoffbllic）es，anddecreaseincolloidandthickenin8  
0fnbrouscapsu7eappeareddose－dependently（Photo・  
l）∴hassocialionwiththethyroidchanges．hyper－  
b．ophiccellsintheanteriorpi【uitaryglandsw由℃fbund，  

（heso－Called（hyroidec【omycdls・Ca】cincatjonofLhe  

COllectlngtubulesinkidneyandfattychangesinadren一  

RESULTS   

A√〟α〃用J血血妙∫血み  

FirststageLreatment（n＝3）：Trea（mentwithlO  
mg丑gof2－MBIdidnotinducearlyaCu（etoxicsigns・  
A（100mg／kg，decreasesinspontaneousmovemen（，  
alaxicgait，eyelidclosure，and］acrimationwtre  
observedwithinlhroftreatment．rnleratSthenrecov－  

eredwithin24hrandallsurYived．Tkatmentwith10α）  

mgn（gOf2－MBTirnmedia（elycausedparalytlCgaIt，  
prorLePOSjtiorlWidlCOma，Jacrimatiorlandhypother－  
mia，and2maleratsar）daJ13良maJerats diedwithin  
32hr，TheremainlngOnemalera（diedwithir172hr・  
Secondstaget代atment（140－600mg／kg，n＝2）：  

Dependingonlhedoseadministered，lossofsponta－  
neousactivity，ataXicgait，eyelidcIosure，lacrimatior），  

PaTalyticgait，PrOnePOSitionandcomawereobserved・  
Ra【sIr飴kdwithdo㌍Sless山an225m少kgrecove－℃d  
Wi血in24hrbutal1ratst托atedwith370and600m釘kg  
diedwitJb2days．  
LD5O（Oral）：Accordingtolhecalcula中nrnethd  
PrOPOSedbyLo，ke（19i3）usingthenumbersofrats  
Lha（djdduringthe14days，theLD50Valuestbr2－MBJ  
h＝山isex匹dmentweredetemindtoぬ3（カmg此g  
丘〉rbo山maleand鈷m山erats．  

Au10PSy fjndingsintheacutetoxicitystt）dy二  
Slightcongestioninlung，COngeStioninglandulaT  
StOmaChmucosa．andretentionofadministeredoilirl  
thestomach（hTOugh10thecdonwerefbundina扇mals  
Whichdiedwithin3daysofdosing．RatsthalsurVived  
fbr14daysexhibitednoabnormalities．   

釣略叫り海舟・勾yr甲aαねd血∫g〃用Jわ∫fcj抄∫血¢  

口i〝わβJ∫豆乃∫  

Nomo托aliせydueto2－M8Ih℃atmentOCCu汀d払r  
eiLhermaJeor飴malerats．Noc7inicaJslgnSrelaledto  
2－MBladministrationwere observedexceptfor  
decreaseinbodyweightgaiJlandfbodconsump（ion．  
Theratsofbothsexesreceiving50mg／kgshowed  
emaciationandsev併eSuPPreSSioninbodyweightgain  
alongwithdecreasedfbodconstJmPtlOnOneWeeka允er  
treatmentstarted，aSShownir）Figs2＆3．NosigniEi－  
Cantdi飴rencesirtbothbodyweightgainor fbodcon－  
sumpd仰We托ObseⅣ由山鹿groups血atr∝占ivdlO  
mg此g2－MBIorless・  

〟g〝∽わわgy  

Attheterminationoftreatment，SlgLlificant  
血cm泊鎚SinWBCin血elOand50m〆kgfbmalerats  
aTldjnPLrin50mgn（gmalerats wereobserved．  
SignificantWBCdecreaseinmalera（SWaSSdl）noted  
asobserved 2－Weeksanerterminationof2－MBltreaト  

Vol．23No，1   



66  

Y．KAWASAKlピーαエ  

alcortexwereaIsoobserved．Thesehistopatho）0gical  
Changesmostlydisappearedaf［erLhe2－Weekrecovery  
period，aSShownin恥b］e6．Despitethethymusweight  
beingdecreaseddose－dependently，thel℃WerenOObYi－  
OuSChangesinitsarchitecture．   

DISCUSSION  

Tbepresentsubacutetoxicitystudyof2－MBIby  
gavageadmimistra（ionfor2＄consecutivedaysfbl）owed  
by2－Week柁COVeryperiodinWistarratsdemotlStrated  
m訂keddlymidenlargementass∝ia妃dwidlCharacb：ris－  

1icdiffusehyperPlasiaillbothmaleandfemaJerats  
receivingadoseoflOmg此g2－MBIoratnve．T鮎sthy－  
roidtoxicitywasaccompaniedbysignificantdecreases  
incirculatingthyroidhormone（T3＆T4）1evelsanda  
markedincreaseintheserumTSHlevelintheancillary  
14－daygavageadministrationstudy，thechangeSbdng  
morepronoucedthaJlwithTUandETU（PaynteretaL．，  

1988）・TY）eantidlyrOide能cIsillthepresentgavagestudy  

aJ℃COnSistentwiththeresultsobservedintheinhalation  

StudyofGaworskietaZ．（1991）．nepossibiJilyoftumor  
promotionpotentialthereforearises（OnoderaetaL．，  
1994）．HypertrDPhicceusinc代nSedindleanteriorpi（u－  

itarygJaL）dsofmaleratsLreatedwithmorethan10  
mg几g2－MBI，SuggeStingstimulatedTS11generation  
duetothedecreaseinthyroidhormonelevelsbynega－  
tiveftedbackregulation（Haynes，1990）．rm：pituihry  
andthyroidlesionsinducedby2－MBItreatmentwere  
identicaltothosezerx）rtedaf（erthyroidectomy（Norfbrd  

erαJ．，1993）．   

Itiswelld∝uJnentedthatthyroidhonnonesstimu－  
1a（e me（abolism ofcholesterolto bile acid and tha（  

hyperCholesterolemiaischaracterislicofhypothyroid  
StateS（Haynes，1990）．lnthepresen（．study，a2－3fbld  
increaseinserumCholes【erOIwasobservedinthe50  
叫咋g甲atedralsandfullretumto血eco抽01leveIwas  
notevidentafterthe2－Weekrecoveryperiod・Serumlev－  

eJsofphospholipidwerealsoincreasedsignificantly  
upon2－MBI血nistm【ion，althoughthe丘ee叫肛i血  
Whichweresignifican（1ydecreasedirLtheinha］a（ion  
Study（GaworskieEaL．，1991）didnotappeartOt光affbcト  
edbygavageadmi山s血色on．  

Thyroidhormonesarealsoknowntoparticipate  
regulatjonofthebalanceofintracell11larandintercellular 
Na＋andK＋leYelst〕yaCtivetransport（Asano，1982）．The  

SerumNaⅥぐratiosinthisstudyweremarkedlyaltered  
h）m26・4（COntml）to40・6（50mg耽g）formalesand打om  

30・7to46・1forfbmates，reSPeCdvely．Thismqybedue  
（Otheseverehypothyroidsta（einducedby2－MBI  
administration．TtisalsowellknowllClinicallythat  

SerumleveLsofCa2＋，PiandALParealteredbya  
paralhyroidhorTnOneimbalancewhichaffectsbone  
metabolism（Fujita，1987）・Inthepresentra（Stt）dy，  
SerumIevelsofALPandPiweresigni航c弧tlydecreued  
，butCa2＋wasnotchangedby2－MBItreatment．Incon一  
也SLGawo柑bgJd．（1991）obseⅣd袖山md駐mm  
levelofALfミSOthisalterationmaytx＊玩directlyI℃1at・  

dtoahyI対仏y－Oidst如e・  

Anemiahasbecnass∝iatedwi（hhypothyroidism  
（Haynes8胴dMum札l！椙5）甜d．wasobseⅣdat随rmha－  
tioninthe13－Weekinhalationstudyconductedby  
GaworskieEaL．（1991）．Clinicalsymptomsofanemia  
（decreasesinRBC，HbandHCT）werealsodetected2  
Wed（Safter山eb：rminadonofhighdose2－MBIadminis－  
bTadoninthepresentstudy．T最sdelayedchangemaybe  
p訂tiallyduetodlelongretentionof2－MBIbyhemoglo－  
bin（EIDareerefaZ．，1984）andthelonghalf－1iftof  
RBC．  

1MBI由k旧WrlぬbarⅢ弛血diteor血三i汀mLⅢ血u－  

1a叫3－（p＜hlorophenyl）－2，3－dihydro－3－hydroxythiaE（ト  

］0（3，2a】benzimidazole－2－aCeticacid（JanssenetaE．，  
1981）．ln血epreseTtt28－dBLygaVageStudyinrats，aClear  
dose一陀1atdhYOlulionof血e血ymu＄WaSOb紀Ⅳdh  
山1けeatment伊OuPS．SeYe托decrea5eOfb∝lyweighl  

gaina触tsthethymusweight（bvinetaL．，1993）ht  
thethymuschangeWaSObservcdevenatdoseswhich  
hadnoeffbctsonbdyweighLAlthoughma鵬fbslnⅥr－  
Pho】0gicalalterationswerenotfbundineitherthelhy－  
mllSOrthespleen，2－MBlmightthushavepotential  
immunotoxIClty．AsignificantdecreaseinWBCs  
∝Cundin femaleratsa（doseshigherthanlOm〆kg  
andadecreaseintheLelativespleenweightin50mgn（g  
doseratswasalsodemonstrated．hthe13－Week′inhala－  

tionshJdy（GaworskieLaL．，1991），aSimilarsignificant  
decreaseinthymusweighlass∝iatedwithatJt）phyand  
decreasedWt）Ccountsduetolowernumbersofcircu－  
1atinglymphocytesinmaleratswerealsoobserYed・  
Malnfbrs（1976）reFKdthymicinvolutionevenaftera  
Single血班d2－MBlin融butnoline，即血eapigs  
Orrabbils．Such（hymicinvolutionlnratSWaS nOt  
Ob駐Ⅳd摘er血yroid∝bmy（Malm血相，1976）．hour  
14－dayancillarystudy（datanotshown），TUandFrU  
alsoinducedsignjficantthymusinvolulionwithout  
no仏bled∝n漁Seh旭yweightg血．nese触sug－  
gestaJILithyroidfunction－1inkedthymusinvoluIionin  
ra（S．FurtherimmunotoxicotoglCalinvest］gationis  
requiredtoclarifythisprominente飴ctof2－MBIand  
Otherantithyroidagentsonthe血ymuS■  

Asignincantincreuinrela（iveliverweight was  
ObservediりthelOand50mg晦dosegroupsofboth  
SeXeS，Whichisinagreementwiththeresul（SOf山e   
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Po【enllhyI・Oid【oxicllyor2－Mercapl（一帖nzin－idazoleillra“・  

inllalationstudy（Gaworski，1991）inwhichliverirtiury  

associa［edwithhepatichypettrophyandgranulomatous  
innarmtionwasfound．hcreasedbl∝dc7oltJng（ime  

（APTrr）alsosuggestsaJ）adverseefftctonliveTfunc－  

tions．HoweYer，inhepresentgavagestudy，nOOVer【  
hepat∝ytelrUuryWaSaPPa化叫Whichisconsisten（With  
noincrmsesinserumASTaTKIJuJlevels．haddition，  

血e托Iadve貼verweigh一山αe脱in50mg此gdosemls  
remmedtothecontroHeve］withirlthe2－Weekrecovery  
period．TTLerefbre1．theobservedliverchanBeSaPpeared  
tobealladaptiveresponse．  
Sbgh，♭uts如isdcauysignincantincreasesofBUN  
levelinmaJes，andofCRN）evelinftmalesassociafed  

wiLhaslightincreaseinrelalivekidneyweightwere  
Observedinthehigher2－MBIdoseBrOupS・Inconsidera－  
tionoftheprevioluSrePOrtderrwnstratingrenaltoxicity  
（Gaworski，1991），dlePreSentfiLldingofcalcificadonin  
theco11eclmgtubulesinoneanimalofeachsexmaytN＝  
Sig山nc甜t．  

¶鹿non－Observed－e能c11evel（NOEL）of2－MBlin  

ratsinthepTtSentgaVageStudywaseva】uAtedtobe］ess  
than2mg几gbasedonthesignificanldec蒜asesin  
absoluteandrelativedlymuSWeightsofthelowestt7℃at－  

mentdosegroup・Obviously．prudencemustbetakenin  
extraFX）lat）nganima）datato山ehumansitua（ion．hsaft－  

tyevaluationofchemica】s，arlunCer（ain（yfactorof－  

’．100xr’isusuallyadop（ed．Iftheavai］ableNOELis  

basedonasubaculeStudylikethatconductedhere，an  
addidorLalunceLtainb，ねctorof’－5x’■shouJdbeconsid－  

ered（togive500x）．BasedonthissaLttyevaJuation，  
4，FLgn（〆daymightbeacceplabIebr（hehumanexpo－  
Surelevelof2－MBl．However，theconlamination）eveI  
Of2－M即in血唱SmuSlkrd眠d那hl・aspq声ibleor  
Shou）dbereplacedby aless（OXicrubberantioxidant．  
Tnismighlt光Par（icular）yim騨如aJltindleCaSeOfdnユgS  

administeredoYerloJ］g periods suchasinsulin．  
軸仙emo托，2－MBlisahtlysoIub】ecom匹und，and  
dluSitsaccumulationin叫ebdymayo∝urWjthrepeat－  
edadministration．Tbxicokinetic studiesof2－MBIand  

rela（edcompoundssuchasmethylatedderivativesare  
nowunderway．   
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PreChroniclnhalationToxidityStudiesof2－Mercaptobenzimidazote（2－MBt）  
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伽血職u〆り仇欄勒郁叩Jgd血g比！‘J5，J9タロ  

Pr∝hTOnictnhalationToxicityStudiesor2－Mercaptobenzimidazole（2－M81）inF344／NRalS．  
G＾WORSKJ，C．L．，＾RANYJ，C．，VANA，S．，RAJENDR＾N，N．，＾8DO，K．，LEVtNE，8．S＿，ANDH＾LL  
肌ん（1991）．凡〃血肌J仰J．7加ゎd．1ふ，16トl了1．Z－Mercap10benzimi血ヱ01e（2－MBl）．us由in  
rubberproc亡岱Ing、】SaSuS匹CtCarein（■鰐nStruCturallyrelatedtoelhylenelhiourea・meiのhalalion  

10扇cityor2－M別wa5eValuatedinmaleand丘male円44／Nratsexpo鉾d6hr／day，5day釘week  

l［ol闇p血ble紀和SOIs鉾neratedbyspmyato血Iioqoraqu㊥偶＄US匹nSionsく）r山e2－M8Ipowder  
andsubsequentdryin＄Ortheresu］tin8aerOSOIs．Twdvecxposuresaltal苫etCOnCeT）1rationsorO，  
6，3，12，5，25．0．50．0，OrtOOmg／m3o（2－Mt）［producedadose－reLaledreductionin加dyweight  
脚ins．thyTOidfo11icularcellhy匹叩Ia由ちadreIldのneXbltychan8e．andpitl】itaryalrO沖y．Sub－  
Chronic亡X匹）SureSWe托COndudedat払曙映COnCelltra扇on50rO，j．l．‘．2，12．5，25．0，and50．O  
mg／m｝or2－M別．Ratsal＞25m8／m3di印】ayedhundledposturちby匹aC山ity，andredu∝dbdy  
W頭巾鮮血，WilhcompouIldrelat由mortalityalthebighe或亡XpOSurelevel＿Anemia；inc代a虻d  

SGPT，SGOT．a7katincphosphatase，SOrbitoJdehydro鉾naSe，8UN、andcholesterol；andreduced  
什eethttyaddwereseeniJlratSat＞25mdm）．lncrcascdthyTOidweightandthyroidFbllicuJar  
ee】lhype叩Iasiawer亡】nOtedinbo一九馳X鵡at≧‘．2汀l〟m3，W血reducedtrjidolhyrりpi山eand′  
thyroxineleveIsintx）lhsexcsal＞（2．5m8／m3．ThyroidfbllicularcclthYPerPlasjawasaIsoseen  
irlrabat3．1m〟m】．mymuswcighlsWe托Si8血hねn山yredueedinぬIh9eX仁S81a11exposure  
IeveIswilh最verweightincrea9巴Sat≧‘．2m〟m】．Ex匹Surむ陀btdhi史Opalholo由C血a鴨島includ∝l  
PilLJitarycytopIasmicYaCuOlizatiorL，adrena）cortexnecrosis，］ymphoiddepletiorl，thymicatrophy，  
IiveTCd‖1yperlrophy，renalmineralizationandtubularalrOPhy，andhypcet）1］IatjlyoftheborLe  
marrOW．＠け915bdqy01T01iのI昭一  

2－Mercaptobenzimidazole（C，H6N2S，OrlH一  
転ぬmidazole・2－thiol）isstmctumllyrelated  

CantpOtenlialfbroccupalionalexposureby  
theinhalationroule．   
Toxice能ctsor2－MBIwererecognizedas  
earlyas1950when asingle oraldose was  
ShowntocallSethyroidtoxzczty，aSmeaSured  
bya95％decreaseiniodinellPtake，in rats  
（Searleeta［．，1950）．Ådministrationof2－MBl  
hasbeenusedtodecreasethyroidfbnctioniIl  
m岱（K七11en，1972）．Thyroid enla巧ment，  
Whichwasassocialedwithdecreasedplasma  
concentrations of circulating thyroxine and 
triiodothyronine andiTICreased thyrotropln  

とtOethyJenethioureaandissuspeC暮edofbeing  
C3Pableorproducingthyroidandlivertumors・  
2・Mercaptobnzimidazole（2－MBl）is usd  
eXtensive7yasarlaCCeleratorand／Orantioxi－  
danli7”ubbermanufhcturing，withasigni魚－   

り一概l－t∝linparla11he1989Meモti喝Orthe馳iety  

Onhicol喝γ－Allanta，GA＿ 2 
presenladdress：LorillardTobaccoCo．，420Engush  
L，P・0・Box21刷柑，Greenぬoro，NC27420． 一 
丁owhomaJ）correspondenceshouldbc？ddressed・  

0272カ590／91＄j．00  
Copynかl④l開tbytI噌5bddyO一丁oxicdo烏y＿  
舶用帥ISOrltp†雨uclior沌＝明成rmwn亡d＿  

l引  
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WhalmanPe］licu］arODSBuardco7umnusing2mobdc  
phaseo［75％water．25％melhanoIconlainIngl％acetk  
acidand2variab］ewavelengthuvdeleclor（254nm）．T憮  
2・MB［bulkchernicalwas8reaterthan98％pure．（The2％  

impuritywasnotidenli石d．）   
TheHPLCmethodwasalsousedtodetermineLhe2＿  

MBIco†ltenlandpolentialde8Tadalion prductsor伽  
acroso7sintheexposurechamtxr．SampleswerecoJlected  
OrL剛teTS and extracted using methanoI・The analy適  

methodemp）oycddleSameJIPLCsystemdedtdatx）Ye  
W仙amobilepha紀Or95％waler，5％melha〔0lco¶由れi喝  

1％由aciaIacetjぐadd．（memobjIephasewasa4iustd触  
thenlteranalysISinorderLoobtainrelenliontimesequiY・  
alent101ho父Obtainedfbrpurityanalyses．）  

～・〟βJ」～r（〉∫0／Gビ〃〝ⅥJわ〝  

AweldispersionleehniqueuslngaPneumaticsp－ay  
no乙ZIewasdeYi粟dtogeneraleaero鋤】sor2－MBI丘om始  

10％aqueoussuspension．Pneumalicdrydis卿ionortk  

levels，has been reportedin ralS reCelVlnga  
Sing】eoraldoseor2－MBl（Jans父nddl，1981）．  
2－MBTisreadilyabsorbedwhenadministered  
OralJy，hasabloodhalf－1iftofapproxjmateIy  
83hrwhendeliveredintravenously，andac－  
Cumulalesin the thyroid（EIDareer et aL  
1984；Jansseneta／．，198］）．Micebreathing400  
mg／m32－MB12hr／dayfbr15daysdeveloped  
decreasedRBCcounts，PunCtatehemo汀hages  
in the myocardium，altered morphology of  
lungandliver、andnervoussystemdisorders  
（Mezentseva，1968）．Reductionorcirculating  
L－thyroxine）evels by benzimidazolethiol，a  
Principlernetaboliteor2－MBI（Jansseneta［．，  
1981），along with preliminary evidence or  
thymicinvoIutionfb1lowing2－MBIexposure  
（MaImfbrs，）976）suggests that2－MBlmay  
alsobeimmunotoxic．2－MBIhasinducedem－  

bryotoxice抒tctsinEtma】eratsinoculatedin－  
trapedtonea）1y（Bari］yak，1974），Chromosoma］  
atxrrationsin ratftta）celIsafteradministra＿  

tion（BarilyakandMelnik，1979），andcyto－  
geneticabnorTTla】itiesandimmunodeficiencies  
intheprogenyof托malerats（BarilyakeEaL，  
1979）．  

1nEbrmationonthe）ong－termtOXJCltyOf2－  
MBIadministeredbyinhalalionislimited．A  
13－Week subchronicinhalation study was  
therefbre conductedlOinvestigate the toxi－  
COlogice飴ctsof2－MBIaerosoJsandtoiden－  
tiFytargetorgans，di飴rencesinsensitjvitybe－  
tweensexes，anddoseィesponserelalionships  
Wjthrepeatedexposuresatvariousconcentra－  
tions．A14－dayrepeateddoseinhaIalionstudy  
WaSCOnductedpriortothesubchronicstudy  
toprovideabasisfbrdoseselection．  

METHODS   

（刊の〃血／血〟小げ／∫扉■ヱー〟βJ  

The2・M8IbuIkchemicaJwas provided bylhe NTP  
lhroughMidwesIR岱ea忙hlnslitu【e什omacommercial  
SupPlier（Mobay ChcmicalCorp．．West Germany），For  

PuntyanaIysisthe2－MBIbulk⊂hemicatwasdj∬OIvdin  

methano］andana！yzedbyhigh－PreSSureIiquidchroma一  

10ざraphy（HPLC）．鮎mpIeswereeluledonaVydacC柑  
CO）umn（AJrreehAssocjales、DeerhcId．IL）preccdedbya  
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2－MBlprDducdinconsistanta打0抑Ideliveryrat岱  
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OrtheoiIyandstickynatureorthepowder．Theoilincss  
Orthe一泊Wderneo島Silaledveけhigh＄h∽rrate5tOObtain  ■  
；㌫蒜忘よ忘㌫ニ；㌫；ぷこよ；ニ蒜蒜㌫誌：焉  

も  
ⅦPrモpa代dinlwostag鍔．Inlhe伝ー琉S也㌍、thesusl光n虚on  
WaSpumPCdthrou8haO．03－in．JiamelerorificeaLapreS・  
sureく訂250psig．This5u叩en5ionwasalonlizedint桓ミ√一幕  
SeCOndstagewithaspraynozzle（Spl召ySetupNo．  

Sprayjn8Systems．1I】C＿．Wheaton，lL）alldlher蛍ultil唱  
aero∽lspraywascoH∝tedwithacydollemistcoll∝10r  
bru父inlkaero抑圧enerak汀S．TogeれeratCthe2－M戚  
testaerosotlhepre（reatedsuspenSionwasspray如oTniヱCd，  
themistwaspassedlhroughar）OtherdasscycIoneanda  
釦ainl伍SStCellr抑SPOn pi【光h亡aled to approximさtely  

1500ぐphortomixingwithconditioneddilutiomairal  
lhechamberinlet．Thecs！imated residencelimeofthc  

aerosblinthetransporttutN：WaSabotJllsec．Thespray  
no2：ZleopcratedondrYCOmPJWdairandthcsuspcnsio旦  
WaSdeliYerdtotheno乙乙IebyameteringpuJ71P．Thccy，  

donewasdesignd10－帥OVeanydropIcIsornOna10m加l  
】jqui－即翰tertba】l15Ilmdiamelerandlheh顔Iedけ抑伊  
porttubevaporizcdtheliqtlidwaterinthemisI（0ぬciJi叫  
dryingbylhedi）utionair・TheresuLtingaerosolinth亨  
inhaIatione入匹SureCham加持COnSistedor如2－M8Idid  

pa止icles．（DelaiIdde∝dplionorlheaerosolgen卵血q  
sy扇emandib匹血rmanoe亡ValuationwlIlbelhesubj衰  
OranOtherpa匹rlOkpublishedseparately．）  

JpJ・（）∫0／〟（一両J〃r／〃g   

TheexposurechambeTSWeremOni10red Lbr2－MDl  
aerosolmaぉconcen一指tionand匹nicIeske・人8Wlmaぷ  
concen旭Iionsweremo血or由continuous－ywitbRAM－  
Sreal，timeacroso）monitors（MIE．Jnc．，BedLbTd，MA）   
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25．0，Or50．Omg／m32－MBI6hr／day，5day／WeれわⅠ－1j  
Weeks．AconlrO】gruuporIOrals／㌍XWaSeXPOS由一o鈴ト  

teredair．Åt）eastlwoconsccutivecxp5ureSWeregiven  
jmrnediaIe）ypriortolhescheduJedlermination．Ninetee  

additionalmaIeratswereinc）udedineacht）［1hecontro］  

andlhe3．l，12．5、and50m8／mJ訂OuPS（SI光CiaI扇udy）  
fbrscheduledco）IcclionorserumsampIesfbrthyroidho卜  
moneradioimmunoaぷay（RIA）．   
0血ど∩・d血那d〃〟占0め′棚fgノ眈Animalswereobserved  

twiceeach day rbrmorta）ity／moribundity，With fbnTtal  

Clinica】ob鑓Ⅳalions匹rbmeddaiIyduri喝Ihe14・day  
Study and week）y duringlhe subchronic study．8dy  
Weights were measured al’expsureinitialion，WeekJy  
lhe柁aRer，andatn∝和匹y．   
（Y血f〟／卯Jノわ毎卯β〝〟カひr／mノ〝ビ〟〃8ル∫山・A朋bIood  

SamPleswerecollected丘omJlOnEhsLed ratsane5thetized  
Wilh70％CO2．B［oodwa5eO”ectedYialheabdominaI  
venacaYa丘ornal］suT・VIVJngCOreSludyratsaIlheterTT）inaI  

n∝rOPSyOrthesut㌍hro雨cstudy，Hematology叩melers  
examinedincluded erylhrocyte count ar）dindicesこIeu－  
eoeylecountand di恥rentiaIs；hemog］obin，hematocrit．  
reticul∝yte．and p）a（eJetcounts；andprothrombinand  

activatedpaniaIlhromboblastjntjmes．C】jnicalchemislry  

lesIsincludeda）bumin，tOtalproIcin，bJoodureamitrogen，  
Creatinine、aIanine aminotrans托柁l父，おpa几ate amir10－  
transEtrase．aLka）inephosphatatase，glucose．totalcholes－  

terol，父川mCholin岱tera父，抑rbi10Idehydro8Cna求，1actic  
dehydrogerlaBe，（OtalbilinJbin，and丘eef如tyacids．He－  
matologicddeminationswe帽匹ーわmedwitha Baker  
9（拍OhematoJogyanalyzeT，atld血clinica］chemistTYteStS  

werepe血rTnedwitha8akerCentriEichem500automaled  
ana】yzer（5krono－Baker．AIlelltOWn，PA）．   

Blod論mp】缶わー帽dioimml】nOaS鍾yOrthelhyroid  
honnonestriiodolhyronine（T3），1hy和Xine（T一）．andthyT  
roid－Stimulaljnghormone（TSH）werecoJJected vialhe  

retroorbitalsinu5什om each orthI℃eS匹Cialsludy mls  

necropsiedat2，4．or8weeksorexposure．Speciatstudy  
ratsscheduled tocomplelelheentircJ3－Weekexposure  
匹riodweresamp）edpreexposuTC．at4and8weeksof  
exposurちandatterminatioll．Fo1lowl喝COllection，llle  
父mmWaS幻Oredat－700CuJ】tiIanaIyzd．TjarldT．we代  
measured usingcommercialIy available RIA kit5（ICN  
Bjomedical，1nc．，CaTSOn，CA）．TSH was measuredin  
Serumbyadoubleantibodyrnethodusil昭一heRIAreagents  
andprocedurepTOVidcdbyDr、S．RailithroughtheNa－  
tionalHormorLeandPitl】itaryProgmm（8altimore，MD），   

〟打r叩∫γ．けI甘α〃岬喧加∫．β〝d鋸∫J叩〟血）J咤γ．A11ani－  
mats（excludi叫gSI光CiaIstudy8和upSjn紬e su旭ronic  

Stl】dy）r∝¢ivdacompletenec和PSyandwereexamined  
EbrgrossJesions．Liver，thymus，thyTOid，rightkidney，right  
testis，h蛍Tt，bTa；n．andJungwei8hlswereTneaSured．The  
bItowingti芯u罵Were COllecledlbrl】is10palbologicex－  

amiJlalion：卯SIesbnsandli防uema既S，Iympl】ndes  
（bronchiaJ，mediastina），rnarldibtJ］ar，and mesenteric），  

mammaけ幽ndwilhaqjaαnlskh，lhighmu監Ie，男山vaけ  
g［and，EtmurincJudingmarrow，rib（COStOCholldraljunc－  

andhourlybygravimetrjcFiIlersamplesco））cctedEh）m  

neasuredvo暮umesorlhele5tatmOSpheres・ThcRAM－S  
仰n父WaSu父dtodel∝1pOtentialdh鮎intheaerosol  
亡OTtCentraIionandlherebyindiGlte仙ea4juslmentsneedcd  

そて」睡血generatOr’soutputtok∝Plheleslatmospherecon－  

脚tl甘Iionontargel．Selededaerosol鑓mPleswereana－  
き－ノこJl画ChemチCally10enSuretha＝he石帽r㈲lmassdeter‾  

nlindgrilVlmetrieallywasaIlduc10dry2－MB）andnol  
W3terimaerosoIEbrmJnaddition．thefl】lerSamPIcswere  

加帝都dtoeslablishthatlherewere＿nOChemicaldegra－  
芸．加onpr（肩uctsintheaeroso】re】alivetolhe2－M別buIk   

加mical 
▲ AerosoIpaHiclesj託dis血butioninlhe chamber aト  
Fi； mere、・aSmeaSuredineachexposurec加血rwilh  

aQuanzぐけSta】Microbalance（（氷：M）－ba光dca父adeim一  

声dor（m＝わmiaMe鮎urement5、Inc・，SierraMadre，CA）－   

S匹1ialhom呼neityinlheexposurecham加代WaSde－  
tmindby mea5unI唱theaeroso】massconぐenlratiollS  

aRAMmonitoraIsixIocationsIVithinthechamb亡r  

iロthea】PPrOXimatcanimaIbreathi喝ZOneS、  

ミ・よ東面正川〃〟A扉研（7／（力作   

M批alldfとmaleF3朝／NTatS，apPrOXinlaleIγ8107  
咄ks。raさe．We（e。btainedft。mSim。n，。。1＿ab。，at。ric，  

ヒぐA）、わrthe14daystudy and什om TaぐOnic  
．    Inc．（GermanlOWn、NY）、brthesubchroIIicsludy．  ■rm5  

血imalswe托main血n∝Iinstainle弘SteetWire－meShcages  
h2－m3hhalationcham玩旧（bbP和ducts．1mL，May－  
≠odd，NJ）．with2－tO3－WeCkquarantineperiodspriorto  

叩u∫亡＝i11iliation．Cz喝eunitswererolaledonaweekly  
Withinlhe chamt＊TS．ExposIJre Chamtxrs were  
iintaimedat75土38Fand55±15％rela－ivehumidjty，  

丸山ー恥wsor】5±2cha几g鮎匹rhour．NIH・070匹n  

muladiet（ZeigJerBrothers．1nc．．Gardners、P＾）was  
封abIeadJihjLzLnl．eXCePtduringexposuJtS．FilleredCity  

r仇iG御drinki喝Walerwassupplie山d他山f／刀Viaan  
叫Omaticwateringsysl印1．A12－hrli8ht／darkcycle（6AM  

lo‘Ⅲ1iLght）wおprOVid由一Atlermina■necropsy，父rum  
Plesl〝ereObtained丘om ra15holl班dinthecontro】  
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amkrduringlhesutKhroniぐStudyfbrastandardNTP  
咄偶a鵬My父n別．Alh卸叩lびWerenegative丘汀1he  
梅松はreened．  

重囲両肌舶／伽，吻Ⅷ扉れ血ね吻恒仇仰血峨  

撤‘〃肋卜血γ〃p錯Jgd血－＝仙かGro岬SO用vera吋  

Wereexposedaltargetconcen173tionsof6．3，12．5，25．0，  

・0，Orl00．Om8如】2－M以6hr／d8y，5dayル∝k，bra  
Or12exposures．m帽eCOnSeCuliveexposur亡SWCre  
enlm汀－edialelyprjor10SChedu】dlemination，Acon－  
叫卯upo用ve血S／㌍XWaSeXP。Sdt。帥eredair．  
蝕如肋～／r粛ゆ，Groupsor川田tS／父X（COreStudy）  

妄ぎ他eexposedaltargctconcenLratioTISOr3，），6，2，12．5， モ入  
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TABLEI  
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Aerosolpa鵬clesize  
dislribution‘  

AerosoI  

targ¢tCOTICn  

（mかmり   
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■6hr／day，5days／W∝k．  

bDctemine川・OmSixdaiJy旦raVimelricmter－COllectedaerosoIsamplesoYer66exposuredays．  
fTheYaluesaremeaJISOrfburdeterminations．  
dRelativesundarddeviation．  
，MassmedianacrodynarrLicdiameterandgeometricstandaTddeYiation＿  

tion）、naSa）cavilyandlurbinates．ton8ue，1arynx，phamyx  

andtrach飽，lun88ndmain扇embronchi，hearlamdaona、  
1hymus，lhyroids，Pamthyroidsl借Oph88US、扇OmaCh，1ar詳  
alldsma11intestines，】iver，panCre恥，Spleen、kidneys，ad－  
托mals，llパnaけbbdd引㌧prePUlialorcli10ralglall血，PrOシ  
tate、teSles，CPididymides，SeminalYeSicles．scrolalsac，Va一  
如a．ovadquler揖，bI甘inandpitui叫，叩halcord，虻iatic  
nerYe，eyeS，aJldZymbaI’sdands．Tissu6Were丘xedirl  

LO％neutraIbll能red EbrmaJin．t丘mmed，embeddedin  
匹m餓n，駈Ction由，aI】d staind wilh helⅥatOXy】in and  

∞Sin．Acompletehistopa血o10如¢Ⅴ山ualioninclusiveor  
脚】岱ionswascoI畑udedonal暮animalsiれtlleCOntr01  

弧dhighconcenlrationexposuTe8rOu騨．AddilioれdIy，aIl  
Orlhe代quird正弘ueSinlhe25m釘mつexpo鳩d托male  
ratsinthesubchronicstudywereexaminedduetothe  
mortautyinthc50m8／m）訂Oup．Tissuesノdemonstrating  
Chcmica】lyreIatedlcsions（tal苫etOrPnS）wcreidentified，  
aTldtheseo喝anSplusgro岱Iesionswereexaminedink）Wer  

dos那umtiIano－Ob父Ⅳde旅℃tlevelwasdetemind．  

Dixon（1953）．ClinicalchemistryresuLtswereanalyzedby  

∫＿£ ＾NOVA且nd＆Dunnctt’stestusingLABCATsoRwar8こ；Y  

（1nnovativeProgmmmin8AssKiatc＄．Inc．，PrincctoT），NJ）．  
ThelevelorsiEni負鴨nCeWaSクく0．05．  

RESULTS   

乃g2一九招けdgr∂∫0／  

Forthe13－Weeksubchronicstudy，aerOSd 
massconcentrationsdeterminedgravlmetri－  
CalIy were maintainedwithin15％re）ativc  
Standarddeviation（RSD）ofthemeansfbrthe  
entirerangeofdoselevelsthroughoutthe66  
exposuredays（Tablel）．Forthe14－dayre－  
peated dose study（12exposure days），theゴ  
meanaerosoIooncentrationswerewithin2（粍莞 ▲√二  

RSDoftargetconcentralionsinaJIchamtx：rS 
（datanotshow叶   

The aerosoImass concentrations deter・  

∫†dJ血血・∫  

0咤釘＝明ighlsando聯nW亡ighl仲山ywei帥tl融i偶Were  
anaIy次dbyoけe－Way（bysex）analys誌orYariance（AN－  
OVA）餌lowdbyaDllnnetl’ste或Wh亡maSi印i負mnlダ  
用tiowasobはined．Thyroidhomonedatawe代anaIy託d  
by＾NOV＾fb）lowedbyeitheraDunllett’stesl，ione－  
Samp）eLttsl，OraMalln－Whilneytest（RS／Exploreso丘－  

Ware．verSionl．l，鮎dalNo．V・る58，B8N RS／Expe爪  

Limi1ed Partnership、BBN Softwatt Products Corp．．  
Cambridge，MA），TSHresultswereana］yzedfbLLowing  
exclusioT10foulli併S，aSdelermi－1ed bylhe melh∝lor  

minedbygravimetric methodaE）d thTOugh彗  
ChemicalanalysiswereitlgOOdagreementfbr  
theentirerangeorconcentralions・The－ado  
Of aerosoIconQentrations caJculated伽m  
chemicallyanaIyzedandgravimetricallydc・  
terminedamountsof2－M8IrangedfromO・98  
tol：12，prOVlngthattheaeroso］massde世  
minedgravimetricallywasallduetodry2・ 
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MBl．Resultsofthechemicalanalysisofthe  
aerosolfbrpotentia12－MBldegradationprod－  
uctsshowedthetestarticletobeunalteredby  
仙egenerationprocess．   

Particlesizemeasurernentsoverthedura一  
也oTlOF－thest11diesdemonstratedthatlhesize  
distributionorthe2－MBlaerosoIwasimth9  
inhaJablerangeandthatthedistributiondid  
notvary wjth the aerosoIconcenlration＿ln  
general，the mass mediallaerOdynamic di－  
ameter（MMAD）waslessthan3．OJ▲m aTld  
thegeometricstandarddeviation（qg）wasin  
therangeofl．9to3．Ofbrbothstl】dies．The  
YaJues shownin Tablelare means or†bur  

deternlinationsmadeduringthecourseorthe  
Study．The 2－MBIaerosoIconcentrations  
monitoredbyRAM－Ssensorsatsixlocations  
withil】theexposurechambersrevealedaspa－  
da】lyhomogeneousdjstribulion．Typicauy，the  
q）atialvariatioT）Sbetweenthesesixsampling  
locatiollSWereWithinlO％fbral1theexposure  
Charnbcrsfbrboth the14－dayrepeatdd dose  
aT）dthesubchronicstudies．  

thaniヱedinamoribundcondition，duringthe  
Study．Moribundanimalswereoftennotedto  
be hypothermic，alaxic，OrCOmatOSe．These  
mortalitieswereconsidered10be testarticIe  
related．Onettmalecontrolratatsodied．The  

PnnCiplecJin呈calsignsortoxICltySeeninrats  
exposedat250r50mg／m3incltldedhunched  
posture，emaCiation，and hypoact］Vtty．Fe－  
malesgenerallyhadagrcateroveralJincidence  
aswellasanearIiertimeoronsetoftheseclinq  
icalsignscomparedtomales．   
Adose－re）ateddecreaseinbodyweightgaln  
O∝urredinbothsexesexposedto25mg／m3  
2－MBl，Or greater（TabIe2），With adverse  
Changesgenerallyapparentafter3，4weeksof  
exposure．Comparis6nofinitialandGnalbody  
Weightgroupmeansindicatedessential］y no  
WeightgainduringtheexposurepeTiodinei－  

TABLE2  

SuBCHRONICINHALATION STUDY OF2－MERC＾PTO－  
8ENZ］MID＾ZOLE：MEAN BoDY WEtGHTS OF F344／  
N RATS  

－fb〟〃仰－βdγ月qJαJ／dβぴどぶ〟め′  

ナ 

主MBT．Clinica）signsoftoxicitywereJimitedto  
thehigherexposureleveJsarldincludedmi］d  
三、tranSientlethargyandhunchedposture．Re－  
三d－1CedbodyweightsoccuTTedinratsexposed  

そat500rlOOmg／m3．organweightchanges  

盲・attributed to2－MBlexposureincludedin－   
Creasedliverweightandd∝reaSedheart，Jung，  

2－M別  MeanbdywI  Body、～1c】lanさe  
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con（：n Inilial Final．AbsoIule ReIative■  
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andthymusweights．Enlargedthyroidswere 
POtedi∫1eXpOSedralSalnecrOPSyWhichcoト  

reSpoT）dedwithmicroscopicallyobservedthy－  

rO・idfbllicu】arcenhyp叩IasiainTatSatthe  
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mulationinmalesat＞12．5mg／m3andinft－  
malesat＞50mg／m3andpituitaryatrophyin  
bthsexesat＞25mg／m3．  

馳如r（”血ぷ混み   

Tenofthe19maleratsanda1110fヒmales  
eXPOSedto50mg／m32－MBldied，OTWereeU卜  

qRelalive＝こ（extx）SedbodywIchangc－COnlrolbody  

叫Change）八COnけOltxdywIchange）×l00．   
ムTola18rOupmOrlalily－  
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thersexexposedatthe50mg／m31evelorin  
ftmalesexposedat25mg／m）．Nosigni丘cant  
adversebodyweighte飴ctswereseeninthe  
ratsexposedat2－MBIconcentrationsof12．5  

m釘m3，Orless．   
Necropsy observationsinc）uded dark／red  

adrenalglands，disco）oredskinofthetoes，and  

enlargcd thyroidg］andsin exposed mts・Se一  

Iected organ weightsareshownin TabIe3．  
Dose＿relatedincreasesinabsoluteandrelative  
thyroidweightso∝urredinbothsexesofrats．  
A16．2mg／m3，themeanabsoluteandrelative  
thyroid weights ofeithersex were approxi－  
mate（ytwicetheva）uesortherespeCtivecon－  

troIs，withexposureat250r50mg／m3re－  

Sultinginincreasedrelativeweightso［these  
OrganS Ofapproximately5tolOtimesthe  
COntrOIweights・Increasedre）ativeliverweights  
wereseeninmalesexposedat6．2mg／m3，Or  
greater，andinEbmalesexposedat3・1mg／m3  
Or greater．Absolute at）d relative thymus  

Weights were・Signi魚cantJy reducedin both▲：髪  

SeXeSeXpOSedto2－MBl・This曲ctwasdose∴f 
量 

∵
愚
僧
儲
鳶
書
笠
意
彗
㌔
澗
 
 

COnCentration tested．Other organ weight  
ChanBeSnOtedwereconsideredincidentaIot  
relatedtobodyweightchanges．   
Concentration－dependentanemiawithde－  
CreaSedRBCcountsandhemoglobinandhe－  
matocritva）ueswasseenatlev㌫sof12．5md貸た  

TA8LE3   

Su8CHRON忙■）NHALAT10NSTUDYOF2－MERC＾PTOBENZJM［DAZOLE：  

St：LECTEDORGANWEIGHTD＾T＾OFF344／NR＾TSA  ほ
 ＝
 

－
 

Male  Female  

（m〟m，）   Ab泌Iutewl（g）  R亡IatiYeWll  Ab氾Iulev爪（8）   RetaliYeWtム   Or騨n  

32．082±1．55も  

35．IO3±2．4¢9●  

35．写67±2．6‘3  

3‘．305±2．8ユタ■1  

45．647土4．（帖5●■  
ノ  

0．917士0．04l  

0  13．004±0．紬3  34．315±1．605   

3．】  13．351±l．】l（i  35．969±2．103   

6．2  14．154±0．604  37．93g±2．029●■  

12．5  15．191±l．朗）l■  38．989±1．539叫  

25．0  】0．）60±2．297事  40．270±2．197●●  

50．0  7．）49±0．7g4√・●■   40．270±2．197r・■■  

0  0．231±0．029  0．引0±0．（帖5   

3．1  0．125±0．040日  0．】3g±0．108●●  

‘．2  0」jO±0．O17■★  仇348±0．04（l●●  

】2．5  0．122土0．028＊◆  0．312±0．06】■■  

25．0  0．06g±0．029●■  0．239±0．07S■●  

50．0  り．025±0．O19●■  0，1ユる±0．097●●  

0  0．（＝9±0．（粕4  0．049±0．012   

3．】  0．025±0．004  0．06ざ士0，0】0  

6．2  0．038±0．00‘■●  0．102±0．016★  

12．5  0．057±0．008★■  0．14‘土0．0Ⅰる■●  

25．0  0．】Oj±0．023●■  0．3g5±0．073■■  

50．0  0．094±0．025事♯  仇5】l±0．1柑■●  

7．076±0．3＄7  

7．915±0．527  

8，418±0．826●■  

＄．142±1．040●  

6．206±0．わ9  
J  

O．202±0．O10  

0．149±0．Oll●■  

0．150±0，O19●■  

0．134士0．013…  

0．042±0，017●■  
イ  

0．021±0．00ユ  

0．029±0．002  

0．042±0．003■暮  

0．05ユ±0．010t♯  

0．090±0．O13…  
■  

Thymus  

害
篭
一
⊥
義
盛
頂
H
叫
二
凄
貴
職
■
讃
美
㌫
ぷ
澤
議
ぷ
 
 

0．095±0．015  

0．129±0．008  
0．179±0．O15●●  

0．238±0朋5●●  
0．6糾士0．091●●  

d   

Thyroid  

QValuesrepresentmeans±SDこN三10／youp／sc入at3．l，6．3．12．5，and25JTlg／m，，）OmaJesand9一己malesatO  
m扉m】，and5maIesa150m〟mユ．   
さRelativew巨＝OrganWeight／tem血血b鵬ywei帥1×l000．  
‘’〃＝4．   

dTo【algroupmorlalily＿   

●Si8n拍canllydif托托nl什olⅥCOnlrOl餅OuP（ク≦0・05）pyDunnell’sJl馬L   
●●Signiacal再ydi恥rentfromcontroIgl●Oup（P≦0・Ol）byDunnettlst‡est．  
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m；landabove（Table4）．Amacrocytosiswas  Adose－relateddecreaseinT3WaSObserved  
inmaleratsatthe2－，4－，and8珊eeksampling  
fN：riods（Table5）．A丘erinitialdepressionat2  

Week5，T3COIl∝nlratjorlShowedaprogressive  

recoveryinratsexposedto50rhg／m32－MBI．  
2－MBIalsoproduceda marked dose－related  

reductioniTIT才Ievels．Atthehighest2－MBl  
exposureIevelno serum thyroxine was de－  
tectedafter2weeksofcxposure，withlevels  
remainingbe］owthelimitofdetectionfbrthe  

托mainderortheexposure．Ratsexposed to  
12，5m〟m）2－M8Ihaddecre鮎edT－a12，4，  
Or8weeks．withrecovery bytermination of  
thestudy，Whileexposureat3．1mg／m3did  
notsignificantIyreduceT41evels．TSHfevels  
Werehighlyvariableandrevealednoconsistent  
trendsiTlrelation to the2－MBIdosage or  
Jengthofexposure（datanotshown）．   

Exposure to2－MBIproduced histopatho－  
）og）Calterationsin severaloftheorgansex一  

芽．T）OledirLthesegroupsandwasconsideredto  
beaphysiolo由CCOmpenSatOryreSpOnSetOthe  
anemic state．Although the¢騰ct wa5nOt  
strictlydoserelated，tOtalWBCcountswere  
depressed fbrmaJes，butnotfbmales，ata11  
conceTltrationlevels（Table4）．Di能rential  
analysISindicatedthisresponsewasduetoa  
rediuctioninlymph∝yteS．Kidneydamagewas  
suggested丘omincreasedBUN）evelsfbrboth  

sexes，While eZevated cholesteroland／or re－  
duced fteefhttyacidlevelssuggestedaltered  
Iipoproteinmetabolism．Althoughthedataare  
noIshown，SGPT，SGOT，alkalinephospha一  
：taSe，and sorbitoldehydrogenase werein－   
creasedinmatesexposedat25mg／m3．pro－  
1hrombintimesandactivatedpartialthrom－   
boblasti11times were alsoincreased at the  

highestexposureleYel．OthcrcIinica］palhoI－   
08yChangesnotedwereconsideTdincidental．  

TA8LE4   

SuBCHRON［C（NH∧uT】ONSTUDYOF2－MERCAFrrOBENZIM］D＾ZOLE：SELECTt：DCuNJCAL  

P＾THOLOGYDAT＾JNF344／NRATSu   

2・I州別  

br㌍l⊂qnぐn  R和ご  HGB  
（m釘mJ）（×10‘／mmJ） （〟d”  

HCT  WBC  もUN  

（％）   （×10J／mmユI （m釘dり  

Chole飢erd Freelittyacid  

（m釘dl）   （MmOl／lil併）  
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ほ
2
5
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0．8）7±0．135  

0．9ユ6±0．228  

l．000±0．247  

0．958±0．21I  

O．552土0．095●●  

0．667土0．152  

17．）±2，1  

18．8±2．5  

柑．1±2．5  

15．2±Ⅰ．も  

25．7±9．l●●  

3Ⅰ．1± ○  

82．3± 8．8  

g2．4±‘．2  

92．1±10．6  

9る．3±lt．1  

22j．3±5ヱ．2●■  

18さ．ユ± 轟  

し
・
 
 
 
 
 
 
 
 
 
 
 
 
 
‥
 
い
 
 

Fema】e   

O  8．58±0．27  】6．6±0－6  45．1±l．7 ・5．9±t．7  1る．る土2．1  ＝4j±10．4  0＿557±0．I32  

3．】  8．20±0．38 1る，l±0．b  43．‘±2．1  6．8±t．1 1も．2±2．5  I】る．も±‘．7  0．621±0．】52  
6J之   8．4（）±0．ユ5  16＿3±0．6  44．8±1．7   5，5±】．1  16」±ヱ．0  】12＿l±】0，2  （）．朗±0．t5（l  

ほ」～   7．96±0．25■■ 15．7±0．5●  43．4士l．7  （i．0±1．1 13．0士靂．7  105．る±＝．7  0．560±0．151  

25．0   6．17±0．40… ‖．6±0．8“ 32．‘±2．）●† ‘．3±I．1  32．5±5．9◆● z4】．7士ユl．9●● 0．411土0．075●  
50．0ぐ  

OMeaれ±SD、〃＝71010餌叩は／帥）up／父X．  
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