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COMPLIANCE STATEMERT

104-Week Dietary Carcinogenicity Study
with 1,2,4-Trichlcraobenzena In Mice

This study was condiucted in compliance with Lhe Good Laboratory
Practice Regulations as set forth in Titl 40 of the U.5. Code of Federal
Regulations Part 792, {ssued November 29, 1983 (effective’ Dacember 29,
1983), and with any applicable amendments. A1l deviations from the
protuco] and/or GLPs are 1isted in Appendix 11. Thera were no deviations
from the aforementioned regulations which affected the quality or
fntegrity of the study or the interpretaticn of the results in the report.

Study Director:
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QUALITY ASSURANCE STATEMENT

Study Titla: 104-Week Dietary Carcinogenicity Study with 1,2,4-
Trichlerobenzene in Mice

Project No.: 2603-102

Quality Assurance inspections and reviews of this study were conducted
actording to the standard operating procedures of the Quality Assurance
Unit and according to the Good Laboratory Practice regulations of the
Fnvironmenta) Protection Ag:ncy (EPA - TSCA), Title 40 of the U.5. Code of
Federal Regulations Part 792, fssued November 29, 1983 (effective December
29, 1983} and with any applicable amendments. These fnspections and
reviews were performed and findings were reported to lhe 5Study Direclor
and management as follows:

Dates of Dates Findings Reported
Inspection/Review to Management/ Inspectar/Reviewer
Study Director

Protocol Review:
7/13/91 2/14/91] 5. Ripley

Inspection and/or
Data Peview:

3/24-26,78-29,4/5,8/9] 4/30/9) R. Munch
6/17,19,24,-25,27-30/91 7/16/91 K. Newland/ B. Munch
9/11-13,16-18,10/1-3,10/91 10/3] /9] K. Mewland/B. Munch
12/9-11,16,17,31,;91;1/2-3/92 1722792 B, Munch
3/4,6,9,10,12,13,16,17,19/92 4/7/92 B. Funcn
6/5,8,9,11/92 T/14/52 L. Casseall
§/7-9,29/92 10/13/92 0. Hullett
12/7,29/82;1/4/93 1/14/83 S. 8allenger
3/1),22-25,29-31 /43 4/18/53 S. Bellenger
Report and Data Review!
11/4-6,10-12,14-16,18-19, 23~
24,27-30;12/1-13/93 12/3/93 L. Casxell
1/4-5/84 1/4/94 L. Cassell
6/3,6/%4 §/6/94 L. Cassell
%ﬂ . ) r Pite f OF
g0 (b Jdids bl /97
Lois Cassel) Oate Roleased
Guality Assurance Unit
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A STUDY IDENTIFICATION

Mhose 104-Week Dietary Carcinogenicity Study

1-_' with 1,2,4-Trichlorobenzene in Mice
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i HWA Study Number: 2603-102

Eb Test Material: 1,2,4-Trichlorobenzene

o

ko Study Monitor: Carol R. Stack, Ph.D.

e Chemical Manufacturers Association
o 2501 M Street N.W.

g Washington, D.C. 20037

{i’ Spunsor: Standard Chlorine of Dalaware, Inc,
L Governor Lée Road

~U3_ Delaware Clty, Delawara 19706

.%} Study Director: Michael R. Moore, Ph.0., D.A.B.T.
l'\':,"' Hazleton Washington, Inc. (HWA)
.‘L 9200 Leasburg Pike

Vienna, Yirginta 22182-1699

\ (703) 8531-5400

¥;1 Study Timetable

), Study Initiation: December 14, 1930

i Inftiation of Dosing: March 13, 189]

s Completion of Terminal Necropsy: March 16, 1993
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STUDY PERSONMEL
104-Wenk Dietary Carcinogenicity Study
with 1,2,4-Trichlorobenzerne 1n Mice

3. Study Directer: Michael R. Moore, Ph.D., D.A.B.T.
Eas fissociate Toxicoloegist: Cathy L. Murphy, B.S.
-'""?' Pathologfst: Richard H. Cardy, D.V.M., D.A.D.T.,

Diplomate, American College aof
VYeterinary Pathologlsts

e Clinical Pathologist: Rende C. Pearson, M.5., D.V. M.,

e Diplomate, American Callege of

el Veterinary Pathologists
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E:g;, Biostatistician;: Ajit K. Thakur, Ph.0.

;iﬁ?f Veterinarian: Mark 0, Walker, D.V.M.
fnalytical Chemistry

Superyvisor: Janice G, Dorschner, B.S,

Formulations Supervisor: Banny L. Thomas, B.S., LAl
Laboratery Supervisor: Presten L. Burlew, B.A., LATg
Laboratory Group Leader: M. Douglas Jones, A.A., LAT
Laboratary Head Technician: Dalton E. Saunders, LAI
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SUMMARY

1.2,4-Trichlorobenzene was administered dafly In the aiet to

BSC3Fl m for at Teast ID°' -onseculive weeks to evaluate the oncogenic
potential of the test mater There were 50 micae per sex in cach study
gyroup, For Groups 2, 3, a ., target dietary concentrations of 1,2,4-
Trichlorgbenzene were 1580, /700, and 3200 ppm. The concurrent control

{Group 1) was administered the basal diet alone. FParameler: cvaluated
were mortality; clinical observations; body weight, feod and compound
consumption data; hematology parameters: organ weight data; and necropsy
and histopathology findings,

For Groups 2, 3, and 4, during Weeks 1 threugh 104, the mean
daily consumed dose (based on target dietary concentrations) of 1,2,4-
Irichlorobenzene was 20.9, 100.5, and 522.0 mg/kg/day, respectively, in
Lhe maltes; and 26,2, 127.2, and 574.5 mg/ke/day, respectively, |n the
females, Ihe mean dafly consumed dose (based on assayed diatary
concentrations) was 21.0, 100.6, and 519.9 mg/kg/day, respectively, in the
males; and 26.3, 127.0, and 572.6, respectively, 1n the females of Groups
&y Fp oamd A Therefore, thiroughout the study, the mean daily dose
consumed by females in Groups 2, 3, and 4, was 25.4%, 26.8%, and 10.1%
greater, respectively, than the mean dafly dose consumed by maies ia the
same dose groups.

The no-observed-effect~level (NOEL) of 1,2,4-Trichlarobenzene fur
carcinogenicity was 150 ppm; and the no-observed-adverse-effect-level
{NOAEL) for systemic toxicity was 150 pom. A no-ochserved-effect-lavel
(NDEL) for systemic toxicity was not achisved.

The 3200 ppm dietary concentration produced the following
treatment-related cffects in males and females: a significant decrease 1in
survival at Week 104; significant depressions of weekly mean body weights
and mean total body weijht gain; significantly decreased mean food
consumption values, fncreased incidence of urine stains; evidence of a

- 8 -
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distended abdomen {in 92% of the males and BCY of the females):; liver
masses (in 92% of the males and B88% of the fomales), significantly
{ncreased mean Tiver weight wvalues (absolute and relative to body weight
and to brain weight} in the males (no females survived to study termina-
tion): hepatocellular carcinomas (in 100% of the males and 92% of the
females); hepatocellular adenomas (in 4% of the males and 16% of the
females); centrilobular hepatocylomegaly (in 40% of the males and 1&% of
the females.

The 700 ppm dietary concentration produced the fallowing
treatment-related effects in males and females: evidence of a distended
abodomen (in 34% of the males and 38% of the females), Viver masses {in 74%
of the males and 74% of the females); increased mean liver wefghl values
in both sexes (mean ahsolute and relative to body welght values were
significantTy increased in the males: maan ahsalute and relative to body
weight and te brain weight walues were significantly increased in the
females); hepatocelluiar carcinomas (in 54% of the males and 56% of the
Females); hepatocellular ademomas {in 32% of the males and 32% of the
females): centrilobular hepalocytomegaly (in 54% of the males and 2% of
Llie females.

The 150 ppm dietary concentration 1lso ovaduced the following
treatment-related effects: evidence of distended abdomen (in 22% of the
males anc 26% of the females compared to 12% in the control moTes and 14%
in the control females); increased mean liver weight values (ahsolute and
relative to body weight and to brain weight) in the males and females (all
values significantly increased with the exception of the mean liver-to-
body weight and Tiver-to-brain-weight ratios in the males). Although
there were gross indications of lTiver enlargement, microscopically, there
was no indication in males or females of increassd incidence af
hepatecellular carcinomas, adenomas, or ceatrilsbular Lepatocytomegaly,
conpared to the centrols.
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INTRODUCTION

This study was designed to evaluate the oncogenic potential of
1,2,4-Trichlorobenzene when fed datly to mice for at least 104 weeks.
Dasing began on March 13, 1991, and terminal sacrifices were completed on
March 16, 1993,

The study was designed in accordance with the US EPA TSCA Heallh
Fffects Testing Guidelines, 40 CFR 798.3300 aad conducled in compliance
with the T5CA CGosd Laboratory Practices Standards, 40 CFR 7%2, issued
November 29, 1983 ({effective December 289, 1983}, Protocol and all
amendments are presented in Appendix 10; deviations from protocol and/or

GLPs are presented in Appendix 11,

TEST AND COKNROL MATERIALS

The test material, 1,2,4-Trichlorobenzene, lobt Na. 071486, a
clear, colorless liguid, was received from the Sponsor on December 19,
1990, and stored at room temperature (protected from light). The purity
wis reperted to be $8.9%. Information on the melhods of synthesis and
s1ability, as well as data on composition or other characteristics which
define the test material, is on file with the Sponsaor,

Purina® Certified Rodent Chow™ #5002 was used as the hasal and
control feed.

A reserve sample of the test material (10 g, was taken prior to
initiation and stored at room temperature (protected from light), The
sample will be archived at HWA.

Following completion of the in-1ife phase, the Testing Facility
disposed of all remaining test material.
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TEST ANTMALS AND HUSBANDRY

A total of 530 (266 males and 264 females) opproximately
d-week-0]d BEEJ}fEr!Hr VAF/Plus® mice was received on February 26, 1991,
from Charles River Laboratories, Inc., Raleigh, North Caralina. Animals
were assigned temporavy animal  numbers, acclimated tno labaoratory
conditions for zpproximately 2 weeks, and released for study use hy o
staff velerinarian. During the acclimation peried, Flve animels/sex were
randomly selected and cxamined for the presence of pathogenic endo- and
ectoparasites using standard screening procedures and serolngy assays for
comnan laboratory viruses, There was no evidence of palhogenic endo- or
ecloparasites or Viruses.

Caging Conditions — Upon receipt, the animals were housed
iwa/cage in suspended stainless-steel, wire-mesh cages. Animal cages and
racks woere sanitized once every 2 woeks) excretas trays boeneath the animal
vages werg changed at least Lhree times/week.

Feed and Water - Purina® Certified Rodent Chow® #5000 was
available ad libitum during the acclimation and study periods, unless
otherwise noled. The feed was analyzed by the manufacturer for
concentrations of specified heavy metals, aflatoxin, chlorinated
hydraoczrbons, organophosphates, and specified nutrients. Tap waler, via
an automatic watering system or water bottle (changed twice weekly), was
available ad Vibitum during the acclimation and study perisds, The water
is routinely analyzed for environmental contaminants and specific
microbes. Results of feed and water analysss are on file at HWA.

The Study Director and/or Sponscr considered the possibility nf
interfering substances potentially present in animal feed and water,
inciuding the test materizl itself or possible structurally related
materials. HNone of these contaminants were reasonably expected to be
present in animz. feed or watsr at levels sufficient 1o interfere with

Lthis study.
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Fnvironmental Cenditions - Controls were set to maintain the

temperature at 72 *+ 6°F with a relative humidity of 50 + 2Z0%. Ten or
gqreater air changes/haur were maintzined in each housing room and a
12-hour Vight/12-hour dark cycle were maintained. Animal racks were
rotated around the animal room every 7 weeks,

Justification of Species - The mouse was selected For use on Lhis
study hbecause mice historically have been used in safety evaluation

studies and are recommended by the appropriate regulatory agencies,
MLTHODS

Group Assignment and Dosage levels

Animals were inftially accepted into the randomization poal based
upon physical examinations; animals with findings were elimindted from tha
randomization poel, A total of 400 mice ([200/sex) was assigned to study

using a computerized weight randomization program by first eliminating the
animals with extreme body weights and then selecting the random assignment
which produced homogeneity of variance and means by Bartlett's test {1937}
and one-way analysis of variance [ANOVA). At the time of randemizalion;
the weight variation of the animals selacted did nol exceed 205 of the
mean hody weight for each sex, and the mean body weight fur each g oup of
pach sex was not statistically different. Animals were zssigned to groups

as follows:

Animal Humeers

Digtizy Level?  Nueder of Animals
v

Erouf ] sl Feale Hals Female
1 [forirol) [1] it t0 AS249-A524H AS739-25340
2 [Lenw] 150 53 =0 AS534%= 453495 4505745448
3 [(Mid) To0 L] &0 A5445-25450 AS495-A5540
{ [Highl A2 = 50 ASSAG-A5E0E As539-2554R

2 ased o0 the compound valattlity the diets were prepared 0¥ -higher than target

o T o
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During the randumizalion process, the study animais were assigned
unigue individual numbers and individually housed. The animals were
permanently identified by a BioMedic® microchip identification device
implanted subcutaneously., Due to the volaltility of the compound, each
groeup was housed in 3 separate room to minimize possible contaminatien.

At initiation of dosing, the animals were approximately 6 weeks
ovf age with body weights ranging from 19 to 26 g For the males and 16 Lo
22 g for the females.

Animals not used on study were removed from the study rooms and
euthanized.

Compound Formulation and Administration

The test material was assumed to be 100% for dosage calculatio
purposes. For each dietary lTevel, the test material and basal feed were
weighed on an appropriate balance (mg or kg) into a glass beaker or weigh
pan, respectively, Approximately 200 g of compacted feed was Lransferred
into a Waring blender. The weighed amount of test material in lhe glass
bedker was then transferred inioc a Waring blender by rinsing the beaker
with feed taken from the weigh pan, and adding the feed rinses ta the
blender, The resulting premix was then blended for approximately 2
minutes to ensure an apparent homogeéneous mixture, The premix was
transferred to a Fatterson-Kelley twin-shell mixer (fitted with ar
intensifier bar) containing the remaining required amount of basal feed.
The dietary formulation was then mixed for 1 minute/kg.

Fresh diets were prepared weekly at 110% of actual target
concentration and frozen prior to use. The test diets were avaflable 1)
the animals 7 days/week (unless otherwise noted} for &t 104 weeks

il

"

and were available until the day prior to necropsy. The control 3
were fed Purina® Certified Rodent Chow® #5002 in the same manner as the

test animals.

- 13 -
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Reserve samples of each weekly formulation were taken and stored
in the freezer, The reserve samples will be discarded after the issuance

of the final repert.
The test material was administered via the dle: becauso the

potential human exposure is by the oral route.

Analysis of Prepared Formulations
Bulk Chomfcal Analysis - The bulk chemical purity of

1,2,4-Trichlorobenzene was determined prior to treatment, approximately
every b-months, and at termination.

Homogeneity - For this study and the companion rat study (HWA Nao.
2603-103), evaluation for homcgeneity was performed cn representative
formulations for the Jlow-dose (100 ppm) for the rat study and the
high-dose (3200 ppm) for the mouse study. The same formulation balch size
(36 kg) and mixing procedure were used for bolh studies.

Stability - Fer the low- and high-dose formulations {100 ppm and
3200 ppm, respectively), analyses were conducted prior to inftiation of
dosing to assess the stability of analytical samples stored frozen in
glass jars for 0, 7, and 21 days; and for aligquots of the test diets
stored frozen in glass Jars (same manner of storage used for diets
presented to the animals) for O and 10 days. For the analytical samples,
additional analyses were conducted to assess Day 58 freezer stability from
formulations prepared for Wesk 80 (HWA 2603-102) and Day 62 freezer
stability from formulations prepared for Week 76 (HWA 2603-103). Analysas
were performed in dupiicate from samples stored in the freezer.

Concentration Analyses - Sampies aof each male and Temale
formulaticn taken from animal feeders at Weeks 1, 2, 3, 4 and every 4
weeks thereafter were anaiyzed in duplicate for concentration of the test
material. Foed was analyzed for initial concentration and after 2 2- and
3-day presentation to the animals. For each study group, the male and
female composite ending diet samples were prepared by dumping the contents

- Bl
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from cither 2 male or 2 female feeders (as approximate} into a gqlass Jap
(approximately 1 gallon), capping the jar and gently mixing the contents,
The contents were then transferred tc a claan glass sampling Jar, filled
to Teave no head space and immediately capped with Teflon®-lined 1ids.
For the Group ! ending diet sample, the residual feed from 2 male and 2
female feeders was combined as a single sample for assay.

Analytical Methnd - The analytical mathod used to assay Lhe level
of test article in the diet involved extraction of the test articlie from

Lhe feed mixture using isc-octane and analysis using gas chromatography
and an electron capture cetector (£ECD), The method fs fully outlined fn

Rppendix 1.

Cheervations ‘and Records
mortatity and meribundity teice daily. A thorough physical examination
was conducted weekly, A careful cageside cbservalion for obwious

indications of toxic effects was performed once daily.

Jody Weight and Food Consumption - Body welights were measured and
recorded at vandomization, prior to treatment, weekly for 16 weeks, and
every fourth week thereafter and at Week 105, Food consumntion was
measured and recorded weakly for Waeks 1-16 and every Tourth waek
therzafter. When cbvious spillage or wastage of food was recorded during
the detailed physical examinmation, the estimate of food consumptien for
that animal was excluded from the calculation of group mean food
consumption during the affected interval.

Clinical Pathology

During Waeks 52 and 78 of treatment all a2nimals were sampled for
hematelogy via tafl ciip. Aninzis were tied in ascending order and were
alternated betweer sexes, At tormination all surviving animals were
fasted overnight with water avaijable prior to ¢linizal hematology

o §
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sampling via tail clip. At termination the sampling sequence was the same
as tha necropsy sequence. Each group was sampled {independantly of the
other study groups) during the same phase of the diurnal cycle. The blncd
smears were osed to determine callular movphology and  leukocyte
differentials for the Group 1 and 4 sanimals for 311 intervals and the
Group 3 animals for Weeks 52 and 105. Samples were also taken on moribund

animzls prior to sacrifice whan possiule.

Termina] Studies
Sacrifice and Gross Patheloay - A1l animals which were found dead

or sacrificed in extramis during the study were subijected to a gross
postmeriem examination, A1l surviving animals were fasted overnight,
welghed the day of scheduled necropsy, given an intraperitaneal injection
of sodium pentobarbital, and exsanguinated, Necropsies were perfurmed on
211 animals by zppropriately trained personnel using procsdures approved
by board-cartified pathologists. Fach scheduled necropsy was performed
under the direct supervision of a veterinary pathologist, Necropsfes
inciuded examination of the following:

all orifices external surface of the brain

CATCAasS extarnal and cut surfaces of the

cervical tissues and organs spinal cord {if processed)

craniil cavity nasal cavity eand paranaszl sinuzes

cut surfaces of the brain thoracic, abdominal, and pelvic
{if processed) cavities and their viscera

external surface of the body

AVl findings were recorded.

Orgzn Heights - At terminal sacrifice the fellowing organs from
the first 10 mice/sex/group were waighed (the liver with gallbladder was
also weighed from 211 animals that were sacrificed on the third and fourth
day of the terminzl sacrifics) after carsful dissecticn and trimming aof
fat and other contiguous tissua;

% 8
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Yidneys
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liver with gallbladder
testes with epididymidas

Organ-to-tarminal-body-weight ratlos were calculated using the

fasted terminal body weight recorded at necropsy.

ratios were also calculated.

Organ-to-braln-waight

Tissue Preservation - The following tissues (when presant) from

each animal were preserved in 10% neutral-buftered formalin:

adrenals

brain with brainstem (medulla/pons,
cereb (1lar cortex, and carebral
corte )

cervical spinal cord

colon, cecum, rectum

dupdenum, Jejunum, 1leum

esophagus

eyes

fembr with bene marrow

heart

kidnays

Tesions

liver with galib)addsr

Tumbar spinal cord

Tung

mammary gland (females only)

mandihular Tymph node

masses and associated tissues

mesenteric lymph node
mid-thoracic spinal cord
ovaries

pancreas

pituftary

prostate

salivary glands (mandibular)
sciatic narve

seminal veslcles

skaletal muscle

skin

splean

stomach

testes with epididymidas
thymus

thyroid/parathyroids

trachsa

urinary bladder

utsrus with vagina and cervix

Histopathology - Freserved tissues from all scheduled sacrifice
animals in Groups ! and 4, and all animals from all groups which were

sacrificed
stafned with

found dead or
sectioned,
microscopically.
Groups 2 and 3.

in extremis,
hematocxylin  and

were embedded 1in paraffin,

eosin, and examined

Gress lesions were also examined from &11 znimals in
As potential target organs,

he 1iver with galibladdar,

adreng] feortex and medulla), testes and seminal vesicles from all animals
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in Groups 2 and 3 were embedded in paraffin, secticned, and stafned with
hematoxylin and eosin. Subseguent microscopic examination included the
1ivers from ali Group 2 and 3 terminal-sacrifice animals: and the adrenai
(cortex and medulla), testes, and semfnal vesicles from the Group 3
animals.

Statfstical Analyses

Cumulative survival data (A}l Groups and Groups 1, 2 and 3) were
analyzea using the Matinnal Cancer Institute Package. Trend analysis of
survival was evaluated at the 5.0% one-tailed probability level.

Weekly body weights, body weight change (Weeks 1-14, 14-24, 24-57
§2-104, 1-80, and 1-104), weskly food consumption, total food consumption
(Yeeks -4, 5-8, 9-13, 14-24, 24-52, and 52-104), clinical pathology data
{excluding cell morpheleogy gradings), terminal body welghts, and organ
waight data of the contre)l group were compared statistically to the datz
frem the same sex of the treated groups. Statistical analyses wers
performed as diagrammed in Figure 1,

If variances of untransformed data were heterogeneous, a serijes
of transformations was performed fn an effort to achieve variance
nomogeneity. When the sovies of transformations was not successful in
achisving variance  homogeneity, analyses were  performed en
rank-transformed data, Group compariscns were routinaly performed at the
5% two-tailed probahility level.

Statistical significance 1s designated throughout the text of
this report by the term significent. Data transformations are presented
in Appendix 9.

Speciren, Raw Deta, and Final Report Storaae

A1l tissue specimens, blocks and s)ides, raw data, and the final
report will be retained by Hazleton Washington, Inc., in accordance with
GLP requirements.

- 18 -
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RESULTS

Analvtical Chemistry
Results of pretest analyses for homogeneity, stability, and

rouline concentration are presented in Table 1.

Homogencity analyses (low- and high-dose levels) Indicated that
the test materfal was homogenecously mixed; relative standard deviation
{RSD) values were within 5%. Stability analyscs of the 100 and 3200 ppm
dose levels i{ndicated that frozen allguots of the formulations (for
cubsequent presentation o the animals) were stable for up 'o 10 days; and
frozen analytical samples of the formulations were stable for up to 58
days (100 ppm) and 62 days (3200 ppm). Al] values were within +10% of
inftfal concenlration,

Results of routine concentration analyses indicated that all
Initia]l formulatinns were within +11% of actual target concentratlons,
The test materia! has bren previcusly shawn to evaporate at approximately
% per day from test diets. At most of the sampling Intervals the
majority of loss in concentration occurred between Days 1 and 2 with the
greatest loss in tne low-dose formulation. Resulls of the 2-day analysis
indicated a2 loss of approximately 20-30% from the inftizl concentralion;
a2 smaller loss was sean from Days 2 to 3.

In-life Observations

Hortaiity - Cumulative adjusted survival through Week 104 is
presented in Table 2 and depicted graphically in Figure 2; individual
animal disposition is presented in Appendix 2.

Survival rates or the first cay of Meek 105 were 90, 88, 82, and
10% for the Group l1-4 males and 78, 75, 84, and 0% for the Group 1-4
females, respectivaly, Statistical evaluatior of survival data revezled
2 significant decrease {n the survival of the high-dose males and females.
Adcitionally, a significant negative trend was seen for the males arnd
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females; this stgnificance 15 attributed to the mortality in the high-dose
animals. Survival rate statistics were also conducted on Groups 1, 2, and
3 only. There were no significant differences In the survival of either
the males or females when Group 4 was exciuded.

Clinical Observations - A summary of dally cageside and weekly

physical observations fs presented in Table 3. Individual observatinns
are prefented {n Appendix 3.

The majority of abnormalities noted during cageside and physical
examinations have been incidental findings, unrelated to test material
administration. A treatment-related clinical abnormaiity is "distended
abdomen" for which the fncidence in the high-dose males and females (Group
4) 1s adirect correlation to onlarged VTivers and Tiver masses observed in
unstheduled deathe frem Group 4. Convulsions observed prinarily in the
low- and mid-dose males, are not  related to  trichlorobenzene
administration, Afier being handled, &n cxtensor-thrust spasm often
accles in BBCIF] mice, and this spasm (as noted in the raw data) 1s belng
noted as “"convulsfen”, There has been no evidence of "spontaneous
convulsion® (without prior handling) in any of the groups.

Additionaliy, palpable tissue masses (small < 1 cm (d) < large)
have been detected in both sexes., However, such masses are primari|ly
external, for which the current {incidesnce of most was nat
treatment-related.

Body Weights - Mean body weight data are presented in Tabla 44
and depicted graphically in Figure 3; tetal body weight change data (Weeks
1-14, 14-24, 24-52 52-104, 1-80, and 1-104) are presented in Table 48,
Individual body weight and bedy weight change data arae oresented fn
Appendices 4A and 4B, respectively,

Statistically significant values in mean body welght and body
weight change daia are summarized in Text Tables ! and 2, respectively.
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Figure 2
Adjusted Percent Survival
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Texl Table 2
Statfsticalliy Stgnificant Findinga
Emdy Change Velghl Data

Haiey Feralea
Taramelor Broup: g 3 ] '{_-_]_J-
WEEES 1-14 i ! 1
WLERS [d-7d t i
VEERS 724-52 . 1 f
WELES -850 i t ] ']
WTEKS J-104 T i t 1
e Ty T p— =z

key 1= 5'.E"‘I-:.ﬂ."'."_f tECrearst, p £ 0.0s.,
t = Sigatficantly tncrrazed, p 2 0,05,

Compared to control mean values, significantly lower weekly mean
budy weights were noted ¢+ly in the Group 4 (3200 ppm} males and females
excepit for Lhe Group 2 females al Weeks 1, 3, 4, and 6., Conversely,
weekly  mean  body weights were grealer  (frequently statistically
significant) in the Group 2 -amd 3 animals compared ta cantrol. Moan body
weright change was Jower [statistically significant) only in the Group 4
animals (Weeks 1-14, 24-5¢ and 1-104 for the males and Heeks 14-24 and
1-B% for the females). CLonversely, body weight change ‘in both sexes of
Group 2 (Weeks 14-24 and 1-104 for the males and Weeks 1-14, 24-52, [-B0
ard 1-104 for the females), as well as the Group 3 females (Weeks 1-14,
24-52, 1-B0 and 1-104), was significantly greater compared to the
confrols.

Food Consumptior - Mean focd concumption datz ure presented in

Tabie 5& and depicted graphically in Figure 4; mean total rood consumption
data (Weeks 1-4, 5-B, §-13, 14-Z4, 24-52, and 52-104) are presented in
Table 5B, Individual data are presented in Appendix 5.

Statistically significant values in mean weekly and total food
consumption data are summarized in Text Tables 3 and 4, respsctively,
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Clinfcal Fatholegy

Maan hematology values ara presented in Table 7 and individual
data are presented in Appendix 7A and 7B for Weeks 52, 78 and 105 and
mor-ibund animals, respectively. Findings are further discusszd in the
Clinfcal Pathelogy Report.

Hematoleay - The maar values for percenlage sagmentcd neutrophils
wera significantly increased in Group 3 animals but decreased 1n Group 4
animals at Week 52 and significantly !ncreased in Group 4 males at Week
i05, Muan percentage lymphocyte values wera significantly decreased fin
Croup 3 animals and increased In Group 4 animals at Weak 52 and
significantly decreascd in Group 4 miles at Week 105, Significant
decreases were observed {n the mean values for percentage monccytes in
Group 4 females at Weok 52 and cosinophils in Croup 4 males at Week 52,
Group 4 animals at Week 78, and Group 3 females at Wnek 105. The
aforementionsed changes are considered to be 1incidenlal Lo the
administration of the test material.

There was no ovidence of an effect of the test material on the
relalive differential leukocyte counts or cellular morphoingy for
moribund-sacrifice animals.

Terminal Studies
Gross Pathology - Gross pathology findings are summarized f{n

Tebles BA, BB and BC for unscheduled deaths, terminal sacrifices, and al)
animals, respectively. Individual gross pathology findings zre presented
in Appendix 8.

There was a higher incidence of liver masses. enlarged livers,
irregularly-shaped 1ivers and pale kidneys observed for the Group # males
and females among the unscheduled deaths., Other findings were sporadic
and not related to treatment.
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Treatment-related findings observed at the terminal sacrifice
were limited to an increzsed {ncidence of liver masses in the Greup 3 anad
4 mzles anc the Group 3 females. Other observation: were sporacic aznd notl
related Lo treatment.

Organ Keights - Mean fasted terminal body waights, absolute organ
weights, organ-to-tarvairal-body-weight, and organ-to-brain-weight ratios
are prasented in Table 9, Individual data are presented in Appendix 8.

Evaluetion of the terminal body weight data revealad
statistically increased values for Group 2 animals and for the Group 3
females; and decrezscd values for the Group 4 males when cempared Lo
control  values. Evaluation of the crgan weight data revealed
s{at{stically increased absolute liver values for the Group 2 znd 3
animals and the Group ¢ males: increased )iver-to-body weight ratie for
the Group 2 females, Group 3 animals and tha Group 4 males; increased
liver-to-brain weight ratio for the Group 2 and 3 females and the Group 4
males: decrexsed brein-to-body weight ratio for the Group 2 males;
increased absolute testes with epididymides wiights and tectes with
epididymides-to-brain weight ratio for the Group 2 malez; and decreased
absolute tastes with epididymides weights; testes with epididymidas-to-
bady weight ratio and testes with epididymides-to-braln waight ratio for
the Group 4 males,

Histopathology - Microscopic findings are summarized in Tables
104, 10B, and 10C fer unscheduled deaths, terminal sacrifices, and all
animals, respectively. Individual histopzthology findings are presented
in Appendix B. The findings are further discussed in the Pathology
Report.

Hicrescopic evaluation of the liver revealed an fncreased
incidence of hepatocellular carcinoma in the Group 3 and 4 males and
females (100% of examined Group 4 males, 32% of Group 4 females, §4% of
Greup 3 males, and 56X of Group 3 females)., Adenomas were alss increased

.32 -



http:cpidldymides-to-br.ln

&

B e . ey

f— HwA 2603-102
@ HAZLETON

A S H

fn incidence in the same groups (except for Group A mates, in which they
were 11kely overwhelmed by the extent of carcinome development)., Also
present within liver tissue, and clezrly associated directly with 1,2,4-
Trichlorobenzene exposure, was enlargement of hepatocytes within the
centrilobular zone of livars from many males of Groups 3 and 4.

Findings with incraeased incidances not related to treatment with
1.2, 4-Trichlercbenzene included increased congestion/hemorrhage of the
tarticomedu) Tary Junction of the adrenal cortex of the Group 4 males and
females, decreased secretion of the seminal vesicles of the Group 4 miles;
and increased congesticn/hemor-rhago in the lungs of tha Group 4 males and
females,

All other histologic changes ware comparably distributed between
examined greups and of the type and general freguency usually encountered
in normal populatiens of mice of this strain and age.
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DISCUSSION AND CONCLUSION

1,2,4-Trichlorobenzene was 2dministared daily in the diet to
BECAF)] mice for 2t least 104 consecutive weeks. There were 50 mice par
sex {n each study group. For Groups 2, 3, and 4, target dietary
contentrations of 1,2,4-Trichlorobenzens were 150, 700, and 3200 ppm.
Mice in Group | were administered the basal diet alone and served as the
concurrent control group. Due to volatility of the test material, each
study group was housed in a separate room to prevent any cross-contamina-
tion of test material between dose groups.

Dietary administration of 1,2,.4-Trichlerabenzene was required by
the EPA test rule (40 CFR Part 799.1053; Federal Register Val. 51, o=p.
24657-24667, July B, 1986). Du=z to the volatility of the test material,
precautions were taken to meximize the dietary intake of 1,2,4-Trichloro-
henzene by the test animals at Lhe prescribed dietary concentrations. The
dietary formulations o1 1,2,4-Trichlerobenzene for Groups 2, 3, and 4,
were prapared weekly at 110% of target concentration. The dietary
formulasion of 1,2,4-Trichlorobenzene for each study group (as well as
basal diet for Group 1) was then aliguoted intc labeled glass jars (each
approximately 1-gallon volume, and sealed with a Teflon-1ined 1id) and
siored frozen until needed for presentatfon to the animals, Thres Limes
during each study week, the resfdual diet in each animal’s feeder was
replaced with fresh diet (removed from frozen storage). Therefore,
dietary formulations of 1,2,4-Trichlorobenzene remained in the animal’s
feeders for a maximum of 3 days before being replaced with Tresh diet
containing the aporopriate concentration of 1,2,4-Trichlorobenzena,

Periodically throughout the study, the dietary formulations of
1,Z,4-Trichiorobenzene wers sampled at the time of preparation and found
to be >100% of target concentration (except for the Week 2, low-dose
formuiation, znd the Week 72 low- and mid-dose formulations, where the
dietary concentraticas of 1,2,4-Trichlorcbenzene wera > 95.7% of target
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concentration). Analyses also {indicated that dietary formulations of
1,2,4-Trichlorobenzens were stable for up to 10 days under the conditions
maintained for froren storage of eliguots subsequently presented to the
anfmals. Also periodically throughout the study, samples of the residual
1,2,4-Trichlorobenzene dietary formulations remainfng in the animal's
feeders afler either a Z-day or 3-day feeding interval were collected and
analvzed. Results indicated that dietary concentrations of 1,2.4-
richlorohenzene decreased at an average rate of approximately 10% -er
day. Throughout the study, the lowest mcan concentration of 1,2,4-
Trichlorobenzene detected in a residual Feed sample was 62.7% of tarpa’
concentration after a 3-day feeding interval (Group 2 at Week ).

lFor Groups 2, 3, and 4, during Weeks | through 104, the mear
daily consumed dose (based on target dietary concentraticns) of 1,2,4-
Trichlorobhenzene was 20.2, 100.5, and 522.0 mg/kg/day, respectivaly, In
the males: and 26,7, 127.2, and 574.9 mg/kg/day, respectively, in the
females, The mean dafly consumed dose (based on assayed dietary
concentratians) was 21.0, 100.6, and 519.9 mg/kg/day, respectively, In the
males; a.d 26.3, 127.0, and 572.6, respectively, in the females of Groups
£, 3, and 4. Therefore, throughout the study, the mean daily dose
conusumed by females in Groups 2, 3, and 4, was 25.4%, 26.6%, and 10.1%
greater, respectively, than the mean daily dose consumed by males in the
same dase groups,

The high-dose ¢f 1,2,4-Trichlorobenzene produced a significant
decrease in survival. At Week 104, survival rates in Groups 1, 2, 3, and
4, were 90, 88, 82, and )0%, respectively, in the males; and 78, 76, B4,
and 0%, respectively, in the females, The treatment-related decrease in
survival in Group 4 occurred during the second year of the study; however,
at least 58% of the high-dose males ar females survived through 78
consecutive weeks of 1,2,4-Trich orobenzenc administration. In Groups 1,
2, 3, and 4, survival rates cn the first day of Week 52 were 100, 100,
100, and 96%, respectively, 1in the males; and 88, 98, 100, 96%,
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respectively, in the females; and at Week 78, survival rates were 98, 98,
98, and 64%, respectively, in the males; and 92, %4, 96, and 58%,
respectively, in the females.

Treatment-related abnormalities were also noted during dafly
cageside and weexly physfcal examinations. Refiecting the {ncreased
incidence of mortality in Groug 4, the incidence for typical indications
aof ante-mortem condition (hunched posture, hypoactive, dyspnea) were also
notably increased in Group 4. A dose-related {ncrease for distended
abdomen was indicative of the dose-related induction of 1iver enlargement
and Tiver neoplasms with 2ssociated accumulation of ascitic fluid. In
Groups 1, 2, 3, and 4, the incidence of animals exhibiting distended
abdomen was 12, 22, 34, and 92%, respectively, in the males; and 14, 26,
38, and B0%, respectively, ftn the femalas. An increased fincidence of
urine stains in the high-dose (Group 4} males and Ffewmales (30 and 28%,
respectively, compared to 8 and 6% in the control mains and females,
respectively) was also a treatment-related finding of undetermined
cticlogy. A1) other clinical abnormalities were incidental findings,
unrelated to 1,2,4-Trichlorobenzenc administration, Including the notation
of "convulsion®. “Convulsion” was noted during animal observations to
describe the extensor-thrust spasm that often occurs in B6C3r] mice after
they have been hardled. As documented in the raw data for the current
study, spasms or cenvulsions only occurred immediately after the mice had
been handled, and were not ocbserved at any other time,

A treatment-rel=ted depression of body weight gain occurred only
in the high-dose (Group 4). Throughout the study, with few exceptiens,
weekly mean body weights for the Group 4 males and females were signifi-
cently lower compared to the control mean values. Accordingly, mean totai
body weight gain was significantly lower during Weeks 1 through 80 in the
Group 4 males and females, and was significantly lower during Weeks 1
through 104 in the Group 4 males (no Group & females survived to Week
104). For males and femalas in the low- znd mid-dose (Groups 2 and 3),

4
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weekly mean body weight values, as well as mean total body weight gain
values were generally equal to or greater than control group mean values.
Fspecially during Weeks 1 through 12, food spillage/wastle by mice
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in all groups, fncluding the controls, negated the measurement of foud
cunsumption for those mice with spiiled Teed. However, the incidence of
{ced spillage/waste was notably decreased in the high-dose (Group 4 mice

compared to the other groups, and was likely an indicatien orf food

avoidance due to poor palatability of the 1,2,4-Trichlarobenzene/dlet

. mixture, After modifications of the feeder failed to substantially
:,‘:;'-:.'5." decrease the incidence of spiiled feed, a different type of feeder was
.. used for the remainder of the study (beginning with Week 15), During the |

first 16 weeks, and conlinuing throughout the study, weekly maan food
consumption values in the Group 4 males and females were notahly lower,

freguently sfgnificantly lower, comparaed to the contrel mean values,

,',1:1 Conversely, beginning in Week 2 and continuing throughout the study,
-t".:__ weekly mean food consumption values in the Group 3 males and females were
%ﬁﬁ aenerally equal to or greater than control mean values. Although poor
%ﬁ palatability may have been a contributing factor to the decreased food
ﬁﬁ consumpt fon By the Group 4 mice, systemic taoxicity in the Group 4 mice was
+ evident from clinjcal abnormaiities and necropsy findings in unschaduled
doaths. Tharefare, the decrezsed food consumption 1in Group 4 was
.ﬁl considered a treatment-related effect.

;ﬁ" Evaluation of hematelogy parameters, including ceil morphoiogy,

during Weeks 52, 79, and 105, indicated no texic or carcinogenic effect on
the hemztopoietic syctem due to dietary administratien of 1,2,4-Trichlore-
benzene at any dose level, fncluding the high-dose (3200 ppm). However,

necropsy and histor:tholegy findings clearly indicated the liver in mice
te be a target organ f.r 1,2,4-Trichlorobenzene, rasulting in the
induction of hepatic toxiciiy and carcinogenicity.

The Tiver vas e.amined microscopicaliy from all animals in all
study groups (with the exception of one control male for which hepatic
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autolysis precluded definftive histopathologic examination). In Groups 1,
2, 3, and 4, the incidence of hepatocellular carcinon: was 8/49, 5/50,
27/50, and 50/50, respectively, in the males; and 1/50, 1/50, 28/50, and
46/50, respectively, in the females. For hepatocelluiar adenoma, the
incidence in Groups 1, 2, 3, and 4, was 4/49, 7/50, 1&/%0;, and 2/50,
respectively, in the males; and 3/50, 4/50, 15/50, and &/50, respectively,
in Lhe females. In addition to the inductien of hepatic adenpomas and
carcinomas in the mid- and high-dose mice, 1,2.4-Trilchlorobenzaens
administration caused centrilobular hepatocytomegaly in Group 2 and 4 mice
with and without concurrent hepatic neoplasfa. In Groups 1, 2, 3, and 4,
the {ncidence of centrilohbular nepatocytomegaly was 0/4%, 0/50, 27/50 and
20450, vespectively, in the males; and 0/50, O/50, 1/30, ard 8759,
respectively, in the females,

Necropsy findings for the liver were predictlive of Lhe fncreased
ineidence of neaplasia in the mid- and high-dose graups, In Groups 1, 2,
3, and 4, the percent of mice exhibiting 1iver masses was 24, 22, T4, and
92%, respectively, in the males; and 1C, 16, 74, and 88%, respectively, in
the females. The incidence for mice expibiting abdominal| asecitic fluid,
a5 well as wisibly enlarged or irregularly shaped livers were notably
inereased only in the high-doss graup compared to the controls.

Although the incidence for liver neocplasia and masses were not
increased in the low-dose (Group 2) mice compared Yo the controls, organ
weight data indicated a dose-related increass for liver weight in males
and females. Compared to control mean Tiver weight values, the absulute
and relative (to body weicht) mean values for Tiver weight were signifi-
cantly increased, with a duse-related patiern, in all 1,2,4-Trichlorahen-
zene dose groups (except for the Group 4 females, none of which survived
to study termination)., A dose-related increase was also evident for the
mean liver-to-brain weight ratio, but ths mean values were significantly
greater only in the Group 4 males, and Group 2 and 3 female
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Except for the 1iver, all other tissues examined histopathologi-
cally from the high-dose (Group 4) did not cenialn any merphoiegic
abnormality that was a direct result of 1,2,4-Trichiorcbenzene administra-
tion. At necropsy, the parcent of mice noted to have pale araas of the
kidneys in Groups 1, 2, 3, and 4 was 0, 0, 14, and 40N, respectively, in
the males: and 2, 0, 10, and 24%, respectively, in the femizles. However,
there were no Lreatment-related histomorphologic abneimalities 1in the
kidneys from the high-dose (Group 4) compared to the zontrols. Although
the testes were noted at necropsy to bz small in eniy 3/50 high-dose
males, the absolute and relative (to body weight and to brain weight) nean
organ weight values for the testes were significantly decreased in the
high-dose males. AL necropsy, the percent of males noted to have small
venting]l vestcles in Groups 1, 2, 3, and 4 was 0, 2, 4, and 40X, respec-
tively., The testes and seminal vesicles were examined microscopically
from 411 majes in the control, mid-, and high-dose (Groups 1, 3, and 4).
Fer Groups 1, 3, and 4, the percent of males exhibiting degeneration
feither uni- or bilateral) of the testes was 2, 6, and 20%, respectively;
and the percent exhititing decreased secration (bilateral) in the seminai
vesitles was 0, 2, and 53%, respectively. In the conspicuous absence of
a dose-rosponse relationship, the degenerative changes evident in Lhe
testes and seminal vesicles of the hich-dose males wore most probably a
secondary effect, resulting from the prolonged and severe cachectic state
in the high-dose males caused by the liver neoplasia. Al necropsy, the
adrerals did not appear to be abnormal (enlarged adrenals in one high-dose
female was the only abnormality noted). FHowever, the adrenals were
examined microscopically from all mice in the control, mid-, and high-dose
groups. fFor Greups 1, 3, and 4, the percent cf mice exhibiting adrenal
degeneration/necrosis was 26, 12, and 51%, respectively, in the males; and
20, 85, and 54%, respectively, in the femalas: and the percent exhibiting
adrenai congestisn/hemorrhage was 10, 2, and 45X, respectively, in the
males; and 32, 46, and 50%, respectively, in the females. As a result of
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zge- and sex-related hormonal changes, the adreral glands of aging normal
62 mice, especially females, typically exhibit cungestion and degenerative
changes within the finner cortical region, resuiting in hemarrhage anu
congestion in the more severe cases. Unlfike the majority of mice din
Groups 1, 2, and 3, that were exsanguinated just prior to necropsy at
study termination, almest all of the mice in Group 4 died during the

study, and thercfore were necropsied without prier exsanguination,

;{}' resulting in an artifactual presence of adrenal congestion/hemorrhage and
i

- degenerative changes, In the absence of a dose-rasponse relationship,
L histomorghologic abnormalities in the adrenals of the Group 4 mice were

not a direct effect of 1,2, 4-Trichlorochenzene administration.

In conclusion, in B6C3IF] mzle and Female mice, the no-observed-

effect-Tevel (NDEL) of 1,2,4-Trichlorcbenzene for carcino enicity was
150 ppm; and the no-observed-adverse-effect-level (NOAEL) for systemic
toxicity was 150 ppm, Compared ta the contrals, the e of
hiepatocellular carcinomas was increased in the mid- (700 ppm; d high-
dose {3200 ppm) males and frmales. In the lTow-dese (150 ppm) mice, Lhe
incidence of hepatocellular necplasia was not increased conpared Lo the
controls. Althouah there was no detectable histopathalegical correlate,
liver mean weight values were sfgnificantly increased in the 150 ppa males
and females; ang mean liver-to-body-weight and liver-to-brain-weighi
values were significantly increased in the 150 ppm females.
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CLINICAL PATHOLOGY REPORT

Summary
The test material, 1,2,4-Trichlorobenzene, was adminisiersd to

mice at dietary levels of 0, 150, 700, and 3200 ppm (Groups 1-4,
respectively) for at least 104 weeks., Blood smears were collecied from
all groups and examined for Groups 1, 3, and & at Weeks 52 and 104 and
Groups 1 and 4 at Week 78 for determination of relative differential
leukocyte counts and cellular morphology. There was no evidence of

leukemia in the control or treated animals.

Resulis and Discussion

Hematology - DBased upon evaluation of the blood smears, the
absalute leukocyte counts were estimated to be within normal limits for
most animals; the significant changes observed 1n the relalive
differential leukocyte counts were of low magnitude and considered of no
biologic or toxicologic {importance. The mean values for percentage
segmented neutrophils were significantly increased in Group 3 animals but
decreased in Group 4 animals at Week 52 and significantly increased in
Group 4 males at Week 105. Mean percentage lymphocyte values were
significantly decreased in Group 3 animals and increased in Group 4
animals at Week 52 and significantly decreased in Group 4 males at
Week 105, Significant decreases were observed in the mean values for
percentage menccytes in Group 4 females at Week 52 and eosinophils in
Group 4 males at Week 52, Group 4 animals at Week 78, and Group 3 females
at Week 105, The aforementicned changes are considered to be incidental
to the administration of the test material.

The incidence of echinccytnsis was s1ightly increased in Group 4
males at Weeks 52, Group 4 animals at Week 7&, and Group 3 animals and
Group 4 males at Week 105. The incidence of acenthocytes was increased in
Group 4 females at Week 78. Echinocytosis may be observed 2s an artifact
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of blecd film preparation and s not specific for a pathologic process;
acanthocytosis is a rather nonspecific finding but 1s seen in animals with
Yiver, spleen, or kicney diseasa,

Unscheduled Deaths - There wazs no evidence of an effect of the

test material on the relative differential laukpcyte count:z or zallular
morphelogy for moribund-sacrifice animals,

Clinical Pathologist:

= £
Ruafp. (.. AUudén Quat 2, 1994
Renée C. Pearson, M.5,., D.V.M., Dat
Diplomate, American College of Yeterinary
Pathologists
Department of Pathology
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PATHOLOGY REFORT

Four groups of B6C3FI/CriBr/Charles River mice wore each exposed
to 1,2,4-Trichlorobenzene at one of four dose levels defined as follows:
Group 1 - vehicle contro! (50 males, 50 females), O mg/kg/day; Group 2 -
low (50 males, 50 fermales), 150 mg/kg/day; Group 3 - mid (50 males, 50
females), 700 mg/kg/day; Group 4 - Fiigh (50 males, 50 femalas),
3200 mo/kg/day. [xposure was via the diet for & period of approximately
104 weeks, after which all surviving animals were sacrificed for
pathoiogic evaluation. Evaluation of those animals (including any
sacrificed in extremis or dying prior to the scheduled sacrifice) 1s the
subjest of this report,

Methods
A1l surviving animals were sacrificed, at the appropriate time,

by exsanguinztion under barbiturate anesthesia, and 21l were subjected to
a necrepsy examination. A1l surviving animals were weighed ance prior to
the inftiation of exposure, weekly during Waeks l-16, and once every four
weeks thereafter, including Just prior o necroosy.

Clinical observations were reviewed at nacropsy, and a1l grossiy
observed abnormalities weare entered directly into the computerized data
capture system. Kidneys, brain (with brainstem), and tsstes (with
epididymides) were weighed Trom 10 animals/sex/group. Liver (with
gallbladder) was weighed from a1l animals sacrificed on Days 1, 3, and 4

of the terminal sacrifice.
After gross examinaticn, appropriate samples of each of the
follewing organs/tissues were preserved in 10% neutral-buffered formalin:

masses and associated tissues seminal vesiclas
gross lesions ovaries
brain with brainstem uterus with vagina and cervix

(medulia/pons, cerebellar mammary gland (females only)

cortex, and cesebral cortex) skin
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pituitary esophagus
thyroid (with parathyroids) stomac
thymus dusdenum, Jajunum, ileum
traches colen, cacum, rectum
lungs urinary bladder
heart mesenteric lymph noda

salivary glands (mandibular)
1iver (with gallbladder)

mandibular lymph node
sciatic narve

spleen cervical spina! cord

kidneys mid-thoracic spinal cord
adrenals lunbar spinal ¢ard

pancreas femur witn bone marraw
testes with epididymides skelatal muscle {Lhigh{
prostate eyes (#1th Harderlan glands)

After fTixation, all bony tissues ware decalciffed prior to
processing,  Tissues to be examined histologically were embadded In
paraffin, sectioned at 5 4, and stained with hematoxylin and eosin.

As required by the protocs), histelegic avaluations were
conducted on those tissues listed above from all animals of Groups 1 and
4 sacrificed at the terminal point of Lhe study and from any animals dying
or saerificed in ocxtremis prior to the scheduled sacrifice. OGross lesions
wera examined from all animals regardless of exposure level, The 1iver
was fdentified as a possible target organ during tha inftial
histepathological evaluations and was then, as required by the protaocel,
examined histolegically from al) remaining animals. In addition, adrenal
cortex, testes, and seminal vesicles were examined from Group 3 animais in
vrder to help define any possible relationship between certain changos
encountered in these crgans during initial histnlogic examinatien, and
exposure to the test substance. Al histologic findings were entered
directly into the computerized data capture system, Mos' nontumor lesions
ware graded 2s to relative geverity or degrese of involvement (1 « minimsl,
2 = slight, 3 = moderate, 4 = moderately severe, 5 = severe}. The grades
are subjective, comparative evaluztions, besed on morphology alone, and
ara not qintended by themselves %o imply any deyree of functionsl

impairment.
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it Gross and Related rindings
A Gross findings are summarized in Je2tafl fin the tables &nd
Rt eppendices,
b Survival was drastically reduced in males and females nf Group 4

compared to othar expesurc groups. Only 5/50 males and 0/50 femeles of
Group 4 survived to termination, c¢ompared to survival rates that ranged
from 74 to 90% in all othar sex/dose groups (higher survival in males).
Most of the deaths in Group 4 occurraed as a result nf hepatocellular
carcinomas, many of which were large and cbserved grossly.

Mean termina)l tody weights may have baen affected by exposure to
1.2,4-Trichlorcbenzene, but interpretation of terminal welight values alone
{g confounded by the Yack of survival at tae highest dose level. However,
mean body weights were significantly depressed fn Group 4 animals of both
saxes for the duratfon of Lhe study, starting with the first weex of
exposuré. In other groups, body weights were inconsistenl comparad to
controis, but were freguently increassd over the duration of the study.

Food consumption was Tess consistently affacted, being generally
depressed in Group & for the first 55 to 60 weeks, but then rebounding to
become increased relative to controls for the remainder of the study.
This rebound phenomenon {s difficult te explain; nevartheless, body
waights did not rebound with the fncreased food consumption, a conditicn
expiainable by the severe paihology present in animals of Groups 3 and 4,

Terminal or~an weight data were also clouded by high mortaiity iIn
Group 4 tnimals; however, a number of cbservations arec important,

Mean terminal liver weights werr significantly increasad in males
of Groups 2, 3, and 4 and females of S ips 2 and 3 (all Group 4 females
died prior to terminaticn). This occurred partly as 2 result of liver
tumors (many of them very large) which were present in increased numbers
in males and females of Groups 3 and 4 and partly bacause cf another less
obvious alteration observed histologically, which will be described later
in this report.
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3? Mean terminal testicuiar wefghts appear to have Dbesn
E?: significantly depressed fn Group 4 males compared to all other groups.
ﬁ; Thers was no clear histolegic correlate, but the histologic date do
B suggest an increzse in tna degree of degenerative changes within the
'ﬁ testes of Group 4 animals.

Ez The most commonly described gross abnormalities were masses,
> onla;ygements, or ‘rregularities of contour within the 1iver. Seen mostly
EL In malez «rd females of Group 4 and indicative of an effect of exposure to
F; the test substance, most of these lesicns were frubsequently shown
;J histolegically ‘o be hepatocellular carcinomas. [t was common for these
fj neaplasms to be accompaniod by grossly noted accumulations of ascitic
b flutd.

s “Lumen, material® was freguently described within the glandular
i stomach of many terminal-sacr!fice animals without relation to dose, This
1?_ wat the result of mice Vicking thelr tal) after the tip had boen arputated
u; for blosd collection and nat reflective of any leslun of thu slemach
:;' itself.
>, CLysts were fraquently chserved grossly within the cvaries and
uterus of female mica without relation to exposure. Goth are common, age-

LY

5 related lesions that eccur in laboratory mice of this and other strains as
%- a8 result of endocrine senescence,

fa: *Pale area” was noted in the kidneys of Group 4 animals of both
:ﬁf sexes at a higher inclidence than &ny other exposure groups. There was no

specific histologic correlate,

Histopathology
Histologic findings are summarized in the tables and appendices.
There was 2 large {(and significant) increase in the incidence of
hepatocelTular carcinomas in males and femalas of Groups 3 and 4 compared
e to the cther groups. Hepatocellular carcinomas were present in 100% of
% examined Group 4 males, 92% of Group 4 females, 54% of Group 3 males, and

;ﬂ @ 2R
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56% of Group 3 females. In no other group did the Incidence exceed |6%.
Tha tumors were mcstly large and often multiple, frequently with pulmonary
metastases., Architecturally, the carcinomas were haterogencous, often
characterized by some degree of trabecuiation. Adenomas were also
increased in incidance {n the same groups (:xcept for Group 4 males, in
which they were likely overwhelmed by the extent of carcinoma
development), but were smaller and mare cir umscribed, with less
architectural and cytolegic variation. Necrosis, often present wi'aln Lhe
neopiasms and in the adioining pzrenchyma, was mostly interpreted as
secendary to the neoplasia.

Also present within Tiver tissue, and clearly assoclated directly
with 1,2,4-Trichlurcbenzene exposure, wis enlargement of hepatocytes
within the centrtlobular zone of 1ivers from many males of Groups 3 and 4,
tncluding animals with and without concurrent hepatic neaplasia.
Hepatocylic cytoplasm within affected areas appeared slightly mere dense
and eussinophilic than sormal, This charge, when secn, 15 often assoclated
with increased liver woights.

Other hepatic aiterations, including focal nacrosis, portal
{nflammation and fibrosfs, and regenerative changes were also relateq i
exposure to the test substance, but were likely secondary Lo or influenced
by the severe degree of hepatic neoplasia present in these animals.

Mone of the other observed histolegic changes were clearly
attributable to 1,7.4-Trichlorobenzene expnsure.

A number of spontaneous lesions that are rormally Increased as
mice of this straln age were seen less frequently fn animals of Group 4 as
2 result of the very high mortality that occurred (n both males and
females at that exposure level. fncluded {n this group of lesions were
focal mineralization within the thalamic region of the brain, development
of peribronchiz)/perivascular lymphoid aggregates within the lungs,
lesiens of chronic progressive nephr-2athy, and development of ovarian

cysts and uterine cystic endometrial hyperpiasi~.

L



http:lncrea.ed

=& iy o
.-1..'(."..;:-" 1573

FErETi o

: - HWA 2603-102
@) HAZLETON

The adrenal glands of aging mice, mostly female, frequently
exhiblted congestion and degenarative changes within the {naer cortica)
region, resulting in hamorrhage and necrests in the more severe cases, In
addition, many of these giands showed varying degreas of hyperplasia of
the subcapsular spindle-cell populaticn. These changes are all marmenally
related to ags and sex and are expected in normal mice of chis age and
strain. They are not restricted entirely to females, but the degerarative
changes, especially, are generally much mare proncunced |n that sex. That
nattern was true for thiz study; however, {n males, there was the
Impression of fncreased congestion/hemarrhage and degenerative changes
within the corticomedull2ry region of the adrenals In animals of Group 4
compared to control, It {s important to constder, however, Lhal many
Group 4 males died and were necropsied withoul exsanguination, armed In many
of these autalysis within this anatomic area was considerable. Given the
complete absence of a2 dose response, &35 wemonstrated by the lack of any
fneradse 1n the incidence of these lestons in Group 3 animalz of elther
sex, 1t 15 very 11ksly that the observad fncrease 1n degeneralive changes
recorded for Lhds area was artifactal rather than any direct effect of
exposurs to the teést substance,

The seminal vesicles of Group 4 males often appearcd emply and
contracted: there was also an fncrease in the cobserved incidence of
degenerative changes within testicular seminiferous tubules, Grouyp 3
animale were not affected, While these changes are compatible with a
toxic effect, they are also characteristic of proleonged cachectic and
terminai disease processes in which normol physiologic activities are
often severely affected. Tne latter explaration secems probable fin [fght
of the conspicucus lack of dose response and the severe and fatal
debilftation suffered by animals of Group 4.

A11 other histologic changes were comparably distributed vetween
examined g-oups and of ths types and general freguencies usually
ancountered {n normal peopulaticns of mice of this strain and age.
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Piscyssipn and Conglusions

Dietary exposure of BSCIF! mice to 1,2,4-T7 'zhlorokenzene for 2
years, or until dezth intervened, resulted in the induztion of liver
tumors (mostly hepatocellular carcinomas, but Liso sfgnificant numbers of
adenomas) in males and females of Groups 3 and 4. Because 1iver was shown
early in the study %o be a target organ, a11 livers were examined
histologically; thus, the relatively low incidence of ifver tusors at the
Group 2 level (comparable to contrel incidences) would suggest that there
was no heaatocarcinogenic effect of exposcre at that level.

Centrilobular hepatocellular hypertrophy was also seen in males
of Groups 3 and 4 as 3 direct result of exposure to the test substance,

Group 4 survival was very poor. A1l females and all bui {fve

mzles of that group died or were sacrificed in extremis prior to the

study's termination, and the pattern of early death became evident yuile

garly - at approximately 65 to 70 weeks into the study for both zzzes

and progressed at a rap'd rate for the remainder of the study.
Comprehensive histopatholeglc evaluations were performed

rout nely enly on animals of Groups 1 and 4. Tissues ather than llver

8 from animals nf Groups 2 and 3 (in which survival was excellent) &nd
Ky adrena) cortex, testes and seminal vasicles from animals of Group 3 were
ol
R not examinad histolegically except from the relatively few animals of

S those groups dying early or unless grossly abnormal; consequently, most of
: the tissues examined from animals exposed to the test substance were from
animals that died early. Except for liver, adrenal cortex, testes, and
seminal wvesicles then, there were relatively few tissues of any kind
?ﬁ examined from animals exposed to the test substance for the entire 104
;5?- week expesure perind. While 1ittle can be safd of the status of those
tissues from animals of Groups in which they were unexamined, it scems
ceasonably well «~stablished t#at those "degenerative lesions® abserved
with greater frequency in adrenal cortex, testes, and seminal vesicles of

Group 4 animals were partially secondary to the prolonged and severe
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rachectic disease that resulted in the cdeath of so many animals of that
group and partially artifactual (a result of the lack of exsanguination 1n
antnlyzed tissves). There is no evidence that Lhey pccurred from direct

toxic erfects of 1,2, 4-Trichlorobenzene.

Pntha]q;i&f:
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Richard H. Cardy, D,V.M., D.A.B.T By
Uiplomate, American College of Veter!rary

Pathologists
Department af Pathology
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Table 10C
Histopatholeogy Incidence Summary - All Deaths
104-Week Dietary Carcinogenicity Study with 1,2,4-Trichlorobenzene in Mice
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Key to Table 1CC Histopathciogy IncCidence Summary

S SYMBOLS PREFACING NEOPLASTIC FINDINGS

: . = Primary, Bernign Neopiasm

yos

T K- = Primary, Malignant Reoplasm
e N- = Metastatic Neoplasw

- = [Other Neoplasm
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