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Thble4 SulTunaTyOflheresultsorthenewbomandyoungratstudyof2，4－di－terLpbutylphenol   

NewborTtratStudy   

Dose（mg化g／day）   

Dcath   

Cli山calslgnS  

Body wejght changes 

UrlnalysIS   

Hematological changes 

40  300  

M二〟12，F：1／12   

Decrease in locomotor activity 

bradypnea，hypotherma  

9－25％1  

n．d．  

Ⅵ漬ous†  

Liver39－51％†，Kidney37Al％†  

M：Spleen24％J  

n．d．  n．d．  

Blodbiochemicalchanges  

Changesinrelativeorganweights －  F：Liver14％†  

Histopathologicalfindings  － F：Fattydegenerationinliver Variouschangesinliverandkidney‡  

Developmentalparameters  Slightdelaylnpreputialseparation  

1bu刀gratS一日dy   

Dose（m釘kg／day）   

Death   

CJinjcalslgnS   
Bdyweighlchanges   

UrinalysIS   
Hernatological changes 
BIoodbiochemicalchanges  

Changesinrelativeorganweigh1s   
Histopathological鳥ndings  

75  

F＝Tcho†pho†  

F‥Liver13％†  

300  5  20  

W†sGJop土  

瓶ous§  

M：TB†   

F：Tch。†ph。†   

Liver4M3％† 

Ⅵ山ouschar唱eSin  

liverandkidneyⅧ   

n．d．  n．d．  

Dataondeathareshownasno．ofdeada山mals／no．ofanimalsexamined，aCCOrdingtosex，Statisticallysignificanlincreases（P＜0．05）  

inbodyweights，urinalysisandbloodbi∝hemicalparameters，andreladveorganweightsareshownas†，Whiledecreasesareshownas  
J．changesobservedonlyinmalesorfemalesaLeShownas＜M，or‘F，，reSpeCtively，Whileneither‘M’nor‘F’ismendonedinthecaseof  
changesnotedinbothsexes．†IncreaseintotalbilirubinanddecreaseintheAJGratioinbothsexes，increaseinγGTPinmales，andincrease  
intotalproleinandBUNinfemaleswerenoted．‡V訂iouschangeswereobservedasshowninrrhble3．§Woushematologicalchanges  

WerenOtedsuchasdecreaseiJlhemogJobina月dhema（∝d【aLldiflCreaSeinsegmentedneutTOPhjlsjT）EemalesandproloT）gationofFrand  

APTrinmales．佃ou：；Changeswereobservedasshowninrrbble5．OP：OSmOticpressure；Pho：phospholipid；SG：SpeCi鮎gravity；TB：  
totalbilirubin；Tcho：tOtalcholesterol；UV：urinevolume；－：nOChange；n．d．：nOtdetemined・  

studiesin10COnSideration．The UETLs were concluded to t＊  

100m〆kgNayforthenewbom，and500mgn（g／dayforyourLgratS，  
atwhichoneoutofeightratswasfbunddeadinbothcases．These  
analyzes of UEm，COnSidering equivaIencein toxic degrec，  
Showed3．3－5．OdmeshighersusceptibilityOfnewbomratsto2TBP  
andDTBPthanyoungrats，COnSistentwithouranalydcalresuIts  
hrNOÅELs．   

Highersusceptibility ofnewbom rats wasalsodemonstTated  
in our，Previous aJtalyzes of丘ve phenoIs（4－nitrophenol，2，4－  

dinitmphenol．3－am血ophenol，3－me血ylpheJ101and 2，4，6－  
trinitrophenol）（Koizumie（aL．2001，2002，2003ごTbkahashie（aL．  
2004），COnSideredmainlyduetotheirpoormetabolicandexcretory  
Cq）aCity（Horster1977；Creitciletal．1986）．Tthasactual1yben  
reported that UDP－glucuronyltraJISferase and sulfotransftrase  
actiYides．when4－nitrophenolisusedasthesub占trate，arelowerin  
microsomes pfepafedfromlivers ofnewbomrats7and thatthe  
eliminationrateof2．4Jinit工OPheno（fromserumofnewbomrab－  
bitsismarkedlyslowerthaninyoungadults（Gehring＆Buerge  
1969；Matsui＆Watanabe1982）．Unfortunately，thereisnoinfoト  
madononthetoxicl（yFneChanismandtoxicokinedcsofboth2TBP   

OrCdticalhistopathologicaldamage（Koizumie（aL．2001）．Wehere  
triedtoapplythisUETLapproachtothepresentstudy．For2TBP，  
clinicalsignssucha5decreぉejれ1∝OmOtOraCtivjけ卸dataxicgail  
WerenOtedinmostofthean血alsgiven200m〆kg（newbomrats）  
and500mgn（g（youngrats）CThble2）．Furthermore，a8－17％low－  
eringofbodyweightwasobservedat200mgn’ginnewbomrats，  
butnotintheyoungratstudy．Therefore，equivalenttoxice  
totheseobserYedat5（カmg几ginyoungratsmightbeexpectedto  
appearat100－150mgA、ginnewbomamimals・rnleUErLswere  
COnCludd to bel∝ト150and500m釘kg佃ay h＝1eWbom and  
youngrats，reSpeCdvely・hthecaseofDTBP，Cleartoxicitywas  
Observedatthetopdoseof300mgn（ginbotht）eWbomandyoung  
Ta（Studiesmble4），buttheJevelofseYerityWaSVerydifferent，for  
example．deaths were（nly notedinthenewbomcases・T（WaS  
considereddifnculttoesdmatetheUETLsfromtheresultsofmain  

studiesonly．HoweYer，themostcriticalendpointfortoxicity，mOr－  
tality，WaSalso■nOtedatl00m〆kgandmore，and5（旧mgn’g，in  
thedose一触dingsttldiesofnewbornandyoungrats，reSPeCtlVely．  
TherefoTe，itwouldtxpossibletoesdmaletheappropriateUETLs  
astheminimumIethaldosebyt且kingtheresultsofuledose一角nding  
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Tゝble5 HistopathologlCalfindingsforlheyoungratstudyof2，4－di－tert－butylphenol  

〟．〃fJⅥ／8一助iz〟mfeJdJ．  

Scheduled－SaCrほcegroup†  Recovery group 

Dose（m釘kg／day）  Grade  O  75  300  0  3（泊  

No．ofanimalsbxamined（Malenemale）  

Liver  

－CentrilobularhypertrOPhyofhepat∝yteS  

粘dneys  

－Basophilictubules  

6／6  6／6  （i／6  6／6  6／6  

0／0  0／0  4／4  0／0  0／0  
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ーGranularcasb  

－Proteinaceouscasts  

†Nohistopathologicalexaminationwasconductedforthe5and20mg耽gscheduledTSaCrificegroups．＋，mi1d；＋＋，mOderate；＋＋十，  

marked．  

andDTBP；however，theimmaturefunctionsinvoIvedinthetoxi－  

COkinedcsin newbom rats would beimplicatedin the higher  
SuSCePtibility，aSinthecaseoffivephenoIspreviouslyanalyzed・  
Whilethereareverylittledataontoxicokinetjcsofenvironmental  
Chemicalsin the newbom，relatively plentifulinformation has  
beenrepoEtedinhumansforpharmaceuticalswhichareclinically  
appliedduringtheearlypostnatalperiod・Recently，GinsbergetaL・  
（2002）conductedcompaTativeanalysisofphamlaCOkinedcparam－  
etersEbr45drugSinbothchildrenandadults，andshowedhalf－  
1iYeSinchildrenagedtwomonthsorundertogenerallybetwo－fbld  
longer山肌hadults．   

Asfbrthesusceptibilityofthenewbom10tOXicityofchemicals，  
althoughi（isgencra11yimpo血ttotakethesensitlVltyOftarget  
OrganSandtissuesthemselves（toxicodynamics）intoconsideration  
besides toxicokinetics，there areinsuLncient data on di鮎TenCeS  

betweennewbomandyoung／adultanimals．R〉raPpeatanCeOftox－  
icity，WhichistheoutcomeoftoxicokinedcsandtoxicodyJlamics，  
SOmeCOmParadvestudieshavereliedonLD50Yalues（Goldenthal  
1971；Sheehan＆Gaylor1990）．HoweYer，itisnotconsideredthat  
infomlationonacutetoxicityatlethaldosageisappropriatewhen  
COnSideringthe susceptibility of newbominrisk assessment，  
玩causedo沖「托SpOn光CuⅣeSCOulddi鮎ー，鮎me鵬ondabY¢．  
ⅦthproIonged，Subtoxicdoscs，Whicha陀basisfbrTDIorADI，  
OurS¢des ofcomp血ve studies consdtub血e丘mtsystematic  
鮎SeSSment，prOVidimgamimI氾止antb貼ebrdevelopmentofnew  
me血dsordskassessmentorsus∝pdbilityor山enewbom．  

In conclusion，Clinicalsigns and efrtcts on theliver were  
bbservedfor2TBIミand hepatic andI℃naltoxicity fbr DTBft  

＾1dlO喧h there were no ckar di飴reinCeSin toxicity pro危Ies  
k佃恍n山emewbomandyoungrabbrb山chemicals，thetox－  
icityleYelsdi鮎redmarkedly．ThesuscepdbilityofdleneWbomto  
thesechemicalsappearStObe4T5timeshigherthanthatofyoung  
animds．  

ACⅨNO吼EDGMENT  
¶l¢aut血相βrak餌1抄紙bowldge仙e鮎卸Cidsuppo正Of山e  
Ofnce ofChemicalSaEtty，PIlamaCeutjcaland MedicalSafety  
Bu托au，MinistryofHealth．LaborandWtlfare，Japan．  
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REPORT ON THE BIOASSAY OFl，5－NAPHT11ALENEDIAMINE  

FGR POSSIBLE CARCINOGENICITY  

CARCINOCENES工S TESTINC PROCRAM  
DIVISION OF CANCER CAUSE AND PREVENT工ON  

NATIONAL CANCERINSTITUTE，NATIONALINSTITUTES OF HEALTH  

This report presen［s the results of the bioassay of  FOREWOR♪  

1，トnaphthaletlediatTLine conducted for the Carcinogenesis Testing Pro－  
gram，l）ivision of Cancer Cause and Prevention，NationalCancerInsti一  
亡ute（NCl），NationalInsti亡uteS Of Health，Be亡hesda，Maryland・This  
is one of a series of experiTnentS designed to determine vhether se－  
lected chemicals have the capacity to produce cancerin attimals・NegT  
ative results，itlVhich the 亡es亡animals do no亡have a slgnificantly  
greaterincidence of caLnCer亡han controlanimals，do not necessarily  
mean the test chemicalis not a carcinogeTlbecause the experinen亡S  
are conducted under alilni亡ed set of circuTnS亡ances． Positive resul亡S  

detrLOnSこrate that the［est che†nicalis carcinogenic for animals under  
亡he condi［ions of the tes亡 andindica［e a pO亡en亡ialrisk to man．The  
ac亡ualdetemination of 亡he risk to man from aniTnalcarcinogens re－  
quires a vider analysis．  

CONTRIBUTORS：This bioassay ofl，5－naphthalenediatnine was conduc亡ed  
by MasorL ResearchIns亡itu亡eIWorcester∫MassachusettsIini亡ially  
under direc亡 COntraCt tO［he NCIand curren亡Iy under a subcontrac  

［o TracorJitco，Inc・，pritne con［rac亡Or for the NCICarcinogenesis  
Tes［ing Program．  

The experitnentaldesign was determined by亡he NCIProjec仁Offi－  
ceヲS・Dr・J・H・Weisburger（l，2）andDr・E・K・Weisburger（1）・The  
prlnCipalinvestiga亡OrS for the con亡ract vere Dr・E・Stnith（3）and  
Dr．A．RaTldler（3）．Animal亡rea［ment and observati，On Vere SuPerVised  
by Mr．G．Wade（3）and t4s．E・Zepp（3）・CheTnicalanalysis vas per－  
fortned by74idwest ResearchIns亡itute（ん） 
t）erereVieved by Dr・N・ZiTrLmerman（5）・  

tlis亡Opathologic examina亡ions vere perforTned by Dr・A・S・Krishna  
Hurthy（3），DT．A．Ru＄Sfield（3）and Dr．D．S・Wyand（3）at theぬ60n  
ResearchInstitute，the pathology tlarra仁ives vere vri亡亡en，by Dr・A・  
Russfield（3）and Dr．D．S．Wyand（3），atld the diagtlosesincludedin  
this report represent thein亡erpreta亡iot10f these pa亡hologists・His－  
topa亡hology findings and reports werb revieved by Dr・R・L・Schueler  
（6）．  

Compilation ofindividualaniTnalsurvival，pathology・and sum－  
mary tables was performed byEG＆GtlasonResearchIns亡i亡ute（7）；the  

lll  
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S亡a亡isticalanalysi8Va8performed by Mr．W．V．Belev（5，8）and Mr－  
R・M・tIelfand（5），uSing tnethods selected for the Carcinogenesis  
Testing Program by Dr．J．J．Gart（9）．  

This repor亡VaS prePared at METREK，a Division of The MITRE Cor－  
poration（5）under the direction of the NCl．Those respt）tlSible for  
this repor亡at軒ETREK＆re the proJeCt COOrdinator，Dr．L．W．ThoTna＄  
（5），taSkleader Dr．軋R．Rornreieh（5，10），Senior biologis亡M8．P．  
Walker（5），biochemist Mr．S．C．Drill（5），and technicaleditor Ms．  
P・A・Miller（5）・The finalreport was revieved by Tnetnbers of the  
p8r亡iclp8亡ing orgdniヱd亡ion5．  

The folloving o亡her scietltists at the NatiorLalCancer工nstitute  
Were reSpOn5ible for evalua亡ing亡he bioassay experimentIin亡erpreting  
【he resul，亡＄，and reporting亡he fillding6：Dr．R．C．Chu（1），Dr．C．  
Cueto，Jr．（1），l）r・J．F．Douglas（1），Dr．D．G．Coodtnan（1，10），Dr．  
R・A．Griesemer（1），Dr．M．R．Levitt（1），Dr．tI．A．HillnaTl（l），Dr．  
T．W．Orme（1），Dr．R．A．Sq11ire（1，11），Dr．S．F．Stinson（1），Dr．  
J．M．Ward（1），and Dr．C．E．肌i亡mire（1）．  

l・Carcinogenesis Testing Progratn，Division of Cancer Cau8e and  
Prevention，Na亡ional CancerInstitute，Na亡ionalInstitutes of  
Keal抽I8e亡be8daIHaryland・   

2・Nov vi亡h 亡he Naylor D8naInsti亡u亡e for Disease Prevention，Aneri－  
CanIlealth Founda亡ion，Hammon托ouse Road，Valhalla，Nev York．   

3 

Se仁t8●   

4．Hidwest Re5eさreb工n8ti亡ute，425Volker Boulevard，Ransa＄City，  
Hissouri．   

5．The H工TRE Corpora亡ion，I伍TREK Division，1820Ddlley Madi80n  
Boulevard，McLe且n，Virglnla．   

6． TracorJi亡CO，Ine‥1776Eaさ亡Jefferson S亡reet，Rockville，  

Haryland．   

7．EGふG■Ha80n Re8e且reb工nstitute，1530Ea＄仁Jeffer80n S亡r占et，  
Rockville，Haryland．   

8．Ⅳow vitb the S01ar Energy Research工n＄titute，Cole80ulevard，  
Colden，Colorado．  
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9・MathematicalStatistics and Applied11a［heTnatics Section，Biotne亡ry  
Branch，Field Studies and Statistics Program，Division of Cancer  
CalLISe and prevention，Na亡ionalCancerInsti亡u［e，NationalInstト  
tutes of ttealth，Bethesda，Maryland・   

10．Nov vith Clement A8SOCiates，Inc．，1010Wisconsin Avenue，N・W・，  
Washing亡On，D，C．   

11．Nov vith the Division of Cotnparative Hedicine，Johns Hopkins  
University，Schoolof Medicine，Traylor BuildingIBaltimorel  
Haryland．  

Ⅴ  
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Slm削ARY  

A bioa＄Sdy Ofl）トnaphthalenediatnine for possible c8rCinogenicity  
Vds conducted u8ing Fischer344rats and B6C3Flmice．1，5－Naphthalene－  
diamine vas adtninisteredin the feed，at either of tvo concentratiom㍉  

to groups of5O m＆1e and50fe爪ale animals of each species．The high  
andlov dietary cotlCentrations・u亡ili2：edin the chronic bioassay were，  
respectively● 0・1＆rLd O．05percent for rats and O．2and O●lpercent  
for mice． The cotnpound was admitlisteredin the diet for103veeks，  

folloved by up to4veeks of observation▲・Fifty mice of each sex and  
25rats of each sex vere placed on test as controIs． These aninals  
Vere Ob8erVed for up to110veeks．  

There vere no slgnificant positive 且S80Cia亡ion9 betveen the＆d－  

minis亡ered eoncen亡ra［ion＄Ofl，トn叩h亡halenediamine and mortali亡yin  
ei亡her sex of ra亡S Or mice・Ⅰ口し811groups adequd仁e nuロber早Of animals  
S、1rVived sufficientlylotlg亡O be a亡risk fromla亡e－developi，ng tumOr6・  

血O一喝dosed female ra亡S，a S亡a仁is亡ically slgnifican亡increase  

in ettdoTnetria18trOmalpolyps・WaS Observed．Severalof these ttJmOrS  
underwent malignant tran＄fomation to endometrialstromalsarcomas．  

Theincidence of f帥ale ra亡S havir唱ei抽er adenoma or carcinotna of  
the clitoralgland va8 Statistically slgnifican亡．No TleOplasms vere  
Observed at ＄1gnificantlyincreasedincidence＄in dosed male ra亡S．  
Based onlack of亡1iniealsigns or weigh亡los5，亡he male ra亡5may  
haYe been able to vithstand a higher dose．  

In tnice，do8e－rel＆tedincreasesin thyroid neoplasms vere observed  
in both＄eXe8．LTheincidence of 亡hyroid C－Cellc＆rCinomas was sig．hifi－  

Cant for highdose female mice．The combinedincidences of papill′ary  
adenoma8，folliculさー－Cel18denomaさand｝papillary cy5亡adenoⅡ＝150f亡he  
亡hyTOid vere 81gnificant for・mice of bo亡h 8eXe8． neincidence of  

hepatocellular carcinotnas and theittcidetlCe Of alveolar／bronchiolar  
＆denotna8Vere eaCh＄ignificant for dosed feqlale tpice．  

けnder亡he condi亡ion＄Of亡hi＄bio8S＄且y，1，5－naph亡halenedi慮mine va8  

e8reinogeniein fem41e f■i8Cher344ra亡8，Cau8i喝Cli亡Oraland u亡erine  
neoplasm＄．・1．5一恥ptl亡balenediamine vas also⊂aTCinogeTlic for86Cユー1  

1nice，PrOducing thyroid neoplasm8in Tn＆1e8and neopl＆Sn8Of the thyroid，  
1iver，andlutlgin fetnales．It18ufficietlt eViderlCe VaS prOVided for ttle  

Car亡inogeni亡ity of the compo11ndin male Fi＄亡beT3砧rat＄．  
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Ⅰ． INTROl）UCTION  

1，5－Naphthalenediatnine（Figurel）（NCINo．CO3021），a bicyclic   

aioma亡ic amine usedin 亡he dyeindu8try，WaS Selected for bio且S＄ay by   

the NationalCancerInsti亡ute becau＄e Ofl：he highincidence of bladder   

CanCer rePOrted atnong dye manufacturingindus亡ry vorkers（Anthony and   

Thonas，1970；Wynder et al．，1963）．Arotna亡ic amines are one class of   

chetnicals believed to contribute to theincreased cancer riskin this   

industry（Wynder et al．，1963）．The structuralsimilarity ofl，5－   

naphthalenediatTLine to both the huTnarL bladder carcimogen2－napllthyla－   

7nine（1nternationalAgency for Research on C且nCer（IARC】，1974）and   

the suspected carcinogenl－naphthylatnine（工ARC，1974）vas an addi－   

tionalfac亡orini亡s 5elec亡iot】for tes亡ing．  

The ChemicalAbs仁racts Servi⊂e（CAS）Ninth CollectiveIndex  

★  
（1977）name for this compoutldisl，トnaph亡halenediamine．Iti＄also   

know asl，5－diaⅧlinonapbtbalene．  

1，5－Naphthalenediamine can be u8ed a9an OXidation base（Co19ur   

工ndex【c．工．】76595），aninterTnediatein the syntlleSis of the dye  

NaphthyleneRed（C．工．21650）（Societyof Dyer5and Colouri占ts，1956），  

andin the production of a black trisazo dye for cotton（Taube∴，1973）・   

1，5－NapllthalenediaTQineLh且S also beett uBed a8＆preCurSOr forl，5－naph－   

tbalenedii80Cyan且te（Hirai8nd Yamamo亡○，1975）；・aS anin仁ermedia亡e   

in t九e 8yn亡be8i80f drugs for 血e8ymptOnatic trea亡ment of asthma or  

The CAS reglStry numberi82243－6．2－1  

1  
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NH2  

FlGURE 1 
CHEMICALSTRUCTUREOFl，5－NAPHTHALENEDIAMINE  

2  
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rhinitis（鮎11，1976）；aS a COt71POnent Of pipera2：ine－tnOdified aroma亡ic   

polyaTbide8（Fujivara et al．，1974）；and as a modifier for phenolic   

re8in8uSedin rapid curing compounds（FreeTnan et al．，1974）；however，   

these usesappear tO be purely experimental．  

Specific production da［a forlI5－naPhthalettedianine are not   

available；hovever，亡he exclusion of this compound from the1977  

U．S．A．（S亡anford ResearchInstitu亡e，  of ChemicalProducer  Director  

1977）implies thatitis no亡PrOducedin commercialquantities（in   

exces＄OflOOO pounds or＄1000in value annually）．  

The poten亡ial紬r exposure亡01Iトnaph亡halenediamiれe may be   

greatest for vorkersin the dyeindus仁ry and persons engagedin   

ChelnicalTeSearCh wittl亡his compound．  
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工Ⅰ． MATER工ALS AND METHODS  

A． Chetnicals  

l，5－Naphthalenediamine vas purchased from C＆rrOllProducts，Wood   

RiverJunctiotl，RhodeIsland by the NCIfor Zlason Researchlnstitu亡e，   

Worces亡er，Massachusetts，and chemicalanalysis wa6perfomed by Mid－   

t）eSt ResearchInstitute，Kansas Ci亡y，Missouri・The experimentally   

deterTnined tneltitlg POin［of1900 to19lOc sugge＄ted a cotnpound of   

high purity based onits narrov range andi亡S Close proxitnity 亡O the   

value（1900c）reportedin theliter且ヒure（Pollock and Stevens，1965）．  

Elementalanalysis′VaS COnSistentwi【hC10HlON2，亡hemolecular fomula  
forl，5－naPhthalenediamine・Hovever，nOnaqueOuS amine group titration  

was approxitnately89 亡090percent of that expected on a tkoretical   

basis・Vapor－Phase chromatography reve81ed one hotnogeneous peak・but  

thin－1ayer chroma亡Ography utilizing tvo soIvent system8（acetone：atnmO－  

niumhydroxide and methylethylketone：formic acid），eaCh visualized vith   

254nm and367nmlight，indicated the pre6enCe Of one nonmotilein－  

puri亡y・Nuclearlnagnetic andinfrared analyses vere consis［en亡Vith  

the structureof the coTnPOund・Ultraviolet analysis＄hoved入maxat  

232，328and498nm with∈ Value＄Of62I800IlO｝6んO and9■ reSpeC一  

ectra）indiea亡e8 aゝ  Thelitera亡uTe（Sad亡1eT Standard S  亡iveノ1y．  
maX  

a亡 328．5nm wi亡bく …10，000forl，5－naph亡halenediamine・The ob＄erVed  

〔a亡328m vaslO，6ん0（6percent greater than expec亡ed）．  

Throughout thi8repOrt the termlI5－naPhttlalenediamineis tISed   

亡O repre8en亡 仁hi8 COmpOund．  

4  
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B． Die亡ar  aratlOn  

Tbe basa11aboratory die亡for bo亡h dosed and con亡rOlanimals  

consi6tedofWayneLab－Blox㊥（AlliedMills，Inc．，Chicago，Illinois）．  

1，5－Naph亡halenediamine vas adminis亡ered 亡0 亡he dosed animals as a   

COtnpOnen亡Of the diet．Utlder an exhaust hood，prOper amOuntS Of the   

CheFlicalwere removed from亡heβ亡OCk bo亡tle● me COnpOund was   

blendedin an aluT8ittum bovIvith an aliquot of the ground feed．   

Once vi5ualhonogeneity vas4亡亡ained，亡he巾ix亡ure v8S placedin仁O a   

6kg capacity patterson－Kelley tvin－ShellstaiTlless steelV－blender，   

along vitlt the remainder of the tttealaTld blended for20†ninutes．   

Prepared diet占were placedin double plas【ic bag＄and ＄【oredin the   

dark a亡40c・The mixture va5u8ed forlveek only●   

C． Animals  

加o animalspecies，ra仁＄and mice，Vere uSedin the carcinogenト   

City bioassay．Fischer344ra［s and B6C3Flmice were ob亡ained through   

COn亡rac亡さOf 亡he Diviさion of CanceT Treatment，Na亡ionalCaれeerIns亡i－   

ttl亡e． Allanima181日ere Obtained from Charle8River Breeding Labor8－   

torie＄，IneりWilmington，七kssach11＄e亡亡8．Do＄ed and controlaれimal＄   

Were reCeivedin8ep且rd亡eきhipmen亡S．Upon arrival，a5ample of ani－   

mals was examined for para＄ites and other slgnS Of disease．Allani一   

也alさ■appeaTed 亡O have paf粥ite＄．They vere ヒreated with3．O gm of  

。
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piperazine adipaとe pe－1iter of drinking va亡er，j吐  1ibi亡鱒，for3  

d8yS，f0110Wed by3day50f plain亡8PW8【er8nd3さub5equeIl亡days of   

plpera亭ine adipa亡e admini8tration．DuTing【hi8period，neV Cage8  
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t）i［h fresh bedding tJere prOVided daily・Animals were heldin quar－   

an亡ine by species for2veeks prior toinitiation of test．ATlim＆ls   

Vere aSSlgned to groups and distributed among cages so tha亡 aVerage   

body veigh亡per cage vas approximately equ81for a glVen SeX and   

SpeCies．   

p． AnlmalHaintenance  

All animals were housed by species in rooms having a temperature 

rangeof23。亡034。c．IncomingairvasfilteredthroughTri－Dek 
㊥  

15／40denierDacron㊥filters（Tri－DimFilterCorp．，Havthorne，New  

Jersey）providing six changes of room air per hour．Fluorescent   

lighting was provided on812－hour－daily cycle．  

Rats vere housed five per cage by sex．During quaran亡irle and   

for［her first14mon［hs of s［udy rats vere housedin galvani2：ed－S仁eel   

Vire－tneSh cages suspended over newspapers． Nevspapers under cages   

tJere replaced daily and cages and racks vashed veekly． For the re－   

mainder of 亡he s亡udy，ratS Were heldin suspended polycarbonate cages   

equlPPed vith disposable nonvoverlfiber filter sheets・Clearlbedding  
㊥  

and cages were provided tvice veekly．SAN－トCEL corncob bedding   

（PaxtoTIProcessing Company，PaxヒOn，I11inois）vas used for the first   

2months that rats vere housedin polycarbonate cages・For the re．  

tnainder of the s［udy，Aspetlhardvood chip bedding（AmericatlExcelsior   

CoTnPany，BaltiTnOre，Haryland）vas used・Stainless s亡eelcage racks   

vere cleaned once every2veeksIand disposable filters vere replaced   

at 亡ha亡 亡ime．  
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Nice t7ere housed by sexin polycarbona亡e shoe box type cages・   

Cages vere fitted vith perforated stainless steellids（Lab Products，   

Inc．，Carfield，NevJersey）．Nonwoven fiber filter bonnets vere used   

OVer Cagelids・Con［rolmice werellOuSed【en per cage for the first   

month of study arLd five per cage thereafter．Dosed mice vere held   

five・per Cage 亡hroughou亡 亡he s亡udy・Clean cages，1ids，and bedding  

v。repr。Vid。dtwiceperveek．SAN－I－CElvasusedd。ring亡hefi，St9  

m。。ths。fst。dy．Asec。。dc。r。C。bbedding（Bed－。－C。bs竺TheAnders。。S  

Cob Divisiotl，Maumee，Ohio）was used for the next8months．Aspen   

bedding was used for 亡he remainder of the s【udy．Reusable filter   

bonnets and pipe racks vere satliti乙ed every2veeks throughout 亡he   

S亡udy・  

Water t）aS aVailable from250Tnlpolycarbona亡e vater bo仁tle   

equlPped vith rubber stoppers and 8tainles8 Steel＄ipper tube＄．   

＄ottles were replaced twice weekly and，for rats only，Vater VaS   

SupPlied as needed b畠tt4eert Changes．Food and t．ater vere available  

1ibitum．   

w。，。。L。…1。。ealwas＄。。。1ied亡。r。亡8如12m。m亡h8．8ndmi。e  

f。rllm。nthsfr。mAIpi。βal。min。mfeedc。PS（C。rti。Mathes。nScien－  
1   

＼  

tific，ItlC．，Woburn，Massachu＄ettS）contaiIling staiTlless steelbaffle＄．   

Af【er tha亡period，mealva8 らupplied from8亡ainle888亡eelgaT嶋昏亡yle   

food hoppers（Scientific Cage8，工rLC．，Bryan，Texas）．During the   

2－year Period of chemicaladministration，do8ed animal6Vere＄Upplied  
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with mealcontaining the apprupriate concentrations ofl，5－naphthalene－   

di．amine． con仁rolanimals had untrea仁ed Tnealavailable． Food hoppers   

were changed on the same schedule as vere cages・Food was replenished  

dailyinAlpine㊥feed cups・  

AIL ra亡S u亡i，1i2：edin thel，5－naPhthalenediamine bioassay vere  

★  
housedin a room vith other ra亡S reCeiving diets containing acetyl－   

aminofluorene（53－96－3）；SOdiuTn nitrite（76－32－00－0）；L－arginine gluta－   

ma亡e（4．320－30t3）；N－butylurea（う92－3卜卑）；町牒－dine亡hyトp－ni亡rosoaniline   

（138－89・－6）；2，5－tOluenediamine sulfate（6369－59－1）；2，4－dinitrotoluene  

（121－14・－2）；4－ni亡roan亡hr8nilic acid（619－17－0）；N－（トロaphthyl）e亡hylene－   

diamirLe dihydrochloride（1465－25－4）；2－Chloro－p－Phenylenediamine suト  

fa仁e（61702－44－1）；aniline hydrochloride（142－04－1）；and p－anisidine   

hydrochloride（20265－97－8）・  

D。Sed mice verein a room vitb miceintubated vith m－CreSidine  

（102－50－1）；and vith other tnice receiving diets containing N－（トn＆ph－  

thyl）ethylenediaTnine dihydrochloride（1465－25－4）andlH－benzotriazole  

（95－14－7）．Conヒrolmice verein a room vith other miee receiving   

diet占con亡aining hydra壬Obenzene（530－50－7）；2，3，5，6－tetraぐhloro⊥4－  

nitroanisole（2438－88－2）；tris（2，3－dibromopropyl）pllO＄Phate（126－72－7）；  

N－（トnaphthyl）ethylenediamine dihydrochloride（1465－25－4）；ATliline  

hシdrochloride（142rO4－1）；and2－Cbloro－0Tpbenylenediamine8ulfa亡e・  

★ 
cAS reglStrynumber＄＆re gLVenin p＆renthe8e＄・  

8  
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E． Selectior10fInitialConcentra亡ions  

In order to establish the maxiTnuTn 亡01era亡ed concentrations of   

l，5－naphthalenedialnine for admiTlistration to dosed animalsin the   

Chronic studies．subchronic toxicity studies t4ere COnducted with both   

ra亡S and mice．Animals of each species t）ere dis亡ribu亡ed among six   

groups，eaCh consisting of five males and five femaLles・1，5－Naphtha－   

1enediamine wasincorporatedinto the basallaboratory diet and sup－  

plied ad  1ibitum亡O five of the six ra亡groups and five of the six  

tTLOUSe grOupSin concentrations of O．03，0．1，0．3，1．0，and3・O   

percent．The six［h group of each species served as a controlgroup，   

receiving only［he basallabora亡Ory diet・The dosed die［ary prepa－   

ra亡ions vere administered for 8 weeks．  

The tlighest concentration causing no deaths，nO COmPOund－related   

gross abnormali亡ies，and no mean body veigh亡depressiorLin excess of   

20percent relative to controIs va＄Selected as the high concen［ration   

for the chrotlic bioassay．  

De8ths w色re recorded for allgroups of rats receiving conceTt－   

trations of O．3percen亡Or tnOre・Mean body veigh亡depressiotlVaS   

approximately19and9 percent，re8peC亡ively，in tnales and female   

dosed vith O．1percentl，5－n8phthalenedi＆tTLine・The concenヒration  

ofl，5－mapb亡halenediamine selec亡ed for administra亡ion a華the higb   

dosein 亡be ra亡Chronic bioassay vas O・1percen亡・  

Dea亡h8Were reCOrded for allgroupB Of mice receiving coT）Cen－   

tra亡ions of O●3percen亡Or mOre andin亡he group of fem山e miee  
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receiving O・03percent・Mean body veigh亡depression vas approximately   

22and3 percent，reSpeC亡ively，in males and females dosed wi亡h O．3   

PerCen亡・Males receiving O．1percent experietlCed mean body weigh［   

dtjPreSSion of approxirna【ely3percent，While females receiving the   

Same COnCen［ration had a grea【er mean body weight 亡han the con亡roIs．   

The concentration ofl15－naPhtllalenediamine selected for adTninistra－   

tion as 亡he high dosein 亡he mouse chronic bio8SSay WaS O．2percent．  

F． ExDerimen仁alDesi  

The experinen仁aldesign parameters for the chronic study（spe－   

Cies，SeX，grOuP Size，COnCen亡ra亡ions admini6tered，and duration of   

trea［ed and untrea仁ed observation periods）are sutnmarizedirL Tables   

land 2．  

Rats were allapproxiThately7weeks old a亡亡he 亡ime they vere   

placed on test．Dosed rats were born approximatelylmon亡h earlier   

than cotl亡roIs and vere s⊂＆【亡ed on 亡estlmonth earlier 亡harlCOrl亡roIs．   

The die仁ary concen亡ra亡ions ofl，5－naphthalenediamine adtninist＝ered   

were O．10and O．0う percerLt．Throughout this report those rats   

receiving the fortner concentra亡ion are referred 亡O aS tt－e high do8e   

groups▲and 亡hose receivirLg 亡hela亡ter COrLCentration are referred 亡O   

as 亡helov dose groups．The dosed ra亡S Vere SuPPlied ui亡h feed con－   

tainingl，5－naPh亡halenedian）ine for a totalof103veeks，folloved by   

a3－ tO4－Veek ob8erVation period・  

Allmice were approximately7veeks old at the time they were   

placed on eest. Dosed mice were born approximately 1 month earlier 

10  

47   



TAllLE I  

DESIGN StJM74ARY FOR FISCHER344 RATS  

l，5－NAPHTt仏1EⅣEDI血ⅠⅣE FEEDIⅣG EXPERI汁EⅣT  

1，5－NAPHTHAI．ENE－  

INIT工AL  t）IAHINE  

GROUP  COⅣCEⅣTRATION  

SIZE  （PERCENT）  

OBSERVATION PERIOD  

TREATEI） U71TREATED  

（WEEKS） （WEEKS）  

MALE  

CONTROL  0  109  

LOW DOSE  

ⅥIGH DOSE  

FE比ALE  

CONTROl一  

LOW DOSE  

HICH DOSE  

．
●
．
．
一
■
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TABLE 2  

DESICN Sl削HARY FOR 王沌C3FIHICE  
l，5－NAPHT地ILENEDIAMIⅣE FEEDING EXPERIHENT  

1，5－ⅣAPHT【仏LEⅣE－  

INITIAL  DIAHIⅣE  

GROUP  CONCENTRAT工ON  
SIZE  （PERCENT）  

OBSERVATION PERIOD  

TREATED U刊TREATED  

（WEEKS） （WEEXS）  

HALE  

COⅣTROI．  0  10g  

LOW DOSE  

HICH DOSE  

FEMALE  

CoNTROl．  0  109  

LOV DOSE  

H工GH DOSE  
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亡han con亡roIs and were s亡ar亡ed on 亡es亡1zzIOn亡h earlier than controIs．   

The dietary corLCentrations ofl，5－naphthalenediaTnitle admitlistered   

VeTe O・2and O．1percen［．Througbout 亡his report 亡ho8e mice receiv－   

ing【he former concen亡ra亡ion are referred 亡O aS 亡he hi由do6e grOup6   

and［hose re亡eiving thelatヒer concen亡ra亡ion aTe referred 亡O aS the   

lov dose gTOupS．The do＄ed nice were 6upplied with feed con亡aining   

l，5－napbttlalenediamine for a亡0亡aloflO3weeks，followed by a2－tO   

3一Veek observa亡ion period．  

C． ClinicalandIlis仁0  ic Examinations  a亡holo  

AniTnals vere veiglledimmediately prior toinitiation of the   

experitnent．Body veights vere recorded tvice veekly for the first   

12veeks of the study and at tTLOnthlyin亡ervals thereafter．From the   

firs亡血y．al18nima15Verein8PeC亡ed 亡Vice由ily for mort81i亡y．   

Food consu爪p亡ioll，for 仁VO亡4geS from each group，WaS mOni亡Ored for   

＄eVen COnSeCutive days once a month for the fir＄t tlitle mOTlths of the   

bioassay and for three consecutive days each mon亡h thereafter・The   

presence of tissue masses andlesions vas determined by monthly ob－   

SerVa亡ion and palpation of each animal・  

A necropsy vas perforned on each anitbalregardless of血etherit   

died，Va＄ killed vhen moribund，Or Vaさ ざaCrificed d亡 抽e end of 沌e   

bioa＄＄且y・The animal＄vere eu亡haれiヱed by亡arbon dioxideinhalation∫   

and vereimⅡ陀diately necrop8ied．The bi5tOpatbologic examinatioれCOn－   

5isted of gros5and microscoplC eXamina亡ion of maJOr ti88ue8，Organ8，  
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and grosslesions taken from sacrificed animals and，Vhenever pos3i－   

ble，frotn atlitTlals found dead．  

Tissues were preservedinlO percent buffered fortnalin，embedded   

in paraffin，SeC亡ioned，and stained vith hematoxylin and eosin prior   

to microscoplC eXaminatioTl．An occasionalsection vas subjected to   

specials亡airLing 亡echniques for more defini亡ive diagnosi6・  

Slides t］ere PrePared from【he following［issues：Skin，Subcu亡a－   

neous tissue，1arynx．1ungs and bronchi，亡rachea，bone marrov，Spleen，  

1ymph nodes，thyTnuS，heart，Salivary gland，1iver，gallbladder（tnice），   

pancreas，eSOPhagus，StOmaCh，Smallintestine，1argeintestine，kid－   

ney】urinary bladder）pltuitaryIadrenal，thyroid〉 parathyroid，ear・   

brain，［es亡is，prOS［ate，uteru6，Tnammary gland，and ovary・  

A fev tissues were not exatt）ined for sone animals，par亡icularly   

for those that died early・AIso，SOme animdls vere missingICanni－   

baliヱed，Or judged to bein such an advanced state of autolysis as to   

preclude histopathologlCinterpreta亡ion・Thus，the number of animals   

for vhich par亡icular organs，亡issues，OrlesiotlS Were eXamined micro－   

5COpically vari郎8nd doe5nO亡necessarily represenヒ亡he number of   

animals that vere placed on experiTnentin each group・  

and SヒatisticalAnal  H． Da亡a Recordin  

Per亡inen亡da亡a on this experimen亡have been reeordedin an au亡0－   

Tnatic data processing systeTnJthe Carcinogenesis Rioassay Data Sy＄tem  

（Linhart et al．，1974）．The data eletnentsinclude descriptiveitlfor－  

mation on the cheTnicals，animals，eXPerimentaldesign，Clinical  
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Observations，SurVival，body veigh亡，andindividualpathologic results，   

as recommended by theInternationalUnion Against cancer（Berenblum，   

1969）・Da仁a tables vere generaヒed for verifica亡ion of data tratlSCrip－   

tion artd for s亡ati．sticalreviev．  

These data vere analyzed u＄ing the statisticaltechniques de－   

SCribedin this secヒion．Those analyses of the experimentalresults   

tha亡bear on the possibility of carcinogenicity are discussedin the   

s亡a亡isticalnarra亡ive sec亡ions．  

Probabilities of survivalvere estimaヒed by the product－1imit   

procedure of Kaplan and Meier（1958）and are presentedin thi＄ repOr亡   

iTlthe forTn Of graphs．Animals were statisticauy censored as of the   

time［hat they died of other thatlnattlralcauses or were found to be   

fBissing；animals dyitlg from nat：uralcausesVere nO亡Statistica11y   

CenSOred．Statisticalanalyses for a possible dose－related effect   

on survivalu6ed the tnethod of Cox（1972）vhert testin8tWO grOuPS for   

equality and used Tarone．s（1975）extensions of Cox－s methods vhen   

亡es仁ing＆dose－related 亡rend．Otle－tailed P－Values have been reported   

fcr alltests excep亡the depar亡ure fromlincarity［es亡，Whiehis only   

repor亡ed t）henits 亡VO－tailed P－Valueisless than O・05・  

TheinciderLCe Of neoplastic or nonneoplas亡iclesions ha8been   

glVen aS抽e ra亡io of抽e number of animals beaTing suchle＄ions a亡a   

5PeCific ana亡Omic＄ite（numera亡Or）to the number of8nil旭18in dlich  

亡hat ＄i亡e Wa＄eXamined（denomina亡Or）．In moき亡in5tanCeS，the denomト   

na亡OrSincluded only亡hose animals for whi亡h亡ha亡Si亡e was examined  
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hi8亡0loglCally．Hovever，When macroscoplC eXamina亡ion was required   

to de亡ectlesions prior to his亡0logic sampling（e．g．，Skin or tnammary   

tumors），Or Uhenlesions could have appeared atⅦultiple sites（e．g．，   

1ymPhomas），亡he deTlOminators consist of the numbers of anima13neCrOp－   

sied．  

The purpose of［he st－a亡is亡icalanalyses of tumorincidenceis to   

de［ermine vhether animals receiving the test chemicaldeveloped a slg－   

nificantly higher proportion of亡umors than did the controlanim且1s・   

As a part of these analyses，the one－tailed Fisher exact亡est（Cox，   

1970，pP．48－52）vas used to compare亡he tumorincidence of a con仁rol   

group 亡O tha亡Of a group of tre8ted animaLs at each do8elevel・When   

results for a number of treated groups，kIare COTnpared simultaneously   

wi亡h 亡hose for a con亡rolgroup，a COrreC亡ion to ensure an overall   

slgnificancelevelof O・05may be made・The Bonferroniinequality   

（Miller，1966，pp．6－10）requires that the P－Value for any coTnparisotl   

beless 亡han or equalto O．05／k．In cases vhere this cローreC亡ion was   

used，itis discu8Sedin亡he narrative section・Ⅰ［is no亡Ihowever，   

presentedin the table8，Vhere the Fisher exact P－Values are shom・  

The Coctlrarl－Armitage test forlinear trendin proportionsIVith  

continuity correction（ArTnitage，197l，pP・362－365）．vas also u＄ed  

vhen appropriate・Under the assumption of alinear亡rend，thi8te8亡  

determinedif the slope of the do8e－re8POnSe CurVeis differetlt frotn  

zero a亡 the one一亡ailed O．051evelof＄ignificance．Unles80thervi8e  

16  

53   



no亡ed，the direction of the slgnificant［rend was a positive dose re－   

1a亡ionship．Thi6tnethod also provides a two－tailed tes亡Of departure   

fromlinear 亡remd．  

A titne－adjusted analysis was applied vhen numerous early deaths   

re＄ulted from causes that vere not associated vith the foma亡ion of   

tutnors・In this analysis，deaths that occurred before the first   

亡umor vas observed vere excluded by basing 仁he s亡a亡is亡ical亡es亡S On   

anima16 亡h8t SurVived atleast52veeks，unless a tumor vas found at   

the anatomic site ofinteres仁before week52．When such an early   

tunor vas found，COmParisons vere based exclusively on animals 亡hat   

8urVived atlea8t aSlong as the ＆nimalin vhich the fir8t tumOr VaS   

fouttd． OtlCe this reduced set of data vas obtai，ned，【he s亡andard pro－   

Cedures for analyses of theincidence of tunors（Fisher exact tests，   

Cochratl－Armitage tests，etC．）were followed．  

When appropriate，1ife－t＆ble tne亡hod8Vere uSed to analy2：e 亡he   

incidence of tumor8．Curves of the proportion8 SurViving vi【hout atl   

observed 仁umorVere COmpu亡ed asim SaHio亡tie亡al．（1972）．The veek   

during vhich animals died natur811y or vere s且Crificed wa8entered as   

the time point of【umOr Ob＄erVa亡ion．Cox●s me亡bods of comparing   

tbe占e CurVeS Vere uSed for tvo groups；Tar瑚e15 eXte几8ion亡O te5亡ing   

forlinear 亡retld v88uSed for three group8．Tlle8亡a亡i＄tieal亡eさ“ for   

theineidence of 亡umors vhich usedlife一亡able mett10d5 Were One一仁ailed   

and，ut11e880therwise noted，in tlle directiot10f a po5itive do8e  

17  

54   



relatioTIShip・Significant departures fromlinearity（Pく0．05，tVO－   

tailed tes仁）vere also noted．  

The approxittla［e 95 percent confidenceintervalfor the relative   

risk of each dosed gr【）uP COmPared toits controIvas ealculated from   

the exactintervalon the odds ratio（Gart，1971）．The relative risk  

isdefined as p／pvherepis the truebinomialprobabilityof the  
tc 亡  

incidence of a specific type of［umorin a treated group of animals  

and pcis亡he true probability of the spon亡aneousincidence of the  

Same type Of tumorin a controlgroup．The hypothesis of equality   

be亡Ween 亡he 亡rue propor亡ion of a specific 亡umorin a 亡reated group   

and the proportion in a control group corresponds to a relative risk 

Of unity・Valuesin excess of unity represent the condiヒion of a   

larger proportionin the 亡reated group thaniTlthe control．  

Thelover and upperlinits of the confidenceintervalof 亡he   

relative risk have beenincludedin the tables oE statisヒicalanaly－   

SeS．Thein亡erpre亡a亡ion of 亡helimi亡Sis 亡ba亡i！lapPrOXima亡ely95   

perceTlt▼Of alarge number ofidenヒicalexperitnents，the 亡rue ratio   

Of 亡he riskin a 亡Tea［ed group of animals 亡0 亡ha亡in a controlgroup   

VOuld be vithin theintervalcalcul．a亡ed from the experiment．When   

ttleloverli叩i’t of the cotlfidenceintervalis greater than one，i［   

can beinferred亡hat a statisticalLy sigrLificant result（a pく0．025   

One－ta且1ed test when the controlincidenceis not zero，Pく 0．050   

vhen ttle COntrOlincidenceis zero）has occurred． ⅥlerL thelover   

limitisless than unity but the upperlitnitis grea亡er than unity，  
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theloverlitnitindica亡es the absence of a slgnifican亡result while   

the upperlimitindicates that thereis a theoreticalpossibility   

Of theinduction of tumors by the test chetnicalvhich could not be   

detec亡ed under the conditions of this 亡est．  
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ⅠⅠⅠ． CIIRON工C TESTING RESULTS： RATS  

Weigh亡S and ClinicalObseてVa亡ions  A．  

珊Lere WaS nO appreCiable depressionin Tnean body veight when   

dosed ra〔s t4ere COmPared vi［h their respec［ive con亡roIs（Figure2）．  

Subcutaneous tnasses were observedin 2 high dose，3low dose，   

andlcontrolrnales，andin12high dose，3lov dose，and 2control   

females．Crusted cutaneous TnaSSeS OCCurredin4high dose males，l   

low dose male，2low dose females，andlcontrolfemale，血ile firm   

nodu18r grOV亡hs vere de亡ec亡edinlhigh dose，21ov dose，and 2   

COntrOltTlales，andin1lov dose feTtlale． Svelling of the eyes was   

exhibited by2high dose males，2 high dose fetnales，and 2low dose   

females and svelling of 亡be nose byllov do6e male．onlylcon【rol   

female experienced crus亡edlesionsin the vaglnalarea vhile4lov   

dose and 9 high dose females vere so effected．Alopecia vas recorded   

forllov dose female，emaCiation vas observedinlmale attdlfetnale   

con亡rol，andlfemale con亡rolexhibi亡ed abdominaldis亡ention．   

も． Survival  

¶le eStizz）a［ed probabilities of survivalfor Tnale and female rats   

in the controlandl，5一口apt－thaleれediamine－dosed groups．are shownin   

Figure3．There va8 nO 81gnificanヒ po8i亡ive dさ80Ciation be亡Veen   

dosage＆nd tnortali亡y for either tDale or female ra亡S．  

Adequate rLuThbersく】f Tnale rats vere at risk froqlate－developiTlg   

tumors wi亡h7んpercen亡（37／50）of亡he hi帥dose，80percent（40／50）   

of thelov dose and68per亡ent（17／25）of亡he conヒroIsurviving on  
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test until亡he temination of the study．Nolesions vere repor亡ed   

for the 4 cotltrOlrats that died in week 55．  

With76percent（38／50）of the high dose，76percent（38／50）of  

thelov do＄e and64percent（16／25）of the cotltrOlrats surviving on  

te＄t untilthe termination of the study，adequa亡e nutnbers of femaleB   

Vere劇ヒ risk froTnlate－developing tumors・   

C・ p8thology  

Hl＄tOpa亡hologic h雨ings on neopla＄mSin ra仁S aてe Sumnari乙edin   

Apperrdix A（Tables Aland A2）；findings on nonneoplas亡iclesi（）nS are   

sutnnari2：editlAppetldix C（Tables Cland C2）．  

Theincidence ofliver neopl＆Sm8in male and fem81e rats adtnin－   

isteredl，5－naphthalenediaminein the diet appeared亡O beincreased   

relative to controIs．工n female rat＄，tumOrS Of the clitoralgland，   

uterusIand C－Cellneoplasms of tbe 抽yroid appeared to be Tela仁色d   

亡O COtnpOund admini8tration．Theincidence＄Of 亡he9e 亡uqOrS＆re aS   

follows：  

FEHALES  HAIES  

Com－ Low High  Con－ Lov 洋igh  

tTOI Do＄e Dose troI D08e Do8e －・llllllllllllllllllll■■■   一－   －     －   －■■■■■－■■■■   ■l■l■llll■lll－11■llll■l■■■■－  

LIVER  

（Number of anima18 Wi血 ti88ueS  
examiTled hi＄tOpathologically）   

Neopla8tic wodule  
Ⅵepatocellular Carcinoma   

pREPけTIAL／CI一ITORAもGLAⅣD  

（2ん）（う0）（ん9）  

0  3  4   

0  1  0  

（25）（ん9）（ち9）  

1  3  2   

0  4  2  

（24）（50）（50）  

1  3  8   

0  0  5  

（25）（49）（50）  

0  0  1  

0  0  1  
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ani一拍1＄neCrOpSied）  :Number of 

CarciれOma  

Adenoma  
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FEM⊥ES  MALES  

CoTl－ Lov High  
troI Dose I）ose  

Coロー Lov High  
troI Dose Dose  

UTERUS ANp EtqDO打ETRIUH  
（Number of 且nimals vith tissues  

examined his亡OP＆thologica11y）   

Adenocarcinomd  

EndoTnet：rialS亡romalPolyp  
Etldomet：rialstromalSarcotna  

h8）  
）
 
 

0
ノ
 
 

′
q
 
 

（
 
 
 

つ
」
 
 

（
 
 
 

1  2  4  

2  14   20  

1  2  2  

THYROID  

緑of atlim且16Vi亡b tissues  
（21）（49）（48）   

0  7  3   

1  う  1  

examined his亡Opathologically）  
C－Cell Adenotna  
C－Cell Carcinoma  

（21）（47）（47）   
0  2  5   

2  3  3  

Ⅳeop18gm50f亡he cli亡Oral（prepu亡ial）g18nd were pre5ented   

gro551y a5rOund，fluc亡uan亡CyS亡ic£ubcu亡aneousle＄ionsinとhe genト   

talarea，Vhich on sectiotlVere filled vith pasty green tnaterial・On   

microscoplC eXa巾ina亡ion，亡he cy5亡conten亡S COn5isted of desquama仁ed   

epi亡helialcel18，frequen亡1y mixed vithleukocy亡es from secpndary   

infldmnation．Tbeinner por亡ion of 亡he＝CySt Wa11vaslined by hyper－   

keratinized8quaⅦOu8epi亡helium often throvnin仁O papillary foldき・   

PeripheTalto thi8Va8a乙One Of18rgeIrOund glandula－Cells atlea8t  

a fev of血ieh had coaT＄e，brightly eo8imophilie cytopla紬ic gr且nule8・  

If the peripheralborder8PP朗red8m00th andin拍Ct∫ ttlelesion vas   

cla5占ified 那an adeno血a．If theTe Wa＄ disofganization of 亡he g18n－   

dular 8truC亡ure andinv88ioninto the 8urrOunding stroma，亡he 亡u¢Or   

vas called a c8rCinoⅦa．  
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Thyroid C－Celltunors vere observedin dosed female rats at   

incidencesincreased relative to cotltrOIs（4／48t8percentlhigh   

dose，12／49r24percenりlow dose，1／21f5percen亡】con亡roIs）．c－   

Celladenomas vere discrete tnasses of these cells，Often cotltainirLg   

＄mallcystslined by flat epithelium and contaitling colloid－1ike   

material．In C－Cellcarcinomas，the tutnor cells often assumed a   

8pindle shape and 亡ended toinvade surrounding tissue．  

Uterine horns containing neoplasTnS Were u8ually grosBly enlarged．   

The neoplasTnS 亡hemselves were varicoIored．polypoid，frequently   

gelatinous masses proJeCtingin亡0［he uterine cavi亡y・Endometria1   

8trOmalpolyp8h＆d a fibrou8COnneCtive ti8Sue COre richly supplied   

Vithlarge vesse16．The surface of 仁he polyps vas covered vittlWelト   

differentiated endoTnetriuTn Which often for皿ed glandsin the superfi－   

Cialportion of the polyps．These tumors frequently became necrotic   

at the tlP and exhibited hemorrhage and second8ryiTtfleLmnation．In   

a fev rats，the connective tissue s亡rotna of 亡hesele＄ions underven亡   

malignant 亡ran8formation charac亡eriz：ed byincreased cellulari亡y，   

mitose8，and fomation of plutbP，pleotnorphic tluClei． Such tutt）OrS   

vere elassified as s亡roⅦalsareoma8． A u亡erine adenocarcinoma．1机a5芦．a   

CO11ection of fairly velトdifferen亡iated glands arranged back－tO－back   

vith no obviou8intervening 8trOma． Nucleiof the gl＆TLd6 Vere   

markedly pleomorphic vith frequent tnitoses．There vasinvasioninto   

the tAyOmetriutn and some亡ime8into extra uteriTte BtruCture8・  
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There vereinstancesin this study，aS nOtedin the summary   

tables，dlere neOplasticlesions occurred onlyin dosed ani胴1s，   

or wi亡hincrea＄ed frequeney dlen CO－叩ared to亡he controlgroup・¶o   

pulmonary neoplasTnS Vere foundin the controIs；且1veolar／bronchiolar   

tumors were seenit）dosed rats of both sexes． There t4aS OZlly oTle   

urinary亡ract neoplasmin a female control；a fev more occurredin   

dosed rats｝ both tAale and fe皿aLe・No gliomas of the brain vere seen   

in controIs；a fey gliozDaS Were foundin doBed rats of both sexes・   

These neoplastns occurredin such stnallnumbers that a conclusive   

interpre［ation as to 抽eir slgniHcanceis no亡possible・  

R8亡Sin811groups exhibited a varie亡y of nonneoplas亡icinflam－   

TnatOry and degenerative changes，and none vere associated with adⅥlin－   

18亡ra亡ion of 亡he compound．  

Based upon the results of this pathologlC eXamitlation，1，5－naph－   

tllalenediaLmine vas carcinogeTIic to fem＆1e Fischer344r8tS Since   

feeding of the compouれd vas a＄SOCia［ed vi抽 adenomas and carcinomas   

Of t州e clitoralgland．In addition，1，5－naPhthalenedi＆tnine feeding   

appeared仁O be asぶ0亡i8亡ed vithincre且Sedincidenee80f thyTOid●1iveT   

and uteritle TleOplasttlSin fetnale rats andliver neoplasmsin male・  

ra亡8．  

℃． S【atis亡icalAnal  ses of Re＄ults  

me re＄ults of 亡he 6tatisticalanaly6e8 0f tumorincidencein   

rats are suIⅡmariヱed’in Tables3and4．The analysisisincluded for  
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