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WASHINGTON 

COMI?LIAHCE STAHimH 

)04 -~cok Di~ t ary Carc i nogen i city Study 


with 1, 2,4 - Trlchlorobonzeno In Hlce 


Th is study wa s conducted In ca,pl lance with the Good Laboratory
Practice Regulations as set forth In Tltl '0 of t he U.S. Codn of Federa l 
Re9ulallons Part 792 , Issued llovember 2g , !983 ( rffect1ve' D~cember 29, 
1983), and with any applicabl e amendment s. All dnv lat.lons rrnm the 
protucol andjor GLI>s are 11 sted In Appendix I 1. Ther~ WCl'C no dcvl atlor.s 
f1·om the aforementioned t•egulatlons wh ich af fected the quality or 
Integrity of the study or t he Interp r etation of the results In the report. 

Study DirectJr: 

tn --J~,J l<. m..nv,z. 
Mi chael R. Moore, l'h.D ., D. A.B.T. Dale 
Department of Toxicology 
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QUALITY ASSURAIICE SlAHHfNT 

Study Tith : 104-\le~ k Di etary Carcinogen icity Study with 1, 2 ,4 -
Trlchlorobenzenn In Hlce 

Proj~Cl lio. : 2603 102 

Q u • ~ i l y Assurance Inspections and r~v lcw s or thi s study wc ,·o co n•Juctcd 
accordlng to the st.:n•hrd opera ting p roced~;r~s of t he Qu•li ty Assunnce 
Unit dnd according to the Good Laboratory Practi ce roq.:Jallons of the 
Fnvlronmental Pro t ection A; !ncy (EPA- l SCA), Title 40 of tho U. S. Code of 
tcder·al Regulallom Par t 792 , I ssued November 29 , 198J (effec ti ve December 
29, 19S3) and with any appl Ic able arne nd:ncnt:. These lnspc.:tlons and 
rcvlc~<s ;,·ere performed and fl nc!lngs ~<ere reponed lO the Study Di rector 
and rr.an agcmcn t as follows: 

Oates of 
lnspcctlonjRevlcw 

D~tc s Findings Reported 
to Hanaqcr.:ent / 

rrutocol Review: 
7/13/91 

inspPr i ion and / or 
Oat~ P.evlew: 

3/1 ~ -<~.78-29,4/S,Bf~• 
6fl7,19,24,-25, 27 30f9l 
9/ll-13 , 16- 18 , 10/1-3,10/ 91 
12/9- 11, 16 , )7,31 / 91; !/ 2-3/92 
3/4 , 6, 9 , l 0, 12, 13, 16, I 7 , 19/ 9 2 
6/ 5,8,9 , 11 /92 
9/7-9,29/92 
12/ 7,29/92; 1/4/93 
~/11,22 -2 5 ,29 31/~3 

Repor t and Dat a Revi ew: 
11 / 4-6 , l0 12, 14-16, 18-]9,?.3
24, 27 30;1 2/ 1-3/93 
l / 4- 5/ 94 
6/3,6/94 

Study DI rector 

Z/14/91 

, no191 
7/16/91 
10/ 31 / 91 
1/22/92 
~/7/92 
7/l 4tn 
10!13/92 
1/1 4/93 
4/ !6/93 

l 2/ 3/ 93 
l/4/ 94 
6/ 6/ 94 

Inspector/Reviewer 

s. Ripley 

R. Hunch 
K. /le',o/llnd/ B. Kunch 
K. Newl and/8 . Kunch 
B. Hunch 
IJ. r.unc:n 
L. Casse ll 
D. llullct t 
S. fh llengcr 
S. B<· 11 cngcr 

L. Casrell 
l. Casstll 
L. CasH~ll 

,...-~.:.,.....o;o~i/1.:.;.- -!-:{;a""l=J<J-=...::.<..:.C_~_---=-~&Jf. !1·Y 
Loi s Cassel l Oate Rc leasad 
Quality Assur1nce Un i t 
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STUDY I DENi lfl~ATlO~ 

104- Wee k Dietary Carcinogenicity Study 


with 1,2,~ -Trlchlorobenzene In Mi ce 


HilA Study Number: 

Test Mater ial : 

~tudy Honllor: 

St udy Dl rec t ot· : 

S t udy Timetabl e 
Study Initiation: 
Init i at ion of Do ~ l nq : 
Compl et ion of Termi nal Necropsy: 

,, 

2603- 102 

l,2,4-Tr lc hl oroben7one 

Carol R. Stack, Ph.D. 

Chew.lcal Manufacturer~ Associ ation 

2501 H Stree t H.W. 

1/zshinglon, D.C. 20037 


Standard Clllorln•l ur Oula•tilrtl, Inc . 

Governor Le e ~o~d 

De laware City , Oel •w,·u 19706 


Michael R. ~loorc, Ph .tl . . O.A.!I.T. 

Haz~ eton 1/asll lngton , Inc. (HilA) 

9200 Leesburg Pi ke 

Vienna, VIrg inia 22182 1699 

(703) 8~3-5400 

December 14, 1990 
!-!arch 13, 1991 
March 16, 1993 
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SUM"ii\RY 

1,,, 4- Trichlorobenzene was ad~ln\stered dally In the a1et to 

llSC3F I m, for a~ least 10 ~nsecutlve weeks to eva1ualc the oncogenl~ 

potential of the test ma t er There were SO 1:1\c~ per sex in each study 

yroup . For Group$ 2. 3 , a' ·. tarl)el dietary concentrallons of I , 2, 4

1rich Ioruh~nzene were ISO. 100, and 3200 pp:n. Th e conr.unAnt control 

(G roup I) w~s act:- lnls ~ ered ~he basal d'ct alone. l'ara~Celc • cvaluatrd 

were o::or la l1ty; clln1cal obH•vations ; body weigh ~. foml •'110 conpDund 

con ~urr.pll on oata; hPmHo1ogy ;• Jramctcrs; organ wd!Jh t data: anrl n~r.r·n p ~ j 

•11d hi~topahol ogy I lndlngs. 

for Groups 7., 3, a~d 4, during \olee);s I throu~h 104 , the mean 

cl•lly con~ul!'"cd doSP (h~sed on tan;c: cle~ary concentrations) of I , ?, 4

!rlchlo,·ollPnL~ne •·~s 20 . 9, 100.5 , and 52~ . 0 mg/kg(day , re~p~cl lvi.'ly, In 

the r.tales: and 26.2, 127.2 , and 57 ~ . S mg/kg/dJy , rcspcr.tlvrly, In lhe 

ferr.ales The mean dal ly 'orsu-:;cd dose {bH~d on 35Hyccf d1etary 

concentrations} was 21.0, IC0.5, and 5!9.9mg/k9/day, respectively , In the 

male~: and 26.3 , 127 .0 , ana 572 .6 , rc~pectlvely, 1n the female~ of Groups 

?, 3 , tnd 4 . Therefore, t hi"OuQhout the s tudy, the mean dai l y dose 

consumed by females 1n Groups Z, 3, and 4 .. was 25.4% , 2£:.6%, and 10 . 1% 

gr~al~r. respcc~ \ ve ly, t han lh~ ~ ean dal ly dose consumed by aales I ~ the 

same dose groups. 

1hQ no-observed-effect-l evel (NOEL) of 1,2 , 4-lrlchlorobenzene for 

carcinogenicity was 150 ppm; and t he no-ooserved- ad'lc rse- effect-l eve l 

{ tiOAEl ) for ~y~ter 1 c tox;c!ty was !50 ppm. A no observed-effect-l~ve l 

(/:Of ~ ) for systerlc toxlc l : y '>'las not acnleved. 

The 3200 ppm dle t 2ry cnncent ra ti on produced the following 

treat~en t-relat~d effects i n males and f em<l cs: a significant dec rease 1n 

st:rv ivai <t \leek JO.l : significant depres s ions of weekly mean body weights 

and r.1ean to! a1 body ~o e i :,;ht gain; s i gnif icant ly decreast!d mean food 

r.~n ~ umpti on va iu<;, increased i ncidence of ur ine stains; c~idenre of a 

- 6 
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dhtended abdom~n ( In 92X of the males and SC~ of the females); 1i\'er 

masses (in 92% of the ma l e s and 88~ of the fc:malcs) ; signif l c~r~t.ly 

lnc r~ased me~n l iver weight v al ues (absol ute apd relative to body we igh t 

an<l to hr ai n we ight) in the ma l es (no females surviv;~cl to study termi na

tion); hep~tocellular r.al'Cinomas (In 100% of the males and 92:' of the 

fer.~al~~) ; hepatocellular adenomas (i n 4% of the cta l cs and 16% of th~ 

fe,ales); ccntr il obula r hepatocylomegaly (\n qO% of the males and 1 6~ of 

the females. 

The 700 opm d ict&ry concenlrallon ~reduced the f.J Ji ow ing 

treatment-related effect> in males and females: evldf'nce of • d istended 

ai!~omen ( i n 34% of the m~ l e~ and 3li); of the females); l ivc1· mas~cs (I n /4% 

of the ma l t!s and 74~ of the fcr.1alcs); incrcBcd mean liver wel~hL Vdluts 

in both ~exes (mean ~ h s ol u te an<l re l ative t o tmdy we ight va lues wel'P 

s ignif icantly in r reas ~d In t h e ma les; mean absnlttte and rela tive to body 

~<~iyhl and to br ai n we ight val ues wer~< slgn \f1cantly Increased in the 

f rm~l~~ ) ; hepatorcllular carcinomas (in SCI o f the Eal es and 56% of the 

fPmales); hepatocel lul ar ad<!nomas (in 321 of the males and 32% of the 

females); centrilobul ar hepaLocylomcgaly (In 54~ of lh• ''~ l f s and 2% of 

lh~ females . 

1he 150 ppm di e tary conuntrat lon llso v~duced the following 

treatment- related effects : evidenc e of di!tended abdomen (in 221 or the 

rna1cs and 26'1( of t he i emal es compared to 12X in the contra1 m. 1es ~nd l 4% 

in the control fer.~ale s ); i ncreased mean l iver weight va lues ( ah>ol ute and 

relative t o body welght and to bra i n wei ght ) in the r.1alcs and ferr.a les (all 

v<:lues significantly i ncreased with the except ion of the mean 1 ive.r- to

booy weight and li ve r -to-brai n-we ight rat ios in the ma1~s ) . Although 

there were gross indicat ions of l iver en l a rge~ent, nicroscop ic-lly, t he re 

was ~o indi cat ion in ma l o.s or femoles of increa,td incidence of 

h~i)atocellular carc inomas, ad enom;s, or cenlr ilobular l!;;patocyt.:-megaly, 

cu,pared to t he control s . 

• - 9 
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!IITRODUCTJOH 

Thls study was ocs' gncd to eva luate the oncogenic potential o f 

l , 2 ,4 -l richloro~cn 7cne when fed daily to mice for al least 104 weeks. 

1Josln9 began on ~l a1·ch 13 , l<J91 , ann lP.rmina l sac r ifice ~ were complet~d vn 

March 16 . 1~93. 

The ~ · uoy 1.as dPsignpd In acc~rdancc w1th the US fPA T!:UI lt~allh 

rrr~u, T•;t>ny Gu1delhes, 40 CfR 798. 3300 a~d tnr;tiU< l•d in compll an:c 

with t he ISC/1 Go~d labo1·atory l'r~clices Standa1·ds, 40 CFR 7':!7 , !Hued 

November 29, l9il3 (effective De~ember 29, l9!l3) . Protocol and oll 

amendments arr• prl'sented In Appendix lO; deviati ons rrom protocol <111djvr 

GLI's arc presented n Appe ndix ll. 

T(ST MID COI:,ROL MATfRIALS 

The lest mn~;da l , 1,7, 4-Trlchlo;)roocntcnc, lot No. 0/!486, ,, 

clear, r.olorlc~s liqu id , was received from t he Sponsor an IJcccmher 19, 

1990 and stored at room t~mperalore (pro tected froc !!~ht). lh~ purity 
wH 1Pporled \o lle 98.9:>:. :nforor:a t ion on l.he m~thods of synthcrls ~nd 
Slab>llty, as ~ell as dat a on compos ition or other characteri st ics whi c h 

defln& t he lus t mate r i al , Is on file wi t h lhe Sponsor. 

Purina., Certified Rodent Chow"' 25002 was used as t he hasal and 

control feed. 
A reserve sa~,i e ~f t he test ma: erla \ (10 g; was taken prior to 

initl atlon and stored at room \e~pcrature (prot ected from light). The 

sample w1 ll be archived a~ HilA. 

Following compl e tion of the i n-1 i fe phase , t he Test lr:g fJcil ily 

disposed of all rcmair ing test material. 

- 10 
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lEST A1\IHAU\ AIID l!USBANORY 

A total or 530 {266 rtales and 264 fl'malP~) ;.pprox1m~te1y 

4-week-old 06Cll/Crlllr VAF/P 'u5J; mlcP was received on February 26, 1991, 

frum 'harles RIVer laboratoncs. Inc .• Ralt:igh, North Carol ina Animal> 

w~rc a~~ i gncd tcmporHy an ima I numbers, ace lim~ ted l 'J 1J!Jo ratory 

conditions for· ~ppr·oxlmHely 2 >~cc~s. and r·plca~ed fe:r stuc!y ur.P hy • 

\ld ff veterinarian . Ouring tie ace I hatton period, fh.- anir:tlsfsex were 

randon.l y .• ~lccted an<! exarn!ned for t he ~resencc of pHhog~nlr ~ndo - •r•d 

crloparasltcs using standard ~crccnlnq procedure~ and serology assays for 

lOin'ilOn laboratory viruses. 1here was no evidence of pdlho<;cnic endo- or 

cctoparas1trs or v·ruses 

Caging [ond • ions - l;pon receipt, the •ntmal~ were hr,u\l'd 

twofrap~ ;,, "'sccndcd st~inless-sto·~l, •·i re -mesh caqcs. An i111nl 'a~e~ dnd 

nrks wc1·c s•~ iti7Ptl •Jncc evcr·y 2 wcrl:s; excrel4 trays beneath thl• • r. :mal 

'"9~• w~re cnanqed at lpa~l three timcsfweek. 

Feed a_r.o ~·ater - Purinat ~ervfied Roc!~nt Cl>m<<l IC,QC: w~s 

avai 1ahle od hbtturc ouring the acll imat ior. and stuciy periou~, unless 

i\ther·wlsc noted. 11\c feed wH analyzed by l hP r.;ar~ufddurer for 

conccntr·atlons nf specifi c<! heavy metals, aflatoxin , ctllari n•L~<J 

hydrnrtrbons, organo;>hosphates, and spect ' tcd nutrients. iop wAter, via 

an automat ic w?.ter ing system or wa ter bottle (char.gcd twic~ ~eP.kly), was 

•••ilable ad libitum dur i ng the acclimation and study peri~ds. 11\c water 

is rout inely analyzed For environme ntal contaminants and specific 

microbes. Results o~ feed and water analys~s are on file at H'.IA. 

Th~ Study Oire~tor and/or Sp~nsor considered the vosslbtl!ty n' 
intet·fering subs':ances potent ially present in animll fe~d and water, 

i ncl u-:li ng the test m:terl al its elf or poss ible structural ly re la ted 

materials. tione of lh~se <:ontai.11nants ;;e re reasonably expected to be 

present In ani;r.a "eed or na:~r a~ lc~·c]s sufficient w inl~rf~re with 

Ll is stucly . 
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Fnvi ron.ll)e nl al Conditi ons - Contro l s were set t o mainta in t he 

tcr.>pcrature at 72 ± 6°F with a relative humid\ ty of ~0 i 20% . len or 

~re•tP! air chanqes/h-:>ur were ml ntained in each hot>Siny n>om and a 

12 hou r 11 ght /12- ho<Jr da r k cycle were ~naln t ain cd. Animal ncks were 

•·o La ~ ed a rot: nd the an \ma 1 room every 2 wee!<.s. 

Ju~tiflcation of S.~!~ - lhe mous e was sel.;r ted for u ~e on th i s 

, tudy t>er.ause mi ce h1storically have been us~d in sa fe ty eval uation 

studies and a>·c n:conmended by t he app rorn· la te r~gulatory agenc ies . 

Kl TIIOOS 

GrJ'.\!J' Aniqnment and Dosage t PvPls 

An i mals w~re In iti ally acr.epted into the randomiZation pool bascJ 

upon physi ca l examinati ons ; anima ls with f ind ings wHe eliminated from lh~ 

,·. ml<u»i7at ion pool . A to t a l of ~00 mlce (200 j sex) was ass1gncd to s tudy 

us inc; a computerized weigh t ra ndomilat ion pro9ram by firs~ elimi nat ing t.J.,·, 

an1mals with ex tremt body weight s and then selecting the random ass ignmen t 

wh ich produced homogene ity of vari ance and means by Bartlett's lest (1937) 

and one-way ana1ys i s of va r ianee (1\NOV/\) . 1\t the lime of random i za lion , 

the weight variat ion of t he an·imal s sel ected did no t exceed ±20% of the 

mean hody weight for each sex , and the mean body weight for each g oup of 

each ~e x was not .statistic ally d ifferent . Animal s were ;;ssigncd to groups 

as fo ll ows: 
====--.-~oo:==~= =~=== 
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During the raudne> i £al l ?n p•ocPss, the study animois were ~5\igr.ed 

w HjUl' individu~l nuJ:"bers and in<jividually housed. The animals Wt!re 

permwer.t ly identif i ed by a BioMcd1c"' mi croch ip hient ifi calion devi c •: 

impl~nted s~bcutancously. Gue to the volatility or th~ compound . I!•ICh 

group " '' housed 1n a separate r oom to minimize po~sible tantamin~t inn. 

/\t initiation nf dos i ng, the ;,n1mals were •pproY.Jmatc l y 6 w;•••k •: 

uf age with budy ~•ights ran;lng fron 19 to ?6 g f~r th~ maiP• •nd lb to 
2Z q for the fer-~ 1cs . 

Animoh no t used on sludy wr.rP removed from the s tudy rooms a11d 

cuthanilPd. 

~ompouncl fl>rmul.lllon Jitd Administration 

lhe t1·q materia l was a\<U'"Icd to be lOOX for dosaqc < .tl utbl to• 

purpo5•s. f or each diPt~ry level, thP l~st ~atcrial ~nd basal feed wP:~ 

w~1ghcd on~" •ppropriatc balante (Cl<l or kg) inlo a qiH~ ''""k~r or l<c igh 

)Jdn, respectively. flppro~imately 200 g of currpactcd trN1 wa s LrJnslr.tT~d 

•nlo a 1/aring bl~nder . !he wei:~hcd amount o r leH 11ateriAl in the gla\s 

bPokH ~<as then ir~nsferrcd into • llanng blPuder by rins~ng Lht> b~~kcr 

w1th ler•l'l taken from t hP ~<eigh Jan , and adding the fpp:J rinses to llw 

bl~<nriH , The resullin!' premix w•s tncn blendec! for appror.i~:~Hely 2 

:r11r.~;tcs to en~urc an apparent hom,1g<>neous rnixturP. Th• premix was 

transferred to a Patterson-Kelley t wi n-shell m!xrr (fitted with ar, 

intenslli•r bar; containing the rc~aining required amount of basal feed. 

The dlcta•·y iomulation wos t hen mixed for I minu te / kg. 

fresh rlie ls were prepared wee k l y at 110% of a<:tual t<rget 

conccntrat~on and frozen prior to use. The test diPLS were avai l able IJ 

the animals 7 day•jt(eek (unless otherwi se noted) foo •t ' 104 "'ecks 

and wer~ avail ab1 e until the day prior to necropsy . The cent ro 1 -. 

were fed Purina~ Certified Rodent Chow~ t~OC2 in t he saoe manner as the 

test animals . 
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Reserve sampl es of each weekly formulation were taken and stored 

in the f1·eczer . The reserve s.arr.pl es wi l l be d iscarded after tile i ss~anco 

of the fi nal r epo1·t . 

The test material 1.-as adminis t ered via the diet because t he 

pot&ntl a1 human exposu1·e is by the ora1 route. 

{lnalysis of Pr c R_~rc d Formu lati ons 
Rulk__ Chamical Ana lys i s T!w b lk ch~r.Jical purity of 

J , 2 , 4 -~r i ch l orobcnz cnc was determi ned prior to treatment. , up;>ro xlma to ly 

ev~ry 6-months . and at termination. 

)lQ..mog~!],g,j!,Y. - Fo;- this st udy and the companion ra t s t udy (H'r/A No. 

2603- 103), cvaluat ion for horn~9enel t y was performed en representat lve 

formulat ions for ~be l ow-dose ( 100 ppm) fo r lhe rat study and t~e 

high · cio ~ e (3200 ppm) for t he moc~se study. The same formulation !Jatch size 

(36 k<J) and •nix ing procedure we r e used for both studies. 

Stability - For the low- and h igh-do~e forr.;ula•lons (100 ppmand 

3200 ppm, respectively) , analyses were conducted pr ior to Initiation of 

dosing tc a~sess the stabi l ity of analyt ical samples slor ed frozen in 

glass jars for 0, 7, and 21 days; an<:l for al i quots r.f the test diets 

storad f'rnen i n glass j ars (same manner of storage used for diets 

prEsented to the animal s) fc1' 0 and 10 d~s. Fc,r the analytical sJmples, 

addit i onal u.alyses wer e conducted to assess Di0' 58 freezer stability from 

formu1 ations r•rtparad for \l e'lk 90 (HWA 2603-102) ami Oay c2 freezer 

stabil i ty from formulations pr epared for Week 76 (iii/A 2503- 103) . . O.naTyses 

wel"c performed l " dup 1 i cat e from samp1es stored in the freez~r . 

Cc;ncentn1tion_}.na1Yill - Sampi es of each male and f~male 

formulation taken f r om an imal f~eders at w~eks !, 2, 3, 4 and every 4 
w~eks thereafter were analyzed In duplicat e for concentration of the test 

n:aterlal . F~ed ~oo>as ar. alyzed f or lr.it b l concentration an~ afl. er a 2- aml 
3-day presentation t o t he eni rnals . For each study group, the male and 

hmale composite endi ng diet sampl es "Rer~ prepared by dum:>lng the contents 

- 14 
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from ~ ither 2 mal e or 2 femal e f eeder·s (as approx imate) inlo a glass Jar 
(approximat ely l gallon), ca.pol ng the jo.r and gently mixing the conter\ts, 

The contents were then transferred t o a clt: n g l ~ ss sampli ng jar, fi l led 

to leave no head spilce and l~m~cd lately cappr:d witr. Tefl onltl- Ji ned lids. 

For the Group l end ing di et sompl e , the residual feed f rom Z male and 2 

female feede rs was combined as a s ingl e sample for assay . 

Anal ytical Method - The analyt ical m~:hod used to assay the l ~vel 

of t~st article In t he diet Invol ved extract ion of th~ tes t arti cle from 

th<' feed mi xture us ing \so- octane ond ana lys i s u s !n~ gas chromato~r;,phy 

and an electron capture detector (tCD) , The method Is fully 11 utl ined in 
Ap)lendl x L 

Observation~ and Recor ds 

Mortal ily and Cl 1nlcal Qbser vat ;ons- The mice were obs ~1·vcd for 

;;;orta1> ty and mo!'l bundlty twke dally . f.. t horo"gh physica l r.xamlnatlon 
was conducted wee~ly. A careful cages Ide Cb$ervat ion for obvious 

indica t ions ~f toxic effects was pc1·formed once dally . 

. lody Ha ight and Food Consumpt ion - llody wei ghts w&re rr.easu1·cd and 

l'e:orded at r andomization, prior to t reatment, weekly for 16 we~ks, and 

f'very fourth 11eek t he reafter and at Week 105. food consum::>t Ion wH 

mea;OJred and recorded weakly fo1· \leeks l-16 and every fol<rth week 
the!'~ufter . llh9n obvious s pill ag~ or wastage of food was recorded during 

t he det ailed physical examination, t he astimate of food consumptlcn for 

that animal was excluded from the calcul ation of group mean food 

.consumpt i on duri ng t he ~ffected Interval . 

C1ir.lca1 Patholoqv 

Dur i ng W~eks 52 and 78 of treatment all animals were s&mpled for 
hamatcl ogy '{Ia tan c l ip . A:nln~l s were t;~ed i r. uc~nd lng order and w~rc 

alte1·natcd betweer. sexes . At tori'li nation a11 surv iv ing &n imals were 
fasted overnight 11ith ~oo•ater a¥oi1able prior to cllni<:al hematology 
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sarr.pli ng via tall cli p. f1t t2rmlnatlon the stmpllng sequence WH ths same 

as tha necropsy sequence . E~ch group W!S sampled (t nde~endantly of the 

other study groups) during the same phase of t he diurnal cycle. The blood 
s"'ea:·s were used t o dete rmine cel lular mor ;:>hology ted leukocyte 
di fferentials for the Group 1 and ~ ani mals for ))1 Intervals and the 
Gro up 3 animal s for Weeks 52 and 105. Sampl es wore al so taken on n~rlbund 

a11 lm '.ls prior to sacrifice wheon pcssl ul e. 

l g_nn In.A.Lli\!ClIe s 
~acrif\ ce ~ nd Gross Pa,hol ogy - Al; an imals wh ich were round dead 

or sacr·l f lc~d In oxtr~ml s du:r l ng the study wera subj ect ed t o a gt·oss 

postmor ~ rrn examlnatl <m . Al l surviv ing animals WCl'O f~sted overnight, 

wei ghed tho day of schedul ed necr opsy, gi van an 1ntraperltoneal lnje~tlon 

of sod h;m pentobarb ital, and exsan<,Jul nat cc. liecropsies were pcrfun;~ed on 

zll an imal:; by a p~ropr l at~ly trai ned personnel using procedures approvr.<l 

by board-certified pathologi s ts. Each scheduled necropsy wa~ perfon!!ed 
under the di rect superv i sion of a veteri nary pathol ogi st. Nacrop>ies 
i nc l uded cxam i n~t lon of the foll owing : 

a ll orif ices external s;;rface of t he bra In 
carcas s, external and cut sur faces of the 
cervical t i ssues and organs spinal cord (if processed) 
crani;l cavity nasa l cavity and paranasal sinuses 
cut surfaces of t he brai n t horacic, abdomi nal, and pelvic 

(if prvcessed ) cavi ties and th2ir vlscara 
external surface of t he body 

Al l findings were recorded . 

Qrg;n We iqhti - At t ermi nal sacrifice t he following organs from 

the first lO mice j sex{group we:N we ighed (tile l iver with gallbladder was 

also weighed from al l anim~ls that were sacrifi ced on the third and fourth 
day of the ten1inal u.crifica) after cu::ful dissection and trillll\1ng of 
fat and other contiguous t1ss~c: 
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brain wi th bra lnstam liver with gallbladde r 

kidneys t estes wl~h epid idymide s 


Organ-to- t armlnal-body-welght ratios were calcul ated using the 
fast ed term inal body we ight recorded ~t necropsy . Organ-to- brah1-welght 

rallos were also calcul ated . 
Ti ssue P1·eservatlon - The fo llowi ng tissues (when prBont) from 

each animal were pr~served I n 10% neutral-bufterort f~rm~ l In: 

adrenal s mesenter ic lymph node 
brain with bralnstem (m&dullafpons, mid- thorac ic sp tna l cord 

ccreb1llar corlex , and cerebral ovar ies 
co;-tc ) pancreas

ce.rvical ~pinal cord pltu I tary
colon , cecum , recL um p rosta~e 
duodenum, j ejunum, Il eum sa l I vary gl<nds {mand lb t:lar ) 
es~phagus scl~t l c n~rve 
eyes semi na l veslc16s 
femur· with bone marrow skel et.al musd e 
heart skin 
kidnoys s pleen 
les lo~s s toma ch 
l iver with gallbl~ddar testes wi th epldldymices 
lumbar spinal cor<! thym~s 
1ung thyroidjpara thyro1ds 
mammary g land (femal es only) trachea 
mandibular l ymph node urinary bl addP.r 
masse; ~nd asso: i~ te d tissues uterus lilth vagina and cer, lx 

llistopatho1oqv- Preserved tissues from all scheduled sacrifice 
animals In Groups! and 4, and al l animals from all groups which were 
found dead or sacrificed i n ext remi s, we re embedded In p&r•ffin, 
sect ioned, stai ned with hematoxyli n and eosi n, i~d examined 
ml r. roscopl cal ly . Gruss l u lo·ns were clso exami ned from all ~nlmals 1n 
Groups 2 and 3. As po tent l tl target organs, th ~ liver with gallblAddar, 
adronal (cortex ~nd m9dullt) , te stes and semln~ l vesicles from •11 animal$ 
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In Group• 2 and 3 we r e embedded In par~ffln, scct1~~cd, and stained with 
h2matoxyl1n anc! oos1n . Subsequent r.ncroscoplc exm1 nallon Included the 

livers fro~ all Croup 2 and 3 termln,l-sacrlflce animals: and the adrenal 

(cort~x ar.d modulh) , test~s. and seminal ve~ lc les from the Group ~ 

ar.1mals. 

~illl!\lral An~lncs 

Cumulative sut'l !val data (All Group~ and Groups l. 2 and 3) were 

analy:eo u;lng the Hatl~nal Cancer Institute Package. Trend analysis of 

~urvlval was eval ua:ed at the 5.0~ one-tai led proba~111ty level. 

~leekly body we 1g ~.ts, body weight change (\leeks l - 14, 14-24, 24 -52 

52- 104, 1-80, a.r.d l-104), weekl y fo~d con ~umptlon , total food consucpt1on 

("'ecks 1 · 4, S-8, 9-13, lt. - 24, 24-52, and 52-:04}. cllnlc~l p1thol ogy data 

(cxcludlnt> ce ll mo rphology grad1ngs) , terminal body w~l')hls , and org.)n 
weight data of tho cont,o l group wa r e compared statistically to the datt 

frv~:~ t ho same sex of the treated QI'OUp~. Slatlttlcal analyses we··e 

performed as d 1agt·ari'tlled In Figure ! . 

If variances of u~transfor!'le d d~ta we r e hetet'oger.eov~. a seri~s 

of tra:~sfoma lion s was performed In an effort to achieve variance 

ito:nogenelty. \/hen the sorl as of Lr&nsform.tlons was not suc.ccss ful In 

.l t:h\ ev1ng var iance homogen e i ty, ar.alyse> were performed on 

rank-transformed data. Group comp&rlscns were rout inely performed at the 
5% l\;o-talled proballill ty level , 

Statls tlr.al sl9nlflc•nce Is deslgnatflrl thr~ughout the tex t of 

th i s report by t he tero s fgnlflc<nt. O~t~ trar.sfo~at !ons are presented 

in Appendix 9. 

Specimen. Raw Oft &. tnd F!ntl P, e2ort StoraQe 

All tissue specir.~ens, blocks tnd s lides, row dat a, ;,.r:d the final 

report will be ret~ i ned by Hazl e ton Wash ington, Inc., In accordance w-Ith 

GLP requirements. 
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R[SULTS 

Anal ylica ) Chr•mis! ry 

Re sult s of pretest analyses for homogeneity, stability , and 

routine concent•atlon are presented In Table !. 

Homogeneity analyse s (low- and high-dose levels) lndl<aled lhal 
the test matarlal was ho~og~neously nixed; relative standard deviation 

(RSO) va lues were w•thln 5~. Stability ana!yscs of the 100 and 3200 PPM 
dose level s lnd lcHcd t hat fr·ozcn allquots of the formulations (for 

:ubsequent. presentation to thP anlmah) were stable for u~ •o 10 days; and 

frozen analytlc: l samples ol the for::I'Jlatlons were stallle for up to 56 

rJan (100 ppm) and 62 days (3200 ppm) . All values were within .i_lO% of 
IJJ1t1al concentration. 

Resul l> of rout I n~ concent r ation analyses indicated t hJt al I 

Initial formulHion~ were with in .i_l l% of ac~ual t.ug..t concentrat ions. 

Tne test materia: h3S b~en pr~vlously shown to evaparatfl at approximate ly 
5X per day from test dlctL At most ~( the umpllng Intervals the 

majority of ivss In concentration occurred between Days l and 2 w~ t h the 

greate~t loss In tire low-dose formulation. Results of the 2-day analys i s 

lndic<ted a loss of approximately 20-30'1 from the inlllal concenlrat.lt'n; 

a smaller loss was seen from Days 2 to 3. 

In-life Observat i ons 

Horta11ty - Cumulative adjusted survival through W~ek 1C4 Is 

presented In Tab l e 2 and depleted graphically In Figure 2; 1~d1vldua 1 

animal di spo ~ l tlo n Is pr esented In Appendix 2. 
Survi val rates or the f irs t day of Week 105 we re 90, 88 , 82, and 

!0% for t he Group l-4 nalo ~ and 78, i 5, 84 , and 0% for the Group 1- 4 
fema les, res~ect lvely. Statistical evaluation of survival data r evealed 
a s ignificant decrease In t he survival of t ne high-dose male s and feii:ales. 

Additiona lly, a s ignificant negative trend wu seen for the ~~:~!es &r.d 
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females; this slgnlfl canc& Is attrlbut ~d t o the mo(tallty In the l~lgh-dose 

animals. Surv1val rate statistics were also conducted an Groups l, 2, and 

3 only. There "'ere no s i gnificant differences In the survival of either 

the males ot· females when Group 4 WH excluded. 

C)l nlq] Observations - A sutrr.lary of dally c•geslde and weekly 

phy~\c~l ob~crvat\ons I~ presented In Table 3. Individual ob•.n·vatl nns 

arc prclcnlcd In Appendix 3. 

The majo•·Hy of abnorma l ities noted dutlng c•ges ide and physica l 

examinal1ons have bel!n Incident al fi ndi ngs, unrelated to test materia l 

adminl>tratlun. A treatment-related cll nl r:al abnormaiity is "dis tended 

•bdomen" for whi ch tl1e Incidence In lhe high-dose mal es and fem~le s (Group 

t) Is a direct corre l ation to enlarged livers and livar m~sses observed in 
t,n,<he<Julcd c.lcalh! from Group 4. Convulsio~s observed p:· ju,;.r lly In the 

low- and mid-dose ma l es, are net r•cl.l lcJ to trlchloroiJ~nzene 

~tlmlnhlrallon. P.f<.er beb<J handled, an Lxlcnsor-lhrust spasm of ten 

occ~rs In B6CJFJ mice , and t his spasm (as noted In the raw dala) Is being 

noted as "convuls ion" . There has been no evidence of "spontaneous 

convulsion• (without prior handl i ng) In any of lhc groups. 

Addlt\o,a liy, palpabl e tts ; ue ma sse s (small < J em (d) 5. hrge) 

have been detected In both sexes . llnwever, such masses are prlmar'lly 

external, for which t he current Incidence of rr.ost was n<>t 

tt·eat.ment- re Jated . 

Aody Weiahts - Hean body weight data ar e presented In Table 4A 

and depicted graphically In Figura 3; tota l body weight change data (We&ks 

1- 14, 14-24, 24-52 52-104 , 1- 80 . and 1-104) are presented In Table 48. 

Indiv idual body l;'clght .a nd body we ight change data at·e presented In 

Appendices 4A and ~B. r especti ve ly. 

Statls t.l cal l y signi f icant yal ues In mean body walght and body 

"'eight change data are sui!J11ar ize,cl in Text Tabl~ s 1 and 2, respectlv&ly. 
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~========~e~<><~.1~r~~~~ ~~~~~·========-=-··~9~e~v~,'~t~·
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1-J- . 

-·un 1· 14 
\l(f"\ l tl •(.t. 
\lt[IG l~ ~t I I 
'!!KS 1·80 I t 
Vff.(S i - 1O.i t J t 

t.e y 	 J - Ston\tH.•M''f t\c:C:f' o:-.l;~(o'. p! o ~·s. 
1 • ~qi'n~qc;,. nt1y lnCIUH•(J, p :!_ O,c;S, 

f.ompa•·•d to contr ol mean nl ues , signOflcantly low~r wc~kly rr.~an 

body weights we re noted c •ly in t he Gt·oup 4 (3200 iJpm) rn J lcs and fem~ l es 

PXC.r>p i fot the Grou;; 2 females ol \leeks J, 3, 4 , and 6. Conversely, 

""'11 ~ ly m~~~~ hody we ights were C)r~aler (frequently sla list ·ica11y 

~1gn 1f >cJ.nt) in the Group 2 and 3 an i r.tals coll'pa•·et! to control . X·.~"" bnt.y 

w~lght change was lower ( statistical ly significant) only in the Group 4 

• n •ma l s (Weeks l - 14 , 24- 52 and l - 104 f or the male~ and ~/¢cks 14- 24 and 

J-80 for the femal es). Conversely , body weight char>ge in bo th ••xe• cof 

c,·,wp 7. ( Weeks 14-24 and 1- 104 for th mal es and l:'cek~ 1- 14, 24 - 52, 1-SO 

ar.d 1- 104 for the females) , ~5 well as the Group 3 females (Weeks 1-14, 

24 -52, I - BO and 1- 104), was s!gnHicant ly greater compared to the 

control s . 

Food Cons ump tion - Mean feed con~tm,pt i o•1 data ,tre prP.sP.nted in 
hbie SA and depicted graphically in Figure 4; mean total food consumption 

data (Weeks l-4 , 5~8 , 9- 13, 14-24, 24-52, and 52-104) are presented in 

·;·ao1e SB. I ndi·;idua l data a r ;£! prcse~ted I n Appendix S. 

s +. atistically s igr.ificant V<l l ues in mean weekly aud total food 

consur.~pt~ ·m data are su:m1arized i r, Tex t Tabl es 3 and 4. respect i vely. 
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counts or 

n.orlbund-sar.r1f!ce anlrnl s . 

Terminal Stud1~s 

GroH PHhology - Gross pathology fl ndlngs are surm~arlzed In 

Tables BA, BB and 8C for unschedul ed dcat~ s. terminal sacrifices , and all 
animals, respectlvaly, Individual gross pathology findings ~re presented 
In Appendi x 8. 

There was a higher Incidence of liver masses, r.nlarged livers, 
il·regularly-sh;ped llvors and pal e ki dneys observed for the Group~ males 

and fomah s amo;·,;~ t he unsch~d\ll ed d&&ths. Other findings were spond1c 
ond not re1&t 2d to tr~ttment. 
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Clinic~] PAt tnlogv 
Maan hemllology v&lu(!s &r3 presented In Table 7 1nd lndlvldu&l 

data are presentee in Appe!ldlx 7A &nd 79 for \leek' 52, 78 &nd 105 &nd 

mo~ibund animal s, respectively. Findings are fur t hnr dlscussad In the 

Clinical Pathology Ropor~. 
Hom., to) ogy - Tho il'O ar v a 1uos for perconl~llO sogmcntcd noulroph 11 s 

were ~tgntflc enily Increased 1n Group 3 anlm•ls hut decreased In r.roup 4 

an imal s at Week 52 and s ign ificant ly !~creased In Group 4 m~los &t Week 
!05. M~an perc,ntage lymphocy~o val ues ·,o~ero s lg~1flc antly decreased In 

Group 3 animals and l ncrsaHd In Group 4 an lmnls at 1/cnk 52 and 

s i;;nificantly decreuud in Group 4 males at Week 105. Significant 

decreases were observed 1:1 t he l'i'~an values for percentage 11onccytus In 

Group 4 females at Wuok 52 ~nd cos lnoplills In Croup 4 males al Wack 52, 
Group 4 an lmah at \oloek 78 , and Croop 3 fcmal~s at 1/n ~k 105 . The 

aforc~~ntl oned changes are cons ldered to be Inc I ddnla 1 ll' tho 
admlnlstrat1on of tho test material. 

Tharo was r.o ovldence of ~n effect of the test material or. the 

re l ative dlffcrcl)l\ al leukocyto cellular morphoill!JY for 
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Treatme~t-rel!ted fi nd ing! observed at t he t ermln41 sacrifi ce 

were limi t ed to ~n lncreesed inc idence of li ver masse ' !n t he Group 3 and 
4 m.:lds ano t ne Group 3 fem& l ~s. Other observ ation~ wero svoradlc l nd not 

related to treatmer.t . 
Qrgar ~f!Qits- Hc1n f asted t~~inal body wolghts , absolute organ 

weights , organ-Lo- tar~lral-bo~y-wel ght, and o~gan-ta-bra l n -we ight ratios 
are prosontcd i n Tabl e 9. Jn~ t v!du a l data aro prbS ij nted In Appendi x 6. 

Evalur.tl or. of t he t ermi nal body woluht d&ta r ovt•al Ad 

Hatlst lcally I n crease~ val uos for Grcup 2 animals and for the Group 3 

female s; and decrcu~d valu~ ' for t~ e Group 4 males when cc~~ ared to 
ct~ntrol valves. Eva luation of tht> org~n weisll t data nvealad 
statistically lncn:<sed absolute ll·•er values for the Group 2 ~nd 3 
an !m~ l s and tt.e Group~ males : Increased l lve r-to-b~Jy lfai ght ra tio for 
t he Gro•1p 2 femalet , Gr oup 3 animals and t t. o Group 4 rr.a le $; inc rea :od 

1 lver-to-braln weight ra ti o for t he Group 2 and 3 femal es and l ha Croup 4 
males; d~crc ~ sed br ~i n- to-body we igh t r atio for tho Grott~ 2 male~ ; 

loc~auod absolute tes tes wl t h epididymides ~o·.lghs and te!tcs with 
epldldymide>-to-bn l n .,.eight ntio fer t he Group 2 malo~; and decreased 
at,~olute ~sstes .,.ith ep!d idy,llldt!: weights ; t es tes with epldldyt~ldes- to 

b.>dy weight rat 1o ~ nd testes with cpidldymides-to-br.ln walght r.H1o for 

t ho Group ~ males . 

Hi stopat ho logy - Hlcro scoplc f lod lngl uo s u11111 ar iz~d in hbles 
10.~ , JOB, and lOC for unscheduled dEaths, terminal sacr ~ fkes, and all 
a:~ l l'l~l s , r espcctt;•ely. lndlvidual hl stop: t hology f indings ar e pre>entod 
In Appendix 6. The f indings are fur t her discussed In the PA thology 

Report. 

f1icroscopic evaluation of t he l l v'<r t·evealed an lncreued 
1n~ \donco of hepatoce 11 ular carcinoma 1 n t he Group 3 u1d 4 male s and 
females (1 00% of exami ned Gr oup 4 males, ~2~ of Gr oup 4 f emal es , 51% of 
Grcur. 3 m~hs , and 56" of Group 3 fema~ es ) . Adeno1nas were •lf? i ncreased 
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in lncldenca In the saM groue$ (except for Group I. males, ~ ~ shlch thoy 

were 1ike1y overwhelmed by the exte n ~ of carcinoma dev&]opment). Also 
present with in liver t issue, and cl ezrl y associated dlrect!y with 1,2,~

'!'rl ch1orober.une exposure, was en1argcment of hepatocytos wl thIn the 
ce~tr l lo bular zone of livers from many m~les of Groups 3 and 4. 

rl nd l ngs with Increased incidences not re l ated to treatmenl wl!h 
) ,7.,4 -Tr lchlvrobenzene Included i ncreased congutl onfhamorrhage of thti 
t~rllccmedu11 4rY juncl lon of the adrenal cor t ex of the Group 4 males and 
remtlcs ; dccre~ sad secr~tl on of t ho sem ln~l vesicle s of tho Group 4 ~lles; 

and lnc r6ascd congest1cn;he~o~rhago In t ho l ungs of t~J Group 4 malns and 
fomJl0s. 

All other h i stol ogic changes were comparab ly d 1stri t>utcd between 

oxam1Md groups and of t ho typo end general frequency usual ly cncount.o>·cc 
:n normdl popul•tl uns of mice of th i s st r~ln and age . 
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! ,2,4-Tr lcnlorobonzcne was adml nl5 t nrcd dally ln th e d iet t o 

B&C3fl rn lce for ~ t l e ~ st 104 con,ccut lve weeks . There were SO mi ce p~r 

'ex In f!ach ' t udy ur oup . for Groups 2 , :\, a~d 4, ta rgot dietary 

concenlr<~. tlon s of 1.2 .~-Trlch l o rober.z~n.. were 150, 700, and 3200 ppm. 

Hlce in Group l wire ~dmi n lstered the basal di e t ~lone and •urved a• tho 

concurrent control group. Due to vol atility of the te5t materi ~ l . each 

5tudy group was housed in a sep4rite roon to prevent any cros•-contamlna

tion of test natcrial be tween dos~ groups. 

Dletary admlnlnratlon of 1, 2,4..Trkhlor3benzene was rcq~! red by 

the fPA l est rule (40 CFR Pa:·t i9~ . !053; Federal Re~jlster V•ll. 51, ~p. 

24657-2~661 , July e. 198!i). Du~ to the volatility vf the te•t :l'•tcrlal, 
precau t ions were l~ke' to nexlmlzc : he di e ta ry Intake of 1, 2 , 4 Trichloro

\Jen•• ne by the tes t a n i m~ ls ~ L Lhe pr&•c r lbed d ietary concfnlrat lo/1S . The 

d i ~tary formulations or 1, 2 , 4-Tr lchlorot.enzene f or Groups 2, J , and 4, 

we re p r~plred weekly a t 110% of target concentntlon. The d i etary 

formu la:. ton of 1, 2, 4-Trlchl or·obenzcne for each study group (as well H 

basal di et for Group 1) was t hen allquoted In t o labeled gla)S jars (each 

apJl!'OxlmHely !-ga l lon volu.,.e, and sea l ed 11 \~h a Teflon-lined lid) and 

stored frozen until needed for prcsentatloa to t he animals. ThrtP. tlmi!s 

dur:ng each study wee~. the res idual die t In each animal' s feeder was 

rep heed with fresh diet (reMoved from f rozen stongc). Therefore, 

di etary formul ation$ of 1,2,4- Trlchl orobenzene r emained In the animal's 

feeders for a maximum of 3 days befor e be ing r epi aced v lt h fr esh d iet 

conta ini ng t he appr ppr!ate concentration o-f 1, ?,4 -rr lchlorobenzcno. 
Peri odica l ly l hrot:ghcut t he study, the d felar·y fono.ulatlons of 

1, 2,<-Trlchiorobenzene wer6 Simpled at t he ti me of preparati on and found 

to be >100% of target concentrat i on i:<JCcept for the lloek 2 , l ow-dose 

formulation, •nd t he lleel< 72 l ow- i nd ad d-dose formulations , ~·hHe t he 

di etary concentr~t!o~s of 1,2 ,4-Trlchlorobenzene were~ 9).7% of target 
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c.onccntr~tlon). Analyses also Indicated t hat dlctHy formulations of 

1,2,4-lrlchlorobenzen~ were s t<~.bl.-, for up to 10 dlys under the conditions 

maintained for fro1en s torage o f tl lquo t s subsequently presented to the 

animals. Al so perlorll :al l y t hr oughout the study, sampl es of tho residual 
1, ; ,4 -lYichlorobenzenc dietary form~la tl or~ s remain ing In the animal's 
feeden af~er e ither a 2 -d~y or 3-day feeding Interval we r e colloctc:l and 

analy7ed. R~sull s Indicated t•H di etary concentrations of ! , 2.~

:r!chlo•obenlcne decreased a t ~n average r1ta of app•oxlmalcly lOS · cr 

tlay. lhrougholll the stuJy , the lowest mean concentration of I , 2 ,4 

Trl cltlo;·ober>Hne detected In a res idual fe•d s~mplc was 62 . 7'f, ol t a rp~ ·. 

- 35 -

conc.~nt.ratlon ,;fter a 3-day f eeding Interval (Group 2 at l<eck l). 

for Groups 2, 3, and 4, during l(uks l tl!rough 104, the ~~~ear 

dally consullll:d d,,~c (oascd on lorgct dle:ary conccntr.tlons) of 1, 2,4

Trlchlorobenzcnc was 20.~. !00 . 5 , and 522. 0 mgfkg/day, respcctlv~ly, In 

t.it~ m.iles: and 26.~ . 127 . 2, and 574.9 mgjkg/day, respectively, In the 

females. The m•an dal l y cc.;sumed dose (bas&d on assayed dlclH'Y 

ccncentrat.t:~n s) was 21.0, JOO.b , and 519.9 rriJj kgj day , respectively, In the 
m•l•·~: a.•d 2~.3. 127.0, and 572 .6 , respectively, In the fea;lles ot Groups 
7. 3, and 4 . Therefore, t hrou(lhou t the study, the mean d!!ly dose 

cor,sumed by fema l es In Groups 2, 3, and 4, was 25.4%, 26 . 6%, and 10. 1% 
greater , r espec t ive ly, t han the mean dally dose consumed by males In the 

same d~sc groups. 

The hlgh -do~e of \,2,•- - rlchlorob2nzenc produce~ a s lgnlflc 1nt 

decrease In s ur~lval . At ~eak JCG , survival rates In Groups I, 2, 3, ind 

~. ~o~cre 90, 88, 62, ~nt:! 10% , re spectwe ly, ln t he n,~ les; and 78, 76 , 84, 

and o,; , r espectively, In the femal es . The t reatment - rela t ed decrease In 

surv ival in Gr oup 4 occurred dur i ng t he second year of t he study; however, 
a~ least SS% of t he high- dose rra l es ar. femal c1 survi ved through 78 

:onsecutfve weeks of 1,2.~-Trlch:orobenzer.c ad~lnl strat lon . In Grc~p s I, 
2, 3, and 4 , s urvival rat es on the f irst day of lo'e~k ~2 were IOC, :oo, 
100, and 9~X. respectively, i n lhc malas; and 98 , 98, 100, 96% , 



H':A 2603-102 ~ HAZLE":ON 
WASdlf.JGTON 

respect:vcly, rn the feTo~ l es; ~nd 2t \leek 78, survival rates were 98, 98, 

98, and 64", respective ly , ln the male~; ~nd 92 , S4, 96, ind 58%, 

r•espectively, In lhc females. 

Treat ment-relat ed abnormalities were also noted d~r·lng d~lly 

cageslde ~nd wce~ ly physlol eu:nlnatl ons . Refi ec:t Ing the Inc r eascd 

lncidenc~ r>f mor·ta llty in Gnup 4, the incidence for ~ypic~l 11\dic~t.lons 

nf ~nte-mortcm condlt ion (hunched postut·e. hypoactive , dyspnea) were also 

notal:>ly incn:a,ed in Group .<~ . A dose-rela~ed Increase for dis~ende~ 

abdomen was '"~1catlve oi the ~ose-related Induction of liver enlargemer.t 

.nd itver ncoplas,s with ~~soclaled accumulation of ascitic fluid. ln 

Groups I, 2, 3, and 4, the Incidence of animal; cxhlbltlry dlslerrded 

abdotr.l!n was 12, 22 , 34, •nd 92%, respectively, In the male~; and 14, 26 , 

33, and 60lC , respectively, In the fe111al~s . An Increased incider.ce of 

urine stains ~n the hl9h-dose (Group 4) mal~ s and f~rra l~ ~ (30 and 23%, 

rrsper.ti ·te ly , compared to 6 and 6% In lhe control malns and females , 

respec t ive ly) WlS also a treatme nt--related finding of unde termined 

etiology . All other cl inical abnormali t.l es were Incidental find ings , 

ul\rehted t o 1,2,4 lr'lchlorobcnzenc administration, Inc luding the notation 

of "convulslor,". · convulsion· was r.oted .:luring animal observallons to 

dcsc.·lbe the extensor-thrust spas~ : hJt often occurs In 86C3fl mice after 

they have been har.dled. As documented in ~h e raw data for the cur·re:~t 

study, spasms or convulsions only occurred immedi ately after the mlce had 

been handled, and w~re no: observed at any other time. 

A treatment ·r~l•ted depress ion of body ~ei ght g31n occurred only 

In the high-dos e (Group 4). Throughout t he study, with few except ions, 

11cekly me~~ body weight s for the Group 4 ma les and fen1ah; were signifi

cantly l ower compared to t he contro l 1:1ean V< lues. Accord ingly, r.~ean total 

body we ight gain was ~ igniflcantly loll'cr dur ing Weeks 1 t hrough 80 In the 

Group 4 males and fer.o3 l es , and ~tas s ignificantly lower dur ing lleeks I 
through J04 in t he Group 4 r::a1es (no Group 4 fc1013l es s1•rv i ved to Week 

104). for &;ale~ an~ fe::oall!s In the low- and mid-dos~ (Groups 2 and 3), 
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weekly m~ao body weight val ues, as well as me~n total body we ighl gain 

values were gene r ally eqoal to or greater than control grcup mean v~lues . 

Esr~c la1ly dur ing lleeb l t h ro~gh 12, food spl llagefwa>te by mi ce 

' n all yrtltli•S, Including t he cor.t ro h , negated t he measurer:~ent of fovo 

c:H•surnptlon fo•· those mice wilh sp ill ed f eed . However, the l n c ld~nce of 

Iced spi llagefwaste wa s notably dec:·eas ed In the high-dose (Group 4! mice 

corn:1.1red to t he other gr.,ups . and was J lke ly an Indication or food 

avolcanc~ d~e to poor ra l atablllty o f the 1 ,7.,4 - Tl" lch l o•·obe nzen~/dlet 

mi.xt,ll"e. After nlodiflc at1on~ of the feeder f a lled to ~ubstanl!ally 

rleuease th~ lncld~nce of spill ed feed , a different ty~e of feedel" l':a s 

us ed ror the remai nder of t he study (beginni ng wllh W•e k IS ). Our lng t he 

f i r st 15 weeks . and conli nuin:; ~hro .,ghoul the s tudy. w~ekly r::~.1n food 

consumption va l ue s in lh2 Group 4 male s and females w~~-~ notably lower, 

frequPntly s ignificant ly l ower , compared to the contrel mean va lues. 

Conversel y, beginning i n l.'eek 2 and con tinuing t:. roughout the s tudy, 

weekly mean food consump ti on values In the r,,·oup 3 males and f emales >it!t·c 

g~ nc r a lly equai to or greater than control mean valueL Al though poor 
palatabllii.J may have been a contr i buti ng factor to t he decreased food 

consumption by the Group 4 mice, systemic tox ic i ty In t he Group 4 mice ~o<as 

evident from cli nical abnormai l t les and necropsy f lndl n9s In unsch~duled 
•!cHM. Thorefore, t he Cl~creHed foo<l consurr.pti on In G •·ou~ 4 wa~ 

considered a treatment- re l ated effec t. 
Evalua!ion of hemotol ogy parameters , Includ ing ce l l morphology, 

dunng \leeks 52, 79 , and 105, I nd icated no toxic or ca t·ci~ogcnlc effect on 

till:' h~matopoi e llc syttem due t o d ie tary adminis trati on of 1,2,4-Trichloro

benzene at ~ ny dose l evel , l nc1udl ng the hi gh-dose (3200 ppm). However, 

necropsy and histo" 'thology find ings clearly indi ca t ed t he l i~er In mice 

to be a targe t organ f .r 1, 2,4-i richlorobenzene, resulti ng in t he 

Induction of hepatic t ox i city and carci nogenici ty. 

The ll var 1 as e. aml ned microscop ical ly from al l animal s In a ll 

study groups {with t he sxca;;tion of one cont rol "!ale for which hepiitic 
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autolysis precl uded def initi ve histo;>athol ogic Exaw i n'l ~ ion). In Gro•.1ps I, 

2. 3, and 4, t he Incidence of hcp"toce1lular c.arclr.or": was 8/49 , 5/50, 

27[50, and 50f50 , respectively , in the ma les ; <~nd i/50, 1/50 , 28/50 , and 

45f 50, r espectively , in t he fama l cs . For hepatocellular adenow.a, the 

incidence in Groups 1, 2, 3, and 4, was 4/49, 7/50 . 16/50, and 2/50, 

respect. ively, in the males; and 3/ 50, 4/ 50, 15/50, and 8/50 , respectively, 

in Lhe females . In a(id i t lon to the Induction of hepat ic adenomas and 

carci nomas In the mid- and h igh- dose mice , 1,2,4-Trl chlor obenzene 

admi nis t r ati on caused centrll o~ul a r hepatocytomcgaly in Group 3 lnd 4 mice 

with .nd withou t concurrent hepati c neopl asia. In Group! 1, 2, 3, and 4, 
the incidence of ccntri l obul~r hepat~cytomegaly WJS 0/ 49, Of50, 27/50 and 

20/ 50 , res pec\ !vely , In the tr. Jles ; and 0/ 50, 0/50 , 1/ 50, and e;so, 
>'e >Jiec lively , i n Lloe fema les . 

Ne: r opsy f ind lngs for t he 1 iver wer e predin lve of the Increased 

inc irlPnce of ••eopl as i a in t he mid- and h igh-dose groups . ' ' ' Groups 1, 2, 

3, and 1 , the percent of mice exh ib i ting li ver mRsses was 24 , 22, 74, and 

92% , respect ively, i n t he ma l es; and lC, 16, H, and 68%, respectively, !n 

the femal e s . The I ncidence far mice exid b1tin; abdominal ascit i c fl uld , 

as well a; visibly enlarged cr I rregular l y shaped livers wen~ notably 

increased only In the hi gh-dose group compared t o the controls. 

Allhough t he inc idence for liver neoplas ia and rr.asses ~ere not 

increased in the l ow-dose (Group 2) mice compared to the controls, organ 

weight data Ind i cated a dose- re l ated i ncrease for liver weight ln ma les 

and femal es. Compare<l to cont r ol mean l i v~;- wo:i ght values, t he absolute 

and relative (to body we ight ) mean values for li ver weight were s ignifi

c antly Increased, with a duse-related pattern, in all 1,2,4-Tr lchloroben

zene dose groups (except for t he Group 4 fe,;;a les, none of w~olch survived 

to study te rmination). A dose-rela ted inc rease was also evident. forth~ 

mean 1 i v2r-to-bra in we ight rat i o , but t he me an values were s ir,ni ficantly 

greate1' onl y In the Croup 4 mal es, and Group 2 aod 3 femalr··· 
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Except for t he li ver, a ll othdr t ls5ues exaffilned histopa thologi 

cally from the hlgh-dosc (Group ~) did not conLain any mcrphologlc 

abnonn•lit:; that wa~ a di rect result o f I , 2, 4-Tr l(.h lort:bcnzcnc adml nlstra

t:on . At necropsy, t he p~rccnt of mi ce noted to hav• pale ~r<aas of the 

""Jn~y~ i n Gt'oups l, 2, 3, and 4 was 0, 0, 14 , and 40);, rcspccUvel,y , In 

lhr. ma1es; Jnd 2, 0 , 10, ~nd 24~. respec tive ly, in the females. KowevP.r, 

l.l!er~ were no treatment-re la ted historr.o rphologic. atncr;nalltics 1n the 

k uln~ys fror.~ the h•sh ..dose (Group 4 ) ~OMpared to the -:.ontrols. ,ilthocgh 

lh~ testes were noted at necropsy to 1:~ sma' l In on1y 3/50 high-dose 

males, the absolut~ and rrlatlve ( to body weight an~ 10 ~rdln weight) ~can 

oryMI ~<eight values for the t~!tc~ were signHic~ntly d~creascd In the 

'•iyh-dose malE~ . AI ,ccropsy , the percent or ~alPs noted to hJv~ 5Qall 

~eminll ·teslcles 1 0 Groups 1, 2 . 3 , and ~ '"'as 0, 7. , 4, Jr.d 40% , rc~pcc 

tively . lhe testes ond seminal vesicles were ~XJmined mtcroscopicall y 

r, (orn . JJ maies in Lhc con trol , nlid-, and high-do,;~ (Groups I, 3 , and 4). 

for Groups I, 3 , and ·1 , t he pHcent of males cxh lbit 1n9 degen~ra l ion 

(ei ther unl or b1latcra l) of the testes w~s 2, 6, and ZOI , respectively; 

~nd th~ percent Hhll i tlng decreased secret;on (bilateral) in the semi nai 

vesicles wa s o, 7, ~nd 53%, respectively . In the c.onsplcuous ~bsence of 

~ do~P-responsc relationship, t he oegenerat1·1e changes evident In the 

lPstes afid sec1nal vesi L'fs of the h igh-dose ~a l es w~rc most probably a 

sfCondn·y effect, re~ult ln!J f;:w t he prolonged arod severe c ~chcc tic :;tJlc 

1n the high-dose rn<'es caused hy the l i ver neop las ia . ~ l n ecrop~y, the 

adrer.als did not appear to be abnormal (enlarged adrena l s In one hlgh-ciose 

female was the on1y abncr•Aallty noted) . Kowever, the adr&n.;l~ were 

examin~d mi croscopica lly from ~n mi ce i n t he control, mltJ .. , and high-dose 

groups. for Gro•:ps 1, 3, and 4, t he percent cf mice exhibiting adrenal 

degeneration/necrosis was Z&, 12, and 511, respectively, In the males; and 

90, BS, a~d 54%, respect i vely , i n the femalas; and the pe~cent exhibiti ng 

ad1·en~1 conges: i,n/~c-;orrhage was 10, 2, and 45%, respect ively, in the 

mal es; and 32, ~6. a1d SC~. respectively, in t he female!. As a result of 
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oge- and sex-related ho~onal changes, the adrer.< l glands of a~ing no~oal 

mice, especially fpmale~, typically exhibit cungest lon dnd deger~erative 

changes withi n the Inner cortical r eg ion , r esufting in hemorrhage ar,J 

conge$lion i n thP. more severe cases . Unlike th~ majorl~y of mice in 

Grnup' 1. 2, and 3 , t hat wPre ex~angu l nated juH prior to nec rop sy al 

study t crmin1tion . almost a l l of the nice In Group 4 died dur ing the 

'ludy , and t hcl'oore wcr~ necropsied without prior exsanguination, 

rr.sult1n~ 1n an arlofactual presence of adren~l conc;estton/h~morrhage aad 

degenerat!v~ charges. In th~ absence of a do~·-r~~ponsP relatlonsh1~ . 

hhtomor:>hologlc ab~orma· illes in the adrenals of 1./lr Group ~ mice <!ere 

not ~ dlr~>r. t eltcei o' 1.2,4-lrkhlorcbenzen• adr.~lnl~t7atlon. 

!n conc~us•on , in R6C3fl mtle and rcmalc mice, lh~ no-obs•r·ved

cffccl-level (NOEL) or 1,2, 4 l r l chlorobenzcnc for c drrir~o·.~'llcl ty >:Js 

150 ppm; and t he no-observ•!d-adverse-effect-levcl (NOA~L) for sysLP.mlc 

lnxir.lt.Y WJ 5 150 ppm, Compar~tl t'l the controls, t he ·lo 1ce of 

hcpat~ccllu l ar car cinoma\ was in~reasr.d in the mid- (100 ppm1 •d high-

dose P200 ppm) males a11d !'~males. in : he lol"- dcse (150 ppro) mice , lhP. 

1ncidence of l.el••~oc.ellular neoplas ia was not increased tvn.1•arer1 to the 

controls. Altl1ou9h thcr~ was no detectable hislopHh.11og1cal correlate, 

liver !'lean we ight value~ were significantly incrca~cci In Lhl' 1511 ppo11ales 

and females; anc mean liver-to-body-weight and liver to braln-we,ght 

values were significantly Increased in the 150 p~m females . 
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.S.ummary 
The test melcrlal, 1,2 . ~-Tric:hlorobcnzene, was admlnlsi:ered to 


mice at dletHy levels of 0, 150, 700, and 3200 ppm (Groups l-4, 

respectively} for at least 104 weeks. Blood smears were collected from 


all groups and examined for Groups l, 3, and ( at Weeks 52 and 104 anti 


Groups I and ~ at Week 78 for determination of relative differential 

leukocyte counts and cellular r.orphology. There was no evidence of 


leukemia in the cor.trol or tre~ted anlma ts. 


B.~sul\s and Oigu~slon 
llematolooy - Oased upon evaluation or the blood smears, the 

absolute leukocyte counts were estimated to bo within normal l1mlls for 
mosl ~nimal s; t ho significant c.han<JeS observed In the rehtive 
differential lou~ocyto counts were of low magnllud• and considered of no 

bi ologi c or toxicologic importance. The r.;ean values for percentage 
segmE<nted ncutrophils w~re slgnlfl-:ar. tly lncrcas~d in Cro,;p 3 animals but 

decreased in Croup 4 anlr.llls at \leek 52 and significantly Increased In 

Group 4 r~ales at Wee~ 105. Hean pe:-centzge lymphocyte values w.are 

significantly decreased In Group 3 animals and Increased In Group 4 

animals at Week 52 ond significantly decreHed In Group 4 r.tales a.t 
Week lOS. Significant decrc~se s were observed In the mean values for 
percentage monccytcs In Group 4 females at \leek 52 and eostnophils In 
Group 4 mal es at \lee~ 52 , Group ~ anima1s at \leek 78, and Group 3 fema1es 

at \leek 105. The aforementioned changes ar e considered to be Incidental 

to the administration of the test ma terial . 
The i ncidence of ech l nocytosls was slightly Increased In Group 4 

~ales at Weeks 52, Group 4 animals at Week 78, and Group 3 anlmtls and 
Group 4 males at Week 105. lt.e incidence of acanthocytes was Increased ~n 
Group 4 fema les at \leo!( 78. fchlnocytosls may ~e observed u an artlhct 
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of blood fi l m prepar~tlon and Is not specific far l p~tnologlc process; 
~canthocytosls Is a rather no nsprclfl: find ing but Is seen In animals with 
liver, spl een, or kidney disease . 

Unscheduled O& aths - Thero wts no evlden~0 of an effect of the 
tert matorial on the rel•t l ve differenti al leukocyte count; or ~~llul•r 
morpho l ogy for moribund- Bcrlfl c e ~n i mtls. 

C11n1c~l Pathol ogist : 

Renee C. Pe~rson, H.S . , O.V.H., 
D i pl!lm~te , America n Coll ege of Veterinary 

Pathologists 
Department of Pathology 

'• 
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Four groups of 86C31 l {Cr1Rr/Charl e ~ River ~tee ~ore each exposed 
lo 1,2,4-Tr\chl orobenz~ne at on~ of four dose levels doftnod as follows : 
Group l - vehtcl a cont ro1 (50 n~ lo s, 50 fe;nal es), 0 Jl:ll/ kg /day; Group 2 
lo~; (SC mal e!, SO f c1r.al os ). 150 mg/kg/ci~y; Group 3 - mid (SO ml l os, 50 

fema l es~. 700 !:19/kg/day; Group 4 - Hgh (50 n1~los, 50 femalos), 
3700 ms/kgfday. [xposure w~s vt& the di et f~r t period of approxt~&telf 
104 weeks, after whtch ali surviving anl~a l s wero 1acrlflced for 
pa lhoiogtc evalu~tlon. £valu ~ tton of those animals (Including any 

sacrificed In extremis or dying prior to the scheduled ~ecr lftco ) i s the 
subject or this report. 

All surviving an imal s were sacri ficed, at t ho appropriate time, 

by exsangulntt lon under barbiturate anesthes ia, and ~11 wore subjoc ted to 
a necropsy examl nr.tlon. 1\ll survi•;ing ;.ntm~ls wero wei ghed once prior to 
t he 1nl t 1at1 on of exposure, weekly during ~aeks 1-16 , ~ ~d once every four 

weeks there~fter, including just pr ior to necroosy. 
Clinical ob~ervat 1ons ~ere revi6Wed at noc~opsy, and ' 11 gros1iy 

ob1ened abnormal ities \>iaro entered di rect ly In to the compctor1zed dat a 
capture system. Kidneys, brA tn (with bt'a Ins tem), ~ nd \~s tes (Ill th 
epidldymldos) were weighed from 10 an lmal sj snxfgroup . Liver iw1th 
gallbladder) was we lghcd from al l an imal s sacrif iced on O•ys 1, 3, and 4 
of the termi n ~l s ~ crlftce. 

Aftar gros s exam1 nl~lon , ap;>ropriat e samphs of each of the 
following organs/t issues were preserved 1n 10%neu tral -~uffered form~l1n : 

masses and asso~i atec t1ssues s emlo ~l ves lcl:s 
gross lesions ovar ies 

• 
braln with bral nstem uterus wlt h vagi na and ce1~l x 

(medull a/pons, cereb~l l ar ma~~ry gland (fe~a l es only) 
cortex, and ce:ehral cortex) sk. in 
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pituitary UO~Jh 19\/ $ 
thyroid (w ith parathyr oid5) stomach 
t hymus duode num, Joj u~um , ileum 
tnchet colcn, cecum, rectu~ 
1 ungs uri nary bl adder 
heart mosenter !c lymph nod~ 
s~livary gland s (mandibular) mandibul Ar l ymph node 
li ver (with gallbl adder) sc !at ic nBrve 
sp1eon ce rvical spin a: cord 
kidney$ mid- thoracic spinal cord 
ad rena 1 s l u~b ar spinal c~rd 
pancreas femcr wl t h bone m~rrow 
testes with epid idymides s kt lot~ l muscle (thigh) 
prostate eyes (w ith Harder lan gland1) 

After f ixation , an bony ti ssues were decalc if ied prior to 

process ing . Tissues t o be examined hi stologically wore embeddeo In 

pa raff in, sec tioned at 5 p, and stained with hematoxrl in and eos in. 

• 

As requi r ed by the protocol , hi stol ogi c ~v ~lu atlons wc1·e 

conducted on those ti ssues li sted Above from all animals nf Groups I 3nd 
4 sacr ificed at t he terminal po int of Lhe sludy and frore any dn lmals dying 
or sacrif i ced In ext remi s prio, · t o t he scheduled sacrific ~. Gro:;s l esions 

~·era exam!ned from a ll an l m~ l s regardle ss of exposur·e level . Tho liver 
was ldent if1ed as a possible target org3n during the initia l 
histopatholo,ica l evalttations and was t ;len, as required by the protocol , 
examinee! hi st olo';l i c<11y from all r-.malnlng ani mals , In addition, adr~n•l 

cortex, testes, and semi na l vas !clcs we r e examined from Group 3 anima l s In 

order to help def ine ~ny poss ibl e relat ionship l.>etween cer tain changes 

encountered In these organs dur ing !nl ti al hlstnlogi c examinat ion , and 
exposure to t he test wbshnce, 11 11 hi sicl og iC f indings were entered 
directly 1ntc the computer ized data captul'e system. M~:s 1 nontumo r les ion~ 
·;;a1·e graded u to rehtlva zever lty or degree of involvement (l ~ ml r.im51, 
2 • s1ight, 3 • mode rate, 4 • moderate ly severe, 5 • s~vere). The grades 
are subjective, comp~r~the evaluat! , ns, boHd on morpholo~y al one, and 
arn not intended by t hemsel ves to Imp ly ~ ny degree of f~ncl1ona1 

impairment . 
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Gro<s A(id Rel UJUl.Lindlnqf 
Gross f!~d!n~s are S U'M\arlz~d In J~\a tl In the tables &nd 

appendices . 
s~rvlv a l was drastically r~duced In mllcs and females of Gro~p 4 

comparod to other P.xpasurc oroups. Only S/50 r.;ales &nr! 0/SO f~r.;&ln of 
Group ~ survlvod to termlnalon, compared to surv ival rates th~t ranged 

from 7~ to 90X 'n all oth:tr HX/dos~ groups (hl~het· st.rvlv~l In rn•lcs). 

~\ost of the deaths In Grour. 4 orcurrod as a result ~f hur,atocollul ar 

ca~cloomas , many of wh ich ~ere \ar9e and observed gros;l y . 

Mean terminal body weights may have boon a ffec~od by cxposur~ to 

!.2,4-lrlchlorobcoune, but ln ~crprelatlon of terminal weight values a·lone 
Is confounded l>y the lack of survival at tn.; h1~hc>l doso level. However, 

mean boo:~ weights wore sign I f1cantly depressed 111 Gr·oup 4 animal s of both 

sexes for thr. duration of the study, ~tartli•g wi th the first ~o oe x of 

exposure. In other groups , body weiQhts ware lnconslstcnl comparod Lo 

controls , but wore frequently 1ncreaslld over the duration of the ~tudy. 

Food consumption was les s con sistently affected, being generally 
depres~od In Group 4 for t ~o first 55 to 60 w~eks, but then rebounding Lo 

bc:o~e Increased relative to controls fo r the remainder of the study, 

This rebound phenorenon Is difficult t<> explain: nev:;rtholess, body 

~1alghts did not rebound wlt n t he Increased food consumption, a condition 

explainable by the severe pathology present In animals ~f Groups 3 and 4. 

Terminal or'~n we ight cht~ we re al so clouded by high mor ta l ft,y In 

Group 4 tnlma\s; however, a number of observations arc lmporta~l. 

Hecn terminal liver we lsnts ~H" liq~iflcafltl)' fncreas~d In 111a1es 

of Groups 2, 3, end 4 anJ:l fe!:'al es c.f ~ .. ps 2 and 3 (all Group 4 females 
died prior to termlnn 1on). Thf s occurred P•rt ly H a result of i her 

tumors (m! IIY of t hem ve ry \ arge ) which were presen t In Inc reased numbcn 
In males and females of Groups 3 and 4 t nd part ly be,ause cf another less 
obvious a1torat1on observe~ hi stologi cally , which will be described l•tcr 

In t hi s report . 
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H•an terminal tcSl lcu·. ~r \<eight~ a~pc~r to hHo bc~n 

significantly depra!sed In Group 4 ma les c;;;npared to all other group~. 

Ther • was no clear hi s tologic co~rehl& , but t)l~ histolog ic dola do 

suggc~t ~n lncre&~e In t nc de9ree of deocneratlva ch~nge~ with in lhu 

l ~}l•s of Croup ~ ~nlm•ls. 

Tha most connorl.t des crlb&d groH •bnormalltlcs ~ere muses, 

onlacgements, or !rrogu l ar ltl&l of cont our within tho liver. Seen ~ostly 

In male: . r.d femal es of Croup 4 •nd Indicat ive of an effect of exoosurc to 

the tr.st s ubst ~nce , 1:101t of these l es ions wert rubscqucntly sho>m 

histologically ~ " ~e hepa:occllular carclno:;;as. !l was COimlOn for these 

nenpl Hrns to be a;:companl cd by ~Jros sl,· noted acc ...~ulatlJns of asutl c 

fluid. 
·Lumen, rr.~tC>'IDl" was fre quen t ly described w1th1n the ulamJu lar 

Homach of ma ny te rmlroal - Hcr!fl ce onlmals wllto 011t r·ciHion to do1e, This 

wd ! t ho .-csu lt of mire licking tholr t<ll after the lip had boo~ ar:.;>utat~c 

for· blood collection and nn l'Ofl~ctlve of any le;lwn of th~ H~mach 

Itself. 
fyH s .·ere frequen~ly o~served grossly within the vvarles awl 

uterus of female mlc3 without relation to exposure. 6oth ar~ convnon, lqe

rcl ated le> 10ns that occur In l aboratory ~Ice of this and othct strains as 

a re,ult o f endocYinc senescence. 

"Pale aree' was noted In t he kidneys of Group 4 anlu.als of both 

setes .lt a higher 1ncldenco t h.an u .y othH exposure groups. H.cre was no 

specific his to logic correlate. 

HI stopathpl 0-QV 

Hi stologic findings are surr.o1\arlzed In the tables and appendices. 

ThPre wu a large (and sign1fl car.t ) Increase In the Incidence of 

hepatocelluhr nrc lnomas In ra l es and femal.-s of Grouos 3 and 4 ccmpared 

to t he other groups. Hepatocellul ar carcl no~as were present In 100% of 

eXoilliMd Group 4 r:;ales, 92% of Group 4 fe:nal es, 54% of Group 3 males, and 
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56~ of Group 3 fc~Jle ,. In no other group dld the Incidence exceed 16~. 

Thn tumors were mcstl.Y larQo &nd often multiple , frequently with pulmonary 

metaHas~L JVchitedunlly, t he carcinomas were hi!tcrogcncous, often 

c:.aracterized by somu degrte of trnl·~(.~;.~lon. Adenomas alsowcrr. 

lncrea.ed In lncld~ncc In t hR Hme groups (,~cept for Group 4 males, In 

,.~,ich lhcy were ll(ely overwhelmed by the extent of cat-clnoma 
dt!velopmont ) , but were s:uller and more c•r ur.acrlbucl , with less 
.rch i ~eclur•l and qtolo<JI' variH\on. llecros l s , often prcanl wl'n\a the 

neophsms and In tho ad,!ol•l ng puend:yl"l, wu moSll) lnterpr·etcd ~~ 

sl'cu.dary to the ncop 1 as , •. 

Also present within liver tissue , and clearly aHoci Hcd directly 

with 1,2,4-lr lchlurobcnzene exposure , wu cnlarucmenl of hcp~~ocyle$ 

within the centt·Jlobula r zone of l ivers from rnJny m•l~• of Groups 3 •nd 4. 
includi ng animals •lith and ..- llhou t concurrent )ll'patlr neop lasia. 
Hcp~ tocytlc cytoplasm within bffec lcd areas appeared >li<Jhl ly nl<ll' C dense 

ond ecnlnophilic thar, o~o rm1l. This cllar9e, when seen, Is uftcn assocf atcd 

with Increased 1ivcr "'e ight s. 
Other hcpHic a'rlerilllons, lnclud!r.g foc~l n~crosl~. portal 

tnflatm>ation and f 1bro ~ l s, and regenerative change: ••P.rc aho rdarea ~~ 
exposure to the test substance, bat were ll~cly second~ry t~ or lnrluenced 

by the severe de<Jree of hcpa~ \c neoplasia present In the~• an imals. 
lione ot the othu observed h! sto l o<JIC changes were clearly 

attributable to 1,?.4 - T r lchlo robe~zene exp0sure. 

A number or spontaneo•J s ] ;;: Ions th•t ar c r.o~ma1 ly Increased as 

Mice af t h is stra in age were seen less frequently In anima ls or Group 4 as 

a result of the vc~"/ nigh mor la li t:; t h-at occurred In both malts and 
fetr,ale s at U:.t exposure l evel. ,,,e luded in this group of lo;slons were 
foczl mlr.2ralizat ion withi n t he thalamic region of the brain, dcvclop:o~ent 

of p~ribroncni ~l /perlvascular lymphoid aggreg~tes within the lungs , 

~~ ~ Ion s of chronic progress ive nephr· oothy, and development of ovarian 
cy! t s and ~ttrlne cystic endo.,e:rll l nyperpl a: •· . 
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The adrenal glands cf a<; lng mice, most l y female, frequent ly 

cx!· lblted t.o ngest lon and degenu~t1 v e changes within the 1nr.er cortlca1 

reg ion, resulting i n h~mocrhage • nd necro1i 1 In the more severe c•ses . 111 

add i tion , ma:.y of t hese ghnds shvwe:! varying degre~s ~f hyperp la si a 3f 

the subcapsular $p1ndl e- ca1 1 populall cn. These <llangc s arc a ll ;,r,rmonally 

releted to •9' and sex and are expected In normal mice of ch is age and 

strain. l hey are not re st r icted entire ly to f~Males , but the dege~erative 

char7r~ . especially, are generi!i l ly r.:::ch tr.3re prooouncc1 In t hat sex . Tlo•t 

n•Ucrn was true for Li>i l study; however , In males, th~re 11>.$ the 

Impre ~ s I on of In cr.~ a s cd congest Ionflo~ml\rrhag~ and dcqencr• ~ l·~ ch.1r19es 

withi n the rortlcomcdu ll l•y region of t he adrenals ln anima ls of Group~ 

compared to c~n~rol. It Is t ;nportant to consldnr, however, that many 

Gr() up 4 rnales died and we r e ntcrops led ;lithout cx~angul natlon , and In marly 

or these autol y sis w1th l n lhls anatorrol~ arP. a 'Aa s consldr.r3ble . Gi ven the 

compl c~e ab~~nce of a do~c response, a s ci emonslnlec by the l ack of an y 

icH roHe in the Incidence! of these l es ions In Gro·1;> l anlmal: o f elthq,

;ex , It I s very l ikely t hac t he o~se•v•d Increase in dcgener ~ llve changes 

rP.corded for lh l s uca ;.·as arll fac t ,• l r ather than any direct effect of 

e xposure to the test substance . 
The semina l ves i cle:: of Group • mal es 0ften appeared empty 3!od 

contrac. ted; t here was a1 so a;n Inc rease In the cb scrv~d Incidence of 

t1egeneratlve ch•nges with in testi cul ar seminiferous tuoules. Group 3 
<:nima l5 were nol aifected. While tnese changes are comp ati bl e with 1 

tox ic effect , t hey are al so characteristic of prolon'JHI cachectic and 

t.~rm in a i disease proccs.1es In wh !ch n<mnJl physio log ic act i vit!~:. are 

often severel y af fected . Tr.e htter expla r, atlon sce;ns probable In I l9ht 

of t he conspi cuous lack of dose re~ponse and th~ ~evere and fatal 

debi li tation suffered by animals of Group 4 . 

Al l othH h i st.olo\i iC cnangH were comparabl y dl str1buted bet~teen 

examined groups and of thl t ypes and general frequencies usually 

encountered In n ~ rma l po~ulatl on s of mi ce of this stnln and age . 
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Oleury cx;>osvrc of 04\0Fl m\cr. to l ,2.~-1 ':hlorf.ll:e~ ze ne for 2 

ye;rs, or until de.: th lnt t>rvened. rc~ulteri In the ln<lu~llon of liver 

tumors (mostly hep~tocell ulH· carcfnomH, but . l so s l9nlflcant n~.,.ben o f 

3denomas) In m•1cs Md females M Gr.:>ups 3 and 4 . Bccau~c ll•~r >ta~ sho>tn 

early lro t he ~tudy ~o bt a :arget orgafl, all livers were cxamln~d 

~.lstologicall): thus, the rclatl-tdy iow InCidence of iivcr tu.,Oc'\ •t the 

G1·our? level (comparable t o contr~l lnciJcMes) would suggest that there 

wa s no he~atocarc l nogenlc effect of cxpos~re ~t t hat level. 

Ce,.tr1lobu'ar !,epHocc lluhr h)pertroph) "'31 also ~ccn In males 

or Croup5 3 and • as a dlrecL result of exposure to the test substanr~. 
Gr!!up 4 survival wa~ vPrv poor. 1111 female~ ar.d All but flv" 

males of thH 9roup died or were sacrificed In ~xtr·eml5 prior to the 

s tudy's ternfnHion, and the pattern o f earl~; d~ath bec~1ne rv!dc;;t 'lull• 

~arly at app1 oxlmat~Jy f>S to 70 weeks Into the stud)' for beth :.c;;es 

and progressed at a ra ~ ~ rate for :he r~malnder of the study. 

Comprehensive histopathologic cva l;Jatlons l"Cre perfor·mcd 
rout .1ely cnly on anima ls (Jf Groups I >nd 4. rlssu~~ other thMl liver 

from animals r,{ Groups 2 and 3 (lr which survival was excellent) tod 

~drcn1l cortex. :estes and seminal v~s1cle s from an!mals of Group 3 ~ere 

not eX!mln2d hls tol~glca lly except from the relatively few anima ls of 

those groups dying early or unle ss grossly ibnormal; consequently, most of 

the tls::.u~s examined fron. anima ls cxoosed to th~ test substanc~ 11<r~ from 

animals that dl~d early. Except for liver, adrenal cortex. test1~s. a~d 

se~:~lnl1 v~> s lcl ~s t hen, there were relatively few tissues uf any ~lnd 

examined from an1 ."lal s exposed to the teH substance ro,- ~he enL Ire 104 

week cxoc~ure perind. Wh\1 e 1itt lc can be said oi the status of thosP. 

tlHues from .anlrrah of Groups In which thPy were unex amined, It seems 

~casonably we ll sta!Jil srec ti'at those •degenerative lesions· <~b served 

with greater freq uency In adrdnll cortex , testes, and semln1 : vesi cles of 

Group 4 animals were partially secondary to the prolon9~d and s£v~re 
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nchec;.lc dlsea>e tha t r esulted In the death or so ::~any anlm 1l~ o:" tha t 
group and par t1al l y art ! fac t ua l (a r~ sul t of Lhe lack of exsanguina ti on In 

a11~o l y zcd t l ~s ucl) . There is no evidence thJt they occur red f rom direc t 

toxic effec t s of l,Z 4-lrichiorobenzene. 
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